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PREFACE. 


The  Encyclopedia  of  Chemistry,  now  offered  to  the  public,  is  designed  to 
present  a  view  of  the  whole  science,  with  constant  reference  to  its  various 
applications  to  manufactures,  medicine,  pharmacy,  and  mineralogy.  The 
minuter  details  of  these  applications  are  not  presented  unless  the  subject  be 
one  of  those  more  particularly  termed  Chemical  Manufactures.  The  import- 
ance of  Metallurgy,  in  the  United  States,  and  the  too  prevalent  ignorance 
of  its  principles,  induced  me  to  enter  more  fully  into  metallurgic  processes, 
and  their  theoretic  explanation.  The  department  of  Mineralogy  offers  a 
concise,  yet  sufficiently  full  description  of  species  and  varieties,  together  with 
their  chemical  behavior  and  composition,  the  latter  expressed  by  a  formula, 
where  it  has  been  determined,  and  often  by  per-centage  composition,  where 
it  is  considered  of  sufficient  importance.  Chemical  Gfeology  has  received 
some  share  of  attention,  as  far  as  positive  knowledge  would  warrant.  The 
few  masterly  essays  on  this  subject  were  not  sufficiently  general  to  allow  of 
their  introduction,  but  it  is  to  be  hoped  that  in  a  few  years  the  importance 
of  the  subject  will  attract  the  labors  of  more  chemists,  and  produce  valuable 
results.  Vegetable  and  animal  Physiology,  Medicine,  and  Pharmacy,  in 
their  chemical  bearings,  have  not  been  neglected,  but  have  not  received  such 
attention  as  the  author  desired,  as  he  considered  them  as  yet  in  embryo,  and 
too  overladen  with  theories  to  be  introduced,  in  their  minuter  details,  into  a 
practical  work  like  the  present. 

When  the  present  work  was  commenced,  it  was  the  publisher's  desire, 
and  my  intention,  to  base  it  upon  Ure's  Dictionary  of  Chemistry,  modi- 
fying it  in  such  a  manner  as  to  adapt  it  to  the  present  state  of  the  science, 
but  a  cursory  glance  at  it  forced  me  to  the  conclusion  that  the  science  had 
so  entirely  changed  its  features  as  to  render  that  work  of  no  avail:  nothing 
has  in  consequence  been  taken  from  it.  The  works  from  which  the  matter  is 
chiefly  drawn,  are  those  of  Berzelius,  Gmelin,  Mitscherlich,  Rose,  Liebig, 
Schubarth,  in  the  German;  Dumas,  Berthier,  Pelouze  and  Fremy,  Millon, 
Regnault,  in  the  French ;  Graham,  Liebig,  Turner,  and  others,  in  English. 
The  journals  chiefly  made  use  of,  were  Poggendorf  s  Annalen  der  Physik,  &c, 
Annalen  der  Chemie  und  Pharm.,  Journal   fur  prakt.  Chemie,  Berzelius's 

Jahrbuch,    Comptes   Rendus,  American  Journal  of  Science,  Journal   of  the 

a 


4  PREFACE. 

Franklin  Institute,  and  especially  the  Chemical  Gazette,  which  contains 
excellent  abstracts  of  foreign  papers.  The  dictionaries  resorted  to,  were 
Liebig,  Poggendorf,  and  Wohler's,  Ure's  Dictionary  of  Manufactures,  Diction- 
naire  des  Arts,  and  Dictionnaire  de  l'lndustrie.  In  Mineralogy,  Dana's  ad- 
mirable treatise  has  been  freely  used,  and  the  author  would  call  attention  to 
this  work,  as  one  of  the  best  works  on  Mineralogy,  not  excepting  German  or 
French  treatises.  Besides  this  work,  Berzelius's  Essay  on  the  Blowpipe,  and 
Rammelsberg's  Handworterbuch  des  Chem.  Theils  der  Mineralogie,  have 
supplied  the  applications  of  Chemistry  to  this  department  of  natural  science. 

The  sources  have  been  generally  too  many  in  the  same  articles  to  allow  of 
space  to  acknowledge  the  authority.       t 

M.  H.  Boye,  M.  D.,  was  associated  with  the  author  in  the  first  part  of  the 
work,  and  the  subjects  from  his  pen  are,  Albumen,  Alcohol,  Alcoholometry, 
Analysis,  Atmosphere,  Balance,  Beer,  Bile,  Blood,  Compound  Blowpipe,  Bone, 
Bone-black,  Brain,  and  a  few  smaller  articles,  between  pages  79  and  372. 

Mr.  Campbell  Morfit  was  associated  with  the  author  in  the  last  half  of 
the  work.  The  larger  articles  written  by  him  are,  Cochineal,  Cotton,  Essen 
tial  Oils,  Fats,  Gelatin,  Madder,  Oils,  Protein,  Quinin,  Salicyl,  Starch,  Stearin, 
Sugar,  Tartaric  Acid,  Terpentine,  Thermometer,  Varnish,  Water,  Wax,  Wheat, 
and  Wood.  Besides  these,  he  penned  a  large  proportion  of  the  smaller  arti- 
cles, from  page  465  to  the  end. 

Professor  R.  S.  McCulloh  favored  the  author  with  the  admirable  article 
on  Electricity,  which  it  is  desirable  the  public  should  possess  in  a  separate 
publication.     He  also  furnished  the  article  Hydrometer. 

The  remainder  of  the  work  is  due  to  the  author.  That  it  is  not  perfect, 
he  is  ready  to  admit ;  nor  is  it  indeed  practicable  to  produce  a  complete  work 
on  Chemistry,  in  the  present  changing  state  of  the  science.  As  an  apology 
for  many  imperfections,  which  the  advanced  chemist  will  detect,  and  for  delay 
in  publication,  let  it  not  be  forgotten  that  the  work  has  rather  been  the  pro- 
duction of  leisure  hours,  amid  the  unceasing  engagements  of  his  profession, 
Instruction  in  Practical  Chemistry.  The  author's  own  observations  and 
experience,  collected  during  many  years  of  chemical  study  and  practice,  are 
interwoven  throughout,  usually  without  drawing  attention  to  them.  His 
principal  object  has  been  the  dissemination  of  sound  practical  knowledge 
through  the  United  States,  whereby  the  Chemical  Arts,  Avhich  are  most 
characteristic  of  civilized  life,  may  be  established  and  conducted  on  rational 

principles. 

James  C.  Booth. 

Philadelphia,  February,  1850. 
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ENCYCLOPEDIA  OF  CHEMISTRY. 


A. 

ABIETINE.  Chem.  A  crystallisable  resin 
discovered  by  Caillot,  in  Strasburg  turpentine, 
of  which  it  constitutes  about  11  per  ct.,  and 
believed  by  him  to  be  peculiar  to  the  genus 
Abies  of  Decandolle. 

ABRAZITE.     Min.     See  Zeagonite. 

ABSINTHIINE.  Chem.  The  bitter  princi- 
ple of  the  wormwood  {Artemisia  absinthium). 
It  is  prepared  by  a  succession  of  operations  al- 
most identical  with  those  describedfor  obtaining 
senegine.  See  Senegtne.  When  completely 
pure,  it  is  white  and  r  ystalline  ;  its  taste  is  in- 
tensely bitter ;  it  fuses  at  a  high  temperature,  and 
closely  resembles  a  resin ;  its  best  solvent  is 
alcohol.  It  possesses  the  characters  of  a  weak 
acid,  beingmuch more  soluble  in  alkaline  liquors 
than  in  pure  water,  and  being  precipitated  from 
such  solutions  on  the  addition  of  an  acid. 
With  oil  of  vitriol,  it  is  coloured  first  yellow, 
and  then  dark  reddish  purple. 

ABSOLUTE  ALCOHOL.  Chem.  A  term 
applied  to  pure  alcohol,  absolutely  free  from 
water,  or  containing  98  to  99  perct.of  anhydrous 
alcohol.     See  Alcohol. 

ABSORBENT.  Chem.  A  substance  pos- 
sessing the  power  of  receiving  liquids  or  gase- 
ous bodies  into  itself,  with  or  without  chemical 
action.  Thus  charcoal  absorbs  gaseous  mat- 
ter ;  dry  clay  is  an  absorbent  of  fats  and  oils ; 
and  boiled  plaster  and  quicklime  take  up  wa- 
ter. The  last  is  a  case  of  chemical  combina- 
tion.    See  Absorptions 

ABSORPTION.  Physics,  Chem.  A  term  va- 
riously employed  to  denote  the  property  and 
action  of  certain  solids  and  liquids  to  take  up 
gases  and  vapors.  Quicklime  absorbs  car- 
bonic acid,  with  which  it  forms  a  definite  chemi- 
cal compound,  the  carbonate  of  lime,  and  then 
absorption  ceases ;  now  if  we  take  two  equal 
weights  of  marble  (crystalline  carbonate  of 
lime),  the  one  solid  and  the  other  powdered,  the 
latter  will  be  found  to  weigh  heavier  from  the 
abstraction  of  moisture  from  the  air ;  but  this 
instance  of  absorption  is  very  different  from 
the  preceding,  since  it  is  not  definite  in  quan- 
tity, may  vary  according  to  the  pressure  and 
temperature  of  the  air,  the  fineness  of  the  pow- 
der, &c,  while  in  the  former  case  an  exact 
amount  is  absorbed,  within  a  very  wide  range 
of  pressure  and  temperature.  Moreover,  the 
moisture  may  be  expelled  from  the  powdered 
marble  by  a  very  slight  increase  of  tempera- 


ture, while  its  carbonic  acid  requires  a  white 
heat  for  its  expulsion.  The  latter  holds  its 
carbonic  acid  in  obedience  to  chemical  attrac- 
tion, while  the  powder  absorbs  moisture  appa- 
rently in  accordance  with  another  kind  of 
attraction,  which  we  shall  denominate  absorp- 
tion. It  would  not  be  difficult  to  determine  the 
limits  of  this  mechanical  absorption,  if  we 
could  exactly  define  what  a  chemical  com- 
pound is  ;  but  the  latter  is  frequently  so  loose 
in  its  nature,  existing  only  in  solution,  decom- 
posable by  such  slight  differences  of  tempera- 
ture, that  we  must  often  be  in  doubt  whether  to 
regard  it  as  a  mixture  or  definite  compound. 
We  may  in  general  define  it  as  the  power  pos- 
sessed by  liquids  and  solids,  the  latter  either 
porous  or  pulverulent,  to  receive  vapors  and 
gases  into  their  own  mass,  without  materially 
altering  their  principal  and  essential  charac- 
ters. The  following  essay  on  this  subject  is 
taken  chiefly  from  an  excellent  article  by  Pog- 
gendorf  in  the  Worterbuch  der  C hemic 

I.    Absorption   of  Gases   and  Vapors   by 
solid  Bodies. 

All  solids,  as  soon  as  they  acquire  the  requi- 
site degree  of  porosity  or  division,  exhibit  the 
faculty  of  absorbing  gases,  but  few  possess  it 
in  a  striking  degree,  and  among  these  charcoal 
has  always  held  a  prominent  position,  and  was 
for  a  long  time  regarded  as  alone  possessed  of 
it.  Scheele  and  Fontana  discovered  this  power 
in  charcoal,  independently  of  each  other,  about 
1777,  since  which  period  it  has  been  more  or 
less  investigated  by  Priestley,  Saluzzo,  Mor- 
veau,  Morozzo,  Delametherie,  Rouppe  and  Van 
Noorden,  Parrot  and  Grindel,Van  Mons,Brug- 
natelli,  and  Vogel.  But  the  researches  of  Theo- 
dore de  Saussure  are  the  most  extensive  and 
appear  to  be  most  carefully  made,  and  we  shall 
draw  chiefly  from  them. 

Absorption  by  Charcoal. — The  amount  of  ab- 
sorption, i.  e.  the  rapidity  and  quantity  of  the 
same,  appears  to  depend  on,  1st,  the  dryness 
and  freedom  from  air  of  the  coal ;  2d,  its  degree 
of  density  or  porosity;  3d,  the  pressure  of  the 
gas  to  be  absorbed ;  4th,  the  temperature ;  5th, 
the  nature  of  the  gas;  and  6th,  on  its  purity. 
These  conditions  hold  good  of  the  other  solid 
bodies. 

1.  Dryness  and  freedom  from  air  of  the  coal. — 
The  absorbent  power  of  coal  can  only  be  deter- 
mined when  it  is  wholly  free  from  gases, 
vapors,  or  liquids.    Aqueous  vapor  in  par 
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ticular  is  readily  absorbed.  Charcoal  lying 
in  the  open  air  for  a  considerable  time  increases 
10to20perct.in  weight,  the  greater  part  of  which 
is  the  vapor  of  water.  Boxwood  coal,  which 
in  a  dry  and  air-free  state  absorbed  35  times 
its  volume  of  carbonic  acid  gas,  after  moisten- 
ing with  water,  absorbed  only  15  times  its 
volume,  and  while  the  former  amount  was 
taken  up  in  24  hours,  the  latter  smaller  quan- 
tity required  14  days.  This  phenomenon  is 
connected  with  the  fact  that  water  expels  the 
greater  portion  of  a  gas  absorbed.  1  vol.  coal, 
which  had  taken  up  33  vols,  carbonic  acid  gas, 
lost  17  vols,  by  moistening  it  with  water. 

Saussure  and  Fonlana  attained  this  dry  and 
vacuous  state  of  coal  by  igniting  it  strongly, 
and  bringing  it  rapidly  and  while  still  hot  into 
mercury,  and,  immediately  on  cooling,  passing 
it  into  the  gas  to  be  absorbed  in  a  tube  over 
mercury.  The  amount  of  mercury  absorbed  is 
so  slight  that  the  coal  floats  on  water. 

2.  Density  and  Porosity. — The  more  dense  a 
coal  is,  the  smaller  its  pores,  the  stronger  is  its 
power  of  absorption  within  certain  limits. 
Thus, 

One  volume  of      Spec.  Grav. 
Cork  charcoal,  0-1  absorbed  very  little  air. 

Pine  "  0-4         "         4-5  vols.      " 

Boxwood "  0-6         "         7-5    "  " 

Stonecoal  from  ?  u  u 

Kutliberg,       3 

Still  denser  coals,  such  as  graphite  of  spec, 
grav.  2-17,  or  gas-retort-carbon,  absorb  nothing, 
from  the  smallness  or  absence  of  pores. 

On  the  other  hand,  the  powdered  charcoals 
lose  a  portion  of  their  absorbent  power  from 
the  greater  size  of  their  interstitial  spaces. 
Boxwood  coal  4'92  cubic  centimeters  in  size 
absorbed  7-5  times  its  vol.  of  air,  while  when 
reduced  to  an  impalpable  powder  it  only  took 
up  3  times  its  volume  of  the  same. 

3.  External  pressure  on  the  gas  has  great 
influence  on  absorption.  The  greater  the  pres- 
sure, the  more  is  absorbed,  and  vice  versa. 
Charcoal  takes  up  a  greater  volume  of  an 
expanded  gas,  but  a  greater  weight  of  a  con- 
densed gas.  Diminution  in  pressure,  therefore, 
as  under  the  receiver  of  an  air-pump,  extracts 
the  greater  part,  but  not  the  whole  of  an  ab- 
sorbed gas. 

4.  The  higher  the  temperature,  the  less  gas  is 
absorbed ;  for  the  greater  part  is  removed  by 
warming,  and  the  whole  by  ignition.  Diminu- 
tion of  temperature  increases  absorption,  by 
opposing  the  elasticity  of  the  gas. 

5.  Nature  of  the  Gas. — Saussure  found  that  in 
24  to  36  hours  one  vol.  boxwood  coal  absorbed 
of  the  following  gases  : 

Ammonia 90    vols. 

Chlorohydric  acid 85       " 

Sulphurous  acid 65       " 

Sulphuretted  hydrogen 81*     " 

Nitrous  oxide 40       " 

Carbonic  acid 35      « 

Carbonic  oxide 9-42  " 

Oxygen  9-25 " 

Nitrogen 7-5    « 

Hydrogen 1-75  " 

♦  Dr.  C.  Henry.     Saussure's  sulphuretted  hydrogen 
was  probablv  impure. 
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By  comparing  this  tabic  with  that  of  the 
liquefaction  of  gases  (see  Casks),  we  find  in 
general  that  those  most  easily  liquefied  are  ab- 
sorbed in  greater  quantity.  For  the  same  reason 
vapors  are  absorbed  in  such  large  quantities. 

It  is  hence  evident  that  the  10  to  20  per  ct. 
increase  in  weight  of  charcoal  in  the  open  air 
arises  chiefly  from  aqueous  vapor.  Of  other 
vapors,  we  know  that  those  having  odor  are 
rendered  inodorous.  Bottles  filled  by  Dbbcrei- 
ner  with  tobacco  smoke,  asafoctida,  &c.  were 
rendered  inodorous  in  from  1  to  3  hours.  This 
subject  will  receive  farther  elucidation  under 
Charcoal 

6.  Purity  of  the  Gases. — When  gases  and  va- 
pors are  mingled,  the  absorption  seems  to  de- 
pend on  a  kind  of  elective  affinity.  The  fol- 
lowing are  the  results  of  Saussure.  a.  Coal, 
fully  charged  with  one  gas  and  brought  into 
another,  loses  part  of  the  first  to  receive  a  por- 
tion of  the  second.  If  the  former  be  more  con- 
densible,  the  volume  of  gas  around  the  coal  is 
increased  by  the  exchange,  and  cold  is  pro- 
duced; in  the  opposite  case  heat  is  generated. 
Hence  charcoal  in  the  air  absorbs  more  oxygen 
than  nitrogen  (see  the  above  table).  t>.  The 
larger  the  quantity  of  the  expelling  gas,  the 
more  rapidly  is  the  other  expelled,  c.  A  mix- 
ture of  two  gases  is  often  more  largely  absorbed 
than  either  of  the  two  separately.  Thus  the 
presence  of  oxygen  in  coal  favors  the  absorp- 
tion of  hydrogen,  the  presence  of  carbonic  acid 
or  nitrogen  that  of  oxygen,  &c,  but  the  pre- 
sence of  nitrogen  does  not  favor  the  condensa- 
tion of  carbonic  acid,  d.  Notwithstanding  this 
increased  absorption,  there  appears  to  be  no 
chemical  combination  between  the  absorbed 
gases,  at  least  Saussure's  experiments  lead  to 
such  conclusion.  On  the  other  hand,  fhenard 
found  that  charcoal  acted  on  a  mixture  of  sul- 
phuretted hydrogen  and  oxygen  or  atmospheric 
air,  like  platinum  sponge  on  oxy-hydrogen ; 
water  was  formed  and  sulphur  deposited. 

The  following  circumstances  should  also  be 
observed  in  reference  to  absorption.  1.  That 
in  consequence  of  the  condensation  of  the 
gas,  heat,  is  developed.  The  charcoal  reduced  to 
powder  by  bronze-balls,  in  revolving  drums  in 
the  gunpowder  manufacture,  takes  5  the  space 
of  the  same  when  in  pieces  of  15  or  16  centi- 
meters length,  and  absorbs  air  so  rapidly  as  often 
to  inflame.  But  this  depends  on  the  manner 
of  charring,  on  the  time  elapsing  between  the 
charring  and  powdering,  and  lastly  on  the 
quantity  of  coal.  2.  Rapidity  of absorplionvaries 
with  the  nature  of  the  gas,  with  the  dryness 
and  porosity  of  the  coal,  with  the  degree  of 
charring,  and  with  the  relative  dimensions  of  the 
coal.  3.  Alteration  of  gases.  Most  gases  are  not 
changed  by  absorption, except  oxygen  and  nitric 
oxide.  The  latter  is  decomposed,  giving  rise  to 
carbonic  acid  and  nitrogen.  The  oxygen  ap- 
pears to  combine  with  a  portion  of  carbon  to  car- 
bonic acid,  but  the  operation  is  extremely  slow. 
This  absorption  and  change  bears  reference  to 
the  employment  of  charcoal  in  the  soil,  although 
Liebig  is  of  opinion  that  "  it  may  remain  in  the 
soil  unchanged  for  centuries."  (See  Johnson's 
Dictionary  of  Agriculture,  art.  Charcoal.)  Its 
change  may  be  referred  to  another  cause  than 
that  of  absorbed  oxygen  alone.    4.  It  is  doubt- 
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ful  whether  the  charcoal  would  suffer  change 
in  its  chemical  or  physical  properties  if  the 
absorbed  gas  could  be  expelled  without  heating. 
Absorption  by  other  solid  Bodies  than  Charcoal. — 
The  experiments  made  with  other  porous  bo- 
dies are  not  so  satisfactory  as  with  charcoal. 


We  find  1st,  that  all  porous  solids  are  endowed 
with  a  greater  or  less  power  of  absorption; 
2d,  that  those  in  general  are  most  absorbed 
which  exhibit  the  same  power  with  charcoal. 
The  following  table  of  Saussure  shows  the 
amounts  of  absorption  at  59°  F. 


Names  of  the  gases 

Volumes  of  gases  absorbed  by  one  volume  of 

£ 

3 

rt 

< 

£  3 

a 

n) 

•a 
o 

■d 

•a 

GO 

CO 

absorbed. 

a 
o 

a 

a 

s 

> 

a 
& 
•a 
■4 

£  S 

B 
2 

a, 

o 
■a 
>> 
X 

E 

3 
O. 

5 

a 

o 

o 

B 

H 

S 
GO 

S 

!3 

"o 
o 

M 

t» 

90-0 
85  0 

15-0 

1130 

12-75 

64-0 
17-0 

100-0 

68-0 

78-0 

Chlorohydric  acid 

65-0 

7-37 

Sulphuretted  hydrogen 

81-0 

11-7 

40-0 

3-75 

35-0 

5-26 

2-0 

1-7 

1-0 

0-43 

1-1 

1-1 

0-62 

1-7 

1-1 

9-42 

1-17 

0-55 

0-58 

0-58 

0-35 

0-3 

0-3 

9-25 

7-5 

1-75 

1-49 

1-6 

0-44 

0-7 
0-7 
0-48 

0-47 
0-47 
0-31 

0-6 
0-6 
0-4 

0-58 
0-53 
0-50 

0-47 
0-21 
0-58 

0-5 

0-21 

0-75 

0-35 
0-33 
0-35 

0-43 
0-24 
0-3 

0-44 

0-125 

0-3 

Metals  in  a  state  of  extremely  fine  division 
exhibit  absorbent  powers  not  inferior  to  char- 
coal. Powdered  iron  obtained  by  reducing 
the  oxide  by  hydrogen  at  a  gentle  heat,  retains, 
according  to  Magnus,  a  considerable  quantity 
of  hydrogen,  which  may  have  an  influence  on 
its  pyrophoric  properties.  Platinum  sponge 
does  not  absorb  oxygen  or  nitrogen,  according 
to  W.  C.  Henry's  experiments,  nor  ammonia, 
chlorohydric  acid  nor  sulphuretted  hydrogen 
gases  according  to  Thenard.but  platinum-black 
acts  powerfully.  (See  Platintjm-black  for  its 
preparation.)  Liebig  holds  it  to  be  extremely 
comminuted  platinum.  When  pure  and  dried 
over  sulphuric  acid  under  the  air-pump,  it 
absorbs  air  so  rapidly  as  to  become  ignited. 
When  pure  it  absorbs  250  times  its  volume  of 
oxygen,  and  thus  charged  it  takes  up  hydro- 
gen, ammonia,  &c,  vapor  of  alcohol  in  very 
large  quantity,  becomes  heated  and  changes 
the  alcohol  into  vinegar.  We  might  attribute 
the  property  of  this  body  to  ignite  oxyhydrogen 
to  its  absorbent  power,  if  Faraday  had  not 
shown  that  solid  platinum  with  perfectly 
smooth  surfaces  has  the  same  power,  although 
it  possesses  no  action  towards  these  two  gases 
separately. 

The  absorption  of  moisture  by  solids  will  be 
found  under  the  art.  Hygrometry. 

II.    Absorption  by  Liojcids. 

The  absorption  of  gases  and  vapors  by 
liquids  depends  on  circumstances  similar  to 
those  given  under  absorption  by  solids.  We 
find  the  absorption  influenced  1st,  by  the  na- 
ture and  purity  of  the  absorbing  liquid;  2d,  by 
the  nature  and  purity  of  the  gas;  3d,  by  pres- 
sure; and  4th,  by  temperature. 

1.  A  liquid  will  of  course  absorb  more  gas, 
the  less  of  the  same  gas  it  already  contains. 
The  following  table,  by  Saussure,  exhibits  the 
influence  of  different  liquids  on  the  same  gas. 


Absorption  of  Carbonic  Acid  Gas  by  different 
Liquids,  at  64-4°  Fahr. 


One  volume 

Sp.Gr. 

Volumes  of 
gas  absorbed. 

0-803 

2-60 
2-17 
1-87 
1-66 
1-56 
1-06 

0-75 

0-72 

0-70 

0-45 

0-329 

0-261 

Ether 

0-727 

0-84 

0-86 

0-94 

1-00 

1-092 

1-104 

1-047 

1-84 

1-212 

1-402 

Spirit  of  turpentine 

Solution  of 

Sulphuric  acid 

Chloride  of  sodium 
Chloride  of  calcium 

It  is  evident  from  this  table  that  the  spec, 
grav.  exercises  much  influence  on  absorption, 
for  all  the  above  liquids  lighter  than  water  sur- 
pass it  in  absorbent  power;  those  heavier  fall 
below  it.  But  although  absorption  appears  in 
a  general  way  to  be  inversely  as  the  spec, 
grav.,  yet  a  comparison  of  alcohol  and  ether, 
sugar  and  alum,  &c,  show  that  an  exact  law 
cannot  be  laid  down.  The  relative  absorption 
is  just  as  irregular  where  other  gases  are 
employed  as  with  carbonic  acid.  There  is 
certain  attraction  between  the  fluid  and  the  gas 
which  influences   absorption  besides  density. 

2.  Nature  and  Purity  of  the  Gases. — This  is 
clearly  shown  by  the  following  table  : 


At  64-4°  there  is  absorbed  of 


Sulphurous  acid  gas.. 
Sulphuretted  hydrogen 

Carbonic  acid 

Nitrous  oxide 

Oxygen 

Hydrogen 


1  vol.  air 
free  water 


43-78 
2-53 
1-06 
0-76 
0-65 
0-046 


1  vol.  air  free 

Alcohol, 
Sp.  Gr.  0-84. 


115-77 
6-06 
1-86 
1-53 
0-1625 
0-051 
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The  above  table  shows  that,  in  general,  the 
most  condensable  gases  are  most  absorbable. 
By  comparing  it  with  the  tables  for  absorption 
by  solids,  it  is  evident  that  the  latter,  particu- 
larly charcoal  and  meerschaum,  possess  a  far 
greater  absorbent  power  than  water  or  alcohol, 
or,  indeed,  than  any  liquid.  Ammonia  and 
chlorohydric  acid  gases  are  exceptions  to  this 
rule,  for  water,  at  50°  Fahr.  absorbs  480  times 
its  volume  of  the  latter  and  670  times  its 
volume  of  ammoniacal  gas. 

:!.  Influence  of  Pressure. — Henry's  experiments 
in  1803  led  to  the  conclusion  that  the  volume 
of  each  gas  absorbed  at  the  same  temperature 
by  water,  remains  the  same,  whatever  may  be 
the  pressure.  This  may  be  generalized,  by 
saying,  that  the  volume  of  a  gas  absorbed  by  a 
liquid  is  the  same  under  any  pressure,  the 
temperature  being  constant;  and  from  this  we 
draw  the  conclusion,  that  the  weight  of  gas 
absorbed  by  a  liquid  is  directly  proportional  to 
the  pressure  on  the  gas,  the  temperature  being 
constant.  Chlorohydric  and  a  few  other  gases 
absorbable  in  great  quantity  are  exceptions  to 
this  law. 

Suppose  we  have  100  cubic  centimeters  of 
water,  with  a  sufficient  quantity  of  carbonic 
acid  enclosed  in  a  vessel,  at  64-4°F.,  which  is 
connected  with  a  forcing  pump.  After  some 
lime  the  water  will  have  taken  up  106  cub. 
centim.  of  the  gas  (see  the  above  table),  which 
at  30  In.  B.  weigh  196-6  grammes.  Now  by 
doubling  and  trebling  the  pressure,  the  same 
bulk  will  be  absorbed,  but  it  will  be  in  the  former 
case  393-2  and  in  the  latter  589-8  grammes  or 
double  and  treble  the  weight.  On  this  action 
depends  the  preparation  of  artificial  Mineral 
Waters,  which  see. 

The  reverse  takes  place  when  the  pressure 
is  diminished.  If  a  liquid  be  charged  at  ordi- 
nary atmospheric  pressure  and  this  be  lowered, 
a  portion  of  gas  escapes  until  the  same  volume 
remains  in  the  liquid  as  it  is  capable  of  absorb- 
ing ;  or  if  it  had  been  charged  under  high 
pressure,  the  excess  escapes  when  the  pres- 
sure is  removed,  a  phenomenon  constantly  oc- 
curring with  beers,  mineral  waters,  and  other 
effervescing  drinks. 

4.  Influence  of  Temperature. — This  point  has 
not  been  sufficiently  determined  in  detail.  It 
seems  to  follow  from  Dalton's  experiments  that 
"the  volume  of  a  less  absorbable  gas,  which 
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is  taken  up  by  one  and  the  same  weight  of 
liquid  under  uniform  pressure,  remains  the 
rame  at  all  temperatures ;"  but  we  have  not 
sufficiently  precise  experiments  by  others  to 
determine  this  point. 

Boiling. — Dalton's  law  only  holds  good  of  a 
liquid  in  a  closed  vessel,  for  if  it  be  opened, 
the  gas  above  the  liquid  passes  into  the  air, 
although  it  may  have  the  same  pressure,  and 
the  absorbed  gas  gradually  follows.  The  higher 
the  temperature,  the  more  rapidly  does  it  es- 
cape, until,  at  the  boiling  point,  it  has  reached 
its  maximum. 

Boiling,  therefore,  acts  like  the  vacuum  of  an 
air-pump,  but  more  rapidly,  and  yet  the  whole 
of  the  gas  cannot  be  expelled  even  by  long- 
continued  boiling,  according  to  Saussure, 
Priestley,  &c,  and  it  appears  finally  to  pass  off 
as  a  whole  with  the  vapor  of  the  liquid,  even 
with  the  less  absorbable  gases,  as  we  know 
that  it  does  with  hydrochloric  acid  gas,  &c. 
It  has  not,  however,  been  ascertained  whether 
the  introduction  of  an  angular  body,  such  as 
pieces  of  platinum  or  osmium  iridium,  might 
not  wholly  expel  air,  carbonic  acid,  and  similar 
gases,  for  such  bodies  greatly  assist  ebullition. 

The  more  absorbable  gases  act,  in  general, 
under  different  temperatures,  like  those  less  so, 
but  in  some  respects  they  vary.  Ammonia  is 
absorbed  in  greater  quantity  in  the  cold  than  at 
increased  temperatures.  A  watery  solution 
of  ammonia  boils  at  a  higher  temperature  the 
less  ammonia  it  contains,  as  shown  by  the  fol- 
lowing table  of  Dalton,  where  the  content  ot 
gas  is  given  in  pr.  ct.  by  weight. 


Pr.  ct.  of 

Boiling 

Pr.  ct.  of 

Boiling 

Ammonia. 

point. 

Ammonia. 

point. 

35-3 

—24-8 

15-1 

+  122-0° 

29-9 

4-150-0 

10-5 

145-4° 

24-7 

73-4 

6-2 

174-2°     1 

19.8 

98-6 

2-0 

197-6°    J 

Hydrochloric  acid  acts  differently.  That 
solution  containing  19  pr.  ct.  by  weight  of  the 
dry  gas  has  the  highest  boiling  point  230°,  and 
this  point  remains  unchanged  by  continued 
boiling,  since  the  solution  then  evaporates  as 
a  whole.  The  following  table,  by  Dalton,  shows 
the  peculiarity  of  liquid  hydrochloric  acid, 
although  his  numbers  are  not  exactly  correct. 
The  gas  is  expressed  in  pr.  ct.  by  weight  of  the 
solution. 


HCl  acid. 

Boiling  point. 

HCl  acid. 

Boiling  point. 

HCl  acid. 

Boiling  point. 

34-1 

+ 120.2 

23-3 

+  217-4 

11-2 

+224-6 

31-2 

149-0 

21-8 

221-0 

8-65 

221-0 

28-8 

168-8 

20-6 

228-2 

6-94 

1          219-2 

26-6 

188-6 

16-1 

231-8 

3-53 

215-6 

24-9 

212-0 

13-2 

228-2 

1-81 

1         213-8 

By  observing  the  table  we  find  that  "water 
at  the  pressure  of  the  atmosphere  has  two 
points  of  saturation  between  212°  and  231-8°." 
The  above  shows  that  it  is  not  external  pres- 
sure alone  that  retains  the  gas  at  230°,  and  it 
is  difficult  to  account  for  it  by  affinity,  for  the 
£.as  and  water  are  as  1  atom  to  17^  atoms.  At 
present  we  cannot  explain  it. 
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Mitscherlich  found  a  similar  result  with  nitric 
acid,  viz.  that  a  solution  containing  60  pr.  ct.  of 
the  dry  acid  has  the  highest  boiling  point, 
which  is  at  253-  4°.  Summering  and  v.  Yelin 
found  that  alcohol  has  its  lowest  instead  of  its 
highest  boiling  point,  as  shown  by  the  following 
table  of  v.  Yelin :— 
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ACECHLORULE. 


Pr.  ct.  Alcohol. 

Boiling  point. 

Pr.  ct.  Alcohol. 

Boiling  point. 

Pr.  ct.  Alcohol. 

Boiling  point. 

100 
99 
98 

+  168-41° 
168-17° 
168-08° 

97 
96 

+  168-08° 
168-23° 

95 

94 

+  168-33° 
168-33° 

On  the  evaporation  of  alcohol  and  water. 
See  Diffusion. 

Freezing  tlie  Liquid. — We  have  seen  that  ab- 
sorption generally  increases  with  a  diminution 
of  temperature,  but  it  usually  extends  only  to 
the  freezing  point,  where,  in  all  probability,  the 
absorbability  of  every  gas  suffers  a  sudden 
change,  even  if  it  be  a  slight  one.  By  cooling 
down  water  charged  with  air,  we  observe  at 
the  moment  of  freezing  the  greater  part  of  it 
suddenly  expelled,  and  only  a  few  small  bubbles 
remaining  enclosed  mechanically  in  it.  By 
repeated  freezing,  it  is  probable  that  every  par- 
ticle of  air  might  be  expelled,  for  Carradori 
found  that  a  fish  died  instantly  in  such  water. 

The  more  absorbable  gases  seem  not  to  be 
expelled  by  freezing  the  liquid,  at  least  not  in 
such  quantity  as  air,  &c.  The  watery  solu- 
tion of  sulphurous  acid  solidifies  a  little  below 
32°  F.,  that  of  hydrochloric  acid  below  the 
freezing  point  of  mercury,  without  apparently 
losing  gas.  They  may  possibly  form  chemical 
compounds  with  water,  as  Faraday  has  shown 
that  chlorine  water,  by  freezing  at  about  32°, 
separates  into  hydrated  chlorine  and  ice,  free 
from  chlorine.  Ice  has  not  lost  its  absorbent 
power  for  these  gases,  for  it  melts  in  the  heat 
developed  by  their  rapid  absorption. 

There  is  a  singular  kind  of  absorption  and 
expulsion  of  gas  by  a  fluid  with  a  high  freezing 
point,  viz.  melted  silver,  which  is  frequently 
absorbed  in  the  dry  Assay,  which  see.  It 
absorbs  oxygen  in  the  liquid  state,  without 
losing  its  metallic  lustre,  and  on  cooling  to 
congelation,  suddenly  gives  it  off,  giving,  after 
the  moment  of  brightening,  a  jagged  appear- 
ance to  the  solid  button  of  silver.  This  effect 
has  been  attributed  to  crystallisation,  but  Gay- 
Lussac  has  confirmed  the  experiments  of 
Lucas  on  this  point. 

There  are  other  circumstances  influencing 
absorption.  Thus  it  is  probable  that  a  gas  is 
more  largely  absorbed  in  a  smooth  vessel,  as 
glass,  than  in  one  of  a  rough  or  metallic  sur- 
face. Time  is  another  circumstance,  accord- 
ing to  the  experiments  of  De  Marty,  but  it  is 
possible  that  the  increased  absorption  of  a  gas 
after  the  lapse  of  time  may  give  rise  to  chemi- 
cal combinations  in  the  liquid.  Rapidity  of  ab- 
sorption is  dependent,  in  general,  on  the  same 
circumstances  which  influence  the  amount  of 
absorption. 

Phenomena  accompanying  Absorption. — The  de- 
velopement  of  heat  by  the  absorption  of  a  gas, 
is  the  most  striking  circumstance.  It  is  gene- 
rally greater  in  proportion  to  the  amount  and 
rapidity  of  absorption;  hence  the  temperature 
of  water  saturated  with  hydrochloric  acid  rises 
to  212°,  while,  with  carbonic  acid,  it  does  not 
increase  by  one  degree  of  Fahrenheit's  scale. 
The  condensation  of  the  gas  is  probably  the 
principal,  if  not  the  only  cause  of  the  evolution 
of  heat. 

The  volume  of  the  absorbing  liquid  is  altered 
by  its  receiving  a  ga«,  and  it  appears  always 


enlarged.  The  density  of  the  liquid  is  increased 
by  the  absorption  of  some  and  diminished  by 
others ;  thus  the  aqueous  solutions  of  ammonia 
are  specifically  lighter,  those  of  hydrochloric 
acid  heavier  than  water. 

Theory  of  Absorption. — The  phenomena  are 
generally  referred  either  to  capillary  or  chemi- 
cal attraction,  or  to  both  as  by  Dr.  Dalton ;  but 
our  experience  on  this  subject  is  too  limited  to 
admit  of  establishing  a  satisfactory  generalisa- 
tion, since  it  may  be  said  that  Henry's  law, 
above  given,  is  the  only  one  we  possess,  and 
that  will  not  admit  of  universal  application.  A 
majority  of  philosophers  hold  that  liquids  are 
active  and  not  passive  in  absorption,  and  that 
they  exert  upon  the  particles  of  gas  an  affinity 
varying  according  to  their  chemical  character. 
It  may  then  be  stated  as  the  best  general  con- 
clusion warranted  by  the  present  state  of  our 
knowledge,  that  the  same  forces  are  exerted  in 
the  absorption  of  gases  which  we  regard  as 
the  cause  of  chemical  combination ;  but  that, 
in  those  cases  of  what  seems  to  be  more  a  me- 
chanical absorption,  these  forces  are  too  feeble 
to  overcome  the  elasticity  or  tension  of  the 
gases,  and  that  therefore  an  external  pressure 
(such  as  arises  from  the  elasticity  of  the  un- 
absorbed  gas)  is  requisite  to  produce  combina- 
tion, the  amount  depending  chiefly  on  the 
pressure. 

ABSORPTION.  Tech.  The  preceding 
article  may  admit  of  various  applications  in 
the  arts,  and  should  not  therefore  be  regarded 
as  merely  speculative  physical  science.  The 
tendency  of  charcoal  to  absorb  gaseous  bodies 
and  liquids  has  already  received  practical 
attention  in  various  arts,  but  there  are  un- 
doubtedly many  others  which  might  derive 
benefit  from  a  closer  study  of  all  the  phenomena 
attending  it.  Its  importance  in  the  powder- 
manufacture  has  already  been  alluded  to,  and 
it  is  highly  probable  that  loss  of  life  and  pro- 
perty might  be  obviated  by  a  closer  attention 
to  the  principles  or  rather  facts,  as  far  as  they 
are  developed.  The  peculiar  property  of  pla- 
tinum-black has  also  been  applied  to  the  pro- 
duction of  vinegar,  although  not  with  sufficient 
economy;  and  other  useful  combinations  might 
be  effected  by  it. 

The  study  of  the  absorption  of  gases  bv 
liquids  may  be  usefully  pursued  in  the  im- 
pregnation of  water  by  carbonic  acid,  in  the 
manufacture  of  liquid  acids,  ammonia,  and 
other  chemical  solutions,  and  in  the  distillation 
of  liquids  generally.  The  neglect  of  principles 
most  generally  leads  to  heavy  losses  in  prac- 
tice. 

ACANTICONITE.  Min.  A  variety  of  Epi- 
dote  from  Arendal  in  Sweden.  See  Epidote, 
Pistacite. 

ACECHLORULE.  Chem.  A  compound 
radical,  consisting  of  chlorine  and  carbon,  C4 
Cl3,  of  which  chloral  is  the  hydrated  oxide. 
Chloral  is  composed  of  C,HC1302  which  may 
thus  be  separated  when  viewed  as  a  compound 
1*  5 
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of  acechlorule  C4C130  -\-  HO.  See  Chmhui, 
and  the  action  of  chlorine  on  Alcohol  and  the 
E'niF.ns. 

ACETAL.  Chem.  Discovered  by  Doberei- 
ner  who  named  it  oxygen-ether.  To  prepare 
it,  place  several  watch-glasses,  containing  thin 
layers  of  platinum-black  slightly  moistened, 
near  the  surface  of  alcohol  contained  in  a  dish 
as  in  fig.  1.  b.  Pass  a  12 
inch  high  bell-glass  over 
it,  of  a  diameter  less  than 
that  of  the  dish,  with  an 
opening  above  partly 
closed,  to  allow  the  gra- 
dual entrance  of  a  little 
air,  or  containing  a  fun- 
nel-tube, as  in  the  fig.,  and 
place  the  whole  in  a  mo- 
derately warm  situation 
for  several  weeks  or 
months.  The  liquid  con- 
densing on  the  sides  of 
the  glass,  and  flowing  into 
the  dish  contains  acelal, 
aldehyde,  acetic  acid  and  acetic  ether.  It  is 
neutralised  with  chalk  and  distilled.  The  pro- 
duct is  repeatedly  treated  with  chloride  of  cal- 
cium, until  the  latter  is  no  longer  moistened, 
and  so  rectified  until  its  boiling  point  rises 
to  202°,  when  it  is  pure  acetal.  Its  composi- 
tion is  as  follows  : — 

Equiv.       By  calculation.      By  experiment. 
8  C  =  48  59-26         59-917     59-77     59-17 

9H=    9  11-11  11-222     11-58     11-29 

3  0=24  29-63         28.861     28  65     29-54 


U 


100-00       100-000   100-00   100-00 


The  formation  of  acetal  depends  on  the  oxi- 
dation  of  a  portion  of  the  hydrogen  in  alcohol, 
by  the  condensation  of  alcoholic  vapor,  and 
the  air  in  the  platinum-black.  By  removing 
1  equivalent  water  and  2  of  hydrogen  from  2 
equiv.  of  alcohol,  acetal  remains,  thus  : 

2  eq.  Alcohol  C8  +  H12  +  04 

1  "     Water  H     +  O 

2  "     Hydrogen  H2 


C8+H9+03 

It  may  be  regarded  as  a  compound  of  I  eq. 

of  acetic  acid,  and  3  eq.  ether,  C4H303  +  C12 

Hn03  =  C,6H1806,  or  2  eq.  of  acetal,  but  its 

probable  rational  formula  deduced  from  its 


behaviour  to  potassa,  and  sulphuric  acid  is 
C4H30,  HO,  AeO  which  is  a  compound  of 
aldehyde  and  ether.     See  Acetic  lvnuit. 

It  is  a  colorless,  mobile  liquid,  like  ether, 
of  a  peculiar  odor  resembling  Hungarian 
wines;  boiling  at  200°  to  204°;  spec.  grav.  at 
68°  0-823 ;  soluble  in  6  or  7  parts  of  water,  and 
miscible  in  all  proportions  with  alcohol  and 
ether.  By  the  gradual  action  of  air  and  potassa 
it  is  converted  into  a  brown  substance,  alde- 
hyde-resin. Sulphuric  acid  renders  it  thick 
and  brown.  The  farther  action  of  platinum- 
black  converts  it  into  acetic  acid  and  water. 
See  Aldehyde  under  Acetule. 

ACETATES.  Chem.  Compounds  of  acetic 
acid  and  metallic  oxides,  or  organic  bases. 
These  salts  are  nearly  all  soluble  in  water,  and 
easily  crystallised  ;  the  acetates  of  molybdena 
and  tungsten  are  insoluble,  those  of  silver  and 
suboxide  of  mercury  are  difficultly  soluble. 
The  oxygen  in  the  acid  is  to  that  in  the  base 
as  3  to  1  in  the  neutral  acetates.  There  exist 
also,  with  a  few  metals,  basic  salts,  in  which 
there  is  1£,  3,  and  6  times  as  much  base  as  in 
the  neutral  acetates.  The  neutral  metallic 
acetates  are  formed  both  by  direct  union  and 
by  double  decomposition,  the  basic  by  digesting 
the  neutral  with  definite  quantities  of  the  base. 
The  acetates  of  the  fixed  alkalies  and  alkaline 
earths  subjected  to  distillation  yield  water  and 
acetone  (which  see),  while  a  carbonate  of  the 
base  remains ;  the  metallic  salts  yield  a  mix- 
ture of  acetic  acid  and  acetone,  while  the 
oxide  and  sometimes  the  reduced  metal  re- 
mains. The  solutions  of  the  alkaline  acetates 
become  mouldy  by  keeping,  similarly  to  the 
acid. 

The  acid  may  be  set  free  from  its  combina- 
tions by  sulphuric  acid,  and  is  readily  recog- 
nised by  its  characteristic  odor,  while  its  salts, 
in  common  with  those  of  the  organic  acids,  are 
blackened  by  heat. 

The  acetates  are  chiefly  employed  in  dyeing; 
and  color-printing,  of  which  they  may  almost 
be  said  to  constitute  the  ground-work,  the 
acetates  of  alumina,  iron  and  lead  being  the 
most  important. 

The  following  table  includes  all  the  impor- 
tant acetates,  those  of  the  organic  bases  being 
introduced  under  the  several  bases.  They 
may  be  written  MO+C4H303,  or  MO-f  A 
which  is  more  easily  read  (the  M  standing 
for  metal). 


Acetate  of  Formula  Equivalents. 

1.  Potassa KO-f  A_(C4H303)  98-26 

2.  Soda NaO  +  A+6HO  136-31 

3.  Ammonia NH3+HO-f-A  77-19 

4.  Baryta BaO-|-A-f3  and  1  HO      154-67  and  136-67 

5.  Strontia SrO  +  A_+  4  and  §  HO      138-86  and  107-36 

6.  Lime Ca  O  -f  A  +  HO  88-52 

7.  Magnesia  MgO  +  A  71-69 

8.  Alumina A1203+3A  204-00 

9.  Manganese MnO  -f  A  86-72 

10.  Zinc ZnO+A-f3HO  118-31 

11.  a.  Protoxide  of  iron reo  -)-  A  86-18 

b.  Sesqui  or  peroxide  of  iron . . .  Fe203  +  3  A  180-37 
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ACETATES.  ACETATES. 

Acetate  of  Formula.  Equivalents. 

12.  Cobalt CoO  +  A  88-57 

13.  Nickel NiO+ A  88-63 

14.  Lead,  a.  neutral PbO+A+3HO  189-73 

b.  sesquibasic 3PbO+2A  437-19 

c.  tribasic 3PbO  +  A  386-19 

d.  sexbasic 6PbO  +  A  721-38 

15.  1.  Suboxide  of  copper Cu20  +_A  122-43 

2.  Oxide  of  copper,  a.  neutral  . .  CuO  +  A-f-5  and  1  HO  135-71  and  99-71 

fc.bibasic 2CuO  +  A_+6HO  184-42 

c.  sesquibasic 3CuO+  2A+  6  HO  275-13 

d.  tribasic  3CuO+A+3HO  197-13 

e.hyperbasic   48CuO+ A+JL2  HO  

3.  Acet.  of  copper  and  lime CuO,A+ CaO.A  +  8  HO  242-23 

16.  Protoxide  of  tin SnO  +  A_  117-93 

17.  a.  Suboxide  of  mercury Hg20  +  A  261-86 

b.  Oxide  of  mercury HgO  +  _A  160-43 

18.  Silver AgO+A  167-31 

1.  Acetate  of  Potassa.      Chem.  Phar.      Syn.  |  Lat.  Acetas   kalicus.     Formerly,  Terra  foliata 
Ger.  Essigsaures  Kali.    Fr.  Acetate  de  potasse.  I  tartari,  &c. 

Formula,  KO,  A  (C4H303) 
Composition  in  equivalents.    Form.  H  =  1  0=  100  In  100  parts. 

1  eq.  acetic  acid C4H303  (A)  51-00  637-98  52-16 

1    "potassa KO  47-27  589-92  47-84 


acetate  of  potassa    KO-f-A 


98-27 


1227-90 


100-00 


It  was  first  described  by  Raymond  Lully,  in 
the  13th  century.  It  is  found  in  some  mineral 
waters. 

Prep.  Prepared  by  saturating  acetic  acid 
(vinegar)  with  carbonate  of  potassa,  and  eva- 
porating to  dryness,  taking  care  always  to  have 
a  slight  excess  of  acid  present,  part  of  which 
it  loses  during  evaporation,  and  without  which 
the  salt  turns  yellow  or  brown.  The  yellowish 
color  may  be  removed  by  charcoal,  particularly 
animal  coal.  Or  precipitate  acetate  of  lead  by 
an  excess  of  carbonate  of  potassa,  filter,  satu- 
rate free  potassa  with  acetic  acid,  test  for  the 
presence  of  lead  by  sulphuretted  hydrogen, 
and  remove  it  by  the  same,  and  evaporate 
carefully  to  dryness.  It  crystallises  with  diffi- 
culty, when  evaporated  to  a  honey-consistence, 
in  lamina?,  but  is  generally  obtained  in  a  soft 
fibrous  mass,  which  feels  unctuous  to  the  touch, 
and  has  a  warm,  pungent,  sweetish  and  saline 
taste.  It  deliquesces  in  the  atmosphere,  and 
must  be  kept  in  closely  stoppered  bottles.  It  is 
soluble  in  alcohol,  and  the  solution  is  decom- 
posed by  a  current  of  carbonic  acid  gas ;  bi- 
carbonate of  potassa  is  deposited,  and  acetic 
ether  is  formed.    At  a  boiling  heat  it  dissolves 


a  considerable  quantity  of  sulphate  of  lead, 
only  part  of  which  separates  on  cooling.  The 
aqueous  solution  of  acetate  of  potassa  absorbs 
chlorine,  and  acquires  powerful  bleaching  pro- 
perties. The  dry  salt,  distilled  with  arsenious 
acid,  yields  alcarsine.  See  Cacodule.  Acetate 
of  potassa  exists  in  the  juice  of  many  plants, 
and  when  they  are  incinerated  passes  into 
carbonate  of  potassa. 

Phar.  Acetate  of  potassa  is  a  powerful  di- 
uretic, and  is  frequently  used  in  medicine. 
It  should  not  be  mingled  with  stronger  mineral 
acids  nor  with  the  tartaric,  nor  with  any  salt 
having  a  stronger  acid  than  acetic,  and  a  fee- 
bler base  than  potassa. 

According  to  Thomson  abinacetate  is  formed 
by  evaporating  a  solution  of  equivalents  of 
acetate  of  potassa  and  acetic  acid  in  vacuo 
over  sulphuric  acid.  It  crystallises  in  thin, 
broad  transparent  folia,  and  contains  six  eq. 
water.     (Liebig.) 

2.  Acetate  of  Soda.  Chem.  Tech.  Syn.  Lat. 
Acetas  natricus.  Ger.  Essigsaures  Natron.  Fr. 
Acetate  de  soude.  Formerly,  Terra  foliata  tar- 
tari crystallisabilis. 


Formula,  NaO-f  C4H303  +  6HO  or  NaO,  A,  6  aq. 
Composition  in  equivalents.  Form.  H=l  O=100 

1  eq.  acetic  acid C4H303  51-00  637-98 

1    "    soda NaO  31-31  390-90 

6   "    water 6  HO  54-00  675-00 


1    "   acetate  of  soda,  cryst 136-31 


1703-88 


In  100  parts. 
37-64 

22.87 
39-49 

100-00 


This  salt  was  first  prepared  by  Fr.  Meyer,  I      Prep.    Prepared  on  the  small  scale  as  the 
in  l767-  I  preceding  salt.     Or  by  precipitating  acetate  of 
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ACETATES. 

lead  with  an  excess  of  carbonate  of  soda, 
neutralizing  the  filtered  liquid  with  acetic  acid, 
evaporating  to  the  consistence  of  syrup,  and 
allowing  it  to  cool  slowly. 

r-w  o  Prop.     Acetate    of    soda,    by 

slow  evaporation,  crystallises  in 
transparent,  oblique,  rhombic 
prisms  (see  Fig.  2),  with  its  sharp 
lateral  edges  and  corners  replaced 
by  planes,  with  40-11  per  ct.  or 
6  equiv.  water.  It  has  a  pleasant, 
cooling,  saline  taste,  is  soluble  in 
nearly  3  parts  water  at  60°,  in 
its  own  weight  of  boiling  water, 


ACETATES. 

and  in  5  parts  alcohol;  effloresces  in  a  dry  air; 
when  heated,  melts  first  in  its  water  ot _  crys- 
tallisation, with  much  frothing;  in  a  rngner 
temperature  the  dry  salt  again  melts,  and  bears 
a  low  red  heat  without  decomposition.  A  he 
melted  salt,  on  cooling,  splits  with  a  loud 
noise  in  all  directions.  If  deliquescent,  it  is 
contaminated  with  acetate  of  potash.  The  de- 
tails of  its  use  by  purifying  pyroligneous  acid, 
on  a  large  scale,  see  under  Acktic  Acid. 

3.  Acetate  and  Binacetate  of  Ammonia.  Chem. 
Phar.  Syn.  Lat.  Acetas  seii  biacetas  ammoni- 
cus.  G<r."  Essigsaures  und  saures  essigsaures 
Ammoniak.   Fr.  Acct.  etbiacet.  d'ammoniaque. 


Formula  of  neutral  salt,  NH3,+H0+C4H3O3or  Am,  A,  aq.,  or  regarding  ammonia  as  the 
oxide  of  ammonium.  (NH4)  O+A. 

Composition  in  equivalents  (neutral  salt).              H  =  1  0=  100 

1  eq.  acetic  acid C4H303                51-00  637-98 

1    »    ammonia NH3                  17-19  214-47? 

1    «    water HO                     9-00  112-50  5 

1    "    acetate  of  ammonia ■ 77-19  9C4-95 


In  100  parts. 
66-30 

33-70 
lOCHK) 


Prep,  and  Prop.  When  equal  weights  of  sal- 
ammoniac  and  acetate  of  potassa  are  distilled 
together  at  a  very  low  temperature,  ammonia 
is  at  first  expelled,  and  binacetate  of  ammonia 
distils  over  as  an  oily  liquid,  which,  on  cooling, 
forms  a  radiated  mass  of  transparent  needles, 
deliquescent,  and  soluble  in  alcohol  and  water 
in  every  proportion.  By  passing  dry  am- 
monia into  the  melted  binacetate,  it  becomes 
solid,  and  is  converted  into  neutral  acetate, 
which  forms  a  white  inodorous  mass,  very  so- 
luble in  water  and  alcohol,  with  a  feeble  acid 
reaction,  resolved  by  heat  into  ammonia  and 
binacetate. 

A  diluted  solution  of  this  salt  is  much  used 
as  a  diaphoretic  in  febrile  diseases,  under  the 
name  of  Liquor  acetatis  ammoniae,  formerly 
Spirit  of  Mindererus,  who  introduced  it  as  a 
remedy,  particularly  in  Scotland.  Boerhaave 
first  described  it  in  1732.  It  is  generally  made 
by  exactly  neutralizing  distilled  vinegar  with 
carbonate  of  ammonia.  As  distilled  vinegar, 
however,  varies  much  in  strength,  a  better 
formula  is  to  neutralize  6  parts  of  aqua  ammo- 
nige,  spec.  grav. 0-96,  with  strong  acetic  acid,  and 
to  add  as  much  water  as  makes  up  24  parts. 
This  solution  is  somewhat  stronger  than  that 
of  the  British  pharmacopoeias;  but  it  is  uni- 
form, and  can  easily  be  reduced. 

The  acetate  is  a  clear  liquid  of  a  slightly 
pungent  saline  taste.  It  should  react  neither 
with  red  nor  blue  litmus-paper ;  concentrated 
sulphuric  evolves  acetic  acid;  lime  or  potassa 
evolves  ammonia;  sulphuretted  hydrogen 
should  produce  no  colour  in  it;  acetates  of  sil- 
ver or  baryta  should  produce  no  precipitate ; 
by  heating  it  should  entirely  volatilize;  the  spec, 
grav.  of  the  concentrated  liquid  is  1-04. 

4.  Acetate  of  Baryta.  Chem.  Syn.  Lat.  Acetas 
baryticus.  Ger.  Essigsaure  Baryterde.  Fr.  Ace- 
tate de  baryte. 

Formula,  CaO+  C4H303+  HO  or  CaO,  A,  aq. 

Composition  in  equivalents.  Form.     '  11=1  O  =  100 

J  eq.  acetic  acid C.)H303  51-00  637-98 

3    "    lime CaO  28-52  356-02 

1    "    witer HO  9 112-50 

1   "    acetate  of  lime,  cryst 88-52  1106-50 


Formula,  BaO  +  C4H303 +HO  (and,  3  HO),  or 
BaO,  A,  aq.  (and  3  aq.) 
Prepared  by  dissolving  carbonate  of  baryta 
or  sulphuret  of  barium  in  acetic  acid,  and 
evaporating  the  filtered  liquid.  It  forms  large, 
transparent,  oblique,  rhombic  prisms  (see  Fig. 
4),  or  irregular  8-sided  prisms,  when  allowed  to 
evaporate  spontaneously.  These  crystals  con- 
tain 17-5  per  ct.  or  3  eq.  water,  BaO,  A, +3 
aq.  and  are  efflorescent  in  dry  air,  but  retain 
their  form.  It  is  soluble  in  1-75  parts  cold  and 
1-03  pts.  boiling  water;  100  pts.  of  cold  alco- 
hol dissolve  1  pt.,  and  100  boiling  take  up  1£ 
parts  of  the  salt.  When  evaporated  at  tempe- 
ratures above  60°,  or  when  effloresced,  the  crys- 
tals contain  only  1  eq.  water,  6-6  per  ct.  For- 
mula, BaO,  A -j-aq.  It  is  used  in  analysis  to 
precipitate  sulphuric  acid,  where  it  is  desira- 
ble not  to  introduce  nitric  or  muriatic  acid.  It 
is  completely  decomposed  by  heat  into  carbo- 
nate of  baryta  and  acetone,  thus  BaO,  C4H303 
=BaO  +  C02  and  C3H30. 

5.  Acetate  of  Strontia.  Chem.  Syn.  Lat.  Ace- 
tas stronticus.  Ger.  Essigsaure  Strontianerde. 
Fr.  Acetate  de  strontiane. 

Formula,  Sr04-C_4Ha03+4HO  (and  HO),  or 
SrO,  A,  4  aq.  (and  aq.) 

Obtained  like  the  acetate  of  baryta.  At  tem- 
peratures below  60°,  by  spontan.  evaporation 
it  yields  crystals  (Fig.  4)  containing  26  per  ct. 
or  4  eq.  water,  which  are  efflorescent  and  solu- 
ble in  2^  parts  water;  by  efflorescence  or  by 
crystallisation  above  60°  the  crystals  contain 
4-23  per  ct.  water,  or  2  eq.  dry  salt  to  1  eq. 
water. 

6.  Acetate  of  Lime.  Tech.  Chem.  Syn.  Lat. 
Acetas  calcicus.  Ger.  Essigsaure  Kalkerde. 
Fr.  Acetate  de  chaux. 


In  100  parts. 

57-59 

32-22 

__10-19 
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Prepared  like  the  preceding  by  dissolving 
carbonate  of  lime  in  acetic  acid.  The  simple 
hydrated  acid  does  not  attack  carbonate  of 
lime.     (Pelouzc.) 

The  salt  is  obtained  in  large  quantity  in  the 
preparation  of  pyroligneous  acid  for  the  manu- 
facture of  white  lead,  sugar  of  lead,  &c,  but 
this  acid  being  nearly  replaced  by  vinegar  from 
the  oxidation  of  alcohol,  at  least  in  this  coun- 
try, the  manufacture  of  the  acetates  of  soda 
and  lime  is  at  present  limited.  They  are  both, 
however,  employed  in  dyeing  operations. 

Tech.  The  commercial  salt  usually  con- 
tains an  excess  of  lime.  1000  lb.  wood-vine- 
gar, 127|  lbs.  chalk,  and  24  lbs.  caustic  lime, 
give  about  198  lbs.  of  (pyrolignate)  acetate  of 
lime.  To  make  a  common  acetate  of  alumina, 
dissolve  100  lbs.  alum  in  50  galls,  water,  and 

Formula,  A1203 +3  C. 
Composition  in  equivalents.  Form. 

3  eq.  acetic  acid 3  (C4H303) 

1   "    alumina ALO» 


then  add  a  solution  of  150  lbs.  acetate  of  lime 
of  strength  12°  B. 

It  crystallises  in  silky  needles,  of  an  astrin- 
gent, bitter,  and  saline  taste ;  effloresces  at  212° 
becoming  an  anhydrous  powder;  heated  to  226° 
and  triturated  in  the  dark,  it  phosphoresces 
strongly,  and  at  a  higher  heat  decomposes  like 
the  acetate  of  baryta  ;  readily  soluble  in  water, 
with  more  difficulty  in  alcohol.  See  farther 
under  Acetic  Acid. 

7.  Acetate  of  Magnesia.  Chcm.  Prepared  from 
carbonate  of  magnesia  like  the  preceding,  is  a 
deliquescent  gummy  mass,  when  concentrated, 
crystallising  with  difficulty,  insoluble  in  alco- 
hol.    Formula  MgO  -f-  A. 

8.  Acetate  of  Alumina.  Tech.  Chcm.  Syn.  Lat. 
Acetas  aluminicus.  Ger.  Essigsaure  Thonerde. 
Fr.  Acetate  d'alumine  ou  d'argile. 

H303,  or  A1203,  3A. 

H  =  l  O=100  In  100  parts. 

153-00  1913-94  75-03 

51-43  642-33  24-97 


204-43 


2556-27 


100-00 


Best  prepared  by  precipitating  sulphate  of 
alumina  by  acetate  of  baryta.  Uncrystallisa- 
ble,  drying  into  a  gummy  mass,  very  soluble 
in  water  and  of  a  very  astringent  taste;  de- 
composed by  slight  heat  into  acetic  acid  and  a 
subacetate  of  alumina.  Gay-Lussac  found 
that  the  solution  may  be  boiled  without  decom- 
position, but  that  when  impure,  from  the  pre- 
sence of  a  neutral  alkaline  salt,  the  solution 
becomes  turbid  from  the  deposition  of  an  inso- 
luble salt  which  redissolves  on  cooling. 

Tech.  Syn.  Red  liquor,  Acetic  alum-base. 
Ger.  Essigsaure  Thonbeitze,  Roth-  und  Gelb- 
beitze.  Fr.  Mordant  rouge.  It  is  the  last- 
named  property  which  gives  it  a  high  value  in 
the  various  operations  of  the  dyer  and  color- 
printer,  and  the  solution  of  the  salt  has  gene- 
rally received  the  name  of  Red  liquor,  from  the 
practice  of  sightening  it,  or  rendering  it  visi- 
ble with  a  little  red  color,  such  as  a  decoction 
of  peach  wood,  Brazil-wood,  &c.  It  is  not 
simply  acetate  of  alumina,  but  a  mixture  of 
acetate  or  binacetate  and  sulphate  or  subsul- 
phate  of  alumina  with  sulphate  of  potassa,  as 
will  be  evident  from  its  preparation.  If  we 
had  neutral  sulphate  of  alumina,  we  might  then 
simply  add  an  equivalent  of  it  to  an  equiva- 
No.  2.  In  50  galls.  No.  3.  50 

dissolve  100    lbs.  100 


10 
100 


lbs. 
lbs. 


6 
50 


lent  of  acetate  of  lead,  in  order  to  procure  a 
solution  of  neutral  acetate  of  alumina;  but  the 
commercial  aluminous  salt  being  a  double  salt, 
or  a  sulphate  of  alumina  and  sulphate  of  po- 
tassa, (formula,  KO,  S03+  A1203,  3  S03-f- 
24  aq.),  we  should  add  an  equiv.  of  acetate  of 
lead  for  each  of  the  three  equiv.  of  sulphuric 
acid  combined  with  the  alumina,  or  by  weight 
570  pts.  (=  3  eq.)  acet.  lead,  to  475  (or  1  equiv.) 
of  alum.  It  is  found  in  practice,  however,  to 
be  most  advisable  to  employ  equal  parts  of 
alum  and  sugar  of  lead  or  rather  less  of  the 
latter,  the  former  dissolved  in  boiling  water 
and  the  latter  subsequently  added  in  powder. 
It  is  usual  to  add  a  TV  or  less  of  soda  crystals 
(carbonate  of  soda)  to  the  alum,  or  a  little 
whiting  (carbonate  of  lime),  to  neutralize  a 
portion  of  the  sulphuric  acid.  The  three  fol- 
lowing recipes  may  serve  to  illustrate  this: 
No.  1.  In  50  galls,  boiling  water 
dissolve  100  lb.  alum,  and  when  dissolved, 
add  100  lb.  acet.  lead  in  fine  powder, 
stirring  the  mixture  well  at  first  and  several 
times  during  cooling,  and  when  clear,  the  su- 
pernatant liquid  is  acid  acetate  of  alumina 
and  sulphate  of  potassa,  with  a  little  subsul- 
phate  of  alumina, 
alls,  boiling  water 
lbs.  alum,  and  to  the  solution  add  slowly 


crystallised  soda,  and  then  stir  in 
acetate  of  lead  in  fine  powder,  as  before. 


Both  Nos.  2  and  3  contain  acid  acetate  of 
alumina,  basic  sulphate  of  alumina  dissolved 
in  acetic  acid,  and  sulphates  of  potassa  and 
soda.  No.  2  becomes  cloudy  at  154°  F.,  and  ge- 
latinizes at  165°.  No.  3  clouds  at  176°,  and  ge- 
latinizes at  192°.  No.  2  stands  at  14°  Beaume. 
No.  3  at  10°.  A  mordant  of  4  pts.  water,  3  pts. 
alum  and  3  pts.  acetate  of  lead  shows  14°  B. 
and  does  not  cloud  in  boiling. 

An  inferior  aluminous  mordant  is  made  by 

adding  acetate  of  lime  (pyrolignate   of  lime) 

to  alum,  but  the  former  being  generally  used  in 

solution,  the  number  of  gallons  of  the  former 
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are  given  to  lbs.  of  the  latter.  The  decompo 
sition  is  similar  to  that  above,  where  acetate  of 
lead  is  employed,  excepting  that  the  decompo- 
sition is  not  as  complete,  and  a  portion  of  sul- 
phate of  lime  remains  in  solution  to  the  detri- 
ment of  bright  colors.  See  also  Acetate  of 
Lime. 

According  to  the  experiments  of  Kochlin- 
Schouch,  it  appears  that  acetate  of  alumina  is 
not  the  only  active  agent  in  red  liquor,  but 
that  a  part  of  the  alum  is  wholly  converted  in 
a  basic  sulphate,  which  combines  with  acetate 
of  alumina,  and  that  this  double  salt  is  dis 
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While  '  from  No.  2,  so  that  much  alum  is  actually  lost 
by  the  use  of  No.  1.     Range  has  however  not 

taken  into  view  the  neutralization  of  a  portion 
of  the  sulphuric  acid  hy  carbonate  of  soda, 
which,  by  bringing  basic  salts  into  action,  ma- 
terially changes  the  subsequent  operations  of 
drying,  and  undoubtedly  fastens  a  larger  amount 
of  alumina  on  the  piece  than  without  its  use; 
and  although  in  this  case  a  portion  of  alum 
may  be  washed  out  after  drying,  yet  it  may  be 
doubted  whether  the  advantage  of  using  so 
large  a  proportion  of  acetate  of  lead  is  not 
counterbalanced  by  its  great  expense. 

Acetic  alum-bases,  or  mordants  which  depo- 
sit basic  sulphate  of  alumina  by  heat,  become 
clear  again  on  cooling,  but  a  deposit  made 
after  the  lapse  of  time  remains  undissolved 
even  by  an  excess  of  acetic  acid. 

Acetate  of  alumina,  obtained  from  the  de- 
composition of  100  parts  sulphate  of  alumina 
by  115  acetate  of  lead,  contains  no  undecompo- 
sable  sulphate  of  alumina  and  no  sulphate  of 
potassa;  the  single  colored  grounds  produced 
by  this  color-base  are  livelier,  more  even,  and 
fuller  than  those  from  the  ordinary  mixed 
acetate,  or  red  liquor.  See  Alumina,  Sulphate 
of.     (Rungc  (f  Vitalis.) 

The  acetic  alum  base  is  largely  employed 
in  calico-printing,  organic  fibre  decomposing 
it  more  readily  that  the  sulphate  of  alumina 
in  alum,  and  hence  attaching  to  itself  more 
alumina  with  which  the  richest  hues  are  pro- 
duced. It  is  chiefly  employed  with  madder  for 
reds;  with  quercitron,  French  berries,  fustic, 
&c,  for  yellows,  the  various  tints  depending  in 
part  on  the  strength  of  the  solution.  Details 
of  its  use  will  be  given  in  the  articles  Dieing 
and  Calico-printing. 

'  9.  Acetate  of  Manganese.  Chem.  Tech.  Syn. 
Lat.  Acetas  manganosus.  Ger.  Essigsaures 
Manganoxydnl.     Fr.  Acetate  de  manganese. 

Formula,  MnO  +  C4H303,  or  MnO,A. 

Composition  in  equivalents.  Form.         H=  I  O  =  100  In  100  parts. 

1  eq.  acetic  acid C4H303  51-00  637-98  59-06 

1  "    protoxide  of  manganese  .  .MnO  35-72  445-S9  40-94 


solved  in  an  acid  acetate  of  alumina 
the  based  goods  are  drying,  a  portion  of  acetic 
acid  volatilizes,  a  part  of  the  basic  acetate 
combines  with  the  basic  alum,  and  by  passing 
through  the  dung-bath,  another  portion  of  acetic 
acid  is  removed,  which  completes  the  combi- 
nation of  the  basic  aluminous  salts  with  the 
It  is  hence  unnecessary  to  decompose 
all  the  alum  by  acetate  of  lead,  since  the  re- 
maining salt  acts  as  a  base  as  well  as  pure 
acetate  of  alumina,  when  the  due  proportions 
are  attended  to,  such  as 

16  pts.  water  by  weight  or  32  gallons. 

4    "    alum "   64     lbs. 

7V  "    soda "     1      " 

3    "    acetate  of  lead  . .  "  48      " 

Kbchlin-Schouch  asserts  from  his  experi- 
ments that  it  is  less  economical,  and  that  it  is 
immaterial  for  depth  and  tone  of  color  to  employ 
100  alum  to  125  or  75  acetate  of  lead,  but 
Runge  has  shown  that  it  is  not  immaterial,  but 
more  advantageous  to  take  100  alum  to  120 
acetate  of  lead  (or  in  equiv.  474  to  570,  see 
above),  but  that  the  quantity  of  water  in  either 
case  is  important  and  should  not  be  the  same 
as  was  employed  by  K.-S.  Thus  cotton  dipped 
in  the  2  color  bases  (mordants) 

No.  1.  100 No.  2.  100  alum. 

75 120  acetate  of  lead. 

280 448  water, 

and  dyed  in  the  same  madder-bath,  give  the 
same  shade  and  tone  of  color;  but  the  cotton 
fibre  cannot  completely  decompose  the  former, 
as  shown  by  two  experiments.  Two  equal 
weights  of  cotton  based,  one  in  No.  1,  the  other 
in  No.  2,  hung  up  in  the  same  place,  left  for  the 
same  time,  and  then  washed  in  equal  volumes 
of  hot  water,  much  alum  was  obtained  from 
the  wash-water  of  No.  1  and  scarcely  a  trace 


1  "    protacetate  of  manganese 86-72 


1083-87 


100-00 


Prep,  by  dissolving  carbonate  of  manganese 
in  acetic  acid,  or  on  a  large  scale  by  adding 
neutral  sulphate  of  manganese  to  acetate  of 
baryta,  lime  or  lead,  filtering  and  evaporating 
in  part.  It  crystallises  in  plates  or  rhombic 
prisms  of  an  amethyst  color,  unchangeable  in 
the  air,  dissolves  in  3g  cold  water,  soluble  in 
alcohol.  The  concentrated  solution  is  employ- 
ed like  the  sulphate  of  the  same  metal  in  dye- 
ing, chiefly  in  calico-printing,  being  thickened 
and  printed  on  the  cloth,  and  passed  through  a 
bath  of  chloride  of  lime,  when  the  protoxide 
is  converted  into  hydrated  oxide  of  a  rich  and 
very  permanent  brown  color.  It  may  also  be 
passed  through  a  bath  of  caustic  alkali,  po- 
tassa, or  lime,  when  the  precipitate  on  the  cloth, 
at  first  nearly  white,  passes  into  a  brown  hy- 
drate by  oxidation.  (See  Dtf.ing  and  Calico- 
printing.)  The  cheapest  method  of  prepar- 
ing this  salt  pure,  consists  in  precipitating  the 
sulphate  of  manganese  in  a  great  measure  by 
acetate  of  lime,  and  the  balance  by  acetate  of 
10 


lead.  To  make  the  best  acetate,  to  4  parts  of 
sulphate  of  manganese  add  7  parts  of  crystal- 
lised acetate  of  lead,  each  dissolved  in  3  parts 
of  water,  stir  well,  let  it  settle  and  draw  or 
filter  off  the  clear  liquor. 

10.  Acetate  of  Zinc.  Chem.  Phar.  Form.  ZnO 
+  A-4-3  HO.  Prepared  by  dissolving  zinc  or 
oxide  of  zinc  in  acetic  acid,  or  by  double  de- 
composition from  the  sulphate  of  zinc  like  the 
preceding  salt.  It  crystallises  in  flexible,  bril- 
liant, 6-sided  tables  (Fig.  3),  of 
a  pearly  talc-like  lustre,  which 
effloresce  slightly  in  dry  air. 
By  spotaneous  evaporation 
it  forms  a  beautiful  dendritic 
efflorescence.  According  to 
Schindler  it  contains  22-5  per 
ct.  or  3  eq.,  when  prepared 
by  heat  only  one  eq.  water. 
It  is,  unlike  the  other  salts  of  zinc,  completely 
precipitated  by  sulphuretted  hydrogen,  if  neu- 
tral.    It  is  used  in  medicine  for  the  same  pur- 
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poses  as  the  sulphate,  and  in  pharmacy  for 
preparing  cyanide  of  zinc. 

Tech.  The  best  method  of  preparing  it  for 
the  dyer  is  to  dissolve  4  pts.  sulphate  of  zinc 
and  7%  pts.  acetate  of  lead  each  in  3  pts.  water, 
to  mix  them  well  together,  filter,  and  let  it 
crystallise. 

11.  .Acetates  of  Iron.  Of  these  we  have  two, 
one  of  the  proto-  and  the  other  of  the  peroxide. 

a.  .Acetate  of  Protoxide  of  Iron.  Chem.  Syn. 
Lai.  Acetas  ferrosus.  Ger.  Essigsaures  Eisen- 
oxydul.  Fr.  Proto-acetate  de  fer.     Prepared  by 

ssolving  sulphuret  of  iron,  or  iron  in  acetic 
acid,  or  less  perfectly  by  mingling  copperas 
with  acetate  of  lead.  Should  peroxide  be  pre- 
sent it  may  be  reduced  to  protoxide  by  sul- 
phuretted hydrogen,  a  little  free  acid  having 
been  previously  added.  It  crystallises  in  small 
green  prismatic  crystals,  very  soluble  in  water, 
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and  rapidly  oxidizing  in  the  air.  Its  alcoholic 
solution,  known  as  tinctura  acetatis  ferri,  is 
not  much  used  at  present. 

b.  Acetate  of  Sesquioxide  of  Iron.  Chem.  Tech. 
Syn.  Lat.  Acetas  ferricus.  Ger.  Essigsaures  Ei- 
senoxyd.  Fr.  Peracetate  de  fer.  Made  by  dis- 
solving pure  hydrated  peroxide  of  iron  in  acetic 
acid,  or  by  mingling  acetate  of  baryta  and  per- 
sulphate of  iron.  It  is  an  uncrystallisable,  dark 
brownish  red  solution,  which  by  evaporation 
forms  a  deliquescent  gelatinous  paste.  Like 
the  acetate  of  alumina,  it  deposits  an  insoluble, 
basic  peracetate  when  heated,  and  hence  its  utili- 
ty in  dyeing  operations.  Basic  acetate  of  peroxide 
is  an  insoluble  yellow  powder,  precipitating 
out  of  the  protacetate  which  has  oxidized  in 
the  air,  and  even  out  of  the  neutral  peracetate 
when  kept  for  some  time,  if  an  alkaline  salt 
be  present. 


Formula,  Fe203-f3  (C4H303)  or  Fe203,  3A 
Composition  in  equivalents.  Form.  H  =  1         0  =  100 

3  eq.  acetic  acid 3  (C4H303)         153-00  1913-94 

1"    peroxide  of  iron Fe203  78-37  978-41 


In  100  parts. 
66-35 
33-65 


1  "    acetate  of  peroxide  of  iron 231-37 


2892-35 


100-00 


Tech.  The  dyer  employs  nominally  both 
acetates,  but  from  the  rapid  oxidation  of  the 
former  he  employs  a  mixture  of  the  two,  or 
still  better  the  peracetate;  the  calico  printer,  on 
the  other  hand,  frequently  prefers  the  salt  as 
nearly  a  protacetate  as  possible. 

a.  The  Protacetate  of  Iron  or  Iron  Liquor.  Syn. 
Pyrolignate  of  iron.  Ger.  Holzsaures  Eisenoxy- 
dul,  Eisenbeitze,  Eisenbriihe,  Schwartzbeitze, 
Schwartztonne.  Fr.  Tonne  au  noir,  Bouillon 
noir.  This  important  mordant  may  be  prepared 
either  by  the  direct  union  of  its  component  parts, 
or  by  double  decomposition.  1.  The  first  me- 
thod is  now  generally  practised,  and  consists 
in  digesting  pyroligneous  acid,  of  a  specific 
gravity  of  7°  T.  (5^°  B.)  upon  an  excess  of 
clean  malleable  iron,  in  a  state  of  minute  divi- 
sion, till  the  liquor  has  acquired  a  specific  gra- 
vity of  18°  T.  (12°  B.)  at  the  temperatnre  of 
60°  F.,  ascertained  by  cooling  a  small  quantity 
dipped  from  the  boiler  from  time  to  time,  and 
testing  it  by  the  hydrometer.  A  large  cast  iron 
boiler  should  be  employed,  and  the  liquor  kept 
at  a  temperature  not  to  exceed  at  any  time 
150°  F.  If  clean  wrought  iron  turnings  be 
used,  and  in  considerable  excess,  the  process 
may  be  completed  in  from  5  to  7  days.  Con- 
siderable tar  rises  during  the  solution,  which 
should  be  skimmed  off:  a  still  heavier  scum 
will  continue  to  rise  after  the  liquor  is  cold, 
and,  indeed,  for  days  and  months  afterwards,  a 
part  of  which  it  is  better  to  allow  to  remain 
undisturbed,  till  the  liquor  is  wanted  for  use, 
and  more  particularly  if  it  is  exposed  to  the 
action  of  the  air  in  an  open  cistern.  The  wa- 
ter is  decomposed  in  this  operation,  its  hydro- 
gen passing  off  in  the  gaseous  state,  and  its 
oxygen  uniting  with  the  iron  forming  the  pro- 
toxide with  which  the  acid  unites. 

Some  printers  prepare  this  liquor  without 
heat;  but  the  process  described  is  preferable; 
when  the  solution  is  effected  without  heat,  the 
tar  attaches  to  the  surface  of  the  iron,  impedes 
the  action  of  the  acid,  and  renders  the  process 


extremely  tedious ;  there  is  also  in  the  latter 
case  more  risk  of  peroxidizing  the  iron,  parti- 
cularly if  the  liquor  be  much  exposed  to  the  air 
by  pumping,  or  pouring  it  backwards  and  for- 
wards from  one  vessel  to  another,  as  errone- 
ously recommended  by  most  writers  on-  this 
subject,  and  still  practised  by  many  calico 
printers. 

From  100  gallons  of  pyroligneous  acid,  with 
the  requisite  quantity  of  iron,  from  60  to  70 
gallons  of  iron  liquor  at  18°  T.  (12°  B.)  may 
be  obtained.  This  solution,  reduced  to  12°  T. 
(8^°  B.)  is  sufficiently  strong  to  produce  a  deep 
black  with  madder. 

2.  This  mordant  may  also  be  obtained  by 
the  double  decomposition  of  the  acetate  of 
lead,  or  lime,  and  the  protosulphate  of  iron; 
for  this  purpose, 

Take  1  gallon  of  water, 

4  lbs.  of  protosulphate  of  iron,  &c, 
2  lbs.  of  acetate  of  lead. 

Dissolve  the  sulphate  of  iron  in  the  water, 
and  then  add  the  sugar  of  lead  ;  stir  the  mix- 
ture till  the  decomposition  is  complete,  which 
is  almost  instantaneous,  if  the  solution  of  cop- 
peras be  hot  when  the  lead  is  added :  when  the 
sulphate  of  lead  has  subsided,  decant  the  clear 
liquor.  There  remains  a  considerable  excess 
of  undecomposed  copperas  in  this  solution. 

The  acetate  of  lead  is,  however,  never  used 
for  this  mordant,  unless  as  an  extemporaneous 
preparation,  when  the  acetate  of  lime  is  not 
at  hand.  To  prepare  the  iron  mordant  from 
the  latter, 

Take    75  gallons  solution  of  pyrolignate  of 
lime  at  16°  T.  (11°  B.;) 
400  lbs.  of  protosulphate  of  iron  (green 

copperas ;) 
100  gallons  of  water. 

Dissolve  the  copperas  in  the  water  by  heat, 
then  add  the  pyrolignate  of  lime,  and  stir  well 
together;  when  the  precipitate  has  subsided, 
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decant  the  clear  liquor.  This  liquor  at  60°  Fah. 
will  have  a  specific  gravity  of  22  T.  (15°  B.) 
and  reduced  to  12°  T.  (8^  B.)  by  the  addition 
of  water,  is  supposed  to  have  about  the  same 
strength  as  that  prepared  by  the  direct  solution 
of  iron  in  the  pyroligneous  acid  of  the  same 
bydrometricaJ  strength. 

To  prevent  peroxidation  where  this  mordant 
is  kept  on  hand  for  a  considerable  length  of 
time,  as  it  must  often  be,  we  may  add  small 
quantities  of  clean  iron  turnings,  which  will 
detach  and  combine  with  the  oxygen  of  the 
peracetate,  restoring  it  again  to  the  prolace- 
tate,  and  unite  with  and  neutralize  the  free 
acid.  To  prevent  too  great  an  accumulation 
of  sediment  in  the  casks  or  cistern,  by  these 
additions  of  iron,  the  turnings  may  be  sus- 
pended in  the  liquor  by  a  coarse  netting. 
(Porter.) 

Another  method  of  making  protacetate  of 
iron,  practised  in  Europe  to  a  limited  extent, 
is  to  add  to  a  solution  of  pure  acetate  of 
lead,  protocarbonate  of  iron  as  long  as  a  pre- 
cipitate of  carbonate  of  lead  takes  place.  The 
clear  liquor  then  decanted  from  the  white  lead 
may  be  heated  with  clean  iron  turnings  to 
charge  it  fully  with  neutral  acetate  of  iron. 
This  acetate  is  said  to  be  superior,  and  the 
white  lead  pays  the  cost  of  manufacture. 

In  the  manufacture  of  protacetate,  pyroligne- 
ous acid  is  preferable  to  common  vinegar,  as 
the  empyreumatic  matter  it  contains  prevents 
more  or  less  the  higher  oxidation  of  the  iron, 
and  its  dark  color  is  of  no  perceptible  influ- 
ence, since  iron  liquor  is  only  employed  for 
darker  colors. 

b.  Peracetate  of  Iron.  Syn.  The  same  as  for 
the  Iron  Liquor,  except  Ger.  Holzsaures  Eise- 
noxyd.  Where  the  dyer  requires  uniform 
grounds,  he  cannot  as  well  employ  the  proto- 
salts  of  iron,  for  when  cotton  is  impregnated 
with  such  a  solution  as  copperas  or  the  preced- 
ing salt,  while  drying  it  attracts  oxygen  from 
the  air,  and  the  peroxide  of  iron  or  a  basic 
persalt  collects  more  in  those  parts  not  yet  dry, 
and  will  of  course  produce  darker  spots  in  the 
dye-bath.  It  is,  therefore,  better  to  prepare  an 
acetate  of  the  peroxide  at  once,  either  by  pour- 
ing acetic  acid  repeatedly  over  iron  turnings  for 
several  weeks,  in  vessels  exposed  freely  to  the 
air,  or  still  better  by  double  decomposition 
with  sugar  of  lead  or  acetate  of  lime.  For  this 
purpose  dissolve  1  lb.  iron-alum  (see  Iron- 
alum),  in  4  lbs.  ($  gall.)  water,  add  1  lb.  ace- 
tate of  lead,  stir  the  liquor  well,  let  it  settle,  and 
decant  or  filter.  The  solution  made  from  iron- 
alum  will  not  keep  long,  as  it  gradually  de- 
posits an  insoluble  basic  salt  from  the  pre- 
sence of  sulphate  of  potassa  (see  the  first  part 
of  this  article  on  Acetate  of  Sesquioxide  of  Iron), 
while  those  made  from  persulphate  of  iron 
will  retain  their  properties  for  a  great  length 
of  time,  but,  on  the  other  hand,  iron-alum  is 
more  convenient  in  use,  from  its  containing 
known  quantities  of  peroxide  of  iron,  and  the 
difficulty  may  be  obviated  by  preparing  only 
the  quantity  required  for  immediate  use. 

The  peracetate  of  iron  may  also  be  made 

from  persulphate  of  iron  and  acetate  of  lead. 

See  Irox,  persulphate  of.     As  the  persulphate 

of  iron  is  not  so  uniform  a  composition  as  the 
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iron-alum,  it  may  be  well  to  ascertain  how 
much  oxide  of  iron  and  sulphuric  acid  it  con 
tains,  in  order  to  know  what  quantity  of  ace 
tate  of  lead  to  employ  in  its  decomposition 
For  this  purpose  weigh  out  100  grams,  which 
is  about  ^  an  equiv.  of  dry  and  pure  persulphate; 
dissolve  in  water,  and  filter;  add  285  grs.  cryst 
acetate  of  lead  ($  of  3  eq.)  dissolved  in  water 
filter  and  weigh  the  precipitate,  which  is  sul- 
phate of  lead;  every  76  grs.  of  this  sulphate  of 
lead  require  95  or  more,  safely  90,  grs.  of  ace- 
tate of  lead  to  insure  sufficient  decomposition. 
Calling  grains  pounds,  the  operation  may  then 
be  conducted  on  a  large  scale.  The  excess  of 
acetate  of  lead  in  the  acetic  iron  mordant  may 
be  ascertained  by  diluting  a  little  of  the  clear 
liquor  with  water,  and  adding  a  few  drops  of 
sulphuric  acid ;  if  it  becomes  cloudy,  there  is 
an  excess  of  acetate  of  lead,  which  may  prove 
injurious  to  colors  ;  but  it  is  easily  obviated  by 
adding  a  little  more  persulphate  of  iron,  until 
the  clear  liquor  is  no  longer  clouded  by  sul- 
phuric acid.  For  the  ordinary  operations  of 
the  dyer,  it  may  not  be  necessary  to  decom- 
pose all  of  the  persulphate  of  iron,  but  for 
printing,  and  particularly  for  full  russets,  the 
whole  salt  should  be  peracetate  of  iron,  since 
otherwise  some  of  the  sulphate  would  disap- 
pear in  washing  the  goods,  while  they  may  be 
fully  charged  with  basic  acetate  of  iron  which 
cannot  be  removed  by  water. 

Conclusion.  Much  space  has  been  devoted 
to  the  acetates  of  iron  and  alumina,  from  their 
great  importance  in  the  arts  of  dyeing  and  color- 
printing,  and  it  is  to  be  regretted  that  those  en- 
gaged in  these  beautiful  and  useful  arts,  which 
require  an  intimate  knowledge  of  chemical 
science  as  well  as  practice,  are  generally  so 
deficient  in  the  former. 

The  acetates  of  iron  are  employed  in  woollen- 
dyeing,  to  produce  blue  with  prussiate  of  potas- 
sa, in  cotton-dyeing  and  printing,  and  in  silk- 
dyeing,  for  blacks,  russets,  &c. ;  the  protacetate 
with  madder  for  violet;  the  same,  together  with 
acetic  alum  base,  for  brown ;  in  dyeing  hats 
and  furs  black,  for  blackening  leather,  wood, 
&c.  Some  prefer  the  protacetate,  because  by 
the  oxidation  of  the  iron  subsequent  to  dyeing, 
the  colors  are  more  permanent;  but  the  use 
of  peracetate  insures  greater  uniformity  of  the 
ground. 

The  peracetate  of  iron  containing  protace- 
tate, may  also  be  conveniently  made  by  pour- 
ing pyroligneous  acid  on  iron  turnings  in  a 
series  of  vessels  placed  obliquely  one  above 
the  other,  as  will  be  more  particularly  de- 
scribed under  Acetate  of  Lead,  suffering  the 
acid  to  remain  the  same"  length  of  time  in  con- 
tact with  the  metal,  and  repeating  the  opera- 
tion twice,  or  until  the  acid  is  saturated. 

12.  Acetate  of  Cobalt.  Chem.  Form.  CoO  -|-  ~&. 
Prepared  by  dissolving  oxide  or  carbonate  of 
cobalt  in  acetic  acid.  It  is  red  in  solution, 
blue  when  dry.  1  pt.  oxide  dissolved  in  acetic 
acid,  and  mingled  with  i  pt.  common  salt 
forms  a  good  sympathetic  ink,  the  writing  be- 
ing scarcely  visible  when  cold,  and  bluish 
green  when  heated. 

13.  Acetate  of  Nickel.  Chcm.  Form.  NiO-4-  A". 
Prepared  from  nickel  oxide  or  its  carbonate' 
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as  the  preceding.  Green  crystals,  of  sweetish 
taste,  soluble  in  6  pts.  water,  not  in  alcohol, 
effloresces  slightly  in  the  air. 

Both  the  acetates  of  nickel  and  cobalt,  when 
perfectly  neutral,  are  entirely  thrown  down  by 
sulphuretted  hydrogen,  as  sulphurets  of  the 
metals. 

14.  Acetates  of  Lead.     There  are  four  corn- 
Formula,  PbO  +  C4H303  +  3HO  or  PbO,  A,  3  aq. 
Composition  in  equivalents  Form.  H  =  1  O  =  100 

1  eq.  acetic  acid C4H303  51-00  637-98 

1  "    oxide  of  lead PbO    '  111-73  1394-50 

3  "    water.., 3HO  27-00  337-50 


pounds  of  acetic  acid  and  the  protoxide  of  lead, 
containing  different  proportions  of  acid  and 
oxide. 

a.  Neutral  Acetate  of  Lead.  Cliern.  Syn.  Sugar 
of  Lead,  Salt  of  Saturn.  Lat.  Acetas  plumbi- 
cus,  Saccharum  Saturni.  Ger.  Essigsaures 
Bleioxyd,  Bleizucker.  Fr.  Acetate  de  plombe, 
Sucre  de  Saturne,  Sel  de  Saturne. 


acetate  of  lead,  cryst 189-73 


2369-98 


In  100  pts. 
27-08 
58-71 
14-21 

100-00 


Prep.  By  dissolving  litharge  or  white  lead 
in  acetic  acid,  or  by  the  action  of  acetic  acid 
ami  air  on  metallic  lead,  and  evaporating  the 
solution  with  an  excess  of  acetic  acid  to  pre- 
vent the  formation  of  basic  salts.  Rapidly  cool- 
ed, it  crystallises  in  needles ;  slowly,  it  forms 
transparent,  white,  right-rhombic  prisms,  with 
dihedral  summits,  (Fig A).  It  has  a  disagreeably 
Fie.  4.  sweetish  taste  (hence 

its  former  improper 
name),  metallic,  as- 
tringent ;  soluble  at 
common  temperatures 
in  1^  pts.  water  and 
8  pts.  alcohol;  when 
perfectly  fresh,  and 
from  a  neutral  solu- 
tion, it  has  a  neutral 
reaction;  but  the  carbonic  acid  of  the  air 
slightly  decomposes  it,  and  acetic  acid  being 
set  free,  it  gives  an  acid  reaction.  Ammonia 
does  not  precipitate  the  aqueous  solution,  but 
changes  it  into  a  tribasic  salt;  heated  with  an 
excess  of  ammonia,  it  throws  down  crystalline 
oxide  of  lead ;  heated  gently,  loses  crystalline 
water,  and  becomes  anhydrous :  and  it  may 
be  heated  to  161°  with  the  loss  of  scarcely  any 
acid,  but  fusion  rather  hinders  the  escape  of 
the  water;  at  a  higher  heat  the  dry  salt  fuses, 
and  forms  the  sesquibasic  acetate  (see  the  next 
salt),  while  carbonic  acid  and  acetone  escape. 
Phar.  Latterly  much  employed  in  medicine. 
Given  internally  as  pills,  or  in  solution,  in 
diarrhoea,  dysentery,  pulmonary  catarrh,  and 
haemorrhages.  Free  acetic  acid  should  be 
given  at  the  same  time,  to  prevent  the  forma- 
tion of  carbonate,  which  is  really  the  poison- 
ous compound.     (Turner.) 

Tech.  This  salt,  so  important  in  the  arts  of 
coloring,  is  made  upon  the  principles  stated 
above.  1.  By  dissolving  oxide  of  lead  (litharge, 
massicot)  in  good  acetic  acid,  not  in  pyroligne- 
ous,  unless  pure,  for  its  empyreumatic  matter 
may  affect  the  light  colors  by  mordants  made 
from  it.  It  may  be  done  in  vessels  of  lead,  or 
even  in  copper,  provided  the  latter  have  pieces 
of  lead  soldered  in  its  interior,  which  by  its 
electric  action  renders  the  copper  more  elec- 
tro-negative, and  prevents  its  being  dissolved. 
13  pts.  finely  ground  and  sifted  oxide  of  lead  is 
gradually  added  to  23  pts.  strong  vinegar  of 
7°  B.  moderately  heated  and  stirred,  to  prevent 
adhering  to  the  bottom.  When  solution  is 
effected,  dilute  with  washings  of  previous  pro- 


cesses, heat  to  boiling,  cool  slowly,  to  let  it  set- 
tle, draw  off  clear  liquor,  and  test  its  alkalinity 
by  litmus-paper.  If  it  have  an  alkaline  reac- 
tion, add  vinegar,  until  there  is  a  decided  acid 
reaction,  when  it  may  be  evaporated  to  the 
density  of  32°  B.  and  run  into  the  crystallisers, 
always  taking  care  that  the  solution  have  an 
acid  reaction.  By  the  above  process  we  should 
obtain  something  less  than  22  pts.  crystallised 
acetate  of  lead. 

The  crystallisers  may  be  of  stone-ware,  oi 
wood,  their  edges  being  greased  to  prevent  the 
travelling  vegetation  of  the  salt;  they  may 
swing  on  an  axle,  so  that  after  crystallisation 
they  may  be  inclined  and  the  liquor  gently  run 
off  without  disturbing  the  crystals  during 
drainage,  and  strips  of  wood  maybe  laid  across 
to  prevent  the  crystals  forming  in  the  liquid 
from  accumulating  on  the  bottom  and  crushing 
the  lower  stratum  to  powder.  After  drainage, 
they  are  dried  in  a  stove-room  at  80 — 85°  on 
linen  or  paper,  but  it  should  be  noted  that 
paper,  wood,  linen,  &c,  imbued  with  acetate  of 
lead  and  well  dried,  will,  when  fired,  burn  like 
tinder. 

The  mother  liquor,  containing  neutral  and 
basic  acetates  of  lead  and  other  metallic  salts, 
may  either  be  treated  with  vinegar,  evaporated, 
re-crystallised,  and  the  residue  employed  as 
washings,  in  subsequent  operations,  or  it  may 
be  decomposed  by  carbonate  of  soda  or  lime 
and  used  as  carbonate  of  lead,  or  dissolved  in 
acetic  acid,  and  the  supernatant  acetate  of  soda 
or  lime  employed  for  acetic  acid  or  in  dyeing. 

2.  The  following  process  with  metallic  lead, 
recommended  first  by  Berard,  is  easily  exe- 
cuted, and  yields  a  good  product  with  great 
economy.  Granulated  lead,  the  tailings  in  the 
white-lead  manufacture,  &c,  are  put  in  several 
vessels  (say  8),  one  above  the  other,  on  steps, 
so  that  the  liquid  may  be  run  from  one  to  the 
other.  The  upper  one  is  filled  with  acetic 
acid,  and  after  ^  hour  let  off  into  the  2d,  after 
another  ^  hour  into  the  3d,  &c,  and  so  on  to 
the  last  or  8th  vessel.  The  acid  causes  the 
lead  to  absorb  oxygen  rapidly  from  the  air, 
evolving  heat,  so  that  when  the  acid  run  off 
from  the  lowest  is  thrown  on  the  upper  vessel 
for  the  second  time,  it  forms  a  certain  quantity 
of  acetate  of  lead  in  solution,  and  after  passing 
through  the  whole  series  is  so  strong  that  it  may 
be  evaporated  at  once  to  crystallise.    (Runge.) 

There  are  two  points  of  importance  in  this 
manufacture,  whatever  method  may  be  pur 
B  13 
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sued,  to  employ  a  strong  acid  that  less  time 
and  acid  may  be  lost  in  concentrating  the 
liquid — and,  in  addition,  to  keep  the  liquid 
always  acid  to  prevent  the  formation  of  a  basic 
salt. 

Copper  may  be  detected  in  acetate  of  lead, 
by  its  bluish  color,  by  ammonia  in  excess, 
which  gives  a  blue  solution,  or  byprussiate  of 
potassa.  Its  bluish  color  is  often  hidden,  by 
packing  it  in  blue  paper.  It  is  sometimes 
adulterated  by  acetate  of  lime,  which,  accord- 
ing to  Buchner,  is  best  detected  by  dissolving 
in  water  containing  a  few  drops  of  nitric  acid, 
and  adding  a  solution  of  tartaric  acid  as  long 
as  a  precipitate  occurs.  It  is  then  filtered,  and 
after  standing  24  hours  deposits  crystals  of 
tartrate  of  lime,  if  lime  be  present.  It  may 
also  be  detected  in  a  short  time  by  dissolving 
as  before,  adding  pure  hydrosulphuret  of  am- 
monia as  long  as  it  precipitates,  filtering  and 
adding  oxalate  of  ammonia.  White  oxalate 
of  lime  precipitates. 

Acetate  of  lead  is  chiefly  employed  in  dye- 
ins;  and  color-printing,  sometimes  alone,  as  a 
mordant  for  chrome-yellow  and  orange,  and  a 
mixed  green,  generally  to  prepare  acetates  of 
alumina,  iron  and  tin  ;  to  manufacture  the  pig- 
ments chrome-yellow  and  orange  ;  in  chemis- 
try to  make  strong  acetic  acid,  acetic  ether, 
acetone,  basic  acetate  of  lead,  varnish,  &c. 

b.  Sesqnibasic  Acetate  of  Lead.  Chem.  Form. 
3PbO-f  2A.  Made  by  gently  heating  (530° 
Mitscherlich)  neutral  dry  acetate  of  lead  (see 
a)  in  a  porcelain  capsule  or  retort,  until  the 
fluid  mass  congeals  to  a  porous  white  mass, 
dissolving  in  water,  evaporating  to  a  syrupy 
consistence  and  set  aside,  when  it  crystallises 
in  pearly,  6-sided  scales  in  concentric  groups, 
unchangeable  in  air  and  in  vacuo  ;  very  solu- 
ble in  water  and  alcohol,  shows  alkaline  reac- 
tion ;  carbonic  acid  precipitates  white  lead, 
rendering  the  salt  neutral;  by  digestion  with 
litharge  yields  tri-and  sexbasic  acetate.  For- 
mation, 3  equiv.  neutral  acetate  lose  one  of 
dry  acid,  which  passes  off  as  acetone  and  car- 
bonic acid.     See  Acetone.     (Liebig.) 

c.Tribasic  Acetate  of  Lead.  Chem.  Phar.  Form. 
3PhO+A.  Syn.  Subacetate  of  lead.  Trisace- 
tate  of  lead.  Lat.  Acetas  tri-plumbicus.  Ger. 
Drittel  essigsaures  Bleioxyd,  Bleiessig  (when 
in  solution).  Fr.  Vinaigre  de  plomb.  A  cold 
saturated  solution  of  neutral  acetate  is  mixed 
with  one-fifth  of  its  volume  of  aqua  ammonice 
and  set  aside,  when  the  trisacetate  is  deposited 
in  long  silky  needles,  which  are  anhydrous  and 
very  soluble  in  water.  Or,  to  obtain  it  in  solu- 
tion, 7  parts  of  litharge  are  digested,  with  fre- 
quent agitation,  with  a  solution  of  6  parts  of 
sugar  of  lead  in  30  of  water,  in  a  close  vessel, 
till  the  oxide  which  remains  undissolved  has 
become  quite  white.  If  it  contain  copper,  it  is 
precipitated  by  putting  in  pieces  of  metallic 
lead,  or  according  to  Jeiseler,  better  by  pre- 
viously freeing  the  litharge  of  copper  by  car- 
bonate of  ammonia. 

The  solution,  evaporated  in  a  retort,  to  ex- 
clude carbonic  acid,  which  it  rapidly  absorbs, 
Jorms  a  white  opake  mass,  consisting  of 
minute  needles,  very  soluble  in  water,  insolu- 
ble in  alcohol.  The  liquor  plumbi  subacetatis 
14 
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of  the  pharmacopeias  is  a  solution  of  ihis  salt, 
always  containing  some  neutral  and  sesqui- 
basic  acetate,  unless  a  large  excess  of  litharge 
be  employed.  It  is  much  used  as  a  lotion,  and 
has  hmg  been  known  as  Goulard's  extract,  or 
Goulard's  water.  It  is  a  clear  and  somewhat 
thick  liquid,  of  a  sweetish  taste,  has  a  strong 
alkaline  reaction,  and  absorbs  carbonic  acid 
from  the  atmosphere,  becoming  turbid  from  the 
deposition  of  carbonate,  slowly  deposits  the 
sexbasic  acetate.  For  this  reason  it  is  far 
more  poisonous  than  the  sugar  of  lead,  as  it 
has  a  much  greater  tendency  to  form  the  very 
poisonous  carbonate.  Antidotes  are  the  alka- 
line sulphates.  It  precipitates  solution  of  gum, 
and  is  used  as  a  test  for  that  substance.  It 
yields  precipitates  with  almost  all  organic 
acids,  even  those  which  are  not  precipitated 
by  the  neutral  acetate.  It  further  precipitates 
albumen,  caseous  matter,  and  extractive  matter, 
and  is  much  employed  to  remove  such  sub- 
stances from  organic  mixtures.  {Licb.  and  Greg.) 

d.  Sexbasic  Acetate  of  Lead.  Chem.  Form. 
6PbO-|-A. —  Prepared  by  adding  any  other 
acetate  of  lead  in  solution  to  an  excess  of  am- 
monia. A  white  crystalline  (under  the  micro- 
scope) precipitate,  somewhat  soluble  in  boiling 
water,  from  which  it  separates  in  brilliant 
feathery  crystals.  Loses  all  its  water  in 
vacuo,  does  not  blacken  by  heat,  but  yields 
acetone  and  carbonic  acid.  It  is  always  more 
or  less  produced  in  the  manufacture  of  the 
acetates  of  lead,  particularly  where  dilute  acid 
is  employed;  it  is  also  a  constant  accompani- 
ment of  white  lead. 

Tech.  The  above  basic  acetates  are  all  found 
in  the  arts,  the  last  named  being  generally  an 
unintentional  product.  There  is  a  subacetate 
prepared  by  digesting  1  eq.  acetate  of  lead 
(=190  pts.)  with  one  eq.  litharge  (112  pts),  or 
better  9  lbs.  crystallised  acetate  and  6  lbs.  lith- 
arge (allowing  for  some  impurities  in  the  latter). 
The  acetate  is  dissolved  in  water  (tinned  ves- 
sels may  be  used)  and  while  steam  is  run 
through,  the  litharge  is  gradually  added,  or  it 
must  be  stirred  to  prevent  the  adhering  of  the 
sexbasic  salt  to  the  bottom  if  heated  over  a  fire 
in  copper  vessels.  Strips  of  lead  should  be 
laid  or  soldered  in  the  vessels  to  prevent  the 
solution  of  copper  and  to  remove  what  copper 
may  exist  in  the  materials.  This  solution, 
which  is  chiefly  the  tribasic  acetate,  but  con- 
tains also  neutral  and  sesquibasic  acetate,  is 
an  important  salt  in  the  arts  of  coloring,  since 
by  mingling  with  an  equivalent  of  it  an  equiv. 
of  bichromate  of  potassa,  we  get  chrome-yel- 
low directly,  or  an  equiv.  of  yellow  chromate 
of  potassa  we  obtain  chrome-orange.  Besides 
this  point  of  economy,  the  subacetate  has  also 
a  stronger  attraction  for  cotton-fibre,  and  hence 
less  is  lost  in  cleansing  printed  goods  where  it 
is  employed.     See  Dyeing,  Chrome-colors. 

The  basic  acetate  is  also  employed  in  making 
white  lead  by  precipitation  with  carbonic  acid. 
See  White  Lead. 

15.  Acetates  of  Copper.  There  is  one  acetate 
of  the  suboxide  of  copper,  and  several  acetates 
of  the  oxide,  one  of  which  is  neutral,  and  the 
others  basic. 

1.  Acetate  of Suboxide.  Chem.  Form.Cu20-f-  A 
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Syn.  Acetate  of  protoxide  of  copper.  Obtain- 
ed by  decomposition  of  neutral  acetate  of  cop- 
per by  dry  distillation,  depositing  itself  in  the 
upper  part  of  the  retort  as  colorless,  pearly 
scales,  or  as  a  voluminous,  snowy  vegetation. 
Rapidly  decomposes  in  air  (Bcrzelius),  un- 
changed in  moist  air  (Liebig),  with  water  de- 
composes into  hydrated  suboxide  of  copper, 
and  by  presence  of  air  into  acetate  of  oxide  of 
copper,  occurs  in  verdigris,  and  is  the  cause 
of  the  red  residue  (suboxide  of  copper),  when 


this  substance  is  dissolved  in  distilled  vinegar, 
slightly  soluble  in  spirits  of  wine. 

2  a.  Neutral  Acetate  of  Copper.  Chcm.  Tech. 
Syn.  Distilled  or  crystallized  verdigris.  Lot. 
Acetas  cupricus  cum  aqua.  Ger.  Neutrales 
essigaures  Kupferoxyd,  Destillinter  Griinspan. 
Fr.  Acetate  de  cuivre,  Deuto-acetate  d.  c,  Verdet 
cristallise,  Vert  en  grappes,  Cristaux  de  Venus. 
Formerly  used  for  preparing  glacial  acetic 
acid  by  dry  distillation,  and  hence  the  name 
distilled  verdigris. 


Formula,   CuO  +  C4H303  +  HO,  or    CuO,  A_aq. 
Composition  in  equivalents.         Form.  H  =  1  0  =  100 

1  eq.  acetic  acid C4H303  51-00  637-98 

1"    oxide  of  copper CuO  39-71  495-70 

1  "    water HO  9-00  112-50 


In  100  pts. 
51-40 
39-61 
8-99 


1  "    acetate  of  copper,  cryst 99-71 


1246-18 


100-00 


Prepared  by  dissolving  verdigris  in  acetic 
acid,  or  precipitating  an  equivalent  sulphate  of 
copper  (see  this)  by  an  equiv.  acetate  of  lead 
and  crystallising  the  filtered  liquid.  It  forms 
dark-green,  oblique,  rhombic  prisms,  with  ob- 
Fie.  5.  lique  terminating  planes  (Fig. 

5);  taste  disagreeable,  metal- 
lic; soluble  in  13-4  cold  and 
5  pts.  boiling  water,  and 
slightly  soluble  in  alcohol. 
Heated  in  the  air  it  burns  with 
a  lively  green  flame ;  subject- 
ed to  dry  distillation;  it  yields 
first  water,  then  acetone,  acetic 
acid  and  gaseous  matter,  leav- 
ing finely  divided  metallic  cop- 
per, which  is  easily  inflammable ;  the  yield 
is  48 — 49  pr.  ct.  of  acetic  acid  containing 
acetone.  A  solution  of  it  mingled  and  heated 
with  honey,  sugar,  &c,  is  decomposed,  depo- 
siting minute  red  octahedral  crystals  of  sub- 
oxide of  copper,  while  the  liquor  contains  also 
formic  acid. 

By  dissolving  verdigris  in  water  acidulated 
with  acetic  acid  and  crystallising  below  46°,  it 
forms  oblique  4-sided  prisms  of  the  color  of 
blue-vitriol,  the  formula  of  which  is  CuO  -f-  A 
-f  5  aq. ;  when  heated  to  86°,  they  suddenly 
become  opake  and  green,  and  consist  of  fine 
crystals  of  the  common  neutral  acetate,  with 
one  eq.  of  water,  losing  4  eq.  which  are  re- 
tained by  the  salt  like  a  sponge.     (  Wohler.) 

Tech.  Rarely  employed  in  pharmacy;  ge- 
nerally used  as  a  green  pigment  (sap-color)  ; 
formerly  for  obtaining  concentrated  acetic 
acid ;  also  employed  in  dyeing,  and  calico- 
printing  as  resist-paste  in  the  blue  vat  dyes, 
&c;  its  use  in  the  latter  case  depending  on 
the  reduction  of  the  oxide  of  copper  to  the  sub- 
oxide while  the  indigo  is  thus  oxidized  pre- 
vious to  its  contact  with  the  cloth,  with  which 
it  cannot  then  combine. 

b.  Bibnsk  Acetate  of  Copper.  Chem.  Tech.  Syn. 
Subacetate  of  copper,  Verdigris.  Lat.  Acetas 
bi-cupricus,  aerugo.  Ger.  Griinspan,  Zweifach 
basisches  essigsaures  Kupferoxyd.  Fr.  Bisous- 
acetate  de  cuivre,  Vert-de-gris,  Verdet. 

Formula  2  CuO  -f  C4H303  +  6  HO,_or 
2  CuO,  A,  6  aq.  which  may  be  read  CuO,  A,  5 


aq.  -\-  CuO,  aq.  which  regards  it  as  the  blue 
neutral  acetate  combined  with  the  hydrated 
oxide  of  copper. 

The  following  analyses  compared  with  the 
theoretic  composition  shows  in  a  measure  its 
liability  to  variation. 

French  V.  English  V.  Theory. 
Acetic  acid  29-3         29-62         27-85 

Oxide  of  copper     43-5         44-25         42-93 
Water  25-2         25-51         29-22 

Impurities  2-0  0-62 


100-0       100-00       100-00 


Prepared  by  exposing  plates  of  copper  to 
the  fermenting  marc  of  the  grape,  or  wrapping 
them  in  cloths  dipped  in  acetic  acid;  the  former 
product  is  blue,  the  latter,  green.  The  acid 
here  evidently  induces  the  more  rapid  oxidation 
of  the  copper  with  which  it  then  unites,  simi- 
lar to  the  process  described  for  forming  acetate 
of  lead  (see  above).  It  forms  a  hard  and 
tough  mass,  of  a  blue,  bluish-green,  or  green- 
color,  difficult  to  pulverize;  with  a  metallic 
coppery  taste ;  separated  by  cold  water  into 
the  two  following  basic  salts ;  heated  to  140° 
it  loses  water  and  leaves  76-5  pr.  ct.  of  a  green 
mass,  consisting  of  neutral  and  tribasic  acetate, 
both  with  water  of  crystallisation.   (Bc-z.) 

Tests  of  Verdigris. — It  should  be  dry,  have  a 
fine,  full,  bluish-green  color,  be  almost  wholly 
soluble  in  dilute  acetic  and  sulphuric  acids 
and  in  ammonia,  and  by  ignition  in  close  ves- 
sels leave  a  residue  of  copper  mixed  with 
carbon. 

Phar.  The  acetates  of  copper  are  now 
rarely  employed  internally,  and  in  but  few  ex- 
ternal applications ;  in  the  latter  case  as  an 
ointment.  Prepared  by  washing  over  the 
powdered  verdigris,  and  collecting  the  fine 
powder  which  settles. 

c.  Sesquibasic  Acetate  of  Copper.  Chem.  Form. 
3  CuO,  2  A,  6  aq.  Verdigris  is  treated  with 
warm  water,  and  the  solution  suffered  to  eva- 
porate spontaneously  or  mixed  with  alcohol. 
It  is  a  blue  amorphous  mass,  or  in  crystalline 
scales  from  the  alcoholic  treatment,  readilv 
soluble  in  hot,  difficultly  in  cold  water,  ins</lu 
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ble  in  alcohol.  Heated  to  212°  loses  10  pr.  ct. 
=3  eq.  water.  A  saturated  solution  heated  to 
boiling  deposits  a  brownish  powder,  and  be- 
comes neutral.  (See  below.)  Constitutes  the 
principal  part  of  the  greener  kinds  of  verdigris 
(Bcrz.) ;  according  to  Liebig  the)'  contain  on 
an  average  46 — 50  pr.  ct.  oxide  of  copper;  the 
blue  varieties  43 — 44  pr.  ct. ;  and  the  tribasic 
is  the  chief  ingredient  of  the  green  varieties. 

d.  Tribasic  Acetate  of  Copper.  Chan.  Form. 
3  CuO,  A,  3  aq.  Remains  when  verdigris  is 
exhausted  of  the  soluble  salts  by  water,  or  by- 
digesting  a  solution  of  neutral  acetate  with 
hydrated  oxide  of  copper.  It  is  a  light  green 
powder,  losing  no  water  at  212°,  tasteless; 
burning  when  heated  with  a  little  deflagration; 
not  decomposed  by  carbonic  acid;  by  boiling 
water  becomes  brown,  while  the  neutral  salt  is 
dissolved.  (Liebig.)  The  most  permanent 
acetate  of  copper.  (Eerz.) 

e.  Hyp»rbasic  Acetate  of  Copper.  Is  formed 
when  any  of  the  basic  acetates  of  copper  are 
boiled  for  some  time  with  water;  the  more 
dilute  the  less  heal  is  required,  so  that  even  a 
very  dilute  solution  of  the  neutral  salt  deposits 
it.  In  the  liquid  it  is  of  a  liver-brown  color; 
when  dry,  black,  slightly  soluble  in  water,  de- 
flagrates  slightly,  when  heated.  Composed  of 
92*3  oxide  of  copper,  2-45  acetic  acid,  and  5-25 
water,  the  formula  for  which  would  be  48  CuO, 
A,  12  aq. 

Tech.  The  manufacture  of  verdigris  is  ge- 
nerally conducted  in  a  simple  manner,  and 
undoubtedly  might  be  improved.  The  process 
employed  at  Montpellier  and  Grenoble  in 
France  is  still  the  same,  being  chiefly  con- 
ducted hy  the  females  in  farm-houses. 

The  husks  of  the  grape,  not  entirely  pressed 
out,  are  stamped  in  casks  and  kept  in  a  cool 
place  for  subsequent  use.  When  wanted,  they 
are  filled  loosely  in  several  casks  or  earthen 
pots,  covered  with  straw  mats  to  produce 
acetous  fermentation.  The  proper  degree  of 
fermentation  is  ascertained  by  putting  in  a  test 
sheet  of  copper  for  24  hours,  which  should 
come  out  covered  uniformly  with  a  green  coat- 
ing ;  if  not,  it  is  suffered  to  remain  another 
day  or  until  the  proper  fermentation  takes 
place.  The  copper  sheets  are  prepared  by 
hammering  out  thick  sheet  copper  till  about 
the  ^\  inch  (^  line)  thick,  to  consolidate  the 
metal;  the  harder,  the  better;  it  is  cut  into 
sheets  5 — 6  inches  long  by  3  broad,  which  weigh 
about  4  ounces  each.  When  first  used,  they 
are  previously  rubbed  with  a  solution  of  ver- 
digris and  dried,  as  without  this  they  would 
become  black  instead  of  green.  They  are  next 
heated  over  a  charcoal  fire  so  hot  that  they 
must  be  held  by  a  cloth,  and  alternately  layered 
with  the  fermenting  husks  in  the  casks,  having 
a  layer  of  the  latter  at  top  and  bottom,  and  co- 
vered with  straw  mats.  The  casks  contain 
some  30 — 40  lbs.  They  are  opened  after  12— 
20  days,  and  when  the  process  is  complete,  the 
•ippermost  layer  of  husks  is  whitish,  and  the 
plates  covered  with  silky  crystals.  The  plates 
are  removed,  and  dried  for  2  or  3  days  by  set- 
ting them  upright  against  each  other;  then 
moistened  bv  dipping  them  in  water  and  again 
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placed  to  dry  as  before.  This  operation  of 
moistening  and  drying  is  repeated  some  0; — 8 
times  at  regular  weekly  intervals.  The  plates 
swell  uniformly,  becoming  covered  with  an  in- 
creasing coat  of  virdigris,  which  is  scraped  off 
with  a  copper  knife,  each  vessel  of  40  lbs.  yield- 
ing 5 — 6  lbs.  in  the  fresh  state  (pert  de  gris,fraii, 
hionnlc).  This  is  kneaded  into  a  paste  with 
water,  stuffed  in  leathern  bags  and  dried  in 
the  sun,  losing  40 — 50°  pr.  ct.  in  weight,  until 
they  become  hard  and  tough  like  the  commer- 
cial article.  The  scraped  plates  are  .again  em- 
ployed until  entirely  converted  into  verdigris 
(Chapial.) 

At  Grenoble  (France)  they  moisten  the 
plates  with  vinegar,  and  in  England,  Germany, 
Sweden,  &c.  they  make  alternate  layers  of  the 
plates  and  cloths  dipped  in  acetic  acid  (pyro- 
ligneous  in  Engl.)  in  wooden  boxes.  The 
cloths  are  moistened  with  the  acid  every  three 
days,  and  after  12  days  small  crystals  appear, 
when  they  are  moistened  with  water  once  per 
week,  the  cloths  are  omitted  and  a  small  space 
between  the  plates  left  for  the  circulation  of 
air.  The  operation  is  complete  in  5  to  6  weeks. 
Verdigris  is  also  made  by  rolling  sheet  copper 
and  putting  it  in  pots  containing  vinegar,  as  in 
the  manufacture  of  white  lead.     (Schubarth.) 

Verdigris  is  employed  as  a  pigment  in  oil 
painting,  in  lacquering,  bronzing,  to  a  limited 
extent  in  dyeing,  as  resist-paste  in  calico  print- 
ing, in  the  hat  manufacture,  &c.  The  bluish 
green  is  regarded  as  the  best. 

3.  Acetate  of  Copper  and  Lime.  Chem.  Form. 
CuO,  A  +  CaO,  A  +  8  aq.  Prepared  by  min- 
gling together  solutions  of  acetate  of  copper 
and  acetate  of  lime,  and  evaporating  to  crystal- 
lise. Large,  fine,  dark-blue  crystals,  soluble 
in  water,  from  which  the  white  acetate  of  lime 
effloresces  after  some  time.  Formerly  used  in 
color  printing,  but  is  inferior  to  the  acetates  of 
copper  alone. 

16.  Acetate  of  Protoxide  of  Tin.  Chem.  Tech. 
Form.  SnO,  A.  Syn.  Protacetate  of  tin.  Ger. 
Essigsaures  Zinnoxydul.  Fr,  Proto-acetate 
d'etain.  Prepared  by  precipitating  103  pts. 
crystallised  protochloride  of  tin  by  136  cryst. 
acetate  of  soda,  or  190  cryst.  acetate  of  lead,  or 
by  dissolving  protoxide  of  tin,  or  metallic  tin 
in  acetic  acid,  the  last  is  inconvenient,  the  2d 
yields  it  pure,  the  1st  is  the  technical  opera- 
tion. Evaporated  to  a  syrupy  consistence  and 
alcohol  poured  into  it,  crystallises  in  colorless 
transparent  needles,  with  a  nauseous,  styptic 
taste,  oxidizing  readily  in  the  air,  and  cannot 
then  be  crystallised,  being  acetate  of  peroxide. 
Employed  in  calico-printing  for  light  spirit 
colors,  the  best  proportions  being  30  lbs.  ace- 
tate of  lead  dissolved  in  40  lbs.  boiling  water, 
to  which  add  18|  lbs.  cryst.  tin  salt,  st:r  well! 
let  it  settle  for  3  to  4  days,  and  keep  it  as 
much  as  possible  from  the  air  in  close  ves 
sels.  It  is  so  likely  to  oxidize  that  it  should 
be  made  only  immediately  before  usinsr. 

17.  a.  Acetate  of  (black)  Suboxide  of  Mercury 
Chem.  Phar.  Syn.  Protacetate  of  mercury.  Ger 
Essigsaures  Quecksilberoxydul.  Fr.  Proto-ace 
tate  de  mercure.  Form.  Hg20  -f-  C4H30  ,  or 
Hg20,  A. 
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Composition  by  equivalents.  Form.  H  =  1 

1  eq.  acetic  acid C4H303  51* 

1  "    suboxide  of  mercury Hg20  210-87 

1  "    acetate  of  suboxide  of  mercurv 26-1-87 


0  =  100 

637-98 
2631-65 


In  100  parts. 
19-64 
80-36 


3269-63 


100-00 


The  combination  of  mercury  and  acetic  acid 
was  known  to  Le  Febur  in  the  17th  century; 
Stahl  and  Marggraff  extended  our  knowledge 
of  it;  Stromeyer,  in  1809,  distinguished  be- 
tween the  acetates  of  the  oxide  and  suboxide, 
or  the  red  and  black  oxide. 

Prep.  Obtained  by  dissolving  pure  suboxide 
or  its  carbonate  in  acetic  acid,  or  by  mingling 
hot  solutions  of  subnitrate  of  mercury  and  ace- 
tate of  soda  or  potassa.  Pure  subcarbonate. 
obtained  by  decomposing  subnitrate  by  neutral 
carbonate  of  potassa  and  washing  the  precipi- 
tate, is  heated  to  boiling  with  8  pts.  water,  and 
concentrated  acetic  acid  added  until  all  is  dis- 
solved ;  the  hot  filtered  liquid  free  from  oxide 
is  suffered  to  cool  ;  or  acidulated  subnitrate 
of  mercury  is  diluted  with  6 — 8  pts.  water, 
heated,  and  mingled  with  an  equivalent  of  ace- 
tate of  soda  or  potassa,  dissolved  in  8  pts.  hot 
water,  containing  a  little  free  acid,  and  suffered 
to  cool.  (4  pts.  dissolved  mercury  require  1  pt. 
acetate  of  potassa,  or  rather  a  little  more  of  the 
latter,  and  less  than  1  of  acetate  of  soda.)  The 


salt,  when  separated,  is  washed  with  a  little 
cold  water,  dried  in  the  dark  at  a  gentle  heat, 
and  kept  from  the  light  in  covered  bottles. 

Prop.  It  crystallises  in  fine,  white,  silvery 
scales,  flexible  and  unctuous  to  the  touch;  with 
a  nauseous,  metallic  taste  ;  easily  decomposed 
by  light ;  decomposed  and  wholly  volatilized 
by  heat,  difficultly  soluble  in  cold  water,  requir- 
ing 33  pts.  at  common  temperatures,  much 
more  so  in  hot.  Partially  decomposed  by  boil- 
ing water  into  acid  and  basic  salts  of  both 
oxides  and  metallic  mercury ;  in  cold  alcohol 
insoluble,  in  hot  decomposed  by  the  separation 
of  suboxide. 

Phar.  Formerly  given  internally  in  powder 
or  pills,  and  supposed  not  to  produce  saliva- 
tion ;  this  is,  however,  not  true,  and  it  is  now 
little  used.  Very  easily  decomposed  by  acids, 
alkalies,  and  many  salts.     (Licbig.) 

b.  Acetate  of  Oxide  (red)  of  Mercury.  Chcm. 
Syn.  Peracetate  of  mercury.  Lat.  Acetas  hydrar- 
gyricus.  Ger.  Essigsaures  Quecksilberoxyd.  Fr. 
Peracetate  de  mercure. 


Formula,  HgO  +  C4H303,  or  HgO,  A. 
Compositions  by  equivalents.      Form.  H  =  1 

1  eq.  acetic  acid C4H303  (A)  51- 

oxide  of  mercury HgO  109-44 


1 


1  "    acetate  of  mercury.  .HgO,  A 

Prepared  by  digesting  red  oxide  of  mercury 
in  concentrated  acetic  acid,  with  gentle  heat, 
and  evaporating  to  dryness,  or  partially  to  crys- 
tallise and  suffering  it  to  evaporate  sponta- 
neously. By  the  first  it  is  a  white  saline  mass, 
by  the  2d, crystalline  scales;  by  the  3d,  4-sided 
plates,  partly  transparent,  partly  pearly  and 
translucent;  anhydrous,  of  a  nauseous,  metal- 
lic taste ;  fusible  without  decomposition,  so- 
lidifying to  a  granular  mass,  but  its  point  of 
decomposition  is  near  that  of  fusion.  Dis- 
solves in  4  pts.  of  water  at  50°  in  2-75  at  66-2° 
and  in  1  at  212°,  but  by  boiling  it  is  partially 
decomposed,  with  the   separation   of  the  red 


160-44 


0=  100 

637-98 
1365-82 

2003-80 


In  100  parts. 
32-02 
67-98 


100-00 


oxide ;  even  in  the  air  its  solution  suffers  the 
latter  change,  and  becomes  a  basic  salt;  with 
free  acetic  acid  it  is  not  decomposed.  100  pts. 
alcohol  dissolve  5-f,  and  this  is  similarly  af- 
fected with  its  aqueous  solution.  It  generally 
contains,  except  when  carefully  crystallised, 
some  suboxide. 

Phar.  Now  rarely  employed,  but  the  two 
acetates  entered  into  the  composition  of  Key- 
ser's  pills. 

18.  Acetate  of  Oxide  of  Silver.  Chem.  Syn. 
Acetate  of  silver,  Acetas  argenticus.  Ger.  Essig- 
saures Silberoxyd.     Fr.  Acetate  d'argent. 


Formula,  AgO,  A. 
Composition  by  equivalents.         Form.  H  =  l 

1  eq.  acetic  acid C4H303  (A)  51  -00 

1"    oxide  of  silver AgO  116-31 


O  =  100 

In  100  parts 

637-98 

30-70 

1451-61 

69-30 

1  '•'    acetate  of  silver AgO,  A 

Prep,  and  Prop.  By  dissolving  the  oxide  or 
its  carbonate  in  acetic  acid,  or  by  mixing  hot 
concentrated  solutions  of  acetate  of  soda  or 
potassa,  and  nitrate  of  silver,  in  nearly  equiva- 
lent quantities,  the  former  rather  predominat- 
ing. Separates  in  pearly,  flexible,  needle- 
shaped  crystals,which  are  light  and  voluminous ; 
taste  strongly  metallic;  anhydrous;  requires 
100  pts.  cold  water  for  solution.  Easily  de- 
composed by  heat,  pure  acetic  acid  passing 
3 


167-31 


2089-59 


100-00 


off  and  metallic  silver  remaining,  which  re- 
tains the  form  of  the  crystals. 

From  the  slight  solubility  of  the  acetate  of 
silver,  the  nitrate  of  that  metal  is  a  convenient 
reagent  to  determine  approximately  the  quantity 
of  acetic  acid  in  analysis;  salts  of  molybdena 
and  tungsten  are  better.  It  is  also  a  usefu. 
reagent  for  chlorohydric  acid,  particularly  witf: 
the  acetates. 

The  remaining  salts  of  acetic  acid,  which 
e  2  J.7 
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have  been  more  or  less  examined,  are  of  little  I  their  composition  and   characteristic  proper- 
utility,  and  are  given  in  a  tabular  form  with  I  ties. 


Tabic  of  less  important  Jlcetates. 

Name. 

Formula. 

Properties. 

LO  -f  A 

Deliquescent,  gummy  mass. 

G203  +  3A.... 

Very  soluble  gummy  mass. 

"           Yttria 

YO  +  A 

Zr203  +  3A... 

ThO+  A 

Rosy  crystals,  permanent. 

White  powder,  deliques.,  solub.  in  water  and  alcoh. 

White,  amorphous,  forms  double  salts. 

"(Proto)  Cerium. . . . 

CeO  +  A 

Fine  needles,  permanent,  very  sol.  in  alcohol. 

"          Cadmium . . . . 

CdO  +  A 

Fine  needles,  perman.,  very  sol.  in  water. 

BiO+ A 

White  scales,  similar  to  boracic  acid. 

U20„+3A.... 

Topaz-yellow,  right  square  prisms. 
Red  solution. 

« 

Red  salt,  sol.  in  water,  insol.  in  alcohol. 

li  (Proto)  Platinum  . . 

PtO  +  A 

Greenish  solution,  dark  brownish-green  when  dry. 

"          Antimony  . . 
"(Proto)Molybdi2na  . 
"          Molybdena... 

Sb203+3A... 

MoO  +  A 

Mo02  +  2A(?) 

Small  white  crystals,  very  soluble. 

Dark  gray  powder,  black  when  dry,  insoluble. 

Yellow  solut.,  gelatiniz.  on  cooling. 

"           Molybdic  acid 
"           Vanadium  . . . 

MoOa+3A(7) 

VO_,  +  2A(!).. 

Yellow  powder,  slightly  soluble  in  water. 
Blue  solut.,  dark  green  cryst.  soluble  in  water,  with 
green  color. 

"           Chrome 

Cr2034-3A... 

Green,  imperfectly  crystalline,  soluble. 

ACETIC  ACID.  Syn.  Acetulic  acid,  Vine- 
gar. Lai.  Acidum  aceticum.  Gcr.  Essigsiiure, 
Ebsig.    Fr.  Acide  acetique,  Vinaigre. 

It  has  been  known  from  ancient  times  that 
the  expressed  juice  of  fruits,  after  becoming 
vinous  by  a  species  of  fermentation,  was  sub- 
ject to  another  change  under  certain  circum- 
stances, by  which  it  became  sour  to  the  taste, 
which  conversion  we  call  the  acetous  fermen- 
tation, and  the  acid  is  termed  vinegar  or  acetic 
acid.  It  was  evidently  impossible  prior  to  the 
lise  of  chemical  science,  and  even  for  some 
time  subsequent  to  it,  to  investigate  the  theory 
of  these  changes,  in  consequence  of  the  variety 
of  ingredients  contained  in  the  liquids,  and  the 
apparent  variety  of  circumstances  producing 
the  change.  Although  there  are  many  points 
which  remain  to  be  cleared  up  in  some  of  the 
practical  details  of  the  acetous  fermentation, 
yet  we  are  enabled  to  lay  down  one  principle 
as  its  cause  in  nearly  all  the  processes  of 
making  vinegar,  excepting  one,  the  rationale 
of  which  remains  for  future  investigation,  viz. 
its  formation  by  the  distillation  of  wood.  In 
the  formation  of  acetic  acid  from  alcoholic 
liquids,  it  depends  upon  oxidation  by  the  at- 
mosphere, but  in  the  case  of  substances  which 
are  capable  of  undergoing  the  alcoholic  fer- 
mentation, the  transition  to  the  acetous  is  often 
so  rapid  that  the  intermediate  saccharine  and 


alcoholic  changes  are  imperceptible.  (See 
under  Acetous  Fkiijientatios.)  We  shall 
first  show  theoretically  the  change  of  pure 
alcohol  into  acetic  acid,  and  then  describe,  2, 
the  practical  operation  founded  on  it;  3,  the 
making  of  vinegar  from  fruits  and  grain  ;  and 
4,  the  manufacture  of  pyroligenous  acid  or  wood 
vinegar  by  the  destructive  distillation  of  wood  ; 
and  lastly  describe  the  properties  and  uses  of 
acetic  acid. 

1.  Theoretic  View.  Dr.  J.  Davy  discovered 
that  alcohol  in  contact  with  platinum-black 
(see  this)  rendered  it  incandescent  and  pro- 
duced acetic  acid.  Dbbereiner  showed  that 
alcohol  by  the  absorption  of  oxygen  is  con- 
verted into  acetic  acid  and  water,  without  the 
evolution  of  carbonic  acid  gas,  and  that  one 
equiv.  alcohol  requires  4  eq.  oxygen  to  produce 
the  change.  Oxidizing  substances,  such  as 
binoxide  of  manganese  or  bichromate  of  potassa, 
with  dilute  sulphuric  acid  also  convert  alcohol 
into  acetic  acid.  The  change  is  not,  however, 
instantaneous,  but  consists  of  two  consecutive 
stages,  the  1st  being  the  absorption  of  2  eq. 
oxygen,  which,  combining  with  2  eq.  hydrogen 
remove  them  as  water, forming  aldehyde  (which 
see)  and  2d,  the  further  absorption  of  2  eq. 
oxygen,  which  unite  with  the  elements  of  alde- 
hyde and  produce  acetic  acid. 


Thus  to C4H.O -f  aq.=alcohol,  add  02,  which 

remove ..— H2  4-  02  =  2 HO  =2  water, 

leaving C4H30  +  aq.  =  aldehyde  &2HO, 

add  02 o,  and  there  is  formed 


Now   a'dehyde   is   a 


C4H3Q3  4-  aq.  &  2  HO  =  hydrated  acetic  acid  (or  C4H30  4-  3  HO, 
which  is  a  terhydrate  of  acetic  acid.) 
very   volatile    liquid,  |  be  likely  to  form  when  there  is  a  deficiency  of 


which,  according  to  the  above  formula,  would  |  oxygen,  and  indeed  it  is  always  produced  in  the 
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manufacture  of  acetic  acid  by  the  oxidation 
process,  and  in  larger  quantity  when  the  access 
of  air  is  too  limited. 

The  apparatus  described  under  Acktai,  Fig. 
l,may  be  employed  to  show  the  oxidation  of  al- 
cohol ;  and  it  was  there  stated  that  acetal,  alde- 
hyde, and  acetic  acid  were  produced,  and  by  the 
continued  action  of  the  black,  the  whole  would 
be  converted  into  acetic  acid  and  water. 

The  same  change  takes  place  in  alcoholic 
liquids,  which  contain  certain  organic  sub- 
stances, such  as  yeast,  malt,  wine,  honey,  vine- 
gar, &c,  which  are  themselves  subject  to 
oxidation  in  the  air,  the  change  first  taking 
place  on  a  nitrogenous  substance  or  substances 
included  in  them  ;  pure  alcohol  in  any  state  of 
dilution  is  not  oxidized  by  the  air  alone.  In 
the  use  of  platinum-black  we  ascribe  acetifica- 
tion  to  the  condensation  of  alcohol  and  the 
oxygen  of  the  air  in  the  porous  mass  (see  Ab- 
sorption*), while  the  black  is  unaltered  by  the 
operation.  Now  De  Saussure  has  shown  that 
nearly  all  organic  substances  condense  a  mix- 
ture of  oxygen  and  hydrogen,  bringing  them  in 
such  close  contact  that  they  combine  and  form 
water,  and  hence  we  may  infer  that  a  mixture 
of  alcohol  and  oxygen  might  be  converted  by 
them  into  acetic  acid  and  water.  The  nature  of 
the  altering  substances  will  be  more  minutely 
discussed  under  Fermext.  The  changes  pro- 
duced by  the  conversion  of  alcohol  into  acetic 
acid  have  been  referred  by  Berzelius  and  others 
to  the  operation  of  a  new  force  called  Catalysis, 
in  which  it  is  supposed  that  the  presence  or 
contact  of  certain  bodies  produces  decomposi- 
tions and  new  combinations;  but,  without  re- 
sorting to  such  an  unknown  or  but  imperfectly 
known  power,  we  may  explain  it  on  the  prin- 
ciple above  laid  down,  that  of  the  absorption 
and  condensation  of  air  (oxygen).  The  differ- 
ence between  the  two  cases  above  noticed  are, 
that  the  platinum-black  is  not  altered  when  it 
produces  acetification,  but  the  ferments  are 
themselves  decomposed  while  inducing  fermen- 
tation. It  is  not  improbable  that  the  ferment 
absorbs  oxygen  and  resolves  itself  into  a  highly 
oxidized  body,  which,  by  giving  up  a  portion 
of  oxygen  to  the  alcohol,  evolves  carbonic  acid 
and  water.  Where  the  ferment  has  been  de- 
composed and  precipitated  as  insoluble  matter, 
after  a  long-continued  vinous  fermentation,  as 
is  the  case  with  some  wines,  and  in  the  low 
fermentation  of  Bavarian  beer,  these  liquids 
lose  the  tendency  to  acetification. 

2.  a.  Quick  Vinegar  Process.  Ger.  Schnelles- 
sigbereitung.  The  manufacture  of  acetic  acid 
by  direct  oxidation  is  now  conducted  on  a  large 
scale  in  Europe  and  the  United  States  by  follow- 
ing out  the  principles  above  given,  and  affords 
an  interesting  example  of  the  application  of 
the  modern  discoveries  in  organic  chemistry 
to  the  useful  arts.  In  1823,  Schiitzenbach, 
Wagenmann  and  Kastner  (it  is  difficult  to  say 
who  first  proposed  it)  made  important  improve- 
ments in  Boerhaave's  old  process  for  the  aceti- 
fication of  distilled  liquors,  by  paying  due  regard 
to  an  increased  temperature,  admitting  the  air 
more  freely,  and  exposing  a  very  extended  sur- 
face to  its  action.  Alcohol  is  thus  completely 
acidified  in  24  to  48  hours. 

The  oaken  vats  or  vessels  in  which  the 
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oxidation  takes  place  are  termed  graduators, 

graduating  vessels,  in  German,  Essigbilder  or 

vinegar-generators.    Fig.  6.    They  are  5 — 7  ft. 

Fig.  6. 


high,  3£  ft.  diameter  below,  3  ft.  wide  above, 
placed  1|  ft.  above  the  ground,  and  provided 
with  a  wooden  cover,  fitting  rather  closely,  and 
having  a  funnel  inserted  in  its  centre,  through 
which  the  alcoholic  liquid  is  to  be  poured.  A 
broad  wooden  hoop  is  fastened  closely  around 
the  inside  about  6  inches  from  the  top,  on  which 
rests  the  false  top,  leaving  a  small  space 
between  it  and  the  sides,  to  be  stopped  tightly 
with  tow.  This  is  perforated  with  some  200 — 
300  small  holes, of  2  lines  Qinch)  diameter  and 
about  2^  inches  apart,  through  each  of  which 
pass  strips  of  cotton  or  linen  wick,  with  knots 
on  the  upper  end  to  prevent  their  passing 
through;  4  larger  holes  1£  inches  diam.  and 
1^  ft.  apart,  are  each  fitted  air-tight,  with  a 
glass  tube,  4  to  5  inches  long,  which,  opening 
a  little  below  and  several  inches  above  the  false 
top,  allows  the  air  of  the  interior  to  pass  out 
slowly.  About  1  ft.  to  15  inches  from  the  bot- 
tom, 8  holes  are  bored,  sloping  downwards,  at 
equal  distances,  in  a  circle  around  the  vat, 
through  which  the  air  enters,  without  suffering 
the  liquid  to  flow  out.  The  whole  vat  is  then 
filled  with  beech-wood  shavings  to  within  an 
inch  of  the  false  top ;  they  should  be  previously 
scalded  with  water  and  soaked  in  heated 
vinegar. 

The  liquid  is  poured  into  the  vat  through 
the  funnel,  and  trickles  dropwise  through  the 
cotton  wick;  to  prevent  it  running  too  fast,  the 
wicks  should  fill  the  holes,  and  the  false  top  fit 
closely  to  the  sides;  spreading  among  the 
shavings  it  offers  a  very  extended  surface  to 
the  action  of  the  air  entering  through  the  8 
holes,  and  is  more  or  less  oxidized.  The  air 
having  performed  its  part,  passes  out  through 
the  4  glass  tubes,  and  finally  through  the  fun- 
nel in  the  cover.  To  prevent  the  liquid  from 
collecting  in  too  great  quantity  at  the  bottom. 
a  glass  syphon  is  introduced  an  inch  or  two 
from  the  bottom,  so  that  its  upper  bend  is  an 
inch  at  least  below  the  8  holes,  and  runs  off 
the  liquid  into  the  receiving  vessel  or  bucket 
A  thermometer  is  sometimes  introduced  a  little 
below  the  false  top,  to  observe  the  temperature 
of  the  oxidating  compartment  of  the  vat. 
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To  charge  the  vats,  a  standard  liquid  is  era- 
ployed,  consisting  of  50  galls,  brandy,  whisky, 
&c,  ef  60  per  cent,  measured,  and  37  gallons 
clear  beer  or  malt  wine.  When  the  vats  are 
first  put  in  operation,  acetification  takes  place 
slowly,  until  the  shavings  are  well  charged 
with  mother  of  vinegar  (acetous  ferment),  to 
attain  which  some  5  galls,  of  the  above  liquor 
are  mixed  with  40 — 50  galls,  weak  vinegar,  and 
poured  through  the  funnel  into  the  upper  part 
of  the  vat,  from  which  it  passes  gradually 
through  the  shavings,  and  the  alcohol  is  par- 
tially oxidized.  The  vinegar  employed  should 
be  free  from  pyroligneous  acid,  for  it  is  found 
that  the  essential  oils,  or  a  mere  trace  of  wood 
vinegar,  prevent  the  acetification  of  alcohol. 
It  is  then  poured  repeatedly  through  the  same 
vat,  until  it  comes  through  completely  acidified, 
which  requires  many  days.  A  deposit  of  mother 
gradually  takes  place  on  the  shavings  and  sides 
of  the  vat;  and  the  largertheamountofitformed, 
the  more  rapid  the  oxidation,  so  that  the  process 
goes  on  better  after  some  weeks,  than  at  first. 
The  vats  being  thus  prepared,  15  to  18  galls,  of 
the  standard  liquor  is  diluted  with  some  60  galls, 
soft  water,  and  poured  into  the  1st  vat,  then 
into  the  2d;  every  hour  2|  galls. are  drawn  off" 
from  the  2d,  the  product  of  1  hour  being  kept 
as  vinegar,  that  of  the  next  hour  being  thrown 
back  on  the  1st  vat.  Thus,  in  24  hours,  30 
galls,  are  ready  for  sale.  With  10  vats,  which 
one  hand  can  superintend,  150  galls,  acetic 
acid  may  be  made  daily  in  17  working  hours. 
This  acetic  acid  is  as  clear  as  water,  and  may 
be  compared  to  distilled  vinegar  in  appearance 
and  purity;  but  to  make  it  more  saleable,  and 
like  wine  vinegar,  we  may  add  to  every  50 
galls,  about  1  lb.  cream  of  tartar,  2  lbs.  sugar 
or  molasses,  sufficient  to  give  a  good  color. 
By  using  honey  or  molasses  in  the  spirits,  we 
can  at  once  obtain  it  of  a  good  color  from  the 
vats,  some  indeed  add  it  on  the  score  of  economy. 

It  is  important  that  the  temperature  be  some- 
what elevated.  When  the  operation  is  com- 
menced, the  room  should  have  a  temperature 
of  about  100°,  and  the  preparatory  mixture  be 
heated  to  120 — 130°  when  poured  through. 
When  the  vats  are  in  full  operation,  the  vine- 
gar room  should  be  maintained  at  68 — 73°, 
and  the  liquid  be  heated  to  75—83°;  but  the 
rapid  oxidation  then  developes  so  much  heat 
that  the  thermometer  in  the  oxidating  com- 
partment indicates  100 — 104°,  which  it  main- 
tains as  long  as  the  operation  goes  on  favor- 
ably. 

Where  a  stronger  vinegar  is  required,  the 
product  of  the  2d  vat  is  mixed  with  a  stronger 
alcoholic  liquid,  and  passed  through  a  3d  vat; 
and  for  a  still  stronger,  a  4th  vat  is  employed, 
with  the  addition  of  proof  spirit  to  the  product 
of  the  3d;  but  it  should  be  noted  that  the 
weaker  spirituous  liquors  are  more  easily  and 
rapidly  acetified  than  the  stronger,  and  that  the 
latter  are  more  subject  to  waste.  The  vinegar 
obtained  by  the  above  proportions  is  of  such  a 
strength  that  an  ounce  will  neutralize  30 — 36 
grs.  carbonate  of  potassa;  by  a  3d  vat,  with 
25  instead  of  IP — 18  galls,  of  the  standard 
liquor,  an  ounce  neutralizes  45  grs.;  with  a 
4th,  it  has  been  made  to  neutralize  50 — 60  grs. 
carbonate  of  potassa. 
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The  malt  wine  alluded  to,  is  mad.'  by  in- 
fusing 80  lbs.  pale  barley-malt  and  40  lbs.  pale 
wheal  malt,  ground  and  extracted,  with  37^ 
galls,  water  at  120°  F.,  then  with  75  galls.,  and 
well  mashed.  After  several  hours'  rest,  draw 
off  the  wort  from  the  settlings,  and  when  cooled 
to  about  72°  stir  in  15  lbs.  yeast,  and  set  it  to 
ferment  2  or  3  days  in  a  loosely-covered  tun. 
When  the  vinous  fermentation  is  complete, 
the  clear  liquor  is  drawn  off  by  an  opening  a 
little  above  the  sediment,  so  that  the  latter  and 
the  scum  remain.  In  the  employment  of  other 
materials  than  distilled  spirits  in  making  vine- 
gar by  the  direct  oxidation  process,  the  lees, 
dregs,  and  solid  matters  floating  about  in  the 
liquids,  as  in  the  above  and  other  beers,  or 
such  insoluble  matters  as  are  formed  in  them 
during  acetification,  are  apt  to  collect  among 
the  shavings,  and  clog  the  free  passage  of  air 
and  liquid.  Hence,  clear  liquors  should  always 
be  employed,  and  then  the  vats  may  be  used 
for  a  considerable  time. 

It  is  found  that,  according  to  the  theory  abovp 
given  (1),  C4H602,  absolute  alcohol  =  46 
(lbs.)  should  yield  51  (lbs.)  dry  acetic  acid, 
which  would  neutralize  69  (lbs.)  dry  carbonate 
of  potassa;  so  that  200  galls,  spirits  of  50  per 
ct.  (measured),  containing  792  lbs.  absolute 
alcohol,  yield,  when  diluted,  1900  galls,  acetic 
acid,  every  ounce  of  which  neutralizes  30  grs. 
carbonate  of  potassa,  and  in  general  every  per 
cent,  of  alcohol  in  the  liquors  yields  as  much 
acetic  acid  as  will  neutralize  5  grains. 

It  is  found,  in  good  practice,  that  the  above 
quantity  actually  yields  1667  galls,  of  32  grs. 
neutralizing  power,  which  is  equal  to  1775 
galls,  at  30  grs.  Hence,  the  loss,  which  is 
about  6£  per  ct.,  shows  the  perfection  of  the 
process.  Attempts  have  been  made  to  obviate 
this  slight  loss,  by  conducting  the  air  escaping 
through  the  funnel  over  cold  water,  but  the 
small  amount  of  evaporated  fluid  thus  re- 
stored does  not  repay  the  trouble  of  saving 
it.  Another  more  important  source  of  loss 
from  imperfect  oxidation  will  now  be  pointed 
out. 

Under  1,  it  was  shown  that  there  is  a  lower 
oxide  than  acetic  acid,  which  is  more  liable  to 
form  when  there  is  an  insufficient  supply  of 
oxygen;  this  is  aldehyde,  a  colorless  volatile 
liquid,  characterized  by  its  forming  a  brown 
insoluble  compound  with  potassa.  Now,  if 
we  close  some  of  the  8  openings  in  the  vats, 
diminishing  thereby  the  supply  of  oxygen  (in 
the  air),  and  test  the  liquid  which  passes 
through  by  a  solution  of  caustic  potassa,  we 
shall  invariably  obtain  a  brown  solution  or 
precipitation  of  aldehyde-resin.  With  the  di- 
mensions of  the  holes  above  given,  where  all 
are  open,  little  or  no  brown  substance  can  be 
obtained  by  potassa;  with  larger  openings, 
none  can  be  found.  The  formation  and  great 
volatility  of  aldehyde  is  the  chief  cause  of  loss 
in  this  process,  and  to  obviate  it  we  must  offer 
a  sufficient  supply  of  oxygen.  But,  on  the 
other  hand,  if  we  increase  the  openings,  and 
allow  a  too  strong  current  of  air  to  pass 
through  the  vats,  a  considerable  portion  of 
alcohol  is  carried  off  at  the  same  time ;  so  that 
a  proper  medium,  neither  too  great  nor  too 
small  a  quantity  of  air  must  be  admitted,  in 
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order  to  conduct  the  process  with  the  greatest 
success. 

Not  only  does  the  general  process  of  acetifi- 
cation  of  alcohol  by  this  method  offer  a  clear 
proof  of  the  value  of  theoretic  knowledge,  when 
properly  applied,  but  even  in  its  details  shows 
how  the  apparently  useless  discoveries  of  the 
theoretic  chemist  may  be  made  available  to 
the  perfection  of  the  arts.  Thus  it  was  often  a 
subject  of  wonder  how  some  vinegar  establish- 
ments, apparently  conducted  in  a  proper  man- 
ner, could  never  obtain  the  requisite  quantity 
of  acetic  acid.  Liebig  discovered  aldehyde — 
referred  it  to  a  low  oxidation  of  alcohol, 
which,  by  a  larger  supply  of  the  same,  would 
become  acetic  acid:  with  his  characteristic 
quickness  he  applied  it  to  this  manufacture, 
showing  that  the  losses  observed  were  due  to 
the  formation  of  aldehyde,  from  an  insufficient 
supply  of  air,  and  that  by  increasing  the  open- 
ings, to  admit  more  air,  it  would  be  completely 
obviated. 

b.  Wine  Vinegar.  Ger.  Weinessig.  Fr.  Vin- 
aigre.  Acetic  acid  is  conveniently  made 
from  wines  in  wine-growing  countries ;  but 
even  in  many  of  them  the  quick  vinegar  pro- 
cess seems  destined  to  expel  the  slow  acetous 
fermentation  as  a  manufacture.  The  latter  is, 
however,  still  conducted  in  many  places,  par- 
ticularly in  France,  in  the  northern  part  of 
which,  Orleans  wine-vinegar  has  been  cele- 
brated. In  the  Orleans  vinegar  establishments 
(vinaigreries),  they  usually  employ  3  or  4  rows 
of  vats  or  casks,  of  some  45  galls,  content 
each,  lying  horizontally,  with  two  holes  ad- 
joining in  the  upper  part  of  the  front  end;  one 
of  which,  2  inches  diameter,  is  for  charging 
the  cask  with  wine,  and  removing  the  finished 
vinegar;  the  other,  which  is  much  smaller,  is 
designed  for  the  influx  and  efflux  of  air.  When 
the  casks  (Fr.  Meres  de  vinaigre — mothers  of 
vinegar)  are  first  employed,  they  are  filled  j 
with  the  best  wine-vinegar,  boiling,  adding  2± 
galls,  wine.  In  8  days  a  second  charge  of  2j 
galls,  is  introduced;  and  thus  a  3d,  4th,  &c, 
after  intervals  of  8  days  each,  until  the  proper 
quantity  has  been  added,  or  when  the  casks 
are  f  full :  8  days  after  the  last  charge,  about 
9  galls,  vinegar  are  drawn  off,  provided  the 
fermentation  has  been  successful,  and  wine 
added  in  the  same  quantities  and  times  as  be- 
fore. One  of  these  mothers  (casks)  will  make 
twice  its  content  of  vinegar  annually  (less  than 
100  galls.) 

To  ascertain  whether  the  vinegar  is  in  a 
good  state  of  fermentation  (travail)  after  the 
last  charge,  a  white  rod,  bent  at  one  end,  is 
thrust  into  the  cask,  and  drawn  out  horizon- 
tally; if  it  be  covered  with  a  thick,  white  froth 
(flew  de  vinaigre),  the  fermentation  is  com- 
plete, otherwise  it  is  gray  or  reddish.  In  the 
latter  case  the  heat  of  the  apartment  is  in- 
creased, to  hasten  its  completion.  Summer 
temperature  is  generally  sufficient  of  itself, 
but  in  winter  the  vinegar-house  is  warmed  to 
75—85°. 

Tartar,  lees,  mother,  &c.  gradually  collect 
and  form  sediment  on  the  bottom  of  the  casks, 
impeding  the  fermentation,  and  rendering  the 
vinegar  liable  to  become  turbid.  In  the  latter 
case,  the  turbid  acid  is  thrown  into  a  vessel 


containing  beech  shavings,  and  in  a  short  time 
drawn  off  clear.  Turbid  wines  are  cleared  in 
a  similar  manner.  When  the  deposit  has  in- 
creased too  much,  the  contents  of  the  cask  are 
cleared  out.  Under  favorable  circumstances 
a  cask  will  last  20  years. 

c.  Boerhaave's  old  process  for  making  acetic 
acid  from  wines  and  brandies  is  still  followed 
in  France,  on  the  Rhine,  in  Holland,  &c.  The 
fermentation  takes  place  in  two  large  wooden 
vats  or  hogsheads,  in  each  of  which  is  placed 
a  wooden  grate  or  hurdle,  at  the  distance  of 
a  foot  from  the  bottom.  The  vessel  is  set 
upright,  and  in  the  grate  a  moderately  close 
layer  of  green  twigs  or  fresh  cuttings  of  the 
vine  is  placed.  The  vessel  is  then  filled  up 
with  the  foot-stalks  of  grapes,  commonly  called 
the  rape,  twigs  of  willow,  &c,  to  the  top  of  the 
vessel,  which  is  left  quite  open. 

The  two  vessels  being  thus  prepared,  the 
wine  or  diluted  spirits  is  poured  in ;  one  is 
filled  quite  up,  the  other  but  half-full.  They 
are  left  thus  for  twenty-four  hours,  and  then 
the  half-filled  vessel  is  made  quite  full  from 
the  liquor  of  that  which  was  before  entirely  so; 
this,  in  its  turn,  will  be  only  half-full. 

Four-and-twenty  hours  afterwards  the  same 
operation  is  repeated  and  proceeded  in,  the 
vessels  being  alternately  kept  full  and  half-full 
during  the  twenty-four  hours,  till  the  vinegar  is 
made. 

On  the  second  and  third  day,  there  will 
arise  in  the  half-filled  vessel,  a  fermentative 
motion,  accompanied  with  a  sensible  heat, 
which  will  gradually  increase  from  day  to  day. 
On  the  contrary,  the  fermenting  motion  is  al- 
most imperceptible  in  the  full  vessel ;  and  as 
the  two  vessels  are  alternately  full  and  half- 
full,  the  fermentation  is,  by  this  means,  in  some 
measure  interrupted,  and  is  only  renewed 
every  other  day  in  each  vessel. 

When  this  motion  appears  to  have  entirely 
ceased,  even  in  the  half-filled  vessel,  it  is  a 
sign  that  the  fermentation  is  finished ;  and, 
therefore,  the  vinegar  is  then  put  into  casks, 
closely  stopped,  and  kept  in  a  cool  place. 

A  greater  or  less  degree  of  warmth  accele- 
rates or  checks  this,  as  well  as  the  spirituous 
fermentation.  In  France,  it  is  finished  in 
about  fifteen  days,  during  the  summer;  but  if 
the  heat  of  the  air  be  very  great,  and  exceed 
25°  Reaum.  or  88°  Fahr.  the  half-filled  vessel 
must  be  filled  up  every  twelve  hours  ;  because, 
if  the  fermentation  be  not  so  checked  in  that 
time,  it  will  become  violent,  and  the  liquor  will 
be  so  heated,  that  many  of  the  spirituous  parts 
on  which  the  strength  of  the  vinegar  depends, 
will  be  dissipated,  so  that  nothing  will  remain 
after  the  fermentation  but  a  vapid  liquor,  sour 
indeed,  but  effete. 

The  better  to  prevent  the  dissipation  of  the 
spirituous  parts,  it  is  a  proper  and  usual  pre- 
caution to  close  the  mouth  of  the  half-filled 
vessel,  in  which  the  liquor  ferments,  with  a 
cover  made  of  oak  wood.  As  to  the  full  ves- 
sel, it  is  always  left  open,  that  the  air  may  act 
freely  on  the  liquor  it  contains ;  for  it  is  not 
liable  to  the  same  inconveniences,  because  it 
ferments  very  slowly.     (Gray.) 

By  changing  every  12  hours  and  keeping  the 
temp,  of  the  apartment  at  83°,  by  which  the 
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fermentation  was  completed  in  6 — 8  days,  an 
approximation  was  made  to  the  quick  vinegar 
process,  by  rapid  oxidation. 

3.  Acetic  unci  from  fruits,  grain,  and  sugar, 
a.  Fruits.  The  juice  of  grapes,  apples,  and 
other  saccharine  fruits  is  expressed,  subjected 
to  the  vinous  fermentation  in  casks  at  a  temp. 
of  77—82°.  If  muddy,  they  should  be  filtered 
through  beech  wood  shavings,  &c,  to  clarify, 
and  then  suffered  to  acetify  in  vinegar  casks, 
adding  a  little  vinegar  to  commence  and  hasten 
the  operation.  (Compare  the  process  for  wine 
vinegar,  2.  b.) 

b.  Sugar.  Brown  or  white  sugar,  syrup, 
honey,  molasses,  &c,  may  be  made  to  undergo 
the  acetous  fermentation  by  first  subjecting 
them  to  the  vinous  by  means  of  yeast.  The 
two  following  processes  given  in  lire's  Diet. 
Arts,  under  acetic  acid  may  be  advantageously 
followed. 

"In  153  quarts  of  boiling  water  dissolve  10 
pounds  of  sugar,  and  6  pounds  of  wine-stone  ; 
put  the  solution  into  a  fermenting  cask,  and 
when  it  is  cooled  to  the  temperature  of  from 
75°  to  80°,  add  4  quarts  of  beer-yeast  to  it. 
Stir  the  mixture  well,  then  cover  the  vessel 
loosely,  and  expose  it  for  6  or  8  days  to  the 
vinous  fermentation,  at  a  temperature  of  from 
70°  to  75°  Fahr.  When  it  has  become  clear, 
draw  off  the  vinous  liquor,  and  either  acetify  it 
in  the  graduation  tub  above  described,  or  by 
'.he  common  vinegar  process.  Before  it  is 
finished,  we  should  add  to  it  12  quarts  of  strong 
spirits  (brandy),  and  15  quarts  of  good  vine- 
gar, to  complete  the  acetous  fermentation. 
With  a  graduation  tub  which  has  been  used, 
this  addition  of  vinegar  is  unnecessary. 

"  The  following  simpler  prescription  for 
making  sugar  vinegar  deserves  attention.  For 
every  gallon  of  hot  water  take  18  ounces  of 
sugar;  and  when  the  syrup  has  cooled  to  75°, 
add  4  per  cent.,  by  measure,  of  yeast.  When  the 
vinous  fermentation  is  pretty  well  advanced,  in 
the  course  of  2  or  3  days,  rack  off  the  clear 
wash  from  the  lees  into  a  proper  cask,  and  add 
1  ounce  of  wine-stone,  and  1  of  crushed  raisins, 
for  every  gallon  of  water.  Expose  it  in  a  pro- 
per manner,  and  for  a  proper  time,  to  the  aceti- 
fying process;  and  then  rack  off  the  vinegar, 
and  fine  it  upon  beech  chips.  It  should  be  af- 
terwards put  into  bottles,  which  are  to  be  well 
corked." 

Where  syrup, honey,  or  molasses  are  used,  a 
little  larger  quantity  must  be  employed  than 
for  sugar  in  the  above  processes. 

c  Grain.  Syn.  Malt-vinegar.  Ger.  Malz- 
Getreide-  oder  Bieressig. 

"The  greater  part  of  British  vinegar  is  made 
from  malt,  by  the  following  process : — 1  boll 
of  good  barley  malt,  properly  crushed,  is  to  be 
mashed  with  water  at  160°  Fahr.  The  first 
water  should  have  that  temperature ;  the  se- 
cond must  be  hotter  than  160°,  and  the  third 
water,  for  the  extraction  of  all  the  soluble  mat- 
ter, may  be  boiling  hot.  Upon  the  whole,  not 
more  than  100  gallons  of  wort  should  be  ex- 
tracted. After  the  liquor  has  cooled  to  75° 
Fahr.,  3  or  4  gallons  of  beer-yeast  are  poured 
in,  and  well  mixed  with  a  proper  stirrer.  In 
:3C  or  40  hours,  according  to  the  temperature 
of  the  air,  and  the  fermenting  quality  of  the 
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wash,  it  is  racked  off  into  casks,  which  are 
laid  upon  their  sides  in  the  fermenting  apart- 
ment of  the  vinegar  work,  which  should  be 
kept  at  a  temperature  of  70°  at  least,  in  sum- 
mer partlv  by  the  heat  of  the  sun,  but  in  ge- 
neral by  the  agency  of  proper  stoves  or  open 
fires.  The  bung-holes  should  be  left  open, 
and  the  casks  should  not  be  full,  in  order  that 
the  air  may  act  over  an  extensive  surface  of 
the  liquor.  It  would  be  proper  to  secure  a 
freer  circulation  to  the  air,  by  boring  a  hole  in 
each  end  of  the  cask  near  its  upper  edge.  As 
the  liquor,  by  evaporation,  would  be  generally 
a  few  degrees  colder  than  the  air  of  the  apart- 
ment, a  circulation  of  air  would  be  established 
in  at  the  bung-hole,  and  out  by  the  end  holes. 
By  the  ordinary  methods,  three  months  are  re- 
quired to  make  this  vinegar  marketable,  or  fit 
for  the  manufacture  of  sugar  of  lead. 

"In  making  vinegar  for  domestic  purposes, 
the  casks  are  usually  set  on  their  ends;  and  they 
have,  sometimes,  a  false  bottom,  pierced  with 
holes,  placed  about  a  foot  above  the  true  one. 
On  this  bottom,  a  quantity  of  rape,  or  the  refuse 
raisins,  &c,  from  the  making  of  British  wines, 
is  laid.  The  malt  liquor  has  a  proper  quantity 
of  yeast  added  to  it.  In  about  24  hours  it  be- 
comes warm,  and  is  then  racked  off  into  an- 
other similar  cask.  After  some  time,  this  rack- 
ing process  is  discontinued,  and  the  vinegar  is 
allowed  to  complete  its  fermentation  quietly. 
The  proper  temperature  must  always  be  kept 
up,  by  placing  the  cask  in  a  warm  situation." 

4.  Acetic  acid  from  the  dry  distillation  of  wood. 
Syn.  Pyroligneous  acid,  Wood-vinegar.  Gtr. 
Holzsiiure,  Holzessig.  Fr.  Vinaigre  de  bois, 
Acide  pyroxylique. 

The  products  of  the  dry  distillation  of  wood 
being  more  fully  discussed  in  connection  under 
Woon,  destructive  distillation  of,  we  shall  here 
confine  ourselves  to  one  of  the  products,  the 
acetic  acid  and  its  purification,  in  order  to  ex- 
hibit the  comparative  properties  of  this  and 
other  vinegars,  all  being  employed  in  the  arts 
for  similar  purposes. 

a.  Prep.  When  wood  is  subjected  to  a 
high  heat  in  close  vessels,  it  suffers  a  catalytic 
change  among  its  elements,  new  compounds 
being  formed,  both  volatile  and  fixed,  the  latter 
generally  remaining  and  the  former  partly 
passing  off  as  gas  or  condensing  into  liquids. 
For  the  fixed,  see  Charcoal,  Lampblack,  &c  ; 
for  the  gaseous  matter,  see  Gas,  illuminating ; 
the  liquids  are  of  complex  constitution,  and 
will  be  found  some  under  the  general  article 
of  Wood  above  referred  to,  others  under  Tab, 
Creosote,  Empyrematic  oil,  &c,  all  of  which 
are  contained  with  vinegar  in  the  condensed 
vapors.  The  following  apparatus,  which  is  an 
improvement  on  some  of  the  older  methods,  is 
specially  adapted  to  the  production  of  acetic 
acid  rather  than  for  tar  or  charcoal,  although 
these  are  important  residuary  products. 

"The  apparatus  representedin  PI. II. figs. 8, 9, 
is  convenient  for  the  manufacture  of  pyrolig- 
neous acid.  Fig.  1  shows  the  furnace  in  a 
horizontal  section  drawn  through  the  middle 
of  the  flue  which  leads  to  the  chimney.  Pie.  '2 
is  a  vertical  section  taken  in  the  dotted  line 
x,  x,  of  Fig.  1.  The  chest  a  is  cm,-': 
with  cast-iron  plates  bolted  together,  and  has  a 
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capacity  of  109  cubic  feet.  The  wood  is  intro- 
duced into  it  through  the  opening  6,  in  the 
cover,  for  which  purpose  it  is  cleft  into  billets 
of  moderate  length.  The  chest  is  heated  from 
the  subjacent  grate  c,  upon  which  the  fuel  is 
laid,  through  the  fire-door  d.  The  flame  ascends 
spirally  through  the  flues  e,  e,  round  the  chest, 
which  terminate  in  the  chimney/.  An  iron 
pipe  g  conveys  the  vapors  and  gaseous  pro- 
ducts from  the  iron  chest  to  the  condenser. 
This  consists  of  a  series  of  pipes  laid  zigzag 
over  each  other,  which  rest  upon  a  framework 
of  wood.  The  condensing  tubes  are  enclosed 
in  larger  pipes  i,i;  a  stream  of  cold  water 
being  caused  to  circulate  in  the  interstitial 
spaces  between  them.  The  water  passes  down 
from  a  trough  k,  through  a  conducting  tube  I, 
enters  the  lowest  cylindrical  case  at  m,  flows 
thence  along  the  series  of  jackets  i,  i,  i,  being 
transmitted  from  the  one  row  to  the  next  above 
it,  by  the  junction  tubes  o,  o,  o,  till  at  p  it  runs 
off  in  a  boiling-hot  state.  The  vapors  pro- 
ceeding downwards  in  an  opposite  direction  to 
the  cooling  stream  of  water,  are  condensed  into 
the  liquid  state,  and  pass  off  at  q,  through  a 
discharge  pipe,  into  the  first  close  receiver  r, 
while  the  combustible  gases  flow  off  through 
the  tube  s,  which  is  provided  with  a  stopcock 
to  regulate  the  magnitude  of  their  flame  under 
the  chest.  As  soon  as  the  distillation  is  fully 
set  agoing,  the  stopcock  upon  the  gas-pipe  is 
opened ;  and  after  it  is  finished,  it  must  be 
shut.  The  fire  should  be  supplied  with  fuel 
at  first,  but  after  some  time  the  gas  generated 
keeps  up  the  distilling  heat.  The  charcoal  is 
allowed  to  cool  during  5  or  6  hours,  and  is 
then  taken  out  through  an  aperture  in  the  back 
of  the  chest,  which  corresponds  to  the  opening 
m,  PI.  I.  fig.  1,  in  the  brickwork  of  the  furnace. 
About  60  per  ct.  of  charcoal  may  be  obtained 
from  100  feet  of  fir-wood,  with  a  consumption 
of  .as  much  brush-wood  for  fuel." — Schubarth. 
Ure. 

The  usual  process  for  distilling  wood  for 
pyroligneous  acid  is,  to  heat  it  in  cast-iron  cy- 
linders, or  retorts  some  6  ft.  in  length  by  4  ft. 
diameter,  laid  horizontally  in  brick-work,  with 
their  ends  projecting  a  little,  every  2  retorts 
being  heated  by  one  fire,  the  flame  playing 
around  them,  and  the  under-surface  being  pro- 
tected from  the  direct  and  too  powerful  action 
of  the  fire.  They  are  heated  through  the  day, 
suffered  to  cool  during  the  night,  and  the  dis- 
tillation being  complete,  the  mouth  plates  of 
the  retorts  are  removed,  the  charcoal  raked  out 
into  a  cooling  box,  and  the  retorts  again  charged 
with  wood,  about  8cwt.  being  allowed  for  each. 
The  average  product  of  the  acid  containing 
much  empyreumatic  matter,  is  35  to  36  galls. 
per  retort,  of  spec.  grav.  1-025.  As  in  the  pre- 
ceding method,  the  uncondensed  gas  is  burned 
under  the  retorts,  thereby  diminishing  the 
amount  of  fuel  required. 

One  of  the  methods  employed  in  France  is 
similar  to  that  first  described,  excepting  that 
the  retort  is  a  short  vertical  cylinder  instead  of 
being  square,  and  being  movable,  while  one  is 
distilling  another  is  filling  with  wood. 

When  thoroughly  dried  wood  is  employed, 
the  acid  is  stronger,  for  wood  ordinarily  con- 


tains a  large  proportion  of  hygroscopic  mois- 
ture. (See  Fuel  and  Wood.)  This  is  first 
expelled,  and  as  the  temperature  rises  the  com- 
bined water  and  carbon,  &c,  reacting,  generate 
the  acid  water.  The  temperature  should  not 
be  too  high  at  first,  but  towards  the  close  is 
raised  to  a  full  red  heat,  which  drives  over  the 
last  portions  of  acid;  but  at  the  same  time,  it  is 
in  the  later  stages  that  a  large  proportion  of 
tarry  matter  passes  over,  and  finally  much 
carbo-hydrogen  gas.  By  the  color  of  the  flame 
of  this  gas  we  may  judge  of  the  close  of  the 
process,  being  at  first  reddish-yellow,  from 
volatilized  carbonaceous  matter,  then  bluish 
from  the  presence  of  carbonic  oxide,  and  lastly 
white  from  purer  carbo-hydrogen. 

Stolze,  in  his  excellent  essay  on  this  acid, 
has  given  the  results  of  numerous  experiments 
in  reference  to  the  quantities  of  acid,  oil,  and 
charcoal  from  different  kinds  of  wood,  taken  in 
equal  weights  and  equally  dry.  He  found  that 
1  lb.  yielded  from  5§  to  1\  ounces  of  oil  and 
acid,  and  that  the  difference  was  due  to  the  pre- 
sence of  resin,  albumen,  gluten,  gum,  &c,  and 
not  to  a  difference  in  the  fibre ;  for  after  extract- 
ing these  various  ingredients  by  water,  alcohol, 
&c,  a  lb.  of  the  purified  wood  invariably 
yielded  7^  ounces  of  acetic  acid. 

While  the  quantity  of  liquid  acid  from  pi  re 
wood  is  the  same,  the  strength  varies  mate- 
rially, an  ounce  saturating  from  25  to  55  grs. 
carb.  potassa.  The  strongest  acid  is  obtained 
from  firm  woods  of  slow  growth  in  a  dry  soil- 
next  from  those  of  more  rapid  growth  in  a  dry 
soil ;  then  those  in  moist  grounds ;  lastly  the 
weakest  from  pines  and  resinous  trees,  the  last 
being  inferior  to  all  the  others.  The  trunk 
gives  a  stronger  acid  than  the  branches, 
although,  when  purified,  they  yield  the  same 
quantities  of  liquid  acid. 

The  table  on  next  page,  by  Stolze,  shows  the 
quantities  of  acid  and  its  strength,  of  empyreu- 
matic oil  and  charcoal  obtained  from  1  lb. 
wood  dried  at  100°,  and  therefore  retaining 
much  uncombined  water.  Being  European 
woods,  the  detailed  proportions  do  not  strictly 
apply  to  the  U.  S.,  but  the  object  is  to  show  the 
results  in  accordance  with  the  statements  above 
given. 

b.  Purification. — The  acid  and  tarry  matters 
are  collected  in  a  cistern,  the  latter  gradually 
separating  to  the  bottom  from  which  it  is 
pumped  off,  and  the  former  clearer  liquid 
being  run  off  from  the  top  into  the  acid  reser- 
voir. 

By  a  careful  regulation  of  heat,  the  clear 
liquor  may  be  distilled  in  a  copper  still,  I  pass- 
ing over  perfectly  clear,  then  T'^  of  a  yellow 
color,  but  with  a  strong  heat  it  is  yellow  from 
the  commencement,  unless  a  small  quantity  of 
charcoal  be  employed.  The  first  portions  are 
weaker,  containing  acetone,  some  acid,  &c. ; 
the  latter  are  much  stronger,  and  a  considerable 
quantity  remains  with  the  pitchy  matter  in  the 
still.  Repeated  distillation  does  not  purify  it 
entirely,  and  even  that  which  appears  colorless 
becomes  yellow  and  brownish  after  exposure 
to  the  air,  from  an  alteration  of  the  pyroresin 
which  it  contains. 

Pyroligneous  acid  is  usually  employed  in  a 
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Table  of  Pyroligneous  Acid,  Empyreumatic  Oil  and  Charcoal,  by  Stoke. 
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Betula  alba. 

Fagus  sylvatica 

Tilia  plataphvlla. 

Quercus  Robur. 

Fraxinus  excelsior. 

^Esculus  Hippocastanum. 

Populus  dilatata. 

Populus  alba  (abele.) 

Primus  Padus. 

Salix  (several  species.) 

Rhamnus. 

Hamatoxylon  Campechianum. 

Alnus. 

Juniperus  communis. 

Linden,  large-leaved 
Oak 

Lombard)-  Poplar. . . 

White  Fir 

Common  Savine. . . . 
Red  Fir 

3^ —  I  Pinus  sylvestris  (Scotch  fir.) 
3§       |  Juniperus  Sabina. 

concentrated  state  for  making  acetates,  in  dye- 
ing, color-printing,  &c,  and  is  therefore  both 
purified  and  concentrated  by  the  same  series 
of  operations  on  a  large  scale,  a  process  first 
pointed  out  by  Mollerat,  and  still  carried  on 
■with  trifling  variations. 

The  rectified  crude  acid  is  neutralized  by 
carbonate  of  lime  (chalk,  limestone)  and  a  lit- 
tle milk  of  lime,  and  small  portions  tested  after 
effervescence  has  ceased,  to  ascertain  its  neu- 
trality. Fresh  portions  of  tar  separate  and 
are  removed  by  skimming,  when  the  foam  sub- 
sides. The  clear  liquor  is  then  evaporated  till 
it  attains  15°  B.  =  spec.  grav.  1-114,  and  while 
hot,  a  saturated  solution  of  sulphate  of  soda 
(Glauber  salt)  added  sufficient  to  decompose 
the  acetate  of  lime,  and  finally  a  little  carbo- 
nate of  soda  to  remove  the  last  portions  of 
lime.  Every  100  parts  of  carbonate  of  lime 
added  (or  every  160  pts.  dry  acetate  of  lime) 
require  about  160  pts.  dry  sulphate  of  soda  or 
365  crystal.  Glauber's  salt.  The  mixture  is 
well  stirred,  and  then  suffered  to  settle;  it-de- 
posits sulphate  of  lime,  and  a  double  salt  of 
sulphate  of  lime  and  sulphate  of  soda,  while 
acetate  of  soda  remains  in  solution.  The 
liquid,  evaporated  in  copper  or  lead  vessels  to 
the  density  38°  B.  =  spec.  grav.  1-356,  is  suf- 
fered to  settle  for  12 — 24  hours,  and  the  clear 
solution  run  into  iron  or  earthen  vessels  to 
crystallise.  After  3 — 5  days,  the  mother-water 
is  run  off  from  the  crystals,  evaporated  to  30° 
B.  to  recrystallise,  and  the  same  operation  is 
repeated  until  the  power  of  crystallisation  has 
ceased;  the  residue  evaporated  to  dryness  and 
calcined,  yields  carbonate  of  soda.  The  crys- 
tals are  large  and  well-defined  oblique  rhombic 
prisms  of  a  yellowish-brown  color.  (See  Fig.2.) 

The  crystals  are  next  melted  in  shallow  cast- 
iron  boilers  at  a  temperature  of  500°  F.  at 
most,  and  constantly  raked  and  stirred,  much 
care  being  required  to  prevent  the  decomposi- 
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tion  of  the  acetic  acid.  They  first  fuse  in  their 
water  of  crystallisation,  which  is  gradually 
evaporated,  and  the  tarry  matter  is  thus  either 
rendered  insoluble  by  carbonization,  or  burned 
off.  When  the  frothing  ceases,  the  liquid  is 
ladled  out  into  moulds  and  digested  with  water, 
but  the  solution  should  not  have  a  greater 
density  than  15°  B.,  or  otherwise  the  carbona- 
ceous matter  will  not  settle.  The  clear  liquor 
is  evaporated  to  28°  B.,  crystallised,  again  eva- 
porated and  crystallised,  and  the  residue  em- 
ployed to  dissolve  fresh  portions  of  the  fused 
salt.  The  loss  by  fusion  and  crystallisation 
amounting  to  some  6  to  8  pr.  ct. ;  the  above 
quantities  yield  about  160  parts  of  dry  or  260 
crystallised  acetate  of  soda. 

About  200  lbs.  of  cryst.  acetate  of  soda  are 
introduced  into  an  iron  or  copper  still,  with  a 
copper  capital  and  worm,  and  119  lbs.  concen- 
trated sulphuric  acid  poured  over  it.  The 
heat  developed  by  this  decomposition  being  apt 
to  decompose  acetic  acid,  the  oil  of  vitriol  is 
usually  added  in  successive  portions;  but  by 
neglecting  the  small  portion  of  acid  decom- 
posed, the  whole  may  be  poured  on  at  once, 
and  thus  the  acrid  fumes  be  avoided  by  the 
workmen  ;  in  the  latter  case  the  acetate  is  gra- 
dually worked  through  the  sulphuric  acid. 
When  the  whole  is  thoroughly  incorporated, 
the  still  is  slightly  heated,  and  the  heat  increas- 
ed gradually  towards  the  close  of  the  opera- 
tion; but  the  higher  temperature  invariably 
carries  over  a  little  empyreumatic  oil,  and 
hence  the  latter  portions  of  acid  should  be 
kept  distinct  from  the  rest.  The  product  is 
nearly  279  lbs. of  acid  of  7°  B.  (1-05),  with  a 
slight  greenish  tint  from  the  presence  of  copper. 

The  acid  for  table  use,  or  where  required 
purer,  is  subjected  to  a  2d  distillation  in  a  cop- 
per still  with  a  capital  and  worm  of  silver, 
glass,  or  porcelain,  the  1st  portion  of  5°  B. 
being  reserved  for  another  distillation,  and  the 
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rest  having  a  density  7°  B.  The  last  trace  of 
(mpyreumatic  matter  is  removed  by  digestion 
with  animal  charcoal. 

There  are  several  variations  in  the  above 
processes  for  purifying  wood-vinegar  which 
deserve  notice.  The  sulphate  of  soda  is  some- 
times dissolved  in  due  quantity  in  the  crude 
acid,  and  the  carbonate  or  milk  of  lime  subse- 
quently added,  which  gives  a  solution  of  acetate 
of  soda  of  sufficient  strength  without  evapora- 
tion. Instead  of  the  double  decomposition  of 
acetate  of  lime  by  sulphate  of  soda,  some  manu- 


facturers neutralize  the  crude  or  rectified  vine- 
gar directly  by  crude  soda  or  sulphuret  of 
sodium,  which  is  believed  to  be  more  econo- 
mical by  the  saving  of  time  and  fuel.  Strong 
acid  is  also  prepared  by  drying  and  gently 
torrefying  the  acetate  of  lime,  and  decomposing 
it  in  iron  cylinders  by  sulphuric  acid,  similar 
to  the  process  for  muriatic  acid.  208  pts. 
acetate  of  lime,  and  133  pts.  oil  of  vitriol  give 
270  acetic  acid  of  the  density  7°  B.  (1-05),  but 
it  is  much  more  contaminated  with  empyreu- 
matic  oil. 


5.  Preparation  and  Properties  of  the  Hydrate  of  Acetic  Arid. 

Formula  of  the  dry  acid  C4H303  (A),  of  the  hydrate  C4H3034-  HO,  or  A,  aq. 

Composition  in  equivalents.         Form.         H  =  l  0  =  100  Dry.         Hydrate. 

4  eq.  carbon 4C  24  300-48  47-54  40 

3    "    hydrogen 3H  3  37  50  5-82  5 

3    "   oxygen 3  0  24  300-00  46-64  40 


dry  acid 51 

water HO  9 


1    "   hydrate  of  acetic  acid. 


60 


637-98 
112-50 


75048 


100-00 


15 


100 


The  dry  acid  does  not  exist  in  a  free  state, 
being  always  combined  with  water  or  a  base  ; 
the  least  quantity  of  water  united  with  it  being 

1  eq.  as  expressed  in  the  preceding  formula. 
Hydrated  Acetic  Acid.     Chem.     Syn.    Acidum 

aceticum  glaciale,  Glacial  acetic  acid,  Radical 
vinegar.  Ger.  Essigsiiurehydrat,  Radikalessig. 
Fr.  Acide  acetique  crystallisable,  Vinaigre  ra- 
dical. 

For  the  strongest  and  pure  acid,  the  acetate 
of  soda  twice  fused  and  crystallised  after  each 
fusion  is  thoroughly  dried  at  100 — 120°  and 
powdered,  and  to  every  3  lbs.  in  the  retort  is 
added  gradually  9-7  lbs.  of  concentrated  sul- 
phuric acid,  previously  boiled  to  free  it  from 
water  and  nitrous  acid,  and  cooled  to  120°; 
i  passes  over  by  the  heat  of  the  mixture  alone. 
The  retort  should  be  kept  warm  by  a  cloth  or 
paper  cone  over  it,  and  a  very  gentle  heat  ap- 
plied until  the  remainder  is  perfectly  fluid. 
Without  extreme  care  the  acetic  acid  is  decom- 
posed and  becomes  empyreumatic.  If  carefully 
distilled,  the  only  impurity  may  be  sulphurous 
acid,  which  is  removed  by  digesting  it  with 
black  oxide  of  manganese  or  binoxide  of  lead, 
forming  a  sulphate  of  the  oxide,  and  redistill- 
ing thi  clear  liquid.  The  redistillation  also 
frees  it  from  sulphuric  acid  and  sulphate  of 
soda.      The  above   quantity  yields  altogether 

2  lbs.  concentrated  acid  with  20  per  ct.  water, 
but  the  last  ■§  are  separately  received  and  ex- 
posed in  a  closed  vessel  to  a  temperature  of 
40°  or  less.  The  hydrate  of  acetic  acid  crys- 
tallises and  the  more  aqueous  solution  is 
poured  off;  by  refusion  and  recrystallisation  the 
pure  hydrate  is  obtained. 

Another  method  of  preparing  the  hydrated 
acid  is  to  decompose  dry  acetate  of  lead  by 
sulphuric  acid.  The  crystallised  acetate  is 
heated  in  an  oil  or  metal  bath  (8  tin,  4  lead, 

3  bismuth)  not  higher  than  320°,  and  stirred 
till  the  fused  mass  concretes;  when  cold  it  is 
pulverized,  the  powder  again  heated  to  320°, 
and  stirred  till  the  particles  cease  to  accrete. 
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(Edinb.  Pliarm.)  30  pts.  of  this  powder  are 
gradually  added  to  8  pts.  concentrated  and  pure 
sulphuric  acid,  and  distilled  at  320°  till  dry.  It 
is  purified  like  the  preceding  by  lead  or  man- 
ganese and  distillation.  Its  density  is  1-063  to 
65  and  not  above  1-0685,  but  may  be  obtained 
as  pure  hydrate  as  above. 

The  method  formerly  pursued  for  obtaining 
glacial  acid  was  by  distilling  crystallised  verdi- 
gris (see  Neutral  Acetate  of  Copper),  20  lbs. 
yielding  9f  lbs.  of  a  greenish  acid  of  8-5°  B. 
(spec.  grav.  1-0627),  and  6j  lbs.  of  a  mixture 
of  metallic  and  protoxide  of  copper  and  char- 
coal as  the  residue.  By  a  redistillation,  in 
which  the  first  and  weaker  acid  was  rejected, 
6  lbs.  of  acid  were  obtained  of  9°  B.  contain- 
ing a  little  acetone  (see  this),  which  imparted 
an  agreeable  aroma  to  it,  and  caused  its  use  as 
aromatic  vinegar  (spirit  of  verdigris). 

Prop.  Crystallises  below  62°  F.  in  transpa- 
rent, colorless,  broad  lamina?  and  tables  ;  fuses 
above  62°  to  a  clear  liquid,  of  spec.  grav.  1-063 
(1-0635  Mohr)  with  a  peculiar,  penetrating 
and  agreeable  odor,  and  a  highly  pungent  and 
acid  taste,  blistering  the  skin.  It  fumes  slightly 
in  a  moist  atmosphere,  attracting  water  from 
it;  miscible  in  every  proportion  with  water, 
alcohol,  ether,  and  many  essential  oils  ;  it  dis- 
solves resins  and  camphor.  The  liquid  acid 
boils  at  248°;  the  density  of  its  vapor  is  2278; 
it  is  inflammable,  burning  with  a  pale  blue 
flame  ;  the  vapor  passed  through  an  iron  tube 
at  a  low  red  heat  is  resolved  into  carbonic 
acid  and  Acetone,  at  a  higher  heat  carbohydro- 
gen  gas  is  also  produced;  and,  at  a  still  higher, 
it  is  wholly  converted  into  inflammable  gases, 
while  carbon  is  deposited.  Mingled  with  sul- 
phuric acid  it  becomes  brown  and  black,  wnu 
the  evolution  of  heat  and  sulphurous  acid.  Per- 
iodic acid  decomposes  it,  producing  formic 
acid,  iodic  acid,  and  free  iodine.  Chlorine  does 
not  decompose  it  in  the  dark,  when  cold;  but 
when  exposed  to  the  sun-light  the  3  eq.  of  hy- 
drogen are  removed  by  chlorine  as  chlorohy- 
C  25 
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dric  acid,  three  more  eq.  of  chlorine  occupy- 
ing their  place,  forming  the  Chloiiacetic  acid. 
(See  this  and  also  Aiktule.) 

Diluted  Hydrated  jicetic  Jlcid.  By  mixing  the 
hydrated  acid  with  successive  portions  of  wa- 
ter, Mollerat  discovered  that  its  density  in- 
js  up  to  a  certain  point,  and  by  subsequent 
dilution  decreases,  as  shown  by  the  table  in 
the  adjoining  column. 

By  the  table  of  composition  of  acetic  acid 
given  below,  the  hydrate,  with  a  spec.  grav.  of 
1-063,  consists  of  51  dry  acid  and  9  water;  by 
the  adjoining  table  the  acid  of  density  1*0791 
consists  by  calculation  of  51  dry  acid  to  26"73 
water;  and  the  lowest  of  a  density  like  the  first 
(1-063)  consists  of  51  acid  to  72-40. 


Hydrated  Acid. 

Water. 

Sp  Gr. 

110 

o-o 

1-0630 

" 

100 

1.0742 

« 

22-5 

1.0770 

M 

32-5 

1.0791 

U 

43-0 

1.0763 

" 

55-0 

1.0742 

66-5 

1.0728 

it 

97-5 

1.0658 

u 

108-5 

1.0637 

" 

118-2 

1.0630 

The  ratio  in  equivalents  and  density  are 
more  clearly  shown  in  the  following  tabular 
view : 


Hydrate  of  acetic  acid, 

Aqueous  " 


Sp.  Gr. 


1-0630 
1-0791 
1-0630 


Equiv.  Wt. 


A     aq. 
51+9 
51+26-73 
51+72-40 


No.  of  Equiv. 


A     aq. 

1+1 

1+3 
1+8 


It  is  therefore  evident  that  with  strong  acid 
the  spec.  grav.  is  no  test  of  the  strength  of  the 
acid,  since  the  same  spec.  grav.  1-063  belongs 
to  two  acids,  the  one  containing  1  eq.  and  the 
other  8  eq.  of  water  to  1  eq.  of  dry  acid. 

Testing  lite  strength  of  acetic  acid  by  the  hy- 


drometer may  be  relied  on  to  a  limited  extent, 
where  it  is  of  good  quality  and  does  not  con- 
tain mucilaginous  matter. 

Table  by  Mohr,  showing  the  proportion  of 
hydrated  acetic  acid  in  100  parts  of  acid  of 
different  densities. 


Hydr.  Acid  in 
100  parts. 

Beaume. 

Sp.  Gr. 

Hydr.  Acid  in 
100  parts. 

Beaume. 

Sp.  Gr. 

Hydr.  Acid  in 
100  parts. 

Beaume. 

Sp.  Gr. 

100 

9° 

1-0635 

67 

1-0690 

34 

6-6° 

1-0450 

97 

1-06S0 

64 

1-0680 

31 

6 

1-0410 

94 

10° 

1-0706 

61 

1-0670 

28 

5-6° 

1-0380 

91 

1-0721 

58 

1-0660 

25 

5° 

1-0340 

88 

1-0730 

55 

9° 

1-0640 

22 

4-6° 

1-0310 

85 

1-0730 

52 

1-0620 

19 

3-9° 

1-0260 

82 

1-0730 

49 

1-0590 

16 

3-4° 

1-0230 

79 

10-5° 

1-0735 

46 

8° 

1-0550 

13 

3-1° 

1-0180 

76 

1-0730 

43 

1-0530 

10 

2-1° 

1-0150 

73 

1-0720 

40 

1-0513 

7 

1-7° 

1-0107 

70 

10° 

1-0700 

37 

7° 

1-0480 

4 

1° 

1-0050 

It  may  be  remarked  that  the  above  table  is 
not  perfectly  accurate,  for  the  density  of  the 
liquid  with  79  in  the  100  (about  8  eq.  water) 
has  been  found  by  others  to  be  as  high  as 
1-07S— 79.  The  best  method  of  testing  the 
strength  of  vinegar  is  to  ascertain  what  quan- 
tity of  alkali  is  neutralized  by  a  given  weight 
or  measure  of  it,  the  carbonates  of  potassa  and 
soda  being  used  for  that  purpose.  The  usual 
way  is  to  neutralize  an  ounce  of  the  acid  from 
a  given  weight  of  dry  carbonate  of  potassa, 
either  powdered  or  in  solution,  by  weighing  or 
measuring  the  balance  to  find  how  many  grains 
have  been  used.  Thus  in  the  quick  vinegar 
process  an  ounce  of  the  acid  usually  neutral- 
izes a  little  more  than  30  grains  of  carb.  po- 
tassa, when  very  strong  as  much  as  60  grs. 
Good  and  strong  wine  vinegar  neutralizes 
about  60  grs.  The  carbonates  of  potassa  and 
soda,  being  ordinarily  of  different  degrees  of 
purity  and  liable  to  attract  moisture  from  the 
air,  cannot  be  regarded  as  certain  tests  of  the 
strength,  hence  Dr.Ure  proposes  the  crystallised 
bicarbonate  of  potassa,  which  is  not  liable 
to  change  in  the  atmosphere  and  is  always 
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sufficiently  pure.  Its  equivalent  being  100-27 
while  that  of  dry  acetic  acid  is  51,  we  may  es- 
timate every  2  grs.  of  it  employed  indicative 
of  1  gr.  of  dry  acid,  or  by  dissolving  200  in 
100  measures  of  water,  each  measure  used  for 
neutralization  indicates  a  grain  of  dry  acid. 
Brande  proposes  to  suspend  by  a  thread  a 
piece  of  weighed  carbonate  of  lime  (soft  mar- 
ble) in  the  acid,  and  after  a  short  time  to  takp 
it  out,  dry  and  weigh  it.  Its  equiv.  being  50-53 
and  that  of  the  dry  acid  51,  each  grain  dis- 
solved shows  the  presence  of  1  gr.  of  dry  acid. 
The  chief  difficulties  in  the  use  of  marble  are 
that  it  frequently  contains  a  large  proportion 
of  carbonate  of  magnesia,  which  entirely 
changes  its  equivalent,  and  that  weak  vinegar 
will  not  readily  act  on  it.  Wagenmann,  well 
known  as  having  founded  the  quick  vinegar 
process,  has  lately  resorted  again  to  the  use  of 
liquid  ammonia,  the  strength  of  which  is  pre- 
viously ascertained  by  sulphuric  acid.  Of  all 
the  methods,  that  of  the  bicarbonate  of  potassa 
is  decidedly  the  best  for  ordinary  use. 

Tests  of  purity.    The  presence  of  salts  and 
other   fixed  bodies   is    easily  ascertained  by 
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evaporating  to  dryness,  the  acid  being  volatili- 
zable  without  residue.  Copper  and  lead  are 
detected  by  the  brownish  color  produced  by 
sulphuretted  hydrogen ;  sulphuric  acid  by  ni- 
trate or  acetate  of  baryta,  which  precipitates  a 
white  insoluble  sulphate  of  baryta;  if  a  faint 
cloudiness  is  produced,  the  quantity  of  sul- 
phuric acid  is  too  small  to  be  regarded,  except- 
ing in  very  weak  acetic  acid.  The  presence 
of  empyreumatic  oil  is  best  ascertained  by 
rubbing  it  on  the  hand  until  the  acid  evapo- 
rates, when  the  oil  is  recognised  by  its  odor. 
Acrid  substances  in  vinegar  are  detected  by 
the  taste,  particularly  after  neutralization  by 
carbonate  of  soda.  Common  vinegars  may 
be  tested  for  all  the  above  adulterations, 
excepting  a  little  saline  matter,  which  it  avow- 
edly contains,  and  is  not  to  be  regarded  as  an 
impurity. 

Distilled  Vinegar.  Vinegar  made  from  wine, 
malt,  &c,  containing  many  ingredients  which 
render  it  objectionable  for  medical  use,  is  fre- 
quently subjected  to  distillation  in  a  copper 
still,  with  a  solid  tin,  silver,  glass,  or  porcelain 
capital,  and  with  T'5  or  less  of  coarsely-pow- 
dered charcoal,  to  obviate  empyreumatic  oil. 
A  tinned  capital  is  slightly  attacked  by  the 
acid,  a  tinned  copper  still  more,  and  hence  sil- 
ver is  preferable.  The  first  T'ff  may  be  rejected, 
as  often  containing  alcohol,  or  being  too  weak ; 
the  next  j|  are  taken  as  pure  distilled  acid, 
and  i  remains  in  the  retort:  18 — 20  pts.  of  this 
acid  (spec.  grav.  1-010 — 1-015)  neutralize  1  pt. 
of  carbonate  of  potassa,  while  of  a  strong  acid 
(spec.  grav.  1-035 — 1-045)  2  pts.  will  neutral- 
ize 1  pt.  of  the  carbonate. 

Common  Vinegars.  Acetic  acid  prepared  by 
the  quick  vinegar  process  from  a  good  alco- 
holic liquid,  by  distillation  of  vinegars,  or  by 
the  purification  of  wood  vinegar,  is  usually 
colorless,  or  faintly  colored,  and  has  a  sharp, 
acid,  and  rather  agreeable  taste,  while  that 
prepared  by  the  slower  fermentation  of  wine, 
cider,  malt,  molasses,  honey,  &c.  is  colored 
yellowish,  or  reddish  yellow,  from  the  coloring 
matters  of  those  liquids,  which  are  not  destroy- 
ed by  the  vinous  or  acetous  fermentation. 
Such  common  vinegars  have  a  more  or  less 
sharp,  acid  taste,  according  to  their  strength, 
but  exhibit  at  the  same  time  an  additional 
taste  and  flavor  peculiar  to  each  variety, 
arising  from  the  presence  of  foreign  sub- 
stances. Thus  malt-vinegar  has  generally  a 
flat  taste,  and  contains  phosphates,  gluten,  mu- 
cilage, albumen,  &c. ;  brandy  vinegars  contain 
often  free  alcohol,  coloring  matter,  &c. ;  wine- 
vinegar,  coloring  matter,  bitartrate  of  potassa 
(cream  of  tartar),  &c,  the  latter  giving  it  a 
peculiar  taste,  more  agreeable  than  all  others  ; 
and,  lastly,  cider-vinegar,  containing  malic 
acid,&c,  which  also  imparts  an  agreeable  taste 
and  flavor.  It  is  a  common  practice  to  assimi- 
late purer  vinegars  by  the  quick  process,  or 
from  wood  to  these  common  vinegars,  to  ren- 
der them  more  palatable  for  domestic  use,  by 
adding  a  little  cream  of  tartar  for  the  taste, 
burned  sugar  or  molasses  for  the  color,  and 
fine  brandies  or  wines,  or  acetic  ether,  for  the 
flavor  (aroma,  bouquet),  nor  when  thus  well 
manufactured  can  they  be  regarded  as  in  any 
respect  inferior  to  the  finest  wine  or  cider  vine- 


gars. The  spec.  grav.  of  common  vinegars 
varies  from  1-010  to  1-030,  equivalent  to  from 
7  to  22  per  ct.  of  hydrated  acid. 

Uses  of  Acetic  Add.  Largely  employed  in  the 
arts,  in  domestic  economy,  and  in  medicine. 

In  Medicine,  the  weaker  acid  is  generally  em- 
ployed externally;  the  stronger  is  an  excellent 
corrosive  for  warts  and  corns.  It  is  used  as  a 
solvent  for  several  drugs,  and  appears  also  to 
modify  their  action.  The  aromatic  vinegar  of 
the  shops  is  a  solution  of  camphor  and  essen- 
tial oils  in  the  hydrated  acid :  the  salt  of  vine- 
gar (sel  de  vinagre),  is  sulphate  ofsoda  moist- 
ened with  the  above.  A  superior  aromatic 
vinegar  is  made  by  dissolving  in  1  ounce  of 
hydrated  acetic  acid,  oils  of  cloves,  lavender, 
and  lemons,  each  40  grains  ;  of  oils  of  berga- 
mot  and  thyme,  each  20  grs. ;  and  10  drops  of 
oil  cassia. 

In  Domestic  Economy  it  is  extensively  employed 
as  a  condiment,  and  from  its  antiseptic  proper- 
ties preserves  animal  and  vegetable  substances 
which  are  subject  to  decay.  The  pyroligneous 
acid  is  preferable  for  many  purposes,  being 
more  powerfully  antiseptic  from  the  presence 
of  creosote  among  its  empyreumatic  matter, 
which  likewise  imparts  an  agreeable  smoky 
flavor  to  meats  prepared  with  it.  Common 
weak  vinegars  are  frequently  strengthened  by 
freezing,  and  removing  the  successive  layers 
of  ice;  but  although  water  is  thus  chiefly  re- 
moved, the  ice  encloses  so  large  a  proportion 
of  vinegar,  that  with  a  weak  acid  the  process 
is  by  no  means  economical.  Another  process 
is  to  keep  it  heated  in  a  porcelain  or  salt-glazed 
stoneware  or  enamelled  iron  vessel  to  any 
point  between  212°  and  220°  ;  for  while  water 
boils  at  212°,  the  hydrated  acetic  acid  boils  at 
247 — 248°,  so  that  at  212°  a  very  large  propor- 
tion of  water  evaporates  with  but  little  acid. 

A  peculiar  fly  collects  in  vinegar  establish- 
ments, the  musca  cellaris ;  and  a  peculiar 
infusory  animal,  vibrio  aceti,  resembling  an 
eel,  is  of  frequent  occurrence  in  vinegar,  and 
may  often  be  seen  by  the  naked  eye.  These  lat- 
ter may  be  readily  destroyed  and  removed  by 
heating  the  vinegar  to  212°,  letting  it  settle, 
and  decanting  or  straining  it.  Where  vinegar 
is  kept  in  open  vessels,  a  gelatinous  substance 
gradually  collects  in  it,  called  mother  of  vine- 
gar, which  being  produced  at  the  expense 
of  the  acid,  constantly  renders  the  vinegar 
weaker.  It  is  not  generated  in  strong  vinegar, 
but  seems  to  form  in  direct  proportion  to  its 
weakness. 

Some  cautions  may  well  be  given  in  refer- 
ence to  the  vessels  in  which  vinegar  is  em- 
ployed in  domestic  economy,  since  they  often 
consist  of  metals  or  metallic  oxides.  A  painted 
vessel  should  never  be  employed,  since  the 
basis  of  nearly  all  pigments  is  white  lead, 
which  readily  dissolves  in  acetic  acid,  forming 
sugar  of  lead;  and  many  paints  contain  com- 
pounds of  copper  and  other  substances  soluble 
in  acetic  acid,  all  of  which  may  prove  poison- 
ous. Copper  vessels  may  be  employed  with 
safety,  provided  the  inner  surface  be  kept 
bright,  and  the  acid  be  not  suffered  to  remain 
in  them  after  cooling.  Iron  is  too  easily  at- 
tacked by  acetic  acid  to  be  used,  for  although 
the  salt  which  is  formed  in  the  liquid,  the  ace- 
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tate  of  iron,  is  not  injurious  in  small  quantity, 
yet  it  communicates  a  disagreeable  styptic 
taste  to  any  food  which  may  contain  it.  Com- 
mon earthen  vessels  glazed  with  oxide  of  lead 
(litharge,  red-lead),  part  of  which  is  frequently 
uncombined  with  the  body  of  the  ware,  should 
not  be  employed,  since  the  acid  would  un- 
edly  dissolve  that  portion  of  the  oxide, 
and  may  even  attack  the  well-burned  glazing 
itself — the  more  so  if  the  acid  be  heated  in  the 
vessel.  Salt-glazed  stoneware,  good  English 
pottery-,  porcelain,  glazed  or  enamelled  iron, 
silver  and  copper  (under  the  above  precau- 
tions), may  all  be  employed  for  boiling  acetic 
acid,  or  its  preparations,  with  safety. 

In  the  Aria,  acetic  acid  is  largely  employed  ; 
the  more  concentrated  (not  glacial)  for  making 
the  acetates  (see  above),  chiefly  for  the  dyer 
and  color-printer,  the  impure  pyroligneous  be- 
ing often  preferred,   from    its  preventing  the 
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higher  oxidation  of  a  lower  oxide  (see  Tron-Li* 
guar,  under  Acetate  of  Iron).  It  is  further  used 
largely  in  the  manufacture  of  white  lead. 

S/aiisiirs.  The  quantity  of  vinegar  made  in 
Great  Britain  amounts  to  about  2,800,000  galls. 
annually;  all  of  which,  excepting  100,000 
galls.,  is  made  in  England.  It  is  difficult  to 
estimate  the  amount  made  in  the  United 
States:  66,714  galls.,  valued  at  $10,083,  were 
imported  in  the  years  1837 — 8  ;  of  which  9535 
galls.  (=$3216),  and  $5241  worth  of  domestic 
make,  were  exported  in  the  same  year.  It  is 
likewise  difficult  to  estimate  the  amounts  of 
acetates  of  lead  and  iron  made  in  the  United 
States.  The  importation  of  sugar  of  lead  in 
1837— 8  was  203,626  lbs.,  value  $17,674;  ex- 
port, none. 

ACETIC  ETHER.  Syn.  Acetate  of  oxide 
of  ethule.  Ger.  Essigsaures,Aethyloxyd,  Essigii 
ther,  Essignaphtha.    Fr.  Ether  acetique. 


Empir.  formula  CgH804 
Composition  by  equivalents. 

8  eq.  carbon C8 

8  "    hydrogen H8 

4  "    oxygen 04 


Rational  formula  C,H50  -f  C4H303,  or  AeO,  A 

H  =  1     O  =  100    Calc'd  in  100  pts.  Found  in  100  pts. 

Dumas.  Liebiff. 

48           600-96                 54-55              54-820  54-47 

8           100-00                    9-09                 8-755  9-67 

32           400-00                  36-36              36426  35-86 


1100-96 


100-00 


100-001 


100-00 


or  1  eq.  acetic  acid C4H303 

1  "    oxide  of  ethule C.H,0 


51 
37 


637-98 
462-98 


57-91 
42.09 


88 


1100-96 


100-00 


It  is  remarkable  for  being  isomeric  with  al- 
dehyde, their  per  ct.  composition  being  the 
same  ;  but  the  spec.  grav.  of  the  vapor  of  acetic 
ether  =  3063,  is  double  that  of  aldehyde  = 
1531.     {Kane.) 

Formation.  Forms  in  greater  or  less  quan- 
tity wherever  alcohol  is  exposed  to  the  action 
of  oxygen,  as  in  the  process  for  acetal  or  ace- 
tic acid  by  platinum-black  (see  above)  ;  or 
where  nascent  acetic  acid  is  in  contact  with 
alcohol,  by  the  decomposition  of  acetate  of  po- 
tassa  in  alcohol  by  carbonic  acid,  or  by  the  ac- 
tion of  chlorine  or  bromine  on  spirit  of  wine. 
Formerly  made  by  distilling  concentrated  ace- 
tic acid  and  alcohol,  which  is  a  tedious  pro- 
cess, and  may  also  be  formed  by  distilling 
ethero-sulphate  (sulphovinate)  of  potassa,  with 
concentrated  acetic  acid  in  a  water  bath. 

Prep.  Distil  16  pts.  of  dry  acetate  of  lead,  4£ 
alcohol,  and  6  concentrated  sulphuric  acid,  or 
10  crystallised  acetate  of  soda,  6  alcohol,  of 
80 — 85  per  ct.,  and  15  sulphuric  acid.  The 
acid  is  mingled  with  the  alcohol,  and,  when 
cooled,  poured  upon  the  finely-powdered  salt 
in  the  retort;  the  heat,  at  first  gentle,  is  much 
increased  towards  the  close,  and  the  receiver 
thoroughly  cooled.  Common  ether  passes 
over  with  the  first  portions.  The  theory  of  the 
decomposition  is,  that  ethero-sulphuric  acid 
(or  bisulphate  of  the  oxide  of  ethule)  is  pro- 
duced, which  by  mutual  decomposition  with 
the  acetate  of  soda  or  lead,  results  in  bisulphate 
of  soda,  or  sulphate  of  iead  and  acetate  of 
oxide  of  ethule. 

The  product  is  mixed  with  slaked  lime  in  a 
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retort  as  long  as  it  has  an  acid  reaction,  then 
with  an  equal  volume  of  chloride  of  calcium, 
and  after  some  hours  distilled  in  a  water  bath. 
The  ether  obtained  equals  the  weight  of  alco- 
hol employed.  To  remove  every  trace  of  al- 
cohol it  is  again  digested  with  chloride  of  cal- 
cium, poured  off,  and  redistilled. 

Prop.  A  colorless,  mobile  liquid,  of  an  agree- 
able, very  refreshing  odor,  and  a  pleasant,  burn- 
ing taste  ;  easily  inflammable,  with  a  yellowish 
flame  and  an  acid  odor;  boils  at  165°;  spec, 
grav.  0-89  at  60° ;  spec.  grav.  of  vapor  3-06. 
When  pure  it  keeps  unchanged,  but  the  pre- 
sence of  water  or  spirit  of  wine  gradually  ren- 
ders it  acid.  Dissolves  in  7  pts.  water,  misci- 
ble  with  alcohol  and  ether  in  every  proportion. 
Repeatedly  shaken  with  chloride  of  calcium,  it 
unites  with  a  certain  quantity,  congealing  to  a 
white  crystalline  paste,  from  which  water  again 
separates  the  ether.  Very  readily  decomposed 
by  alkalies,  its  watery  solution  distilled  with 
lime  or  potassa  is  resolved  into  acetic  acid, 
which  unites  with  the  base,  and  alcohol  passes 
over.  With  sulphuric  acid  it  is  resolved  into 
ether  and  acetic  acid.  Chlorohydric  acid  forms 
with  it  chloride  of  ethule  (or  chlorohydric  ether) ; 
nitric  acid,  nitric  ether;  acetic  acid  bein"-  set 
free.  It  dissolves  essential  oils,  many  resins, 
and  in  general  to  them,  sulphur,  phosphorus, 
&c,  it  acts  similarly  to  ether. 

Its  purity  may  be  known  from  the  above 
properties,  moreover,  it  should  neither  redden 
litmus  nor  be  colored  by  sulphuretted  hy- 
drogen. 

Uses.    It  is  a  constituent  of  several  remedies 
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employed  in  Europe,  such  as  the  spiritus  ace- 
tico-tethereus  (1  pt.  acetic  ether  -j-  3  pts.  spirit 
of  wine),  and  tinctura  ferri  acetici  setherea 
(1  acet.  ether  +  2  spt.  wine  -f-  9  peracetate  of 
iron).  From  its  power  of  dissolving  resins 
and  essential  oils,  it  might  be  employed  in  the 
preparation  of  varnishes. 

ACETOMETER.  Tech.  An  instrument  or 
apparatus  for  measuring  the  strength  of  acetic 
acid.  The  methods  of  testing  its  strength  are 
pointed  out  towards  the  close  of  the  article  on 
acetic  acid,  which  see. 

ACETONE.  This  being  one  of  the  most 
common  and  important  of  the  products  arising 
from  the  decomposition  of  acetic  and  other 
acids,  the  acetates,  I  propose  giving  the  various 
products  of  this  decomposition  under  the  pre- 
sent article  in  a  connected  series,  chiefly  drawn 
from  Liebig  and  Kane,  who  have  been  the 
latest  and  most  successful  in  investigating  this 
difficult  subject. 

The  decomposition  of  the  acetates  with  ar- 
senious  acid  will  be  found  under  Cacodule.  I 
shall  describe,  1.  Acetone;  2.  The  products  of 
its  decomposition  with  the  oxy-acids ;  3.  The 
products  from  the  halogens. 

When  the  vapor  of  hydrated  acetic  acid  is 
passed  through  a  red-hot  tube  of  porcelain  or 
iron,  it  is  entirely  resolved,  without  deposition 
of  carbon,  into  a  volatile,  inflammable  liquid, 
acetone,  and  a  mixture  of  carburetted  hydro- 
gen, carbonic  oxide,  and  carbonic  acid  gases. 
If  the  heat  go  beyond  a  dull  red,  the  acid  is 
resolved  into  a  brown  empyreumatic  oil  and 
inflammable;  gases,  with  deposition  of  carbon. 

Acetates,  the  bases  of  which  retain  carbonic 
acid  at  a  red  heat,  produce,  when  heated  in 
close  vessels,  the  carbonate  of  the  base  and 
acetone.  This  takes  place,  for  example,  with 
the  acetates  of  potassa,  soda,  and  baryta. 
Where  the  oxide  cannot  retain  carbonic  acid 
at  a  red  heat,  as  in  the  case  of  acetates  of 
magnesia,  zinc,  or  manganese,  the  acetone  is 
accompanied  by  carbonic  acid.  If  the  oxide 
be  easily  reducible,  as  in  the  acetates  of  cop- 
per, silver,  and  mercury,  there  are  given  off 
hydrated  acetic  acid,  carbonic  oxide,  carbonic 
acid,  water,  and  acetone,  and  there  is  left  a 
mixture  of  the  metal  with  carbon  in  a  minute 
state  of  division. 

Neutral  acetate  of  lead,  melted  at  365°,  so- 
lidifies after  a  time,  into  a  white  crystalline 
frothy  mass  of  sesquibasic  acetate  of  lead, 
while  one-third  of  the  acetic  acid  is  expelled 
in  the  form  of  carbonic  acid  and  acetone. 
(Liebig.*) 

1.  Jlcctonc.  Syn.  Pyroacetic  spirit  (mesitic 
alcohol,  bihydrate  of  mesitylene,  Kane).  Ger. 
Essiggeist,  Essigalkohol.  Fr.  L'esprit  pyro- 
acetique. 

Formula,  C3H30. 

Its  formation  shown  above  may  be  rendered 
more  clear  by  adding  1  equivalent  of  carbonic 
acid  to  1  eq.  of  acetone,  which  will  give  an 
eq.  of  dry  acetic  acid. 


C3H3O 
C       O, 


C,H,Oo 


1  eq.  acetone. 
1  "     carb.  acid. 

1  "     anhydrous  acetic  acid. 


It  is  farther  formed  by  the  dry  distillation  of 
sugar,  citric  acid,  &c. 

Prep.  By  passing  the  vapors  of  concentrated 
acetic  acid  through  a  tube  at  a  low  red  heat, 
or  by  the  dry  distillation  of  acetate  of  lime  or 
lead.  The  liquid  is  then  rectified  over  quick- 
lime in  a  water  bath  till  its  boiling  point  is 
constant  (132°),  which  removes  acetic  acid, 
pyroresin,  &c.  The  receiver  should  be  well 
cooled  with  ice. 

Prop.  It  forms  a  clear,  colorless,  mobile  li- 
quid, of  a  peculiar,  penetrating,  somewhat 
empyreumatic  odor,  bearing  a  distant  resem- 
blance to  acetic  ether.  Its  spec.  grav.  is  0-7922 
in  the  liquid  form ;  2022  in  the  form  of  vapor. 
It  boils  at  132°.  Acetone  has  a  pungent  taste, 
resembling  that  of  peppermint;  and  is  misci- 
ble  with  water,  alcohol,  and  ether  in  all  propor- 
tions; it  separates  from  its  aqueous  solution, 
when  mingled  with  potassa,  chloride  of  cal- 
cium, and  other  salts  not  soluble  in  acetone. 
In  contact  with  caustic  alkalies  and  air,  ace- 
tone absorbs  oxygen  with  rapidity ;  and  pro- 
duces, among  other  products  not  examined,  a 
brown,  resinous  substance.  Heated  with  chlo- 
ride of  lime,  it  yields  carbonic  acid  and  chloride 
of  formule.  See  Formule.  It  is  also  decom- 
posed by  chlorine  and  oil  of  vitriol.  It  is  in- 
flammable, and  burns  with  a  clear,  luminous 
flame. 

In  the  preparation  of  acetone,  particularly 
from  salts  of  pyroligneous  acid,  there  is  obtain- 
ed, in  variable  quantity,  an  oily  liquid,  much 
less  volatile  than  acetone,  which  remains  in 
the  retort  when  the  impure  acetone  is  rectified. 
It  is  brown  when  impure,  colorless  when  pure, 
has  a  disagreeable,  empyreumatic  odor,  and  a 
burning  taste,  boils  at  248°,  the  spec.  grav.  of 
its  vapor  is  5204.  Its  formula  is  C10H8O. 
Kane,  who  described  and  analyzed  this  oil,  has 
given  it  the  name  of  Dumasine,  out  of  com- 
pliment to  M.  Dumas.  It  is  to  be  hoped  that 
this  principle  of  nomenclature  may  not  be  fol- 
lowed in  chemistry.     (Gregory.) 

The  chemical  nature  and  constitution  of 
acetone  are  still  doubtful.  It  contains  the  ele- 
ments of  1  eq.  carbonate  of  oxide  of  ethule 
and  1  eq.  hyduret  of  acetule  =  CgHq03;  or  of 
1  eq.  acetate  of  oxide  of  ethule  and  1  eq.  hy- 
duret of  acetule  (olefiant  gas)  =  C12H1204. 
According  to  Kane,  it  has  a  constitution  simi- 
lar to  that  of  alcohol,  and  is  the  hydrate  of 
the  oxide  of  an  organic  radical,  C6H-  = 
(C6H-)0  +  HO  =  C6H602,  which  radical  he 
calls  Mesitule. 

By  distilling  acetone  with  fuming  sulphuric 
acid,  Kane  obtained,  along  with  a  number  of 
other  products,  a  substance,  the  formula  of 
which  he  states  to  be  C6H4.  (His  analysis 
rather  leads  to  the  formula  C]2H9.)  To  this 
substance  he  has  given  the  name  of  Mesitylene. 

By  the  action  of  perchloride  of  phosphorus 
on  acetone,  Kane  obtained  a  compound  C6H5C1, 
chloride  of  mesitule,  which,  by  the  action  of  a 
solution  of  caustic  potassa,  yielded  chloride  of 
potassium  and  the  compound  C6H50,  oxide  of 
mesitule,  differing  from  acetone  as  ether  does 
from  alcohol,  namely,  by  1  eq.  less  of  water. 
By  saturating  a  mixture  of  acetone  and  fuming 
sulphuric  acid  with  lime  and  other  bases,  pe- 
culiar salts  were  obtained,  containing  the  ele 
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ments  of  sulphuric  acid,  oxide  of  mesitule,  and 
a  metallic  oxide.  These  salts,  according  to 
Kane,  are  analogous  to  the  sulphovinates 
(double  sulphates  of  oxile  of  ethule  and  bases); 
but  the  theoretical  views  of  Kane  concerning 
these  compounds  do  not  appear  to  express  their 
true  nature. 

That  view  which  considers  alcohol  as  the 
hydrate  of  an  organic  oxide  of  basic  proper- 
ties derives  its  chief  support  from  the  fact,  that 
the  oxide  of  ethule,  when  separated  from  its 
compounds,  possesses  the  property  of  com- 
bining with  water,  and  reproducing  alcohol. 
But  we  cannot  reproduce  acetone  from  any  of 
the  compounds  described  by  Kane,  and  which, 
according  to  him,  contain  the  oxide  of  mesitule. 
Ether  (oxide  of  ethule)  is  an  oxide,  because  it 
combines  with  acids,  equiv.  to  equivalent,  and 
forms  double  salts,  in  which  one  equiv.  of  acid 
is  neutralized  by  the  ether,  another  by  a  me- 
tallic oxide.  Now,  neither  acetone  nor  oxide 
of  mesitule  form  similar  compounds.  In  the 
compound  of  Kane's  oxide  of  mesitule  with 
sulphuric  acid,  the  acid  retains  its  capacity  of 
saturation  unimpaired,  and  2  eq.  of  sulphuric 
acid  neutralize  2  eq.  metallic  oxide.  Conse- 
quently, the  oxide  of  mesitule  does  not  exist  in 
this  compound  as  a  base,  but  in  the  same  state 
as  benzoic  acid  in  the  hyposulphobenzoic  acid. 
Moreover,  Fremy  has  described  a  substance, 
Melureionc,  which  has  the  same  composition  as 
Kane's  oxide  of  mesitule,  but  very  different 
properties.  We  know  nothing  of  the  real  rela- 
tion between  those  two  substances  and  acetone. 

Without,  therefore,  adopting  Kane's  theore- 
tical views,  we  shall  briefly  describe  the  sub- 
stances formed  by  him,  under  the  names  he 
has  given  them. 

Mesitylene.  Formula,  C6H4.  (Kane,  Plan- 
tamowr.)  Prep.  Acetone  is  distilled  with  half 
its  volume  of  fuming  sulphuric  acid.  On  the 
surface  of  the  distilled  liquid,  which  contains 
much  acetic  acid,  swims  a  yellowish  oil,  which 
is  washed  with  water  and  then  rectified.  As 
the  first  portions  contain  acetone,  it  is  again 
heated  in  the  water-bath,  which  expels  the 
acetone.  Mesitylene,  when  pure,  boils  at  275°. 
When  the  temperature,  during  the  rectifica- 
tions, rises  higher  than  this,  it  is  owing  to  the 
presence  of  another  substance,  resembling 
mesitylene,  but  less  volatile. 

Prop.  Mesitylene  is  an  oily,  colorless  liquid, 
has  a  faint  and  somewhat  alliaceous  smell.  By 
the  action  of  sulphuric  acid  on  the  less  vola- 
tile portion  of  the  products  of  the  distillation 
of  caoutchouc,  an  oil  is  obtained,  which  in  all 
external  properties  is  identical  with  Kane's 
mesitylene.  (Gregory.)  It  is  lighter  than  water, 
inflammable,  and  burns  with  a  white  smoky 
flame.  Alkalies  do  not  act  on  it;  sulphuric 
acid,  nitric  acid,  and  chlorine  act  on  it  as  they 
do  on  benzole.  According  to  its  formula,  it 
contains  the  elements  of  2  eq.  acetone,  minus 
2  water,  which  explains  its  formation. 

2  (C3H30)-2HO  =  C6H4. 

Kane  obtained  as  the  average  of  3  analyses, 
carbon  89-602,  hydrogen  10-41,  whereas  the 
formula  CeH4  would  require  C  90-19  -)-  H, 
9  81. 

Oxide  of  Mesitule  (Mesitic  ether).  Formula, 
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C6H.O.  (Kane.)  Obtained  by  actingon  an  alco- 
holic solution  of  chloride  of  mesitule  by  caus- 
tic potassa  until  alkaline  reaction  is  percepti- 
ble, and  then  adding  6  or  8  times  its  volume  of 
water.  An  oily  liquid  separates,  which  is 
decanted,  dried  by  contact  with  chloride  of 
calcium,  and  rectified.  It  is  a  colorless  li- 
quid, having  an  aromatic  odor  like  that  of 
peppermint.  It  boils  at  248°,  is  inflammable, 
burning  with  a  very  brilliant  flame  and  much 
smoke. 

Chloride  of  Mesitule  (chloromesitic  ether, 
Kane).  This  compound  cannot  be  obtained  by 
the  action  of  hydrochloric  acid  either  on  ace- 
tone or  on  the  preceding  substance.  Its  for- 
mula, according  to  Kane,  is  C6H5C1 ;  but,  of 
several  analyses,  one  only  gave  results  ap- 
proximating to  theory,  viz.  C  47-27 +H  6-76 
-f-  CI  45-88.  Its  composition  cannot,  therefore, 
be  considered  as  fully  ascertained.  To  obtain 
it,  2  parts  of  perchloride  of  phosphorus  are 
added  by  degrees  to  1  part  of  acetone,  the  mix- 
ture being  surrounded  by  cold  water,  and  3 — 4 
times  its  volume  of  water  added,  when  the 
chloride  of  mesitule  separates.  It  is  washed 
with  a  little  water,  and  chloride  of  calcium  put 
in  it  to  purify  it.  It  is  an  oily  liquid,  heavier 
than  water,  and  convertible  by  heat  into  hydro- 
chloric acid  and  mesitylene,  so  that  it  would 
seem  that  the  chlorine  in  this  compound  cannot 
be  replaced  by  oxygen. 

Iodide  of  Mesitule  is  obtained  by  the  distilla- 
tion of  a  mixture  of  iodine,  phosphorus,  and 
acetone ;  but  never  in  a  state  of  purity.  It 
seems  to  be  analogous  to  the  chloride.  The 
residue  of  the  distillation  contains  hypophos- 
pho-mesitulous  acid,  and  another  compound 
containing  iodine,  in  golden-yellow  scales, 
which  Kane  calls  Iodide  or  Pteleyle.  (See 
below.) 

Chloroplatinate  of  Oxide  of  Mesitule.  Disco- 
vered by  Zeise,  who  called  it  Metacechlorplalin. 

Formula,  C6H50  +  PtCl. 

Prep.  1  pt.  bichloride  of  platinum  dissolved 
in  2 J  pts.  acetone  by  digestion  and  cohobation 
yield  chlorohydric  acid  and  an  ethereal  liquid, 
which  distil  over,  and  an  acid  brownish  residue, 
which  contains  the  chloroplatinate  and  resin- 
ous or  tarry  matter.  This  is  well  washed 
with  water,  which  leaves  a  brown  pitchy  sub- 
stance, Zeise's  platinum-resin. 

The  chloroplatinate  is  purified  by  repeated 
crystallisations,  first  in  acetone  acidulated  with 
hydrochloric  acid,  afterwards  in  pure  acetone. 
It  forms  small  sulphur-yellow  indeterminate 
crystals,  nearly  inodorous,  not  altered  by  a  heat 
of  212°,  or  in  vacuo,  but  decomposed  by  a 
higher  temperature,  when  it  burns  with  a  green 
flame,  and  leaves  silver-white  metallic  plati- 
num. It  is  sparingly  soluble  in  water,  with  a 
yellow  color,  and  slightly  in  alcohol,  insoluble 
in  ether;  its  aqueous  solution  is  decomposed  by 
boiling.  When  the  mother-liquid  of  these  crys- 
tals is  heated,  gas  is  disengaged,  and  while  the 
liquid  becomes  clear  and  colorless,  a  flocculent 
black  powder  is  deposited  which  explodes  when 
heated.  Zeise  calls  it  Pyracechlorplatin.  The 
platinum-resin  is  brittle,  of  a  glassy  fracture, 
pulverizable,  soft  and  plastic  when  heated, 
burns  with  flame,  leaving  platinum;  it  is 
wholly  soluble  in  a  solution  of  potassa  and 
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in   acetone,   partially  in   ether   and    alcohol. 
Zeise  terms  it  chloraceplatin. 

2.  Action  of  the  Oxyacides  on  Jlcetone.  a.  Sul- 
phuric acid.  1  acetone  mixed  with  2  by  weight 
of  Aiming  sulphuric  acid,  it  becomes  strongly 
heated  and  evolves  sulphurous  acid;  by  add- 
ing water  and  neutralizing  by  lime,  baryta  or 
oxide  of  lead;  an  insoluble  sulphate  is  formed 
and  a  soluble  salt  of  the  base  with  sulphomesi- 
tulic  acid.  This  acid  has  not  been  isolated,  for 
upon  separating  the  base,  and  evaporating  the 
liquid,  il  becomes  black,  contains  free  sulphu- 
ric acid,  and  smells  of  sulphurous  acid  and 
oxide  of  mesitule.  Its  probable  formula  is 
C3H3()  -f  HO,  S03. 

Sulpkomesitulate  of  Lime.  Formula  C3H30  4- 
CaO,  S03.  Obtained  as  above  ;  very  soluble  in 
water,  crystallising  in  fine  crystals  from  a  cool- 
ing, concentrated  solution,  with  7*2  per  ct.,  or 
1  eq.  water ;  it  loses  $  eq.  water  by  heat. 

Sulpkomesitulate  of  Baryta.  Formula  C3H30 
-f-  BaO,  So3.  Formed  like  the  preceding  by 
baryta  instead  of  lime.  Crystallises  in  small 
pearly  tables.  Both  of  these  salts  decomposed 
by  heat  leaving  sulphates  of  lime  or  baryta. 

When  1  measure  of  oil  of  vitriol  and  2  mea- 
sures of  acelone  are  mingled,  treated  with 
water  and  neutralized  by  lime,  a  salt  is  ob- 
tained containing  twice  the  quantity  of  ace- 
tone, with  a  formula  2  (C3H30)  +  CaO,  S03. 

b.  Nitric  Acid.  When  1  part  of  fuming  nitric 
acid  is  mixed  with  2  of  acetone,  a  violent  reac- 
tion takes  place.  When  the  reaction  is  mode- 
rated by  cooling  it,  the  addition  of  water  causes 
the  separation  of  a  yellow  oil,  which  consists 
of  two  different  liquids,  one  of  which  is  viscid, 
the  other  very  fluid.  The  former  predominates 
when  the  action  has  been  very  violent,  the 
latter  when  it  has  been  more  moderate.  Kane 
has  given  to  the  former  the  name  of  Mcsitulic 
aldehyde;  to  the  latter,  that  of  Nitrite  of  oxide  of 
pteleyle. 

Nitrite  of  Oxide  of  Pteleyle.  Formula,  C6H30, 
N03.  It  is  heavier  than  water,  and  is  decom- 
posed by  that  liquid,  dissolved  by  alkalies  with 
a  brown  color.  Paper  impregnated  with  it 
burns  like  tinder.  It  withstands  a  heat  of 
212°;  but  cannot  be  distilled  without  decompo- 
sition. When  heated  in  a  tube  over  the  spirit- 
lamp,  it  explodes  violently. 

Mesitulic  Aldehyde.  Formula,  C6H402.  Pre- 
pared pure,  by  boiling  mesitylene  in  nitric  acid 
as  long  as  reaction  is  perceived.  It  is  a  heavy, 
viscid,  reddish-yellow  liquid,  of  a  sweetish 
penetrating  odor,  difficultly  soluble  in  water; 
very  soluble  in  alkalies,  with  a  yellowish- 
brown  color;  it  absorbs  dry  ammonia,  forming 
with  it  a  brown  resin-like  mass,  which  is  so- 
luble in  water,  and  may  be  crystallised  by  care- 
ful evaporation.  When  the  liquid  is  rendered 
slightly  alkaline  by  potassa,  nitrate  of  silver 
causes  in  it  a  precipitate,  which,  when  heated 
in  the  liquid,  is  reduced  to  the  metallic  state. 
Kane  considers  this  as  a  proof  of  the  analogy  of 
this  substance  to  aldehyde;  but  the  same  effect 
is  produced,  in  the  same  circumstances,  by  all 
soluble  organic  matters  which  are  not  acid. 
According  to  Kane,  mesitulic  aldehyde  is  pro- 
duced by  the  direct  oxidation  of  mesitylene  by 
the  nitric  acid,  2  eq.  of  oxygen  being  abstracted 
from  the  acid. 


c.  Phosphoric  Acid,  Phosphomesitulic  acid. 
Glacial  phosphoric  acid(metaphosphoric  acid) 
is  dissolved  by  acetone,  with  disengagement  of 
heat,  and  production  of  a  brown  color.  When 
the  mixture  is  neutralized  by  bases,  soluble 
salts  are  obtained. 

The  salt  of  soda  crystallises  in  fine  rhom- 
boidal  tables,  which  become  opake  by  efflo- 
rescence in  the  air;  and,  when  heated,  fuse  in 
their  water  of  crystallisation,  becoming  white, 
then  black,  and  finally  leaving  a  residue  of 
48-8  per  ct.  phosphate  (pyrophosphate '!)  of 
soda.     (Kane.) 

Hypophospho-mesitulmis  Acid.  The  residue  of 
the  distillation  of  a  mixture  of  iodine,  phospho- 
rus, and  acetone,  with  an  excess  of  phosphorus, 
on  cooling  forms  a  mass  like  asbestus,  of 
which  water  dissolves  one  portion,  leaving 
another  in  yellow  scales  undissolved.  The 
solution  has  a  taste  both  acid  and  bitter  ;  when 
neutralized  with  baryta,  it  forms  an  insoluble 
and  a  soluble  salt,  the  latter  congealing  to  a 
crystalline  mass  when  its  solution  is  evapo- 
rated. This  mass  is  a  mixture  of  iodide  of  bari- 
um and  hypophospho-mesitulite  of  baryta,  from 
which  boiling  alcohol  dissolves  the  iodide  of 
barium,  and  leaves  the  new  salt,  which  has 
solubility  in  water,  and  forms  small  white 
crystalline  grains,  without  any  reaction  on 
vegetable  colors.  When  heated,  they  burn 
with  the  flame  of  phosphorus,  leaving  a  black 
residue,  which  by  calcination  is  converted  into 
phosphate  of  baryta.  Heated  with  nitric  acid, 
there  is  a  violent  reaction.  Formula  of  the 
hypophospho-mesitulite  of  baryta,  according 
to  Kane,  C6H603P2,  BaO.  But  he  obtained  by 
the  action  of  nitric  acid  on  it,  74  to  75  per  ct. 
phosphate  of  baryta,  containing  438  to  44  per 
ct.  baryta,  and  indicating,  not  2  eq.  phosphorus 
to  1  eq.  baryta.,  as  in  his  formula,  but  3  eq. 
phosphorus  to  2  eq.  baryta.  According  to 
Plantamour,  this  salt  could  not  be  obtained  by 
Kane's  process,  and  the  subject  evidently  re- 
quires farther  investigation,  as  shown  also  by 
Berzelius. 

3.  Action  of  the  Halogens  on  Acelone  and  Mesi- 
tylene. 

Mesitic  Chloral.  Formula,  C6H4C1202.  (Du- 
mas; Kane.)  Calculated  by  the  formula  in  100 
pts.,  it  does  not  agree  with  a  single  analysis  of 
it  by  Liebig.  By  calculation  C  28-86  +  H  = 
3-13+  CI  55-48  4-0  12-53,  Liebig  found  C  28. 
4-  H  2-8  -f  CI  52-6  +0  16.  When  dry  chlo- 
rine gas  is  passed  through  acetone  till  all  dis- 
engagement of  hydrochloric  acid  has  ceased, 
it  is  converted  into  a  liquid  insoluble  in  water 
of  a  penetrating  and  offensive  odor,  with  a 
spec.  grav.  of  1-33.  It  causes  blisters  on  the 
skin;  boils  at  260°;  is  then  decomposed  with 
disengagement  of  hydrochloric  acid.  It  is  not 
perceptibly  acted  on  by  alkalies,  nor  by  oil  of 
vitriol,  at  the  ordinary  temperature;  but  an 
excess  of  caustic  potassa,  with  the  aid  of  heat, 
dissolves  it,  producing  chloride  of  potassium 
and  a  new  acid,  which  forms  soluble  salts, 
with  nearly  all  metallic  oxides,  but  it  has  not 
been  particularly  examined. 

Chloride  of  Pteleyle.  Formula,C6H3Cl.  (Kane.) 
Formed  by  passing  chlorine  through  mesity- 
lene to  saturation,  when  it  congeals  to  a  crys- 
talline mass,  from  which  boiling  ether  dissolves 
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the  solid  product  and  deposits  it  again  in  crys- 
tals on  cooling.  When  purified  by  recrys- 
tallisation,  it  resembles  commercial  sulphate 
of  quinine;  is  insoluble  in  water;  is  not  de- 
composed by  potassa  in  its  aqueous  or  alcoholic 
solution,  sublimes  at  a  very  high  temperature, 
and  in  dry  ammonia  without  alteration.  The 
analysis  of  this  body  gave  results  not  exactly 
agreeing  with  the  formula.  It  is  remarkable 
that  chlorine  and  nitric  acid  act  differently  on 
mesitylene. 

Iodide  of  Pteleyle.  This  name  has  been  given 
by  Kane  to  the  yellow  micaceous  crystals  ob- 
tained by  resolution  of  the  residue  after  distil- 
ling the  mixture  of  iodine,  phosphorus,  and 
acetone.  They  resemble  iodoform  (iodide  of 
formule)  in  all  their  properties,  except  that 
they  are  volatile  nearly  at  a  red  heat,  without  de- 
composition. Their  composition  has  not  been 
ascertained. 

The  formulae  which  have  been  given  for  the 
compounds  just  treated  of,  as  products  of  the 
decomposition  of  acetone,  must  be  considered 
as  the  expression  of  a  theoretical  view,  founded 
on  a  supposed  analogy  between  acetone  and 
alcohol.  Before  we  can  come  to  any  certain 
conclusions  in  regard  to  these  compounds, 
they  must  all  be  subjected  to  a  rigid  investiga- 
tion.     (Liebig's  Tunic?-  and  Organ.  Chcmie.) 

ACETOUS  FERMENTATION.  Chem.  Tech. 
A  change  which  many  organic  substances  un- 
dergo spontaneously,  under  favorable  circum- 
stances, becoming  wholly  or  in  part  dilute 
acetic  acid.  The  operations,  as  conducted  on 
a  manufacturing  scale,  are  fully  given  under 
Acetic  Acid,  and  we  now  propose  to  offer  a 
few  remarks  of  a  more  general  character. 
The  action  of  platinum-black  was  described, 
and  the  action  of  a  ferment  compared  to  it.  It 
was  observed  by  the  earlier  chemists,  that  car- 
bonic acid  was  produced  during  acetous  fer- 
mentation, but  this  arose  from  their  examining 
fluids  which  had  just  undergone  the  vinous 
fermentation,  or  were  still  forming  alcohol 
while  other  portions  were  entering  on  the  ace- 
tous change.  When  carbonic  acid  is  produced, 
it  arises  not  from  the  oxidation  of  the  alcohol, 
but  of  foreign  matter  in  the  alcoholic  liquid 
(wine,  beer,  &c).  The  acid  is  produced  from 
the  alcohol  by  the  absorption  of  oxygen,  which 
resolves  it  wholly  into  acetic  acid  and  water. 
Saussure  has  shown  that  moistened  earthy 
mould,  vegetable  substances,  and  seeds  have 
the  power  of  absorbing  oxygen  and  hydrogen, 
and  forming  water,  or  oxygen  alone,  in  the 
absence  of  hydrogen,  and  forming  oxidized 
products.  Hence  the  formation  of  acetic  acid 
is  similar  to  that  of  sulphuric,  the  organic 
matter  (ferment)  acts  as  a  medium  of  convey- 
ing oxygen  from  the  air  to  the  alcohol,  as  the 
nitric  oxide  conveys  oxygen  from  the  air  to  the 
sulphurous  acid.  Moistened  shavings  and  saw- 
dust absorb  oxygen  from  the  air  with  great 
rapidity,  and  undergo  putrefaction,  giving  off 
carbonic  acid  and  being  converted  into  a 
brownish  soluble  substance ;  moistened  with 
dilute  alcohol,  the  oxygen  they  absorb  is  passed 
over  to  the  alcohol  and  acetic  acid  is  produced 
without  putrefaction.  Wine  and  bepr  only 
become  acid  when  they  contain  organic  sub- 
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stances  capable  of  absorbing  oxygen,  for  when 
the  ferment  by  long-continued  vinous  fermenta- 
tion is  deposited  and  the  clear  wine  racked  off, 
it  is  little  liable  to  become  acetous;  and  beer 
subjected  to  very  slow  fermentation  at  a  low 
temperature  (Go:  Untcrgahrung)  likewise  de- 
posits its  altered  nitrogenous  ferment  in  an 
insoluble  state,  and  is  not  subject  to  the  acetous 
change  at  common  temperatures.  (Licbig.) 
The  above  views  of  Liebig  do  not  appear  to 
me  to  be  a  sufficient  explanation  of  all  the 
facts,  for  where  the  moist  organic  substances 
are  shown  to  absorb  oxygen,  they  are  them- 
selves decomposed,  but  where  moistened  with 
dilute  alcohol  they  are  not,  as  is  shown  by  the 
shavings  after  lengthened  use  in  the  quick 
vinegar  process.  Moreover,  acetic  acid  itself, 
put  into  a  pure  alcoholic  liquid,  induces  the 
acetous  change.  Mitscherlich  ascribes  the 
change  of  alcohol  into  acid  to  the  contact  of 
certain  bodies  ;  Berzelius  calls  the  force  cata- 
lysis. (See  Contact  and  Cataltsis.)  Why 
should  we,  however,  suppose  that  the  cause  or 
mode  of  the  acetous  change  is  always  the 
same,  when  we  have  numberless  examples  in 
chemical  changes  of  the  same  body  resulting 
from  very  different  processes.  It  is  true,  we 
may  ascribe  all  the  modes  of  generating  acetic 
acid  to  contact,  or  catalysis,  but  some  of  them 
are  more  readily  explained  by  Liebig's  view 
of  a  transfer  of  oxygen.  On  the  other  hand,  Lie- 
big's viewdoes  notexplain  the  change  produced 
by  acetic  acid  itself  in  alcohol,  nor  reconcile 
the  opposite  effects  of  a  change  in  the  trans- 
ferring substance  in  one  case  and  not  in 
another.  The  acetous  change  produced  by  the 
acid  itself  in  alcohol,  is  rather  to  be  classed 
with  that  singular  general  observation,  that 
where  a  substance  has  commenced  a  change 
it  has  a  tendency  to  carry  others  with  it.  May 
it  not  be  ascribed  to  a  variety  of  affinity,  which 
may  be  called  Inducting  or  Imparted  Affinity? 

Where  vinegar  is  exposed  to  the  action  of 
the  air*  there  is  gradually  formed  in  it  a  kind 
of  vegetation,  a  slippery,  gelatinous,  coherent 
mass,  which  is  called  Mother  of  Vinegar,  from 
the  prevalent  idea  that  it  is  the  cause  of  the 
formation  of  vinegar.  While  moist  it  is  nearly 
transparent,  and  contains  much  vinegar,  which 
is  removed  with  difficulty,  by  pressure  and 
washing.  It  gradually  dries  to  a  transparent 
yellowish,  tasteless  pellicle,  which  swells  again 
in  water,  and  more  especially  in  acetic  acid, 
nearly  to  its  original  bulk.  When  thus  puri- 
fied it  has  no  effect  whatever  in  promoting 
acetous  fermentation,  and  when  it  does  so  act 
it  is  only  by  its  content  of  acetic  acid.  Being 
formed  out  of  the  acid,  it  constantly  tends  to 
weaken  the  acid,  and  hence  its  formation 
should  be  avoided,  by  excluding  the  access  of 
air  as  far  as  practicable. 

Other  vegetable  substances,  beside  alcohol, 
are  capable  of  undergoing  the  acetous  fermen- 
tation without  a  perceptible  previous  formation 
of  alcohol,  and  some,  indeed,  which  are  not 
known  to  be  capable  of  the  vinous  fermenta- 
tion. Sugar,  by  the  addition  of  certain  ferments 
may  pass  directly  into  acetic  acid  without  an 
intermediate  alcoholic  change.  Such  a  fer- 
ment is  vegetable   albumen,  precipitated   by 
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acetic  acid  from  the  expressed  juice  of  pota- 
toes, beets,  &c.  Acetic  acid  is  also  produced 
by  the  putrefaction  of  vegetable  matter  in 
marshy  grounds.  (Berz.)  These  changes  have 
not  been  investigated  and  are  of  little  practical 
importance  since  the  acetous  fermentation  is 
always  applied  to  alcoholic  liquids. 

The  conditions  most  favorable  to  acetous 
fermentation,  or  in  other  words,  to  the  absorp- 
tion of  oxygen  by  alcohol,  are  as  extended  a 
surface  as  possible,  the  free  access  of  air  and 
a  proper  temperature.  The  quantity  of  fresh 
air  admitted  should  not  be  too  great,  for  the 
formation  and  escape  of  aldehyde  would  di- 
minish the  quantity  of  acid.  The  temperature 
in  the  quick  process  should  be  100°  to  105°, 
but  in  the  ordinary  process  such  a  temperature 
would  create  too  great  a  loss  by  evaporation, 
and  hence  it  should  be  in  the  latter  case  at 
from  70°  to  80°. 

When  the  fermentation  has  ceased,  the  vine- 
gar should  be  racked  off,  or  filtered  from  the 
lees,  which  would  tend  to  induce  the  putrefac- 
tive fermentation,  and  injure  or  destroy  a  por- 
tion of  the  acid  already  formed. 

ACETULE.  Chem.  It  was  shown  in  the 
commencement  of  Acetic  Acid  that  by  the 
slower  oxidation  of  alcohol  there  is  first  pro- 
duced aldehyde  and  then  acetic  acid  (see  the 
formula  of  this  change).  By  the  action  of 
nitric  acid  on  alcohol,  different  quantities  of 
oxygen  are  given  to  the  elements  of  alcohol, 
which  abstract  hydrogen  or  carbon,  the  for- 
mer rather  than  the  latter  in  the  early  stages 
of  oxidation,  and  sometimes  replace  it ;  the 
products  of  oxidation,  being  aldehyde,  acetic, 
formic,  oxalic,  and  carbonic  acids,  water,  &c. 
More  powerful  oxidizing  agents  produce  higher 
oxides  of  aldehyde,  such  as  aldehydic  and  ace- 


tic acids,  and  these  again  still  higher,  such  as  . 
formic  and  carbonic  acids. 

When  we  examine  aldehyde,  and  the  alde- 
hydic (lampic)  and  acetic  acids,  formed  from 
it  by  oxidation,  we  find  that  they  contain  the 
same  numberof  equivs. of  carbonand  hydrogen 
combined  with  different  quantities  of  oxygen, 
and  from  this  circumstance,  as  well  as  their 
mode  of  formation,  we  are  led  to  infer  that 
they  are  oxides  of  one  and  the  same  base,  or 
radical,  which  is  called  Acetule.  Although 
not  isolated,  yet  we  can  trace  this  radical 
through  manifold  combinations.  Liebig  re- 
gards olefiant  gas  as  a  hyduret  of  acetule,  and 
hence  places  its  combinations  in  this  series; 

1  prefer,  however,  with  Berzelius,  regarding  it 
as  an  independent  radical,  which  he  terms 
Elayl  (which  see).  I  shall  therefore  exhibit 
the  acetule-series,  exclusive  of  elayl,  describing 
its  various  combinations,  and  referring  such  as 
are  either  of  great  practical  importance  or  of 
doubtful  connection  with  acetule,  to  their  al- 
phabetical places  in  the  work. 

Acetule.     Formula  C4H3.     By  the  removal  of 

2  eq.  of  hydrogen  from  ethule,  the  radical  ace- 
tule is  produced.  Aldehyde  is  regarded  as  the 
hydrate  of  the  1st  oxide  of  this  radical;  lampic 
acid  the  2d;  and  acetic  acid  the  3d;  for  alde- 
hyde readily  passes  into  acetic  acid  by  re- 
ceiving 2  eq.  oxygen,  and  by  removing  1  eq.  of 
oxygen  from  the  latter  it  is  converted  into 
lampic  or  aldehydic  acid.  Acetule  differs, 
therefore,  materially  from  ethule,  for  the  oxide 
of  the  latter  exhibits  strong  basic  properties, 
while  the  former  forms  two  decided  acids,  and 
even  aldehyde  (its  hydrated  oxide)  shows  feeble 
acid  properties  by  forming  a  crystallisable  com- 
pound with  ammonia.  Acetule  and  its  oxidized 
compounds  are  the  following : 


Acetule Ac  C.H-    ~)      .  .    ...   , 

Oxide  of  acetule AcO  C^O  5  n0t  1S°lated' 

Hydrated  oxide  of  acetule.. .  AcOj,  aq.  C4H30  -|-  HO  aldehyde. 

Acetulous  acid Ac02,  aq.  C4H302+  HO  aldehydic  (lampic)  acid. 

Acetulic  acid Ac03,  aq.  C4H303  -j-  HO  hydrate  of  acetic  acid. 


1.  Hydrated  Oxide  of  Acetule. 
mode  of  formation. 


Syn.     Aldehyde,  from  afcohol  (Mj/rfrogenated,  signifying  its 


Formula,  empirical  C4H402,  rational  C4H30-f-  HO  or  AcO,  aq. 
Composition.  Form.         H  =  l  O  =  100       Calculated.  Found. 

4  eq.  carbon C4  24  300-48  55-024  54-711 

4  "    hydrogen H4  4  50-00  8-983  8-991 

2   "    oxygen 02  16  200-00  35-993  36-198 
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Theoretic  view.  Form. 

1  eq.  acetule C4H3 

1   "    oxygen O 

1   "    water HO 


1 


hydrated  oxide  of  acetule. 


550-48 

100-000 

99-000    Liebig 

H  =  l 

27 
8 
9 

O=100 
337-98 
100-00 
112-50 

Calculated. 
61-35 
18-18 
20-47 

44 

550-48 

100-00 

Formation.  Arises  in  many  ways  from  the 
decomposition  of  alcohol  and  ether.  By  pass- 
ing dry  ether  through  a  glass  tube,  at  a  low  red 
heat,  it  is  resolved  into  inflammable  gases  and 
aldehyde. 

It  is  farther  formed  by  the  action  of  chlorine 


and  many  chlorides  on  alcohol,  and  by  plati 
num-black,  when  acetal  is  also  formed. 

Prep.  Two  parts  of  aldehydammonia  are 
dissolved  in  2  parts  of  water,  and  mixed  with 
a  cold  diluted  acid,  made  with  3  parts  of  oil  of 
vitriol,  and  4  parts  of  water.    The  mixture  is 
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distilled  in  a  retort,  connected  with  a  condenser 
surrounded  by  ice,  with  the  heat  of  the  water- 
bath.  The  product  is  twice  rectified  with  its 
own  bulk  of  chloride  of  calcium,  at  a  tempera- 
ture not  exceeding  from  77°  to  86°,  in  order 
to  free  it  from  uncombined  water. 

Prop.  A  clear,  colorless  liquid,  refracting 
light  feebly,  of  a  peculiar  ethereal  and  suffo- 
cating smell.  It  boils  at  71°,  spec.  grav.  at 
65°,  0-79.  It  is  miscible  with  water,  alcohol, 
and  ether  in  all  proportions,  neutral  to  test- 
paper,  inflammable,  burning  with  a  pale 
whitish  flame.  In  contact  with  oxygen  it  ab- 
sorbs it,  and  is  converted  into  hydrated  acetic 
acid  ;  dissolves  phosphorus,  sulphur,  and 
iodine;  is  decomposed  by  chlorine  and  bro- 
mine, forming  hydracids  and  oily  substances 
containing  chlorine  and  bromine.  Solution  of 
chlorine  converts  it  into  acetic  acid,  and  the 
same  change  takes  place  when  it  is  heated 
with  dilute  sulphuric  acid.  When  mixed  with 
hydrate  of  sulphuric  acid,  it  becomes  thick  and 
brown,  and  after  some  time  a  black  carbona- 
ceous coagulum  separates.  With  dry  ammo- 
nia it  forms  a  crystallisable  body,  aldehyde 
ammonia.  When  mixed  with  an  aqueous  so- 
lution of  potassa,  the  mixture  soon  becomes 
brown,  and  after  some  time  a  light  brown 
resinous  body  rises  to  the  surface.  When  a 
solution  of  aldehyde  is  warmed  with  oxide  of 
silver,  the  oxide  is  partially  reduced,  without 
disengagement  of  gas,  and  the  vessel  is  co- 
vered with  a  brilliant  surface  of  silver.  The 
liquid  contains  aidehydate  of  silver.  A  liquid 
containing  aldehyde,  to  which  some  ammonia 
is  fir.st  added,  and  then  nitrate  of  silver,  till  all 
alkaline  reaction  disappears,  produces,  when 
heated,  the  same  appearance  of  reduced  metal 
without  the  solution  of  gas;  and  this,  with  the 
action  of  potassa,  is  a  sure  and  simple  method 
of  proving  the  presence  of  aldehyde  in  any 
liquid.  When  long  kept,  aldehyde  spontane- 
ously changes  into  two  substances  of  the  same 
composition :  one  of  which,  metaldehyde,  is 
solid  at  ordinary  temperatures  ;  the  other, 
elaldchyde,  is  a  liquid. 

When  potassium  is  introduced  into  aldehyde, 
heat  is  developed,  hydrogen-gas  is  disengaged, 
and  a  solid  compound  is  formed,  containing 
potash,  which  is  soluble  in  water,  has  an  alka- 
line reaction,  reduces  the  salts  of  silver  with 
the  aid  of  heat,  and  is  decomposed  by  acids, 
without  yielding  aldehyde.  This  compound 
has  not  been  minutely  examined  ;  it  is  proba- 
bly aidehydate  of  potash,  or  contains  that  sub- 
stance. 

From  the  ease  with  which  it  may  be  formed 
from  alcohol  and  from  its  great  volatility 
(boiling  at  71°),  it  will  readily  be  seen  what 
an  important  influence  it  exercises  over  the 
economy  of  the  quick  vinegar  process. 

Mihhydammonia.  Dbbereiner  observed  that 
raw  acetal,  saturated  with  ammonia,  deposited 
a  white  crystalline  body  ;  in  which  Liebig 
proved  the  presence  of  aldehyde. 

Formula,  C4H30,  NH3,  HO,  or  AcO,  NH?  aq. 

Prep.  Six  parts  of  sulphuric  acid,  mixed 
with  4  of  water,  4  of  alcohol  of  80  p.  c,  and  6 
of  binoxide  of  manganese  in  fine  powder,  are 
distilled  at  a  gentle  heat.  The  retort  should  be 
only  |  filled,  and  connected,  air-tight,  with  a 
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receiver  cooled  by  ice  to  32°.  When  no  more 
frothing  is  observed  in  the  retort,  the  product, 
which  amounts  to  6  parts,  is  rectified  with  its 
own  weight  of  chloride  of  calcium.  The  pro- 
duct now  amounts  to  3  parts,  and  is  again 
rectified  with  its  own  weight  of  chloride  of 
calcium.  In  this  way  1$  parts  are  obtained 
of  a  liquid,  consisting  chiefly  of  aldehyde,  with 
alcohol,  a  little  water,  and  acetic  and  formic 
ethers.  These  1^  parts  are  mixed  with  their 
bulk  of  ether,  and  the  mixture  is  saturated  with 
dry  ammoniacal  gas,  when  crystals  of  aldehyd- 
ammonia  separate  in  abundance  ;  which,  when 
washed  with  ether  and  dried  at  the  ordinary 
temperature,  are  quite  pure. 

Prop.  Colorless,  transparent,  brilliant.acute 
rhombic  prisms,  refracting  light  powerfully, 
friable,  having  an  odor  of  turpentine;  fusible 
between  158°  and  176°,  distilling  unchanged 
at  212°,  distilled  with  access  of  air  there  is  a 
resinous  brown  residuum.  The  crystals  be- 
come brown  by  exposure  to  the  air,  and  even 
in  sealed  tubes,  and  acquire  a  smell  of  burnt 
feathers.  They  may  be  kept  for  a  short  time 
under  ether.  They  are  very  soluble  in  water, 
and  the  solution  has  an  alkaline  reaction ; 
soluble  in  alcohol  (better  in  warm),  acetal,  and 
acetic  ether;  nearly  insoluble  in  ether,  which 
precipitates  them  again  slowly  in  large  and 
distinct  crystals  from  their  saturated  solution 
in  alcohol,  acetal,  or  acetic  ether.  A  concen- 
trated solution  gives,  with  nitrate  of  silver,  a 
precipitate  soluble  in  water,  insoluble  in  alco- 
hol, which  contains  nitric  acid,  oxide  of  silver, 
ammonia,  and  aldehyde ;  by  heating  with  water 
the  oxide  is  reduced,  and  aldehyde  set  free. 

Resin  of  Aldehyde.  A  product  of  the  decom- 
position of  the  aqueous  solution  of  aldehyde 
by  caustic  potassa.  It  is  likewise  produced 
when  an  alcoholic  solutionof  potassa  is  exposed 
to  the  atmosphere,  (and  is  often  found  upon  dis- 
solving in  water  potassa  prepared  by  alcohol? 
J.  C.  B.)  The  reaction  has  not  been  fully  studied, 
yet  it  is  known  that  the  resin  of  aldehyde  is  not 
the  only  product.  A  mixture  of  potassa  with  4 
pts.  aldehyde,  and  1  pt.  water,  when  heated, 
gives  off  a  combustible  liquid,  of  a  most  pene- 
trating spirituous  odor,  and  smarting  the  eyes 
very  powerfully  ;  it  is  miscible  with  water,  but 
its  composition  is  unknown.  The  resin  swims 
on  the  surface  of  the  liquid  in  the  retort,  in  the 
shape  of  a  soft  light-brown  mass,  very  soluble 
in  alcohol,  and  a  solution  of  caustic  potassa, 
from  which  it  maybe  obtained  by  evaporation, 
or  by  saturating  with  an  acid.  When  dried  and 
heated  to  212°,  it  gives  off  a  very  nauseous 
soapy  smell,  and  it  sometimes  inflames  spon- 
taneously. 

Elaldchyde.  Discovered  by  Fehling.  Empiri- 
cal formula,  CI2H]206.  (Fehling.)  Isomeric,  or 
rather  polymeric  with  aldehyde.  When  pure 
aldehyde  is  long  kept,  it  loses  by  degrees  its 
solubility  in  water,  and  produces  two  new  sub- 
stances. If  kept  at  32°,  it  forms  ice-like 
needles,  which  melt  at  about  35°  into  a  trans- 
parent liquid,  lighter  than  water.  It  has  the 
odor  of  aldehyde,  but  weaker ;  it  boils  at 
201-5°,  its  vapor  being  very  inflammable  with 
a  blue  flame.  It  does  not  become  brown  with 
potash,  nor  does  it  act  on  nitrate  of  silver;  it 
does  not  combine  with  ammonia;  with  cold 
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otl  of  vitriol  it  becomes  brown ;  when  heated 
with  it,  it  is  blackened.  Its  composition  by 
weight  is  exactly  that  of  aldehyde,  but  the 
density  of  its  vapor  shows  that  3  vol.  of  vapor 
of  aldehyde  have  been  condensed  into  one 
volume  of  elaldehyde. 

Metaldchyde.  When  aldehyde  is  kept  at  the 
ordinary  temperature  in  closed  vessels,  it  is 
partially  converted  into  crystals  of  metalde- 
hyde,  which  sometimes  disappear  without  our 
being  able  to  detect  them  in  the  liquid.  It 
forms  long  needles,  or  transparent,  hard,  four- 
sided  prisms,  easily  pulverized,  volatile  at  230° 
without  previous  fusion.  The  vapor  condenses 
in  the  air  in  the  form  of  light,  snowy  floccula. 
It  is  insoluble  in  water,  readily  soluble  in  alco- 
hol, from  which  it  may  be  crystallised.  It  has 
also  the  same  composition  by  weight  as  alde- 
hyde ;  but  the  density  of  its  vapor  is  probably 
very  different,  although  not  yet  ascertained. 
(Fehling.) 

2.  Jcetulous  Jcid.  Syn.  Aldehydic  acid,  Lam- 
pic  acid.  Formula  of  the  hydrated  acid  C4H3 
02-f-  HO,  or  Ac02,  aq.  The  name  of  aldehy- 
dic acid  has  been  given  to  the  acid  which  is 
formed  when  an  aqueous  solution  of  aldehyde 
is  warmed  with  oxide  of  silver.  In  this  case, 
as  above  mentioned,  part  of  the  oxide  of  silver 
is  reduced,  and  the  rest  combines  with  the  new 
acid.  If  a  current  of  sulphuretted  hydrogen 
be  passed  through  the  liquid,  the  silver  is  sepa- 
rated as  sulphuret,  and  the  aldehydic  acid  is 
obtained  pure,  but  much  diluted.  It  has  a 
sharp  acid  taste,  and  neutralizes  metallic 
oxides;  but  its  salts  cannot  be  obtained  pure, 
because  by  the  evaporation  of  those  with  an 
alkaline  base,  they  pass  into  acetates,  with  the 
deposition  of  a  dark-brown  substance  resem- 
bling the  resin  of  aldehyde ;  evaporated  in 
vacuo  they  are  obtained  of  a  yellow  color. 
Their  characteristic  property  is  to  yield  with 
cold  sulphuric  acid  a  vapor  which  attacks  the 
eyes  strongly,  while  the  mixture  becomes 
black.  If  a  solution  of  aldehydate  of  baryta 
be  warmed  with  nitrate  or  oxide  of  silver,  or 
of  mercury,  these  metals  are  reduced  without 
effervescence,  and  the  solution  is  found  to  con- 
tain pure  acetate  of  baryta.  The  following 
behavior  leaves  no  doubt  as  to  the  composi- 
tion of  this  acid: — 

Aldehyde,  gently  warmed  with  oxide  of  sil- 
ver, gives  metallic  silver  and  a  soluble  salt  of 
oxide  of  silver,  the  latter  of  which  may  be 
safely  assumed  to  contain  1  at.  oxide  of  silver. 
If  the  solution  of  this  salt  be  mixed  with  as 
much  barytic  water  as  precipitates  all  the 
oxide  of  silver,  and  the  solution,  which  con- 
tains the  newly  formed  salt  of  baryta,  be 
heated  along  with  the  oxide  of  silver  just  form- 
ed, the  latter  is  completely  reduced,  and  the 
liquid  now  contains  pure    acetate  of  baryta. 
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In  this  salt  the  oxygen  of  the  acid  is  to  that  of 
the  base  as  3  :  1,  but  1  of  these  3  at.  of  oxygen 
was  combined  with  oxide  of  silver  in  the  alde- 
hydate, the  salt  first  formed,  and  passed  from 
the  silver  to  the  aldehydic  acid,  converting  it 
into  acetic  acid.  Now  acetic  acid  in  its  dry 
salts  has  the  formula  C4H303;  consequently 
the  dry  aldehydic  acid  must  have  the  formula 
C4H302,  or  in  the  state  of  hydrate  C4H302  -f  aq. 
Aldehydic  acid  is  probably  one  of  the  ingre- 
dients of  the  so-called  lampic  acid,  discovered 
by  Davy  and  Faraday,  and  more  closely  but 
not  sufficiently  examined  by  Daniell  and  Con- 
nell.  When  a  coil  of  fine  platinum  wire  is 
kept  red-hot  in  the  wick  of  a  spirit-lamp  (see 
Jphlogistic  under  Lamp),  and  the  products  of 
this  low  combustion  condensed  in  the  head  of 
an  alembic,  an  acid  liqifid  is  obtained,  the 
vapor  of  which  acts  strongly  on  the  eyes,  and 
which  contains  several  acids,  one  of  which  is 
formic  acid.  {Connell.)  The  salts  which  Da- 
niell obtained  by  neutralizing  this  acid  liquid 
(lampic  acid),  with  alkalies,  approached  near- 
ly to  the  acetates  in  composition,  but  differed 
from  them  by  their  action  on  the  salts  of  silver 
and  mercury ;  the  solutions  of  which,  heated 
with  the  new  salts,  deposited  reduced  metal, 
with  disengagement  of  carbonic  acid  gas,  while 
part  of  the  oxides  was  found  dissolved  in  the 
form  of  acetates.  This  induced  Connell  to 
pronounce  the  lampic  acid  a  mixture  of  acetic 
and  formic  acids  :  but  the  solutions  of  its  alka- 
line salts  become  dark  brown  by  evaporation, 
and  the  acid  itself  is  blackened  by  heating 
with  sulphuric  acid  ;  characters  which  do  not 
belong  to  either  acetic  or  formic  acids,  but  ra- 
ther to  aldehydic  acid.  Besides,  acetic  and 
formic  acids,  although  both  have  a  pungent 
smell,  do  not  affect  the  eyes,  which  the  lampic 
and  aldehydic  acids  do.  Hence  it  is  probable 
that  lampic  acid  is  a  mixture  of  aldehydic, 
acetic,  and  formic  acids,  the  2d  and  3d  being 
products  of  the  higher  oxidation  of  the  1st 
and  the  3d  of  the  2d.  A  comparison  of  the 
lampic  acid  with  the  aldehydic  acid  prepared 
directly  from  aldehyde,  will  soon  decide  the 
question. 

3.  Aretulic  Acid.     See  Acetic  Acid. 
Acetulic    Compounds,   formed    by    the   De- 
composition of  Ether  and  its  Compounds 
by  Chlorine. 

This  interesting  but  complex  subject  has 
been  investigated  with  great  zeal  and  success 
by  Malaguti,  Liebig,  Regnault,  &c. ;  and  while 
it  is  still  in  transitu,  I  shall  here  present  a  con- 
nected view  of  the  series,  drawn  in  part  from 
the  Worterbuch  der  Chemie,  by  Liebig,  Pogg., 
and  Wbhler,  &c.  The  following  table  exhibits 
the  successive  decompositions  of  chloride  of 
ethule  (chlorohydric  ether)  by  chlorine,  as 
shown  chiefly  by  Regnault. 


Chlorohydric  ether  (chloride  of  ethule) . . 
].             "                 "     monochlorinated  . .. . 

4.             "                "     quadrichlorinated 

Formula. 

Density  of 
vapor. 

Spec.  grav. 

Boiling 
point. 

C,H5C1 

C„H4C12 

C4H3C13 

C4H2C14 
C4H  Cl5 

C4        C6 

2-219 
3-478 
4-530 
5-799 
6-975 

0.874 
1-174 
1-372 
1-530 
1-604 
1-619 

52° 
147° 
167° 
216° 
295° 
252° 
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The  1st,  called  chloride  of  aldehyde,  is  era-  volatile  products.  After  the  action  has  con- 
ployed  for  preparing  the  others.  Pnp.  It  is  tinned  about  2  days,  the  liquid  is  distilled  the 
formed  by  exposing  a  mixture  of  chlorine  and  I  1st  and  last4ths  being  separated  from  the  mid- 
chlorohydric  ether  to  the  rays  of  the  sun,  when  die  half.  This  last  is  the  bichlonnated  chlmo- 
a  violent  action  takes  place,  with  the  disen-  |  hydric  ether,  or  chloride  of  acetule  =  C4H3U3. 
gagement  of  chlorohydric  acid,  and  the  forma-    It  is  slowly  decomposed  by  an  alcoholic  sola 


tion  of  chloride  of  aldehyde.  The  ether  should 
be  in  excess.  The  product  is  washed  with 
wat(  r,  rectified  in  a  water-bath,  and  distilled 
with  caustic  lime,  to  free  it  from  muriatic  acid. 
The  1st  few  drops  and  the  last  4th  are  re- 
moved, the  latter  containing  a  compound  more 
charged  with  chlorine. 

Prop.  Pure  chloride  of  aldehyde  is  a  colorless, 
very  mobile  liquid,  resembling  closely  in  odor 
the  chloride  of  eHiyle  (chlorohydrate  of  chlo- 
ride of  acetule— Licbig),  (oil  of  olefiant  gas), 
with  a  sweet,  peppery  taste  ;  spec.  grav.  1-174 
at  62-6°;  boils  at  147-2°;  density  of  vapor 
by  exper.  3178.  It  is  isomeric  with  oil  of 
olefiant  gas,  differing  from  it  in  its  boiling 
point,  and  in  its  behavior  to  potassium  and  an 
alcoholic  solution  of  potassa,  with  each  of 
which  it  may  be  distilled  without  decomposi- 
tion. The  2d  is  formed  by  saturating  with 
chlorine  a  considerable  quantity  of  the  pre- 
ceding chloraldehyde,  under  a  stratum  of  wa- 
ter in  a  cylinder,  the  latter  being  connected 
with  a  cooled  recipient  to  collect  one  of  the 


tion  of  potassa  into  chloride  of  potassium  and 
acetic  acid.  The  1st  and  last  4ths  of  the  dis- 
tilled liquid  serve  for  the  production  of  the  3d 
and  4th  compounds  ;  the  chief  hinderance  to 
obtaining  which  pure,  lies  in  the  difficulty  of 
separating  them  by  distillation  ;  and  hence  the 
substance  should  be  analyzed  from  time  to 
time  to  ascertain  when  the  due  proportion  of 
chlorine  is  present.  The  5th  and  last  is  gene- 
rated by  the  farther  action  of  chlorine  on  the 
volatile  product  above  mentioned.  It  is  also 
produced  by  the  exposure  of  an  excess  of  chlo- 
rine and  chloride  of  ethule  to  the  rays  of  the 
sun.     It  is  the  sesquichloride  of  carbon. 

Under  Acetic  Acid  it  was  shown  that  that  acid 
is  formed  by  the  oxidation  of  alcohol,  2  equiv. 
of  hydrogen  being  removed,  and  replaced  by  2 
equiv.  oxygen.  Chlorine  has  a  similar  reac- 
tion, producing  the  oxychloride  of  acetule 
(chloride  of  ether). 

Oxybichloride  of  Acetule.     Syn.    Ger.  Chlorse- 
ther   II.,  or  Acetyloxydchlorid   (Liebig.)     Fr. 
Ether  chlorure  (Malaguti). 
O    C  O) 


Formula,  C4H3C120,  or  C4H3C12 
Composition.  Form.  H  =  1 

4  eq.  carbon C4  24 

3  "    hydrogen H3 

oxy 


.0 
chlorine CL 
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1  "    oxvchloride  of  acetule 106 


£or  AcCl25 

0  =  100 

In  100 

300-48 

22-88 

37-50 

2-82 

100-00 

7-54 

887-50 

66-76 

1325-48 

10000 

(Malaguti.) 


Prep.    Washed  and  dry  chlorine  is  passed  i  dry  ammonia ;  when  in  solution  in  dry  alcohol 


through  anhydrous  ether,  being  wholly  absorb- 
ed at  first,  the  liquid  becoming  yellow,  and  in- 
creasing in  bulk.  After  several  hours  the  ab- 
sorption diminishes,  while  muriatic  acid  gas  is 
gradually  disengaged,  and  at  length  increases 
to  such  violence  that  the  liquid  should  then  be 
cooled  to  below  32°;  chlorohydric  ether  is 
evolved  at  the  same  time.  When  the  disen- 
gagement of  these  two  gaseous  bodies  ceases, 
the  continued  action  of  chlorine  is  assisted  by  a 
temperature  of  194°,  until  the  boiling  point  of 
the  liquid  begins  to  paas  212°.  Malaguti  pass- 
ed chlorine  for  40  hours  through  100  grammes 
of  ether.     The  product,  a  yellow,  acid,  fuming 


it  is  not  changed  by  ammonia.  In  hydrous 
alcohol  with  ammonia,  or  with  the  latter,  when 
moist,  it  is  converted  into  muriate  and  acetate 
of  ammonia.  Sulphuric  acid  blackens  it,  form- 
ing muriatic  acid  and  charcoal. 

Oxymonochloride  of  Acetule  (itlher  souschlorurc, 
Malaguti).  Potassium,  when  heated  with  the 
preceding,  abstracts  1  equiv.  chlorine,  forming 
a  gaseous  body  and  chloride  of  potassium ; 
thus,  C4H30  Cl2  +  K  =  K  CI  +  C4H30  CI. 
The  latter  is  the  new  substance. 

Oxybisulphurct  of  Acetule.  Compounds  of  an 
analogous  nature,  in  which  the  chlorine  is 
wholly  or  partially  replaced  by  sulphur,  may 


liquid  is  distilled  in  a  water  bath,  the  tempera-  I  be  obtained  by  the  action  of  sulphuretted  hy- 


ture  being  raised  carefully  and  gradually  until 
it  begins  to  exhibit  a  darker  color,  which  is 
generally  275°  to  287-6°;  then  washed  with 
water  till  perfectly  neutral  to  litmus,  and  dried 
in  vacuo  over  caustic  lime  and  sulphuric  acid. 
Prop.  A  colorless,  transparent,  oily  liquid, 
of  an  agreeable  taste  and  odor,  like  oil  of  fen- 
nel-seed; spec.  grav.  1-5008;  boils,  and  is  de- 
composed at  284° ;  decomposed  gradually  by 
contact  with  water  into  products  soluble  in 
water  (chlorohydric  and  acetic  acids'!)  An 
alcoholic  solution  of  potassa  instantly  decom- 
poses it  into  acetate  of  potassa  and  chloride  of 
potassium,  thus.  C'4H30  CI,  +  3  KO  =  KO, 
C4H303  -\-  2  K  CI.  Farther  decomposed  by 
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drogen  gas  on  the  oxychloride.  When  that 
gas  is  passed  through  the  liquid,  hydrochloric 
acid  is  disengaged,  and  there  is  formed  an 
oily,  colorless,  fetid  liquor,  which'  blackens 
on  exposure  to  the  air,  and  gradually  passes 
for  the  most  part  into  a  crystalline  mass.  Hot 
alcohol  dissolves  this ;  and  on  cooling  deposits 
tolerably  large  colorless  prisms,  fusible  be- 
tween 228°  and  235°;  not  volatile,  insoluble  in 
water,  soluble  in  alcohol  and  ether.  The  for- 
mula of  this  compound,  which  may  be  called 

oxysulphuret  of  acetule,  is  C4H3y  C,  accord- 
ing to  which  it  is  anhydrous   acetic  acid  in 


ACETULE. 


ACETULE. 


which  2  equiv.  oxygen  have  been  replaced  by 
2  equiv.  sulphur.  In  contact  with  an  alcoholic 
solution  of  potash,  it  forms  sulphuret  of  potas- 
sium and  acetate  of  potassa.  The  mother- 
liquid  of  these  crystals,  on  further  evaporation, 
yields  yellow  unctuous  scales,  fusible  at  about 
160°,  and  possessing  analogous  properties.  It 
is  distinguished  from  the  1st  by  containing  only 
1  eq.  sulphur  and,  in  the  place  of  the  second,  1  eq. 

O  } 
chlorine.    Its  formula  is  C4H3C1  C      (Oxychlo- 

s  3 

rosulpkuret  of  Acetule).  With  an  alcoholic  solu- 
tion of  potassa,  this  body  gives  sulphuret  and 
chloride  of  potassium,  with  acetate  of  potassa. 

The  compounds  of  oxide  of  ethule  (ether) 
with  acids  are  acted  on  by  chlorine  very  much 
as  the  ether  itself;  with  this  difference,  that  the 
acids,  when  not  altered  by  chlorine,  and,  when 
they  are  altered  by  it,  the  new  substances 
formed  remain  in  combination  with  the  oxy- 
chloride  of  acetule. 

Malaguti  examined  the  action  of  chlorine 
on  the  neutral  compounds  of  acids  with  the 
oxide  of  ethule  (ethers),  and  called  the  neutral 
oily  compounds  of  these  ethers  chloracetic, 
chloroxalic,  chlorobenzoic,chloroformic  ethers; 
but  by  decomposition  with  potassa  they  produce 
no  alcohol,  but  always  acetic  acid,  which,  toge- 
ther with  the  original  acid  of  the  ether,  combines 
with  the  potassa.  The  constant  appearance  of 
•    'tic    acid,  by  their    decomposition,   shows 


them  evidently  to  be  compounds  of  acetule. 
Thus  acetic  ether  gives  with  chlorine  a  body 
(Chloracetic  Ether,  which  see)  consisting  of 
C8H604C12,  which  may  be  represented  by  the 

formula  C4H303  -f-  C4H3q.  >  ,  or  1  equiv.  ace- 
tic acid,  and  1  equiv.  oxychloride  of  acetule.  In 
some  ethers  the  acid,  as  well  as  oxide  of  ethule, 
are  attacked  by  chlorine :  thus,  benzoic  ether 
takes  up  3  equiv.  chlorine,  but  gives  off  only  2 
equiv.  chlorohydric  acid,  so  that  the  sub- 
stance formed  consists  of  C18HS03C13,  or  of 
chloride  of  Benzule  (Bz.  CI  =  C]4H502,  CI) 

-f-  C4H3p,    >  (oxychloride  of  acetule).   These 

compounds  will  be  found  under  their  several 
titles,  Chloracetic, Chlorobenzoic,  &c,  ethers. 

The  preceding  decompositions  refer  to  the 
removal  of  so  much  of  the  hydrogen  of  ether 
(C4HjO)  as  to  leave  acetule  (C4H3),  and  to  the 
replacement  of  oxygen  either  wholly  or  in  part. 
But  the  hydrogen  may  be  still  farther  or  wholly 
removed,  forming  an  aldehyde.  Thus,  Chlo- 
ral (which  see)  is  composed  of  C4H  C1302,  oi 
perhaps  more  properly  C4C130  +  HO  (com- 
pare this  with  aldehyde  in  the  former  part  of 
the  article  Acetule),  and  Chloracetic  Acid 
(see  this),  which  is  composed  of  C4C1303  -f-  HO 
(compare  the  formula  of  Acetic  Acid). 

The  following  table  represents  the  various 
compounds  of  acetule  which  have  been  de- 
scribed or  alluded  to  in  the  present  article : 


Tabular  View  of  the  Compounds  of  Acetule. 

C.FL Acetule  ~)  ,        ,u  .•     , 

CX30 Oxide  of  acetule  5  hyP°thetlcal- 

C4H30  -\-  HO Hydrated  oxide  of  acetule  (aldehyde). 

C4H302  -f-  HO Acetulous  acid  (aldehydic  acid). 

C4H303  -f-  HO Acetic  acid. 

C4H30  -\-  HC1 Chlorohydrate  of  oxide  of  acetule  (hypothetical) 

Quni   f    Oxymonochloride  of  acetule. 

q  U  qj   £    Oxybichloride  of  acetule. 

Cjjg     t    Oxybisulphuret  of  acetule. 

3o2  ~) 

C4H3S    v Oxychlorosulphuret  of  acetule. 

ci  3 

C4H3C1-1-  HC1  (C4H4C12)    .   Monochlorinated  chlorohydric  ether  (Chloraldehyde.  Regnault). 
3  (C4H402)  +  2CyCl+  2HO  Chlorocyan-aldehyde. 

C4H3C13  Terchloride  of  acetule  (bichlorinated  chlorhydric  ether,  Regnault). 

C^J^O+HO Chloral.  J 

C4Br30+HO Bromal. 

C-tO'sOj  4-  HO Chloracetic  acid. 

Admitting  Elayl  (defiant  gas=C4H4)  to  be  a  hyduret  of  acetule  (C4H3+H),  as  assumed 
by  Liebig,  the  series  of  acetule  formed  from  it  would  be : 

C4H3   Acetule. 

C4H3  -(-  H Hyduret  of  acetule  (olefiant  gas). 

C(H3,C1 Protochloride  of  acetule. 

n4S3'Sl  ~*~  HC1 Hydrochlorate  of  chlor.  of  acetule  (oil  of  olefiant  gas; 

C4H3,Br Protobromide  of  acetule. 

C|H3,Br-f-  Hgr Hydrobromate  of  bromide  of  acetule. 

0,H3,C13  (?) Terchloride  of  acetule. 

C4H3,H4-4SO3^(C4H3,S2O5+H0,2S03?)  Hyposulphoacetylic  acid. 

C4H3,C1  -f  Pt2Cl Chloride  of  platinum  and  acetule. 

C4H3,C1-|-  Pt2Cl-f  KC1 Chloride  of  potassium,  platinum,  and  acetule. 

C4H3,Cl-f-  Pt2CI4-NH3 Chloride  of  platinum  and  acetule,  with  ammonia. 
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ACETULOUS  ACID. 

For  the  various  views  on  this  subject  see 
Berz.  Juhresberuht,  1841;  Lehrb.  vol.  viii. ; 
Liebig's  Turner,  p.  895,  &C. ;  Handworterb.  d. 
Chemie,  ii.  174,  &c. ;  Malaguti  ia  Lieb.  and 
Wohler's  Annalen,  xxxii. ;  Regnault,  in  the 
same,  xxxiii.,  &c. 

ACETULOUS  ACID.  See  Mdehydic  acid, 
under  Acetcle. 

ACHIRITE.  Min.  See  Siliceous  Mala- 
chite. 

ACHROMATIC.  Optics.  Free  from  color. 
Achromatic  glasses  are  lenses  or  combinations 
of  them,  designed  to  refract  light  without  pro- 
ducing color  in  the  image. 

ACICULAR  BISMUTH  GLANCE.  Min. 
See  Needle-ore. 

ACIDIFIABLE.  Chem.  Capable  of  being 
converted  into  an  acid,  such  as  sulphur,  carbon, 
&c,  which  by  oxygen  may  be  converted  into 
sulphurous,  carbonic  acids,  &c. 

ACIDIMETRY.  Chem.  Tech.  The  deter- 
mination of  the  strength  of  acids  without  re- 
sorting to  direct  analysis,  the  methods  being 
always  more  or  less  physical,  such  as  specific 
gravity,  boiling  point,  behavior  to  light,  and 
electricity.  The  most  convenient  for  liquids 
is  the  spec,  grav.,  but  it  cannot  always  be 
employed,  since  the  same  acid  of  different 
strengths  may  have  the  same  density  (see 
Acetic  Acid);  and  since  foreign  ingredients 
may  affect  the  density  and  not  the  acidity.  The 
best  method  is  unquestionably  to  neutralize 
measured  quantities  of  the  dilute  acid  with 
measured  quantities  of  a  liquid  containing  a 
given  quantity  of  alkali,  such  as  caustic  am- 
monia, a  solution  of  carbonate,  or  bicarbonate 
of  potassa,  &c.  Of  all  alkaline  bodies  caustic 
ammonia  seems  to  be  generally  the  most  con- 
venient, being  a  strong  base  always  in  a  conve- 
nient form  for  use,  and  its  salts  soluble.  If  a 
certain  standard  of  ammonia  could  be  adopted, 
tables  might  be  constructed  for  exhibiting,  by 
its  use,  the  quantity  of  dry  acid  in  any  solution. 

ACIDS.  Chem.  A  large  class  of  bodies  in 
the  organic  and  mineral  kingdoms,  found  some- 
times free,  but  usually  combined.  In  the 
earlier  days  of  the  modern  science  of  chemistry 
it  was  usual  to  apply  this  term  to  such  oxidized 
bodies  as  possessed  a  sour  taste,  reddened  cer- 
tain vegetable  blue  colors,  and  neutralized 
alkalies.  It  soon  became  evident  that  the  de- 
finition of  the  term  acid  must  be  extended ;  for, 
1st,  the  hydracids,  such  as  the  muriatic,  contain 
no  oxygen,  excepting  when  in  an  aqueous  so- 
lution ;  2d,  some  bodies,  analogous  to  acids, 
and  presenting  all  other  characters  of  acids,  are 
insoluble  in  water,  and  therefore  can  neither 
redden  blues  nor  taste  sour,  such  as  the  silicic 
acid  (flint),  which  closely  resembles  the  bo- 
racic  ;  and  lastly,  some  acids  cannot  conceal 
or  neutralize  the  alkaline  nature  of  potassa  or 
soda,  excepting  when  in  excess :  thus  the  car- 
bonates of  potassa  and  soda  and  the  sulphite 
of  soda  exhibit  alkaline  reaction.  The  subse- 
quent developement  of  sulphur  salts  by  Berze- 
lius  led  to  the  farther  extension  of  the  term 
acid  to  certain  sulphurets,  such  as  sulphuretted 
hydiogen,  sulphur°t  of  arsenic,  &c.  Again, 
some  chemists  regard  certain  metallic  chlorides 
as  acids,  such  as  the  chloride  of  platinum.  It 
as  therefore  difficult,  if  not  impossible,  to  give  a 
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definition  of  acids  which  may  at  the  same  time 
be  preci6e  and  chemically  correct.  We  may 
with  sufficient  accuracy  regard  as  acids  those 
bodies  which  unite  with  the  oxide,  sulphuret,  or 
chloride  of  potassium,  and  produce  compounds 
analogous  to  the  salts  which  sulphuric  acid, 
sesquisulphuret  of  arsenic,  or  chloride  of  plati- 
num form,  severally,  with  the  above  compounds 
of  potassium.  Or  we  may  say  more  concisely 
and  perhaps  more  correctly  that  an  acid  is  the 
electronegative  compound  of  a  salt  consisting  of 
more  than  two  elements. 

The  extensive  researches  of  the  last  few 
years,  both  in  organic  and  inorganic  chemistry, 
have  led  to  novel  views  of  the  constitution  of 
acids  and  salts ;  and  although  I  shall  not  adopt 
these  views  in  treating  practically  of  the  va- 
rious salts  or  acids,  a  knowledge  of  them  is 
essential  to  a  proper  understanding  of  the  pre- 
sent transient  state  of  chemical  science.  The 
following  extract  from  Liebig's  Turner  pre- 
sents a  sufficiently  clear  and  extended  view  of 
the  subject.  The  modern  views  relative  to  salts 
and  organic  acids  will  be  found  under  Com- 
pound Radicals,  Organic  Acids,  and  Salts. 

"  In  regard  to  acids,  the  first  point  to  be  no- 
ticed is,  that  all  so-called  oxygen  acids,  in  the 
free,  or  what  may  be  called  the  active  state,  con- 
tain hydrogen.  On  referring  to  the  descriptions 
of  the  mineral  acids,  it  will  be  found,  for  exam- 
ple, that  they  are  described  as  combining  with 
water  when  separated  from  their  combinations. 
Oil  of  vitriol  is  S03,HO;  nitric  acid  N03,HO, 
&c.  The  latter,  indeed,  cannot  exist  in  the 
supposed  anhydrous  state,  N05 ;  and  this  is 
the  case  with  a  large  majority  of  all  known 
acids.  Sulphuric  acid  and  phosphoric  acid,  no 
doubt,  may  be  obtained  anhydrous,  S03  and 
P205;  but  it  is  worthy  of  especial  notice,  that 
in  this  state  they  do  not  possess  the  properties  of 
these  acids,  and  only  acquire  them  on  the  addi- 
tion of  water.  The  compound  of  dry  sulphu- 
ric acid  and  ammonia,  S03,NH3,  is  not  sulphate 
of  ammonia,  but  a  distinct  compound.  More- 
over, these  anhydrous  acids  combine  with  wa- 
ter with  the  greatest  vehemence,  and  then  as- 
sume their  active  characters.  The  principal 
exceptions  are  carbonic  acid  and  chromic  acid; 
but,  on  the  other  hand,  none  of  the  organic 
acids  can  exist  without  water,  that  is,  without 
hydrogen. 

It  is  obvious  that  hydrogen  is  essential  to  the 
hydracids.  Now  the  view  which  I  wish  here 
to  explain  considers  both  these  classes  of  acids 
as  hydracids,  and  thus  unites  in  one  class  or 
series  bodies  having  the  most  perfect  analogy 
in  properties.  According  to  this  view,  there- 
fore, the  general  formula  of  a  hydracid  is 
X  -f-  H :  X  being  an  acid-radical  which  may 
be  either  simple  or  compound.  Thus  in  hydro- 
chloric, hydriodic,  and  hydrosulphuric  acids 
respectively,  X  is  represented  by  01,1,  or  S.  In 
hydrocyanic  and  hydrosulphocyanic  acids,  X 
is  represented  by  Cy=C2N,  and  by  CyS2= 
C2NS2,  respectively. 

In  the  hydrated  oxygen  acids,  to  which  alone, 
and  not  to  the  anhydrous  acids,  this  theory  ap- 
plies, X  is  always  a  compound,  and  always 
contains  oxygen.  Thus  in  hydrated  sulphuric 
acid,  commonly  so  called,  and  represented  bv 
S03,HO,  X  is  represented   by  S04;    in  nitric 
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acid,  N05HO,  X=NO(3 ;  and  in  metaphospho- 
ric  acid,  P205,HO,  X==P206:  and  the  true 
formulae  of  these  acids  are  S06,H,N06,H  and 
P206,H,  respectively. 

Further,  among  the  organic  acids  we  find  a 
corresponding  constitution.  In  acetic  acid  (hy- 
drated) C4H303,HO,  X=C4H304;  in  hydrated 
formic  acid,  C2H03,HO,  X=C2H04,  &c. 

The  next  point  to  be  noticed  is,  that  acids 
exist,  the  general  formula  of  which  is  X-{-HD; 
that  is,  in  which  X  combines  with  two  or  more 
equivalents  of  H,  and  which  are  called  poly- 
basic  acids.  Those  acids,  above  described,  in 
which  there  is  1  eq.  of  H,  are  called  monobasic 


acids.  Where  2  eq.  of  H  are  present,  the  acid 
is  bibasic  ;  with  3  eq.  of  H,  tribasic,  and  so  on. 
The  reason  of  this  nomenclature  will  be  more 
clearly  seen  under  Salts. 

Examples  of  this  kind  are,  pyrophospho- 
ric  acid,  P20.,2HO,  which  is  bibasic,  its  true 
formula  being  P207,H2;  phosphoric  acid,  P205, 
3HO,  which  is  a  tribasic  acid,  P208,H3;  and 
arsenic  acid,  As205,3HO  ;  also  a  tribasic  acid, 
As208,H3. 

But  it  is  among  the  organic  acids  that  we 
find  the  most  numerous  and  striking  examples 
of  polybasic  acids.  The  following  table  con- 
tains the  formuke  of  some  of  these. 


Meconic  acid CI4H  0,,  +  3H0  (tribasic)  =C14H  014+  H3. 

Cyanuric  acid  Cy3     03  -j-  3H0  (tribasic)  =Cy3     06  -j-  H3. 

Citric  acid C12H.On-[-  3H0  (tribasic)  =C12H.0144- H3. 

Tannic  acid Ci8HI°9  +  3H0  (tribasic)  =C18H5012  +  H3. 

Tartaric  acid C8  H4O10-f2HO  (bibasic)  =C8  H4012+H2. 

Komenic  acid C12H208  -j-  2H0  (bibasic)  =C12H2O10-j-  H2. 

Fulminic  acid Cy2     02  +  2H0  (bibasic)  =Cy2     04  +  H2. 

Mucic  acid C12H8014 -j- 2H0  (bibasic)  =C12H8016-|- H2. 


Moreover,  there  are  also  polybasic  acids 
which  contain  no  oxygen,  analogous  in  this 
respect  to  hydrochloric  and  hydrocyanic  acids. 
Thus  ferrocyanic  acid  is  represented  by  Cy3Fe 
-f-  H2 ;  and  ferridcyanic  acid  is  Cy3Fe3  -\-  H3. 

It  will  be  obvious  at  a  glance,  that  this  theo- 
ry of  acids  possesses  the  advantages  of  sim- 
plicity and  of  uniting  in  classification  a  vast 
number  of  bodies,  similar  in  properties,  which 
have  formerly  been  arbitrarily  separated.  But 
the  chief  advantage  attending  it  is,  that  it  ena- 

Older  View. 

Monobasic  acid P05  +  HO 

Bibasic P05-j-2HO 

Tribasic P05-f3HO 

Should  these  views  be  followed,  a  radical 
change  of  nomenclature  must  necessarily 
ensue,  and  Graham  proposes  to  call  the  radi- 
cal of  sulphuric  acid,  =  S04,  sulphatoxygen, 
and  the  sulphates  sulphatoxides,  those  of  ni- 
trogen, =  N06,  nitratoxides,  &c.  Daniell,  fol- 
lowing Faraday's  electrical  nomenclature  of 
ions,  calls  them  severally  oxysulphion,  oxyni- 
trion,  &c. 

The  following  tabular  view  presents  all  the 
acids  described  in  the  present  work,  and 
indeed  all  known  acids,  with  the  exception  of 
a  few  which  are  derived  by  substitution  from 
those  described,  such  as  the  chloro-sulphuric, 
=  S02C1,  in  which  an  equivalent  of  chlorine 
replaces  one  of  oxygen  in  the  sulphuric  S03, 
or  a  few  which  are  obtained  by  decomposing 


bles  us  to  effect  the  same  union  into  one  class 
of  all  the  salts  of  the  acids  containing  hydro- 
gen. It  is  in  examining  the  salts,  moreover, 
that  we  find  the  strongest  arguments  in  favor 
of  the  theory  as  applied  to  acids."  (See  Salts.) 
If  these  views  (embraced  under  the  Binary 
theory  of  salts)  be  admitted,  we  shall  be  obliged 
to  acknowledge  the  existence  of  a  large  num- 
ber of  radicals;  thus,  for  example,  we  shall 
have  three  radicals  where  we  now  admit  one 
in  phosphoric  acid : 

New  Theory, 

P06-f-H  (Metaphosphoric  acid). 
P07-j-  H2  (Pyrophosphoric  acid). 
P08-f-  H3  (Phosphoric  acid). 

an  organic  acid  by  sulphuric,  nitric,  &c;  such 
as  nitromeconic,  hyposulpho-benzoic  acids, 
&c.  These  will  be  subsequently  described  un- 
der those  from  which  they  are  derived.  They 
are  generally  presented  in  the  hydrated  state, 
where  it  is  not  otherwise  specified,  excepting 
in  the  case  of  a  feworganic  acids  whose  content 
of  water  has  not  been  determined.  Although 
there  are  acknowledged  difficulties  in  the  pre- 
sent changing  state  of  chemical  science  in  ar- 
ranging the  acids  in  a  correct  scientific  order, 
yet  I  have  attempted  it  on  the  principles  of 
similarity  of  properties,  or  connection  between 
the  principal  and  its  derivatives.  Many  or- 
ganic acids  are  not  included  in  the  list,  because 
they  have  either  not  been  sufficiently  investi- 
gated or  their  existence  is  doubtful. 

39 


ACIDS. 


ACIDS. 


I.    TABLE  OF  INORGANIC  ACIDS. 


C5 


A.    OxYACIDS. 

Sulphur. 

Hyposulphurous SO  or  S202 

Bisulpho-hyposulphuric S405 

Sulpho-hyposulphuric S305 

Sulphurous S02 

Hyposulphuric S205 

Sulphuric S03 

Selenium. 

-3"     Selenious Se02 

Selenic Se03 

Tellurium. 

Tellurous Te02 

^Telluric Te03 

Nitrogen. 

Nitrous N03 

Hyponitric N04 

Nitric N06 

Phosphorus. 

Hypophosphorous PO 

Phosphorous P03 

Phosphoric P05 

Arsenic. 

Arsenious AsOs 

Arsenic As05 

Antimony. 

Antimonious Sb04 

^Antimonic Sb05 

C3  C  Carbonic C02 

~"  <  Boracic B03 

O  C  Silicic Si03 


Chlorine. 

Hypochlorous CIO 

Chlorous C103 

Hypochloric C104 

Chloric C105 

Perchloric C107 


Iodine. 


Iodous     (?) 
Iodic. 


I06 

Periodic I07 

Bromine. 
Hypobromous     (?) 
JBromic BrO, 

^   ("Manganic Mn03 

^      Hypermanganic Mn207 

gj  Ferric  (Iron) Te03  (?) 

§      Chromic Cr03 

O   ^Vanadic V03 

C  Tungstic W03 

I  Molybdic Mo03 

QJ  rColumbic Ta03 

§  <  Titanic Ti02 

g  (.Stannic  (Tin) Sn02 

B.  Hydracids. 

<i   flodohydric HI 

§>  J  Bromohydric HBr 

.si  Chlorohydric HC1 

ttj  tFluohydric HF 

OJ  TSulphohydric HS 

~  <  Selenohydric HSe 

«§  (Tellurohydric HTe 


II.    TABLE  OF  ORGANIC  ACIDS. 


Name. 

Whence  obtained. 

Formula. 

Authority. 

Carbonic 

Oxide  Series. 

Leaves  of  rumex,  oxalis,  &c. 

Cryst.  C203+3  HO 

Dulong  §■  Berzelius 

Rhodizonic. . . 

In  preparing  potassium 

In  salts  C707-f-3  MO 

Gmelin 

Ditto 

Hypoth.  dry  C504 

Gmelin 

In  honey-stone 

Cryst.  C403+H0 

Klaproth,  Wohler 

Euchronic 

From  mellit.  of  ammonia 

Dried  at392°,C12N064-2HO 

Wbhler 

Acids  in 

Fruits,  §c. 

Juice  of  the  grape,  &c. 

Cryst.  C8H4O10+2  HO 

Schccle,  Sfc. 

Tartaric  by  fusion 

2(C8H4O10)+3HO 

Fremy 

Ditto 

C8H4O10+HO 

Do. 

Tartaric  (?).. 

Tartaric 

cXo.o 

Do. 

Pyrotartaric . . 

Tartaric  by  heat 

Liquid  C6H30.+  HO 

Berzelius 

Pyrotartaric . . 

Ditto 

Solid  C5H303+HO 

Pelouze 

Juice  of  the  grape,  &c. 

Dried  at  212°  C4H205-fHO 

Berz.  Fremy 

Fruit  of  aurantiacece 

At  212°  0,^0, ,+3  HO 

Scheele,  Berz. 

C4H03+HO 
c5H203+HO 

Peschier,  Crasso 
Crasso,  Baup 

From  aconitic  by  heat 

Citraconic. . . . 

From  itaconic  by  heat 

2  (?)(C5H203+HO) 

Do. 

Apples  and  many  fruits 

C8H408+2  HO 

Liebig,  fyc. 

From  malic  by  slow  heat 

C4H03+HO 

Lassaigne,  Pelouze 

From  malic  by  quick  heat 

C8H206+2  HO 

Pelouze,  Liebig 

Tannin 

Series. 

Astring.  barks,  nut-galls,  &c. 

C19H509+3HO 

Berz.,  fyc. 

Gallic 

Nut-galls,  tannic  acid,  &e. 

Cryst.  C7H03+3  HO 

Scheele,  fyc. 

Pyrogallic.  . . . 
40 

From  gallic  by  heat 

C6H303(?C8H404) 

ACIDS. 


ACIDS. 


Name. 


Metagallic. . 

Ellagic 

Japonic  

Rubinic ... 
( Jatechutannic 

Kinic 

Meconic. .. 
Komenic . . 
Pyromeconic  . 


Whence  obtained. 


Tannin  Series,  cont. 


From  gallic  by  heat 
Fermenta.  of  gallic 

£  From  catechu 

From  catechu  in  ether 
Bark  of  cinchonaceas 
Juice  of  papaveracese 
Decomp.  of  meconic 
From  komenic  by  heat 


Benzoic 

Benzilic 

Formobenzoic 
Amygdalinic. 


Saliculous. . . . 

Saliculic 

Melanic 

lsatic 

Sulphoindigo- 

tic 

Anilic    (Indi- 

gotic) 

Picric  (Carba- 

zotic) 

Chrysanilic. . . 
Anthranilic. . . 
Polychromic. . 
Chrysammic. 
Chrysolepic . . 


Cinnamic 

Caryophyllic. 

Cuminic 

Camphoric . . . 
Campholic . . . 

Sylvic 

Pinic 

Colopholic  . . . 

Pimaric   

Pyromaric. . . 

Azomaric 

Turpentinic  . . 


Butyric 

Caproic 

Capric 

Hircic 

Phocenic 

Sabadillic 

Veratric 

Crotonic 

Valerianic. . . . 

Rocellic 

Cocoic 

Myristic  (Seri- 

cic) 

Palmitic 

Margaric 

Stearic 

Oleic 

Butyroleic. . .. 
Suberic 


C6H202  (?  C12H303+HO) 
C7H204+HO 

Not  fully  determined 

(?)CI8H808+HO 

C7H404+2  HO 

At212°C1'4HOn+3HO 

Cryst.  CI2H208  +  2HO 

Cryst.  O10H3O3+HO 


Authority. 


Benzoic 
Resins  of  the  styracese 
From  benzoine  by  potassa 
Oil  of  bitter  almonds 
Amygdaline  in  bit.  almonds 

Series  of  Salicine 
Volat.  oil  of  spiraea  ulmaria 
Heatingsaliculous&potassa 
From  saliculite  of  potassa 
Indigo  by  oxidation 

and  hyposulpho-indigotic 

Dilute  nitric  acid  with  indigo 

Strong  nitric  acid  and  indigo 
Indigo  with  alkali 

Ditto  and  manganese 
From  aloes  with  nitric  acid 

Ditto 

Ditto 

Acids  from  Essential 
Cinnamon 

Caryophyllus  (cloves) 
Cuminum  (cumin) 
Camphor  and  nitric  acid 
Camphor  and  potassa 
Common  resin 

Ditto 
Distillation  of  pinic  acid 
In  pinus  maritima 
Distillat.  of  pimaric 
Pimaric  and  nitric  acid 
Oil  of  turpentine 

Series  of 
From  butter 

Ditto 

Ditto 
Fat  of  the  goat 
Berries  of  viburnum  opulus 
Seeds  of  veratrum  sabadilla 

Ditto 
Seeds  of  croton  tiglium 
Valeriana  officinalis 
Rocella  tinctoria 
Butter  of  the  cocoa-nut 

Butter  of  nutmegs 

Palm-oil 

Oils  and  fats 

Ditto 

Ditto 
Butter 

Nitric  and  the  oily  acids,cork. 
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Series. 

Cryst.  CuH503+HO 

Cryst.  C28Hu05+HO 

C16H703+HO 

C4„H26012+HO 

Indigo,  and  Aloes. 

CuH.03+HO 
C14H505+HO 
«10H4O5 
Dry  C16H6N05 

Not  sufficiently  examined 

C14H4N09+HO 

C12H2N3013+HO 

Not  determined 

C14H6N03+HO 
Not  determined 

C15HN2012+HO 
C12H2N3013+HO 

Oils  and  Resins. 

Cryst.  C18H703+HO 

C2nHu03+HO 

C20H„O3+HO 

Hydr.  C10H7O3+HO 

COH1703+HO 

^20H16°2 

C2oHi302 
Not  determined 
Similar  to  preceding  acids 
Ditto 

C20H„NO8 
C14H907 

Oily  Acids. 

CgH603+HO 

Hydr.  C12H903+HO 

Dry  CI8H1403 

Not  determined 

C)0H7O3+HO 
Not  determined 

CI8H907+HO 
Not  determined 

Hydr.  C10H9O3+HO 
Cryst.  C17H1604 
Hydr.  C27H2603+HO 


Cryst.  C28H2703+HO 

Hydr.  C32H3)03+HO 

C34H3303+HO 

C68H6605-(-2  HO 

(?)  Hydr.  C44H3904-f  HO 

„      C34HS0O4+HO 

Cryst.  C8H603+HOl2Jronicis,  Sfc, 
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Pclouze 
Chevr.  Pelouze 

Svanberg 


Woskrescnsky 
Robiquet 

Do. 
Scrtucrner,  Robiq. 


Wbhl.  $  Liebig 
Liebig 
Winkler,  fyc. 
Wohl.  Sf  Liebig 


Pagenstecher,  §r. 

Piria 

Piria 

Erdman,  Laurent 


Dumas,  fyc. 

Dum.  Marchand 
Fritzsche 

Do. 
Braconnot 
Schunck 

Do. 


Dumas,  Peligot 
Bockman,  Ettling 
Gcrhardt  fy  Cahours 
Malaguti,  Walter 
Delalande 
Unverdorbcn,  Rose 
Do.  Liebig 

Laurent 

Do. 

Do. 
Bromeis 


Bromeis 
Chevreul 

Do. 

Do. 

Do. 
Pelletier  fy  Caventou 
Schrotier 

Pelletier  fy  Caventou 
Ettling,  Dumas 
Liebig 
Bromeis 


Playfair 
Fremy,  Stenhouse 
Varrentrapp,  fyc. 
Chev.,  Redtenbacher 
Varrentrapp 
Bromeis 


ACIDS. 


ACIDS. 


Name. 

Whence  obtained. 

Formula. 

Authority. 

Series  of 

Nitric  &  the  oily  acids,  amber 
Distill,  of  oils  and  fats 
Nitrous  acid  and  oleine 

Do.          and  palmitine 
Formed  with  suberic 

Ditto 

Ditto 

Ditto 
Sulphuric  with  margaric 

Ditto 
Ditto 
Sulphuric  with  oleic 
Ditto 

Ethulic 
Nitric  acid  and  sugar 

Ditto     and  sugar  of  milk 
Distillat.  of  mucic 

Sulphuric  and  grape-sugar 
Dilute  sulphur ic&  cane-sugar 
Alkali  and  grape-sugar 

Ditto 
In  ferment,  anim.&veg. fluids 
Sulphuric  and  alcohol 
Phosphoric  and     do. 
Oxal.ether&  alcoholic  potassa 
Bisulph.  carbon,  and  do. 
In  fermented  liquors 

Dry  sulphuric  and  ether 
Dry  sulphuric  and  alcohol 
Sulphuric  and  ether 
Sulphuric  and  alcohol 
Aq.  aldehyde  &  oxide  of  silver 
Oxidation  of  alcohol 
Cryst.  acetic  and  chlorine 
Acetic  and  arsenious  acids 
High  oxida.  of  veg.  substances 

jlcids  of  dry 
Sulphuric  and  wood-alcohol 

Dry  sulphuric  on  naphthaline 
Nitric  &  a  chloro-naphthaline 
Sulphuric  and  gas-naphtha 
Chlorine  and        ditto 
Ditto 

jlcids  of 
Vegetable  mould 
Ditto^ 

-r.-^    1  From  the  action 

tSm  [  of  alta" (!) 

DittoJ 

Potassa  with  xylite 

Cyanogen 

Decomp.ofnitrog.compounds 
Nitric  acid,  silver,  and  alcohol 
Decomp.  of  solid  chlor.  cyan. 

Amygdale;?:  and  pomece,  &c. 

Oily  Jlcids,  cont. 

Hydr.  C4H203+HO 
Hydr.C   H803+HO 
Hydr.C72HC6O0+2HO 
Not  determined 

C7H603+HO 

C    H907-f2HO 

C5H304+HO 

Hydr.  CuH1303+HO 

(?)  Dry  C72H7406 

(?)  Dry  C74H74O10 
(?)DryC70H71O10 

(?)  C7nHS308+HO 
(?)  C70H64O9 

Series. 

Ci2H5°n+5HO 

Hydr.C12Hs014+2HO 

C10H3O5+HO 

Not  determined 

C30H15O15 

(?)  C12H808 
O24H12O10 
Hydr.  C6H505+HO 
AeO,S03-fHO,S03 
AeO+2HO-fP05 
AeO,C203+HO,C203 
Hydr.AeO+2CS2+HO 
C14H1302-f-HO 

S4C4H5013 
S205,C4H502+HO 
Dry  S2C2H307 
Not  determined 

Hydr.  C4H302+HO 

Cryst.  C4H303+HO 

C4C1303+H0 

C4H6As,04+HO 

Hydr.  C2H03+HO 

Distillation. 

C2H30,HO+2S03 

C20H8S2O5,HO 

C16H406+2  HO 

C12H50,2S03+HO 

C12H2C130+H0 

C12H3Cl20-fHO 

Putrefaction. 

C10H12°12 

C4nH12012 

U40M14U12 

C40H15O,5+NH3 
U,4HI6N012 
C28H14N606 

C12H508+3HO 
(?)  C12H5O10+HO 
0)     C8H603 

Series. 

Hydr.  C2N(Cy),0+HO 
Salts  Cy202+2  MO 
Hydr.  Cy303+3  HO 

CyH  or  C2N,H 

Bromeis,  fyc. 
Dum.,  Redtenbacher 
Meyer,  fyc. 

Lament,  Bromeis 

Bromeis 

Ijun-cnt 

Bromeis 

Fremy 

Do. 
Do. 
Do. 
Do. 

Thaulow 

Malaguti,  Berzelius 
Malag.  Boussing. 

Peligot 

Malaguti 

Peligot 

Peligot  fy  Dumas 

Pelouze,  Liebig 

Magnus 
Magnus 

Regnault 

Liebig 

Dobereiner 

Dumas 

Bunsen 

Dum.  <§:  Peligot,  Kane 

Faraday 

Laurent,  Marignac 
Laurent 

Do. 

Do. 

Mulder 

Do. 

Do. 

Do. 
Berzelius 

Do. 
Johnston 

Do. 
Gmelin 

Wdhler 

Gay-Lussacfy  Liebig 
Wbhl.  §•  Liebig 

Scheele,  Gay-Lussac 

Metamargaric. . 

Hydromargari- 

tic 

Hydro  margric. 

Pyromucic  .... 
Sulphosaccha- 

Sacchulmic. . . . 

Sulphovinic. . . 
Phosphovinic. . 

CEnanthic...    . 
Carbulosulphu- 

Methionic    

Acetic 

Chloracetic. . . 

Sniphomethulic 
Hyposulpho- 

naphthalic. . . 
Naphthalic .... 
Sulphophenic. . 
Chlorophenic. . 
Chlorophenesic 

Xylitic 

Cyanohydric 
(prussic). . . . 

A.O. 

ACIDS. 


ACONITIC  ACID. 


Name. 

Whence  obtained. 

Formula. 

Authority. 

Cyanogen 

Series,  cont. 

Sulpho-cyano- 

Seeds  of  cruciferae,  &c. 

CyS2,H 

Rink 

Persulpho-cy- 

ano-hydric. . . 

Decomp.  of  preceding 

CyS3,H 

Woskresensky 

Mellonhydric  . . 

Acids  &  mellonide  of  potass. 

C6N4,H 

Liebig 

Mellone  and  dilute  nitric 

Not  determined 

Do. 

Acids  from 

Animal  Substances. 

Ox-gall 

C76H66N2°22  (C42H36N012) 

Demarqay 

Chlorohydric  acid  and  ox  gall 

C72H56°12(C38H30°7) 

Liebig,  Demar. 

Fellanic  and 

~] 

Cholanic  and 

VGall 

Not  determined 

Berzelius,  fyc. 

Cholinic.  . . . 

J 

Cholic 

Gall 

C  H   0 

Liebig,  Gmelln 
Wbhler 

Bezoar,  biliary  calculus 

w74I16<T-'l8 

C40H35O7+HO 

From  the  brain 

Not  determined 

Vauquelin,  Fremy 

Cholesteric. . . . 

Ditto,         and  bil.calcul. 

CuELNOs 

Pelletier  $•  Caventou 

Cetulic 

Spermaceti 

C32H3103+HO 

Dumas  fy  Stass 

Nitric  acid  and  wax 

0)  C20H20O3 

Hess 

Urine  of  the  horse 

CI8H8NOr+HO 

Liebig 

Urine,  &c. 

C10H4N4O6 

Alkalies  and  alloxan 

C8H2N208+2  HO 

W'dhler  fy  Liebig       \ 

Heating  alloxanate  of  baryta 

C3H,+  2HO 

Do. 

Mykomelinic. . 

Alloxan  decomp.  by  ammonia 

C8H5N405 

Do. 

Uric  acid,  &c.  with  nitric 

C6N204+2  HO 

Do. 

Decomp.  of  parabanic 

C6H3N207+HO 

Do. 

Sulphurous  acid  and  alloxan 

C8H5N3Og+2HO 

Do. 

Decomp.  of  uramile 

C16H10N3O15 

Do. 

Properties  of  Acids. — Practically  speaking,  the 
general  properties  of  acids  are  the  sour  taste 
and  the  power  of  changing  certain  vegetable 
blue  colors,  such  as  litmus,  to  red.  The  insolu- 
ble acids,  such  as  the  silicic,  do  not  of  course 
taste  sour,  nor  change  the  blues;  those  slightly 
soluble  may  alter  the  blue  color,  but  not  pos- 
sess the  sour  taste.  Their  capability  of  form- 
ing salts  by  saturating  or  neutralizing  metallic 
oxides  is  a  more  general  characteristic  than 
any  other.  Thus  the  boracic,  although  soluble 
in  water,  has  scarcely  a  sour  taste,  and  feebly 
reddens  litmus,  while  it  neutralizes  bases  both 
in  solution  and  by  fusion  ;  its  congener,  silicic 
acid,  when  freshly  precipitated,  is  very  slightly 
soluble  in  water,  and  has  neither  the  acid  taste 
nor  does  it  redden  litmus,  but  it  neutralizes 
bases,  forming  the  various  kinds  of  glass, 
many  fluxes,  slags,  and  minerals. 

Those  which  are  largely  manufactured  for 
the  arts  are,  1st,  inorganic,  sulphuric,  muriatic 
(chlorohydric),  nitric,  and  arsenious ;  2d,  or- 
ganic, acetic,  citric,  oxalic,  and  tartaric ;  but  a 
large  number  are  used  indirectly,  in  combina- 
tion with  bases,  and  many  are  employed  im- 
mediately after  their  production.  The  sul- 
phuric is  by  far  the  most  important  of  all  acids, 
and  may  be  regarded  as  the  key-stone  of  che- 
mical changes,  whether  in  the  laboratory  of  the 
scientific  chemist  or  the  manufacturer,  since 
it  is  employed  either  directly  or  indirectly  in 
the  preparation  of  nearly  all  other  acids,  and 
of  a  large  proportion  of  saline  and  other  com- 
pounds. The  sulphuric  and  chlorohydric 
chiefly  depend  for  their  use  on  their  powerful 
affinities,  their  power  of  decomposing  existing 
compounds,  and  abstracting  one  or  more  of 


their  constituents  ;  the  nitric  is  chiefly  used  for 
oxidation ;  the  arsenious  is  variously  em- 
ployed. The  organic  acids  above  named  are 
mainly  used  in  dyeing  and  color-printing. 
Nearly  all  acids  are  employed  for  uniting  with 
bases  to  form  salts. 

ACIDULOUS  WATERS.  See  Mineral 
Waters,  Acidulous. 

ACONITATES.  Salts  of  aconitic  acids,  few 
in  number  and  not  very  interesting. 

General  formula  At-f-  MO,  for  the  dry  salt, 
but  some  contain  crystalline  water.  The  alka- 
line salts  are  soluble  in  water  and  alcohol; 
imperfectly  crystallised.  Aconitate  of  baryta 
forms  a  gelatinous  precipitate,  drying  to  an 
amorphous  mass,  nearly  insoluble  ;  formed  by 
adding  an  excess  of  barytic-water  to  the  free 
acid.  The  salt  of  silver,  formed  by  adding  an 
alkaline  aconitate  to  nitrate  of  silver,  is  white, 
not  wholly  insoluble,  burning  with  a  puff  when 
heated. 

ACONITIC  ACID.  Formula  C4H03  +  aq. 
or  At-f-  aq. 

Discovered  by  Peschier  in  the  Aconitum 
napellus,  and  analyzed  by  L.  A.  Buchner,  Jr. 
The  acid  obtained  from  citric  by  Berzelius  and 
Dahlstrom  appears  to  be  the  same ;  that  ob- 
served by  Braconnot  in  the  Equisetwm  fluvia- 
tile,  and  analyzed  by  Regnault  (equisetic  acid), 
seems  also  to  be  identical  in  its  properties, 
excepting  that  it  may  be  sublimed  without 
change. 

It  may  be  prepared  from  the  above  plants 
by  combining  it  with  oxide  of  lead,  decom- 
posing the  lead-salt  by  sulphuretted  hydrogen, 
and  purifying  the  acid  by  ether.    Or  it  may  be 
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AC0N1TIC  ETHER. 

obtained,  according  to  Crasso,  by  the  dry  dis- 
tillation of  Citric  Acid  (which  see).  The 
residue,  dissolved  in  a  little  water,  and  evapo- 
rated till  a  pellicle  forms,  is  mixed  with  ether; 
and  the  acid  obtained  by  evaporating  the  clear 
solution  dissolved  in  5  parts  absolute  alcohol, 
and  saturated  by  dry  chlorohydric  acid  gas. 
Upon  the  addition  of  water,  the  new  acid  ether 
(aconitic)  separates  as  a  heavy  oily  liquid;  it 
is  mingled  with  an  alcoholic  solution  of  potassa, 
diluted  and  precip.  by  acetate  of  lead.  The 
insoluble  salt  of  lead  is  well  washed,  precip. 
by  sulphuretted  hydrogen,  and  the  filtered 
liquid  evapor.  to  a  syrupy  consistence,  when 
it  congeals  to  a  foliated  crystalline  mass.  Its 
ethereal  solution  by  spontaneous  evaporation 
leaves  a  coarse  granular,  nearly  colorless 
aconitic  acid. 

It  is  a  white,  crystalline  mass,  soluble  in 
water,  alcohol,  and  ether ;  of  a  pleasant  acid 
'.aste,  fuses  without  decomposition ;  but  by  a 
higher  heat  is  decomposed,  and  the  oily  liquid 
which  distills  over  is  the  pyroaconitic  or 
Itacoxic  Acid  (see  this). 

It  is  only  formed  from  citric  when  the  latter 
evolves  acetone  and  carbonic  oxide  and  acid 
as  shown  by  the  following  formula. 

1  eq.  aconitic  acid  (hydrated)  C4H204 

1  "    acetone  C3H30 

4  "    carbonic  oxide  C4     04 

1  "        "         acid  C      0, 


1  "  dry  citric  acid 


C,JUO, 


ACONITIC  ETHER.  Syn.  Aconitate  of 
oxide  of  ethule.  Formed  as  above.  Formula 
C8He04,  or  C4H50  +  C4H03.  Sym.  AeO,  At. 
A  colorless,  oily  liquid,  of  aromatic  odor,  re- 
sembling oil  of  calamus,  extremely  bitter  taste; 
spec.  grav.  1-074  at  57-2°  ;  boiling  point,  456-8° ; 
partially  decomposed  by  heating  above  the 
boiling  point,  giving  off  thick,  white  vapors, 
and  leaving  a  jet-black,  fatty  mass  in  the 
retort. 

ACONITINE.  Phar.  Chem.  A  base  found 
in  the  root  and  leaves  of  several  species  of 
aconitum,  but  the  A.  -napellus  is  chiefly  em- 
ployed in  medicine,  or  to  extract  the  base.  It 
exists  in  the  plant  in  combination  with  a  ve- 
getable acid  (probably  aconitic  1)  discovered 
by  Brandes  and  Peschier.  The  base  prepared 
by  the  method  of  Geiger  and  Hesse  and  that 
by  Morson  have  such  a  different  action  on  the 
system,  that  we  must  conclude  that  of  the 
former  to  be  a  different  base  from  Morson's,  or 
to  be  a  decomposed  product  of  the  latter. 

Prep.  Dissolve  the  vegetable  salt  of  aconi- 
tine  from  the  root  by  several  boilings  with 
alcohol,  and  press  the  residue ;  distil  off  the 
greater  part  of  the  alcohol  and  evap.  to  an  ex- 
tract; add  water,  strain  it,  evap.  with  gentle 
heat  to  a  syrup,  and  add  dilute  sulphuric  acid, 
which  forms  sulphate  of  aconitine.  Precip. 
by  ammonia  or  carbonated  alkali,  filter,  redis- 
solve  in  dilute  sulphuric  acid,  decolorize  the 
solution  by  animal  coal,  filter  and  reprecip.  by 
alkali,  or  the  base  first  precipitated  is  dissolved 
in  alcohol,  decolorized  by  the  coal  and  evapo- 
rated. These  operations  repeated  give  it  per- 
fectly pure.  Geiger  and  Hesse's  method  con- 
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sists  in  adding  lime  to  the  1st  alcoholic  tine 
ture,  removing  it  again  from  the  clear  solution 
by  sulphuric  acid,  and  precipitating  the  aconi- 
tine from  the  sulphate  by  carbonate  of  potassa; 
it  is  purified  nearly  as  above. 

Prop.  Hesse's  A.  crystallises  from  aqueous 
alcohol  in  white  grains,  or  by  evaporating  in 
the  air  forms  a  colorless,  shining,  transparent 
mass;  inodorous,  taste  at  first  bitter,  then  sharp 
and  biting,  very  poisonous,  dilates  the  pupil  of 
the  eye  ;  reacts  alkaline,  neutralizes  acids  per- 
fectly; is  unchangeable  in  air,  fuses  readily, 
without  volatilizing,  and  by  dry  distillation 
yields  ammoniacal  products ;  soluble  in  50  hot, 
in  150  cold  water,  soluble  in  alcohol  and  ether. 
Lieb.,  Pog.,  and  Wbhl.     Wortcrb.,  vol.  i.,  p.  95. 

Morson's  A.  is  a  white,  odorless  solid,  either 
dull  or  amorphous,  or  somewhat  sparkling,  and 
apparently  crystalline  ;  under  the  microscope, 
a  triangular  form  seems  to  predominate.  It 
readily  fuses  in  a  tube,  forming  a  pale,  ambei 
colored  liquid,  not  volatile,  soluble  in  alcohol, 
ether,  and  the  acids.  A  minute  portion,  mixed 
with  lard,  and  applied  to  the  eye,  contracts  the 
pupil;  -jL  of  a  grain,  administered  internally 
has  endangered  life.  It  is  the  most  virulent  poi 
son  known,  not  excepting  prussic  acid.  Pereira. 

Its  violent  effect  on  the  system,  its  usefulness 
for  neuralgic  and  rheumatic  affections,  and  the 
different  effects  of  aconitine  prepared  in  dif- 
ferent ways,  has  led  me  to  devote  some  space 
to  it.  The  subject  evidently  requires  close  in- 
vestigation, and  it  is  highly  desirable  to  study 
its  properties  in  order  to  simplify  its  extraction 
and  purification  on  Morson's  plan,  whatever 
that  may  be,  for  his  aconitine  is  sold  at  75  cts. 
per  grain. 

ACONITUM.  Bot.  A  genus  of  the  Order 
Ranunculaceae.  Species,  Napellus,  Lycoclonum, 
Medium  Schraderi,  &c.  The  last  analyzed  by 
Bucholz,  in  1812,  who  found  in  the  fresh  leaves, 
water  and  volatile  matter,  83-75;  fibre,  6-88; 
chlorophyll,  1-14  ;  gum,  3-75;  soluble  veget.  al- 
bumen, 2-24  ;  extractive  matter,  with  deliques- 
cent acetates  and  chlorides,  2-81 ;  malate,  with 
a  little  citrate  of  lime.  Since  then,  aconitine 
and  aconitic  acid  have  been  found  in  it,  the 
latter  of  which,  united  to  lime,  may  have  been 
mistaken  for  the  citrate  of  lime,  or  it  may  have 
formed  from  the  decomposition  of  citric  acid 
(see  Aconitic  Acid).  The  volatile  acrid  matter 
found  in  it,  which  violently  affected  Bucholz 
in  his  experiments,  may  have  arisen  from  the 
decomposition  of  aconitine  0).  The  plant  re- 
quires a  new  and  minute  examination. 

ACROLEINE.  Chem.  A  substance  obtain- 
ed by  boiling  oils  and  fats.  See  Fats  and  Oils, 
actionofheaton.  When  the  oily  acids  are  dis- 
tilled, it  is  not  formed,  but  the  distillation  of 
glycerine  yields  it  in  large  quantity ;  it  is  there- 
fore produced  by  the  dry  decomposition  of 
glycerine  by  heat.  It  has  not  been  combined 
with  any  body  from  which  it  can  be  again  ob- 
tained, and  is  not  known  in  a  pure  state. 
When  the  products  of  distillation  of  lard  or 
olive  oil  are  collected  in  a  series  of  well  cooled 
bottles,  half-filled  with  water,  the  Greater  part 
of  the  volatile  acrolcine  is  obtained  in  ths  2d 
and  3d  bottles,  in  the  oil,  which  floats  on  the 
surface,  and  in  the  water.  By  shaking  the  oil 
with  20  times  its  bulk  of  water,  it  passes  into 
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the  latter,  and  by  distilling  the  clear  water  at 
125-60  an  oily  body  passes  over,  soluble  in  water 
and  with  the  characteristic  odor  of  acroleine. 
It  appears  to  be  a  very  volatile,  oily  body, 
with  a  very  pungent  odor,  attacking  the  eyes 
most  painfully;  characterized  by  its  avidity  for 
the  oxygen  of  the  air,  when  it  exhibits  an  acid 
reaction.  It  decomposes  even  in  sealed  vessels, 
or  in  its  aqueous  solution,  changing  gradually 
into  white  flocculce,  not  at  all  resembling  a  fat 
when  dry;  inodorous,  tasteless,  wholly  insolu- 
ble in  and  undecomposed  by  water,  ether,  sul- 
phuret  of  carbon,  fixed  and  volatile  oils,  acids, 
and  alkaline  solutions,  and  scarcely  altered  by 
fusing  with  potassa.     A  solution  of  potassa 
added  to  the  fresh  watery  solution  of  acroleine, 
browns   it;  acroleine  thrown  into  ether  satu- 
rated with  ammonia  instantly  loses  its  odor, 
and  a  white   ammoniacal  compound  precipi- 
tates, from  which  it  cannot  be  obtained  again. 
The  presence  of  acroleine  among  the  pro- 
ducts of  dry  distillation  may  be  viewed  as  an 
evidence  of  the  presence  of  glycerine  (oxide 
of  glvcerule)  in  the  body  distilled. 

ACTTNOLITE.  Min.  See  Hornblende, 
Adinolite. 

ADAMANT.  Min.  A  name  formerly  given 
to  the  Diamond,  which  see. 

ADAMANTINE  SPAR.  Min.  See  Co- 
rundum. 

ADHESION.  Physics.  One  of  the  forces 
of  attraction,  called  also  heterogeneous  at- 
traction, to  distinguish  it  from  homogeneous 
attraction  or  cohesion;  for  the  latter  is  exerted 
between  similar,  adhesion  between  dissimilar 
particles  of  matter.  A  piece  of  glass  plunged 
into  water  and  again  drawn  out  retains  a  por- 
tion of  water  on  its  surface,  is  wetted  by  it, 
while  glass  or  iron  plunged  into  mercury  do 
not  exhibit  a  similar  result;  the  former  shows 
that  there  is  adhesion  between  the  glass  and 
water,  but  there  is  little  or  none  between  the 
two  metals,  or  it  is  overcome  by  superior  cohe- 
sion of  iron  for  iron  and  mercury  for  mercury. 
Adhesion  exerts  considerable  influence  in 
chemical  operations;  thus  solution,  filtration, 
alloying,  cementation,  &c,  are  all,  more  or  less, 
subject  to  its  control.  (The  attraction  of  mer- 
cury to  other  metals,  see  under  Amalgam.)  The 
union  of  two  different  bodies,  by  a  cement, 
exhibits  this  force;  thus  when  two  pieces  of 
wood  are  joined  by  corresponding  surfaces  by 
the  intervention  of  soft  glue,  the  latter  hardens, 
and  draws  the  surfaces  together.  In  the  same 
way  porcelain  is  united  by  albumen  and  lime, 
bricks  and  stones  by  mortar,  and  the  adhesion 
is  often  so  great  that  the  pieces  united  will 
suffer  fracture  in  another  direction  than  in  the 
place  of  adhesion. 

Adhesion  is  often  a  troublesome  interference 
in  chemical  operations.  Many  precipitates 
adhere  so  firmly  to  a  glass  vessel,  that  friction 
will  scarcely  remove  them,  it  being  often  ne- 
cessary to  redissolve  and  reprecipitate  them  to 
obviate  the  difficulty.  The  adhesion  of  fatty 
bodies  to  almost  every  kind  of  surface  renders 
operations  with  them  tedious  and  annoying. 
On  the  other  hand,  we  may  avail  ourselves  of 
this  force  in  many  cases ;  thus  to  prevent  a 
liquid  from  running  down  the  outside  of  a 
vessel  while  pouring,  the  lip  may  be  greased, 


which,  for  want  of  adhesion  between  the  fat 
and  the  liquid,  keeps  the  latter  in  one  stream 
by  its  cohesive  force,  and  to  insure  this  more 
certainly  in  quantitative  analysis,  a  glass  rod 
or  tube  is  laid  on  the  lip,  which,  by  adhesive 
force  between  it  and  the  liquid,  gives  direction 
to  the  current.  The  attraction  of  moisture 
from  the  air  by  powders  and  porous  substances, 
has  considerable  effect  on  their  weight,  and 
hence  a  powder  should  be  finally  weighed  just 
as  soon  as  cool,  or  cooled  over  sulphuric  acid, 
&c.  See  Analysis.  It  is  a  point  of  the  highest 
importance  in  organic  analysis,  where  the  con- 
tent of  hygrometric  water  may  entirely  change 
the  formula  of  a  substance,  since  it  would  give 
more  water  and  consequently  less  carbon,  &c. 
The  operation  of  filtering  is  dependent  on 
the  same  force  as  exerted  in  capillary  attrac- 
tion, the  liquid  passing  through  the  pores  of 
paper,  &c,  independently  of  pressure,  and  col- 
lecting on  the  underside  in  drops,  by  cohesion. 
See  Filtration. 

Solution  of  solids  in  liquids  exhibits  this  at- 
traction and  its  limits  ;  thus  if  a  piece  of  loaf 
sugar  be  immersed  in  water  by  one  small  point 
of  contact,  the  water  will  rise  into  its  pores 
with  some  rapidity,  until  the  saccharine  cement 
holding  the  crystalline  particles  together  is  dis- 
solved by  the  continued  exertion  of  this  action, 
when  the  mass  crumbles  and  the  liquid  is  satu- 
rated. In  the  solution  of  sugar,  salt,  &c,  we 
may  conceive  the  particles  of  the  solid  spread- 
ing out  into  spaces  between  the  particles  of  the 
liquid,  as  high  as  adhesion,  diminished  by 
gravity,  will  allow,  and  thus  a  stratum  of  the 
solution  will  remain  on  the  bottom  of  the  ves- 
sel, until,  by  mechanical  mixture,  they  are 
spread  through  the  whole  liquid,  and  retained 
there  by  adhesive  force. 

That  there  is  a  limit  to  the  exercise  of  adhe- 
sion, is  evident  from  the  phenomenon  of  a  satu- 
rated solution.  Thus  the  adhesion  between 
water  and  a  salt  goes  on  destroying  the  cohe- 
sive force  of  the  latter,  until  the  two  opposing 
forces  are  nearly  balanced,  when  suddenly 
there  is  a  cessation  of  solution,  and  the  liquid 
is  said  to  be  saturated.     See  Solution. 

The  effect  of  adhesion  between  gaseous 
bodies  and  solids  is  often  of  influence ;  thus 
when  fine  particles  of  iron,  lead,  &c,  are  thrown 
on  water,  the  portion  of  air  adhering  to  their 
surfaces  is  so  great  as  to  prevent  their  sinking 
until  they  have  accumulated  so  that  their 
gravity  is  superior  to  the  buoyancy  of  the  air. 
For  the  interference  of  the  adhesion  between 
air  and  glass,  see  Barometer.  It  is  believed 
that  the  adhesion  of  vapor  of  water  to  glass 
interferes  with  its  vaporization,  as  steam  es- 
capes more  freely  from  metallic  surfaces.  In 
the  weighing  of  gases,  after  the  exhaustion  of 
the  air  in  the  flask,  the  gas  to  be  weighed  should 
be  admitted  several  times  in  order  to  expel  all 
the  atmospheric  air,  for  there  can  be  no  doubt 
that  its  adhesion  to  the  glass  tends  to  retain  a 
portion,  and  to  alter  the  exact  weight  of  the 
gas. 

In  the  article  on  Absorption,  the  adhesion  of 
gases  and  liquids  to  solids  and  of  gases  to  li- 
quids is  illustrated  more  fully.  The  attraction 
of  aqueous  vapor  from  the  air  by  some  animal 
and  vegetable  substances,  has  led  to  their  adop 
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tion  to  measure  the  hygrometric  condition  of 
the  air.    See  Hygrometer,  Htgroscope. 

The  force  of  heterogeneous  adhesion  might 
be  measured  in  many  instances,  if  other  forces 
and  circumstances  did  not  modify  and  diminish 
its  action ;  we  may,  nevertheless,  approxi- 
mately determine  it.  Thus  if  a  dry  plug  of  wood 
be  tightly  fitted  into  one  end  of  a  stout  tube  of 
glass  or  porcelain,  and  a  projecting  portion  be 
allowed  to  dip  into  water,  the  wood  will  swell 
by  the  entrance  of  the  liquid  into  its  port*  so 
as  to  burst  the  tube,  though  capable  of  resisting 
a  pressure  of  more  than  700  lbs.  to  the  square 
inch.  This  force  is  also  applied  to  split  rocks, 
holes  being  bored  into  them,  which  are  ram- 
med with  dry  wooden  wedges  and  moistened, 
so  that,  by  swelling  from  capillary  action,  the 
wood  splits  the  rock  in  the  required  direction. 

The  interfering  forces  are  gravity,  cohesion, 
&c.  The  solution  of  salt,  &c.  in  water  is  op- 
posed by  both,  the  latter  more  than  the  for- 
mer. Heat  generally  assists  adhesion  in  the 
case  of  solution,  solids  dissolving  usually  in 
larger  quantities  of  a  heated  than  a  cold  liquid. 
This  effect  may  arise  from  the  fact  that  heat  is 
an  antagonist  force  of  cohesion.  On  the  other 
hand,  heat  may  diminish  it,  as  in  certain  solu- 
tions (sulphate  of  soda),  &c,  or  we  may  de- 
stroy the  force,  as  in  evaporating  a  solution  to 
recover  a  dissolved  solid,  in  distilling  where 
we  collect  the  liquid  without  the  solid.  Cold 
may  likewise  be  employed  to  separate  a  solid 
from  solution.     See  Attraction. 

ADHESIVE  SLATE.  Mm.  Contains  silica 
86-50,  alumina  7-00,  magnesia  1-50,  lime  1*25, 
oxide  of  iron  2-50.  (Klapwth.)  Is  found  mas- 
sive, and  possesses  a  slaty  texture,  which  be- 
comes visible  by  exposure;  but  if  the  mass  be 
immersed  in  water,  it  resumes  its  former  ap- 
pearance. Has  a  yellowish  or  smoke-gray 
colour;  is  very  soft,  splits  easily,  adheres 
strongly  to  the  tongue  (whence  adhesive  slate), 
and  is  opake.  Its  specific  gravity  is  2-08;  and 
it  is  infusible  before  the  blowpipe.  On  ex- 
posure to  a  red  heat,  it  becomes  brownish,  and 
loses  weight.  It  absorbs  water  with  avidity, 
but  does  not  fall  to  pieces.  It  has  hitherto 
been  found  only  in  the  gypsum  formation  around 
Paris,  and  is  the  imbedding  substance  of  the 
Menilite.     (Phillip*.) 

ADIPIC  ACID.  Chan.  Obtained  by  Lau- 
rent by  the  oxidation  of  oleic  acid  by  nitric 
acid.  For  its  preparation  and  that  of  the  ac- 
companying acids,  see  Oleic  Acid,  products  of 
oxidation,  and  see  also  Azoleic,  Lipic,  Pimelic, 
and  Suberic  acids. 

It  crystallises  in  roundish,  sometimes  he- 
mispherical, radiated  masses,  of  a  brownish 
color,  very  soluble  in  boiling  water,  of  a  less 
sour  taste  than  the  pimelic  acid,  readily  soluble 
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in  alcohol  and  ether ;  fuses  at  200°  (293°  Bro- 
meis),  and  congeals  on  cooling  to  a  mass  of 
long  flattened  needles;  may  be  distilled  over 
unchanged  at  a  higher  temperature. 

Laurent's  analysis  of  adipate  of  baryta  gives 
the  equivalent  of  dry  acid  806.  Bromeis's  later 
investigations  of  the  same  salt,  give  the  dry  acid 
1800,  and  from  the  adipate  of  silver,  1886. 

The  formula  of  Laurent  is  C6H4Os  for  the 
dry,  and  C6H504  =  C6H40?  -f  HO  for  the  hy- 
drated  acid  ;  that  of  Bromeis  is  probably  more 
correct,  hydrated,  =  C14H907  +  2HO;  Com- 
pared  with  2  equiv.  pimelic  acid  C14H10O6 
+  2HO,  it  is  formed  from  it  by  the  replacement 
of  1  eq.  hydrogen  by  1  eq.  oxygen. 

Sails.  Adipate  of  ammonia  crystallises  in 
needles.  Nearly  all  its  salts  appear  to  be  so- 
luble in  water,  and  by  not  precipitating  salts 
of  lead  and  copper,  it  is  distinguished  from 
pimelic  acid.  Perchloride  of  iron  precipitates 
with  it  of  a  faint  brick-red  color.  An  excess 
of  nitrate  of  silver  throws  down  from  adipate 
of  ammonia  a  white  precipitate. 

ADIPOCERE.  Chern.  Fourcroy  described 
under  this  name  a  fat  derived  from  corpses, 
dug  from  a  grave-yard  in  Paris,  which  he  sup- 
posed to  be  a  peculiar  fatty  body  combined 
with  ammonia.  Chevreul's  investigations 
proved  that  it  was  nothing  more  than  saponi- 
fied human  fat,  in  which  the  fat  acids  were 
partly  free  and  partly  united  with  ammonia, 
lime,  and  magnesia. 

ADIPOCERE,  MINERAL.  Min.  See  Hat- 
chetine. 

ADOPTER.  Chern.  Syn.  Adapter.  Ger.  Vor- 
stoss.  Fr.  Allonge.  An  elongated  pear-shaped 
vessel  (Fig.  7),  in- 
serted between  a  re- 
tort and  its  receiver, 
the  beak  of  the  retort 
being  thrust  into  and 
cemented  in  itslarger 

end,  while  its  smaller  :~i 

end  is  cemented   in 

the  wider  neck  of  the  receiver.  Sometimes  se- 
veral adopters  are  connected  in  a  series,  and 
contain  a  little  water  to  condense  gaseous  mat- 
ter, the  whole  being  laid  on  a  gently  inclined 
plane;  or  the  smaller  end  is  curved  downwards, 
as  in  the  dotted  line.  They  are  now  employed 
chiefly  in  France.  The  Moorish  aludel  in  the 
reduction  of  mercurial  ores  is  an  earthenware 
adopter.     See  Mercury. 

ADULARIA.     Min.     See  Felspar. 

AEDELFORSITE.  Min.  A  red  zeolite  from 
Aedelfors,  Sweden,  described  by  Retzius,  1818. 
Fuses  and  swells  before  the  blowpipe,  acting 
generally  like  the  zeolites.  Decomposed  by 
acids  forming  a  jelly.  The  analysis  of  Retzius 
gives  in  100  parts 


Fig.  7. 


Silica 

Alumina 

Lime 

Peroxide  of  iron  . . . 
Magnesia  and 
Oxide  of  manganese 
Water 
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Found. 


60-280 

15-416 

8-180 

4-160 

0-420 

11-070 

99-526 


Equiv. 


Calculated. 


61-46 

17-09 

9-48 


11.97 


100-00 


AEROLITE. 


AEROLITE. 


He  found  that  the  quantity  of  peroxide  of  iron 
varied,  being  in  another  experiment  2-5  per  ct. 

Formula,  CaO,  Si03,+  A!203, 3  Si03  -f-  4  aq. 
(CS3  -f  3  AS3  +  4  aq.)  It  is  therefore  Stilbite 
less  2  eq.  water,  or  Epistilbite  less  1  eq.  water. 
(See  these  2  minerals.)  v.  Kobell  mentions 
aedelforsite  as  a  neutral  silicate  of  lime,  evi- 
dently not  the  above,  which  is  a  neutral  silicate 
of  alumina  and  lime  -j-  4  water.  (Rammels- 
berg.) 

AERATED.  Chem.  Obsolete.  A  body  con- 
taining carbonic  acid  ;  hence  sal  ceratus,  a  term 
still  applied  in  common  life  to  carbonate  of 
potassa. 

AERIFORM  BODIES.  Chem.  Physics.  Bo- 
dies exist  in  3  states,  as  solids,  liquids,  or  aeri- 
form bodies,  and  the  last  are  divided  into  vapors 
and  gases.  Vapors  are  characterized  by  the 
readiness  with  which  they  return  to  a  liquid  or 
solid  state  at  or  above  ordinary  temperature 
and  pressure;  thus  mercurial  vapor  condenses 
readily  into  the  liquid  metal,  and  the  vapor 
of  camphor  easily  returns  to  its  solid  state. 
Gases,  on  the  other  hand,  are  always  aeriform 
at  common  temperatures,  nor  can  they  be  ren- 
dered liquid  or  solid  without  a  considerable 
increase  of  pressure  or  reduction  of  tempera- 
ture, or  both  conjoined:  some  of  them  have 
never  been  condensed,  such  as  oxygen,  hydro- 
gen, &c.  (See  Cakbonic  Acid  for  a  liquid  and 
solid  gas.)  The  distinction  between  vapors 
and  gases  is  not  absolute,  but  one  of  conve- 
nience, for  in  the  only  point  of  difference,  the 
relative  forces  which  they  oppose  to  conden- 
sation, they  graduate  into  each  other.  (See 
Vapoii,  Vaporization,  Heat,  Gas.)  In  com- 
mon with  liquids,  they  are  also  termed  fluids  ; 
aeriform  bodies  are  elastic  fluids,  without  co- 
hesive but  probably  with  adhesive  force  (see 
Diffusion)  ;  liquids  are  inelastic  fluids,  in- 
fluenced by  cohesion.     See  Liaums. 

AEROLITE.  Syn.  Meteoric  stone.  fo-.Me- 
teorstein.  Fr.  Aerolithe  (Gr.  *»$,  the  air,  and 
mQcs,  a  stone,  stone  of  the  air).  Certain  metal- 
lic or  stony  substances  which  have  sometimes 
been  seen  to  descend  from  the  air,  accompa- 
nied with  fire  and  a  sound  often  resembling 
thunder.  They  are  inflamed  globes,  which  ap- 
pear instantaneously  in  the  atmosphere,  and 
move  through  it  with  extreme  velocity,  some- 
times even  equal  to  that  of  the  earth  in  its  or- 
bit. The  direction  of  their  motion  is  inclined 
to  the  horizon.  After  shining  with  great  splen- 
dor for  a  few  instants,  they  explode  with  aloud 
noise,  and  often  at  a  great  height,  30  or  40 
miles  above  the  surface  of  the  earth.  They  do 
not  affect  any  peculiar  direction  with  respect 
to  the  motion  of  the  earth,  but  seem  to  come 
from  all  points  of  the  heavens  indifferently. 

The  origin  of  these  singular  substances  is 
involved  in  the  greatest  mystery.  Some  phi- 
losophers, among  whom  is  Laplace,  the  illus- 
trious author  of  the  Mecanique  Celeste,  suppose 
them  to  be  ejected  from  volcanoes  in  the  moon  ; 
others  suppose  them  to  exist  ready  formed  in 
the  celestial  space,  circulating  about  the  sun 
with  great  velocity,  like  planets,  and  falling  to 
the  earth  when  its  attraction  upon  them  pre- 
ponderates ;  others  regard  them  as  fragments 
of  rocks  which  have  been  propelled  by  terres- 
trial volcanoes  to  an  immense  height  above  the 


limits  of  the  atmosphere,  and  again  descend 
after  having  described  several  revolutions 
about  the  earth.  Albers  supposed  the  small 
planets,  situated  between  Mars  and  Jupiter,  to 
be  portions  of  a  larger  exploded  planet,  and  it 
might  reasonably  be  conjectured  that  small 
portions  would  be  hurled  in  such  directions 
that  they  might  revolve  in  irregular  orbits,  un- 
til they  come  within  the  sphere  of  attraction 
of  the  planets. 

Whatever  their  external  form,  magnitude,  or 
appearance,  analysis  has  shown  a  remarkable 
similarity  in  their  composition  (see  below) ; 
some  of  their  constituents  are  also  such  as  are 
never  found  similarly  united  on  the  surface  of 
the  earth;  and,  moreover,  the  great  quantity 
of  metallic  iron,  &c.  they  contain,  is  almost, 
if  not  quite,  an  anomaly  among  the  mineral 
substances  of  the  earth. 

We  may  then  reject  with  safety  the  hypo- 
thesis of  their  earthly  origin,  and  equally  that 
which  supposes  them  to  be  ready  formed  and 
continually  revolving  in  planetary  space.  That 
view- which  supposes  their  origin  in  the  vol- 
canoes of  the  moon,  seems  to  be  most  probable, 
for  no  improbable  amount  of  mechanical  force 
would  be  required.  As  there  is  no  atmosphere 
about  the  moon  sufficient  to  offer  a  sensible 
resistance  to  the  motion  of  a  solid  body,  the 
force  required  is  only  that  which  would  be  suf- 
ficient to  overcome  the  moon's  attraction,  which 
is  found  by  calculation  to  be  about  four  times 
the  force  with  which  a  24  lb.  ball  is  expelled 
from  a  cannon  with  the  ordinary  charge  of 
gunpowder.  A  body  projected  with  a  velocity 
of  about  7770  feet  per  second  from  the  lunar 
surface,  would  be  detached  from  the  moon, 
and  be  brought  to  the  earth  by  terrestrial  gra- 
vitation. The  calculations  of  Albers  and  Pois 
son  have  shown  it  to  be  a  physical  possibility'. 
Moreover,  the  apparent  absence  of  an  atmo 
sphere  and  water  on  the  moon,  explains  their 
metallic  character.  Their  uniform  composi- 
tion would  lead  us  to  suppose  that  they  gene- 
rally originated  from  the  same  or  neighboring 
volcanoes,  and  the  moon  has  ever  turned  one 
surface  to  the  earth.  Pursuing  this  theory,  we 
might  conjecture  one  portion  of  the  moon  to 
be  extremely  rich  in  aerolitic  iron  and  nickel, 
so  that  by  magnetic  force  and  gravity  she 
would  always  keep  that  portion  towards  the 
earth. 

Whether  from  the  moon  or  other  heavenly 
bodies,  they  are  intensely  interesting,  as  they 
convey  to  us  a  knowledge  of  the  nature  of  pon- 
derable matter  from  other  portions  of  the  uni- 
verse, and  enable  us  to  ascertain,  to  a  limited 
extent,  whether  other  elements  exist  there,  or 
whether,  as  the  phenomena  of  gravity  are  the 
same  through  the  universe,  the  nature  of  pon 
derable  matter  remains  likewise  th.e  same. 
Guided  by  these  considerations,  Berzelius  was 
led  to  apply  his  chemical  skill  and  acute  obser- 
vation to  their  thorough  investigation.  Ho 
observes,  that  although  we  have  not  yet  found 
all  the  elements  of  the  earth  in  aerolites,  yet  we 
have  in  them  those  which  are  more  abun- 
dantly diffused,  and  we  have  also  succeeded  in 
determining  the  nature  of  their  chemical  union. 

Instead  of  analyzing  an  aerolite  as  a  whole, 
as  others  had  usually  done,  he  found  that  thev 

47 


AEROLITE. 

consisted  of  several  distinct  combinations, 
which  he  separately  analyzed.  After  the  me- 
tallic portions  were  carefully  removed  by  a 
magnet,  the  remaining  earthy  matter  consisted 
of  2  portions,  one  soluble,  the  other  insoluble  in 


AEROLITE. 

chlorohydric  acid.  The  first  of  the  two  follow- 
ing aerolites  fell  on  25th  Nov.,  1833,  at  Blansko, 
in  Moravia;  the  2d,  on  5th  Aug.,  1812.  near 
Chantonnay,  Vendee,  France  ;  the  3d  fell  near 
Lontalax,  in  Finland. 


Soluble  Mineral. 


Silica 

Magnesia 

Protoxide  of  iron. . . . 
"  manganese 

Oxide  of  nickel,  con- 
taining copper  and 
tin 

Alumina 

Soda 

Potassa 

Loss 


Blansko. 


Oxygen. 


33-084  | 
36-143    14-0(T\ 
26-935  |   6-01 
0-465     0-12 


17-192 


0-465 

0-329 
0-857 
0-429 
1-273 


0-10  )>20-52 


0-10 
0-12 
0-07J 


2. 
Chanton- 
nay. 

32-607 
34-357 

28-801 
0-821 

0-456 


0-977 
1-971 


Oxygen. 


16-96 


.20-04 


3. 

Lontalax. 


37-411 

32-922 

28-610 

0.793 

Al.0-264 


Traces  \ 


Oxygen. 


19-44 


19-54 


Copper,  Tin, 
Potassa,  Soda. 


Insoluble  Mineral. 


Silica 

Magnesia 

Lime 

Protox.  iron 

Protox.  manganese , 

Oxide  of  nickel,  contains  oxides 

of  copper  and  tin 

Alumina 

Soda 

Potassa 

Chromic  iron  (with  tin) 

Loss 


Blansko. 

57-012 

24-956 

1-437 

8-362 

0-557 


4-792 


1-306 
1-579 


Oxygen. 


29-626 


9-660-| 
0-412 
1-904 
0-124 


M4-338 


2-238 


2. 
Chantonnay. 


Oxygen. 


56-252 

20-396 

3-106 

9-723 

0-690 

0-138 

6-025 
1-000 
0-512 
1-100 
1-070 


29-75 


7.91^ 
0-88 
2-21 
0-16 


0-05 

2-81 
0-26 
0-08  J 


yi4-34 


Meteoric  Iron  abstracted  by  the  Magnet. 


Iron 

Nickel 

Cobalt 

Tin  and  copper. . 

Magnesium 

Manganese 

Sulphur 

Carbon 

Insoluble  residue. 


1.  Blansko. 


93-816 
5-053 
0-347 
0-460 


0-324 


4.  Pallas  iron. 


88-042 
10-732 
0-455 
0-066 
0-050 
0132 
trace 
0-043 
0-480 


88-231 
8-517 
0-762 

0-279 
trace. 

Phosphurets,  2-211 


No.  4  is  from  the  celebrated  mass  of  me- 
teoric iron  found  by  Pallas,  in  Siberia.  No.  5 
has  been  long  preserved  in  the  City  Hall,  at 
Elbogen,  and  fell  about  the  beginning  of  the 
15th  century.  The  insoluble  residues  of  these 
two  subjected  to  separate  analyses  were  found 
to  consist  of  phosphurets,  and  to  agree  closely 
with  the  phosphurets  of  Bohumiliz  iron,  for- 
merly analyzed  by  Berzelius.  {Pogg.  Ann.  B. 
xxvii.)  They  have  the  following  percentage 
composition. 


Pallas  iron.  Elbogen. 
Iron 48-67         68-11 

Nickel  ....   18-33   ~)   ,„ 

17-72 


Bohumiliz. 
65-977 
15-008 
Magnesium.     9-66    5   1#  **    Silicium     2-037 
Phosphorus.    18-47         14-17  14-023 

Loss 4-87  not  calculated.  Car.  1-422 

The  earthy  mineral  accompanying  the  Pallas 
iron,  called  Pallas-olivine,  consisted  of 
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Oxygen. 

21-039 


Silica 40-86 

Magnesia 47-35 

Protoxide  of  iron 11-72 

Protox.  of  maganese.     0-43 

Oxide  of  tin 0-17 

The  above  analyses  will  give  a  correct  idea 
of  the  usual  character  and  composition  of  the 
aerolites  that  have  been  subjected  to  analysis, 
with  the  exception  of  3,  which  fell  near  Stan- 
nern,  in  Moravia,  and  near  Jonzac  and  Juvenas, 
in  France,  and  which  closely  resemble  each 
other.  Their  analysis,  by  Klaproth  and  Lau- 
gier,  gives  the  following  composition  : 
Stannern. 

Silica 48-25 

Magnesia 2-00 

Lime 9-50 

Protoxide  of  iron.   23-00 
Alumina 14-50 


Jonzac. 

Juvenas. 

46-00 

40-0 

1-60 

0-8 

7-50 

9-2 

32-40 

23-5 

6-00 

10-4 

AEROLITE. 


AEROLITE. 


Stannern.         Jonzac.    Juvenas. 
Oxide  of  manganese   —  2-80  6-5 

Potassa —  —  0-2 

Oxide  of  copper.. .    —  —  0-1 

Oxide  of  chrome..    —  1-00  1-0 

Sulphur 2-75  1-50  0-5 

They  differ  from  the  preceding  in  containing 
no  metallic  iron,  in  being  an  aggregate  of  seve- 
ral minerals,  which  are  readily  distinguished, 
and  in  containing  a  very  small  quantity  of 
magnesian  silicate.  G.  Rose  has  shown  that 
they  are  probably  a  mixture  of  Labradorite  and 
Augite,  with  some  magnetic  pyrites  free  from 
iron.  It  is  therefore  probable  that  they  are 
from  a  different  source  from  the  majority  of  aero- 
lites, and  probably,  admitting  their  lunar  origin, 
from  another  part  of  that  body  from  which  they 
are  not  often  thrown  in  such  direction  as  to 
come  within  the  sphere  of  the  earth's  attrac- 
tion. This,  with  their  want  of  metallic  iron, 
lends  strength  to  the  hypothesis  of  the  moon's 
constantly  presenting  the  same  surface  to  the 
earth. 

A  stone  fell  on  15th  March,  1806,  near  Alais 
in  France,  which  was  also  examined  by  Ber- 
zelius.  It  contained  soluble  and  insoluble 
matter;  the  latter  consisted  in  part  of  mag- 
netic oxide  of  iron,  a  little  sulphuret  and  me- 
tallic iron  without  nickel,  in  part  of  olivine,  a 
grayish-brown  substance  which  was  sublimed 
(unknown),  carbon  and  water.  The  soluble 
matter  consisted  of  sulphates  of  magnesia, 
lime,  potassa,  soda,  and  nickel,  with  a  trace  of 
copper. 

The  minerals  which  have  been  determined 
as  constituents  of  aerolites  are: 

1.  Native  Iron,  which  often  constitutes  nearly 
the  whole  mass. 

It  is  partly  mingled  with  other  metals,  chiefly 
nickel,  and  partly  forms  an  alloy  with  this 
metal,  which,  by  etching  with  acid,  exhibits  a 
crystalline  structure. 

The  insoluble  residues,  often  crystalline  in 
structure,  are  evidently  phosphurets  of  iron, 
nickel,  and  magnesium;  but  their  exact  com- 
position has  not  yet  been  determined. 

2.  Sulphuret  of  Iron.  It  is  probably  a  com- 
pound of  1  eq.  of  each,  but  the  intimate  mix- 
ture of  nickel-iron  has  prevented  a  determina- 
tion of  this  point. 

3.  Magnetic  Iron  Ore.  It  is  the  only  sub- 
stance extracted  by  the  magnet  from  the  aero- 
lite of  Lontalax,  and  was  found  also  in  one 
from  Alais. 

4.  Chromic  Iron.  This  is  an  almost  universal 
accompaniment  of  aerolites,  although  existing 
in  them  in  very  small  quantity. 

5.  Oxide  of  Tin.  Tin  exists  in  aerolites,  not 
only  in  the  iron,  &c,  but  also  as  the  oxide  of 
tin,  containing  a  trace  of  copper. 

6.  Meteoric  Olivine  is  the  soluble  mineral,  and 
constitutes  about  ^  of  the  mass  remaining  after 
extracting  the  magnetic  particles.  It  has  pre- 
cisely the  composition  of  the  several  varieties 
of  common  olivine,  being  3  basic  silicate  of 

magnesia  and  protoxide  of  iron,  „  y^  >  Si03, 

replaced,  as  in  common  olivine,  by  small 
quantities  of  silicate  of  nickel  and  manganese, 
and  like  it  containing  oxide  of  tin.  See 
Olivine. 

7 


The  excess  of  oxygen  in  the  bases  of  the 
aerolites  from  Blansko  and  Chantonnay  is  due  to 
the  fact  that  all  the  iron  is  represented  as  oxide, 
while  a  portion  was  evidently  sulphuret,  so 
that  the  oxygen  in  bases  and  acid  would  be 
about  equal,  as  shown  in  the  Lontalax  speci- 
men. 

7.  Insoluble  Silicates,  of  magnesia,  lime,  pro- 
toxides of  iron  and  manganese,  alumina,  po- 
tassa and  soda.  The  oxygen  in  the  acid  is 
twice  that  in  the  base,  so  that  viewed  as  a 
whole  it  is  ■$  silicate,  but  it  is  not  unlikely 
composed  of  at  least  two  minerals,  an  augitic 
and  leucitic.  The  former  would  be  3(MgO-f- 
CaO  -f-FeO),  2  SiOs,  and  the  leutitic  (3  MgO  -j- 
CaO+Na0  4-KO),2  Si034-3  (Al203,2  Si03); 
or  representing  the  metallic  bases  by  M,  the 
1st  is  3  MO,  2  Si03,  and  the  2d,  3  MO,  2  Si03 
+  3(M203,  2Si03). 

To  these  we  may  add  the  sulphates  of  the 
stone  of  Alais. 

The  elements  heretofore  found  in  aerolites 
are  oxygen  in  oxides,  hydrogen  in  a  soluble 
organic  compound  in  the  stone  from  Alais, 
sulphur  in  sulphuret  and  sulphates,  phospho- 
rus, carbon,  silicium  in  the  silicates,  chrome, 
tin,  copper,  cobalt,  nickel,  manganese, and  iron; 
aluminum,  magnesium,  and  calcium  are  com- 
mon oxides  in  aerolites,  sodium  and  potassium 
in  small  quantity.  These  18  elements  are 
nearly  5  of  those  found  on  the  earth.  Others 
are  supposed  to  have  been  detected,  but  their 
existence  requires  confirmation,  excepting  per- 
haps the  content  of  chlorine  found  by  Jackson 
in  the  meteoric  iron  from  Clarke  county,  Ala- 
bama. It  is  the  first  instance  of  a  halogen  in 
meteoric  iron,  and  should  be  closely  investi- 
gated to  ascertain  whether  it  must  be  ascribed 
to  the  aerolite. 

Viewing  aerolites  as  bodies  showing  the 
composition  of  another  planet,  the  great  quan- 
tity and  peculiar  character  of  the  native  iron 
is  remarkable.  The  excess  of  magnesia,  the 
rarity  of  silica,  and  the  small  amount  of  sili- 
cates of  alumina  and  alkali  are  characteris- 
tics, and  exhibit  the  reverse  of  the  surface  of 
our  earth.  The  aerolite  of  Alais  shows  that 
in  the  place  whence  it  originated  the  mineral 
substances  disintegrated,  and  that  this  took 
place  with  the  formation  consisting  of  olivine 
and  native  iron.  The  carbonaceous  matter 
does  not  prove  that  organic  nature  exists  where 
it  originated.  See  Berzelius  in  Pogg.  Annalen, 
Bd.  xxxiii. 

AERONAUTICS.  Chem.  Phys.  The  art  of 
navigating  the  air.  The  movement  of  birds 
through  the  air  might  naturally  lead  men  to 
believe  that  the  artificial  navigation  of  the  air 
was  not  much  farther  removed  from  human 
power  and  skill  than  sailing  on  the  water;  ac- 
cordingly we  may  trace  in  very  ancient  fables 
the  attempts  which  were  made  to  attain  so  de- 
sirable an  object,  although  we  may  withhold 
credence  from  their  success.  It  was  not  until 
the  rise  of  chemical  science,  towards  the  close 
of  the  last  century,  that  the  attempt  was  in  any 
degree  successful.  The  1st  method  was  to  ex- 
pand the  air  in  a  balloon  by  fire  under  an 
opening  in  the  bottom  (1782)';  the  2d,  in  1783, 
consisted  of  a  closed  balloon  filled  with  hydro- 
gen; and  3d,  within  the  few  last  years  they  have 
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been  filled  with  illuminating  gas  (carbohydro- 
gen)  ;  the  4th  attempt  consists  of  a  car  with 
very  large  horizontal  wings,  the  paddles  under 
or  about  the  car  being  worked  by  a  steam  en- 
gine.    I  doubt  its  success.     See  Balloon. 

AEROSTATION.  A  term  incorrectly  ap- 
plied to  aeronautics,  excepting  to  the  4th  at- 
tempt (see  above). 

AETHAL  AND  AETHALIC  ACID.  See 
Cetitlb,  Cetulic  Acid,  and  Spermaceti. 

AESCHYNITE.  ffin.  (A/^uro,  modesty.) 
Physical  System,  right  rhombic.  Prism  about 
127°  and  53°.     {$rooke.) 

11  =  5  to  6:  spec.  grav.  5-14 — 5-55. 
Comb.  The  octohedron  terminating  the  prism. 
Color,  nearly  black,  inclining  to  brownish-yel- 
low when  translucent;  lustre, resinous  ;  streak, 
dark  gray,  nearly  black;  fracture,  small  sub- 
conchoida!,  translucent  on  edges,  when  in  very 
thin  fragments. 

Chan.  Reaction.  In  a  bulb,  gives  water,  in 
open  tube,  strong  evidence  of  fluohydric  acid; 
on  charcoal  or  in  forceps,  swells  and  becomes 
rust-yellow,  infusible,  forms  a  black  slag  on  the 
extreme  edges;  dissolves  in  borax  dark  yellow; 
a  little  in  mic.  salt  colorless,  with  more,  yellow, 
which  becomes  cloudy,  dark  brown  to  violet 
in  reducing  flame,  particularly  by  adding  tin  ; 
decomp.  by  soda  without  fusion,  leaving  a  rust- 
3-ellow  mass. 

Analysis.  Hartwell's  Analysis  gives  Titanic 
acid,  56-0  -f-  Zircon ia,  20-0  -f-  Peroxide  of  ce- 
rium, 15-0 -j-  Lime,3-8-(-  Peroxide  of  iron,  2-6-f- 
Peroxide  of  tin,  0-5  =  97-9.  Titanic  acid  and 
Zirconia  are  not  accurately  given,  from  the 
difficulty  of  separating  them.  Fogg.  Jin.  xvii. 
and  Rammd&berg, 

AFFINITY.  Chcrn.  Syn.  Chemical  affinity 
or  Attraction,  Elective  attraction.  Ger.  Che- 
misehe  Verwandtschaft  oder  Anziehungskraft, 
Wahlverwandtschaft,  Wahlanziehung,  Affini- 
ty.    Fr.  Affinite. 

That  variety  of  attraction  which  is  exerted 
between  different  kinds  of  matter,  at  insensible 
distances,  uniting  them  into  a  new  body,  pos- 
sessed of  properties  essentially  different  from 
those  of  its  constituents.  By  acting  only  at 
insensible  distances,  it  is  sufficiently  distin- 
guished from  gravity ;  exerted  only  between 
different  kinds  of  matter,  it  is  very  different 
from  cohesion ;  but  it  is  more  difficult  to  draw 
a  narrow  line  of  demarkation  between  affinity 
and  that  form  of  attraction  which  is  usually 
placed  under  Heterogeneous  adhesion,  viz.  the 
attraction  evinced  in  solution,  for  the  latter 
seems  to  form  a  connecting  link  between 
chemical  and  other  kinds  of  attraction.  See 
Solution.  The  latter  part  of  the  above  defini- 
tion, that  "it  forms  bodies  essentially  different," 
will  serve  to  distinguish  it  from  attraction  in 
solution. 

Affinity  is  not  always  exerted  between  bodies ; 
thus  fluorine  does  not  combine  with  oxygen, 
but  readily  with  metals.  Carbon  does  not  unite 
with  mercury,  but  combines  with  oxygen,  iron, 
&c.  It  is  therefore  elective  in  its  character, 
preferring  one  body  to  another.  Such  a  view, 
however,  is  only  in  accordance  with  the  present 
state  of  the  science,  for  it  is  possible  that  each 
dement  may  combine  with  each  of  the  others; 
but  that  other  forces  interfere  with  the  exercise 
50 


AFFINITY. 

of  affinity.  Thus  nitrogen  may  have  a  strong 
attraction  for  the  metals,  and  the  reason  why 
such  compounds  are  difficult  to  make  and 
easily  decomposed,  may  be  the  highly  elastic 
state  of  nitrogen. 

As  far  as  we  know,  it  acts  at  insensible  dis- 
tances, but  it  is  possible  that  the  distance  to 
which  its  energy  extends  may  be  measure.!. 
Thus  the  union  of  some  bodies  by  friction, 
when  in  a  minute  state  of  mechanical  di- 
vision, seems  to  hint  at  a  sensible  distance  of 
action. 

I.  Conditions  and  Circumstances  of  Combi- 
nation et  Affinity. 

Affinity  must  be  sufficiently  powerful  to  over- 
come the  opposing  forces  of  gravity,  cohesion, 
and  elasticity.  The  bodies  must  be  in  imme- 
diate contact,  since  the  action  is  at  insensible 
distances.  It  is  rarely  sufficient  to  pulverize 
two  solids,  however  fine,  to  induce  their  chemi- 
cal union,  for  their  particles  do  not  admit  freely 
of  motion,  but  by  constant  and  rapid  trituration 
many  points  of  surface  are  brought  in  contact 
nearly  at  one  time,  and  combination  may  ensue; 
in  this  manner  sulphur  and  finely  divided  cop- 
per unite  with  the  evolution  of  heat.  The 
affinity  of  bodies  is,  therefore,  promoted  by 
every  thing  which  tends  to  their  close  approxi- 
mation ;  in  solids,  by  their  pulverization  and 
intermixture,  this  attraction  residing  in  the  ulti- 
mate particles  of  bodies;  in  gases,  by  their 
spontaneous  diffusion  through  each  other, 
which  occasions  a  more  complete  intermixture 
than  is  attainable  by  mechanical  means ;  and 
between  liquids,  or  between  a  liquid  and  solid 
by  the  adhesive  attraction  which  liquids  pos- 
sess, which  must  lead  to  perfect  contact,  and 
also  by  a  disposition  of  liquid  bodies  to  inter- 
mix, of  the  same  physical  character  as  gaseous 
diffusion.  Elevation  of  temperature  has  cer- 
tainly often  a  specific  action  in  increasing  the 
affinity  of  two  bodies,  but  it  also  often  acts  by 
producing  a  perfect  contact  between  them,  from 
the  diffusion  or  vaporization  of  one  or  both 
bodies.  Hence,  no  practice  is  more  general  to 
promote  the  combination  of  bodies  than  to  heat 
them  together.  Thus  fused  sulphur  does  not 
unite  with  carbon,  but  must  be  brought  in  the 
vaporous  state,  in  contact  with  carbon :  efflo- 
resced carbonate  of  soda  absorbs  carbonic  acid 
at  first,  slowly ;  but  more  rapidly  in  proportion 
as  absorption  developes  heat,  until  at  length 
its  absorption  is  violent.  Carbon,  iron,  &c, 
must  be  heated  in  oxygen  to  develope  then- 
affinity  for  it. 

Light  may  frequently  induce  union  like  heat; 
thus  chlorine  with  hydrogen  or  carbonic  oxide. 
Electricity  may  also  unite  gases  by  heat  or 
compression,  as  hydrogen  and  oxygen,  &c. 
The  expansion  of  a  gas  often  assists  affinity; 
thus  phosphorus  exhibits  slow  combustion  in 
oxygen  at  a  lower  temperature,  the  more  the  gas 
is  expanded.  Condensation  frequently  effects 
union  by  the  heat  it  developes,  and  by  bringing 
the  particles  in  closer  contact.     (Gmelin,  &c.) 

If  the  affinity  between  two  gases  is  sufficiently 
great  to  begin  combination,  the  process  is  never 
interrupted,  but  is  continued  from  the  diffusion 
of  the  gases  through  each  other  till  complete, 
or  at  least  till  one  of  the  gases  is  entirely  con- 
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sumed.     Thus  when  hydrochloric   acid   and 
ammoniacal  gases,  in  equal  measures,  are  in- 
troduced into  a  jar  containing   at  the  same 
time  a  large  quantity  of  air,  the  formation  of 
hydrochlorate  of  ammonia  proceeds,  the  gases 
appearing  to  search  out  each  other,  till  no  por- 
tion of  uncombined  gas  remains.    The  com- 
bination of  two  liquids,  or  of  a  liquid  and  a 
solid,  is  also  facilitated  in  the  same  manner  by 
the  mobility  of  the  fluid,  and  proceeds  without 
interruption,  unless,  perhaps,  the  product  of  the 
combination  be  solid,  and  by  its  formation  in- 
terpose an  obstacle  to  the  contact  of  the  com- 
bining bodies.     But  the  affinities  of  two  solids 
which  are  not  volatile,  are  rarely  developed  at 
all,  owing  to  the  imperfection  of  contact.    Even 
the  action  of  very  powerful  affinities  between 
a  solid  and  a  liquid  or  a  gas,  is  often  arrested 
in  the  outset  from  the  physical  condition  of  the 
former.     Thus  the  affinity  between  oxygen  and 
lead  is  certainly  considerable,  for  the  metal  is 
rapidly  converted  into   a  white   oxide,  when 
ground  to  powder  and  agitated  with  water  in 
its  usual  aerated  condition;  and  in  the  state  of 
extreme  division  in  which  lead  is  obtained  by 
calcining  its  tartrate  in  a  glass  tube,  the  metal 
is  a  pyrophorus,  and  combines  with  oxygen 
when  cold,  with  so  much  avidity  as  to  take 
fire  and  burn  the  moment  it  is  exposed  to  the 
air.     Iron  also,  in  the  spongy  and  divided  state 
in  which  it  is  procured  by  reducing  the  peroxide 
by  means  of  hydrogen  gas  at  a  low  red  heat, 
or  by  treating  the  oxalate  in  a  tube,  absorbs 
oxygen  with  equal  avidity  at  the  temperature 
of  the  air,  and  takes  fire  and  burns.     But  not- 
withstanding an   affinity  for  oxygen  of  such 
intensity,  these  metals  in  mass  oxidate  very 
slowly  in  air,  particularly  lead,  which  is  quickly 
tarnished  indeed,  but  the  thin  coating  of  oxide 
formed  does  not  penetrate  to  a  sensible  depth 
in  the  course  of  several  years.     The  suspen- 
sion of  the  oxidation  may  be  partly  due  to  the 
comparatively  small  surface  which  a  compact 
body  exposes  to  air,  and  which  becomes  co- 
vered by  a  coat  of  oxide,  and  protected  from 
farther  change  ;  but  partly  also  to  the  effect  of 
the  conducting  power  of  a  considerable  mass 
of  metal  in  preventing  the  elevation  of  tempe- 
rature consequent  upon  the   oxidation  of  its 
surface ;   for   metals    oxidate  with    increased 
facility  at  a  high  temperature,  such  as  the  lead 
pyrophorus  quickly  attains  from  the  oxidation 
of  the  great  surface  which  it  exposes,  com- 
pared with  its  weight.   The  heat  from  the  oxida- 
tion of  the  superficial  particles  of  the  compact 
metal,  however,  is  not  accumulated,  but  carried 
off  and  dissipated  by  the  conducting  power  of 
the  contiguous  particles,  so  that  elevation  of 
temperature  is  effectually  repressed.    It  thus 
appears  that  the  state  of  aggregation  of  a  solid 
may  oppose  an  insuperable  bar  to  the  action 
of  a  very  powerful  affinity. 

Contact.  The  affinity  of  two  bodies,  one  or 
both  of  which  are  in  the  state  of  gas,  is  often 
promoted  in  an  extraordinary  manner  by  the 
contact  of  certain  solid  bodies.  Thus  oxygen 
and  hydrogen  gases  may  be  mixed  and  retained 
for  any  length  of  time  in  that  state  without 
exhibiting  any  affinity  for  each  other,  and  the 
gaseous  mixture  may,  indeed,  be  heated  in  a 
slass  vessel  to  any  temperature  short  of  red- 


ness, without  showing  any  disposition  to  com- 
bine. But  if  a  clean  plate  of  platinum  be 
introduced  into  the  cold  mixture,  the  gases  in 
contact  with  the  metallic  surface  instantly 
unite  and  form  water ;  other  portions  of  the 
mixture  come  then  in  contact  with  the  platinum 
and  combine  successively  under  its  influence, 
so  that  a  large  quantity  of  the  gaseous  mixture 
may  be  quickly  united.  (Graham.)  See  Cata- 
lysis and  Contact. 

Nascent  State.  Chemical  combination  of  two 
bodies  seems  often  to  take  place  only  by  the 
co-affinity  of  other  bodies  with  each  other. 
Thus  nitrogen  and  hydrogen  gases  do  not  form 
ammonia  by  direct  union,  but  by  the  oxidation 
of  tin  by  nitric  acid  or  by  nitric  oxide  and 
water ;  the  metal  abstracts  oxygen  both  from 
the  water  and  nitrous  body,  evolving  nitrogen 
from  the  latter  and  hydrogen  from  the  water, 
which,  in  their  then  nascent  state,  combine  to 
form  ammonia.  Such  combinations  of  bodies 
in  their  nascent  state  are  very  numerous,  and 
we  are  unable  to  produce  a  large  number  of 
them  in  any  other  way;  such,  for  example,  are 
numberless  artificial  compounds,  developed  in 
the  province  of  organic  chemistry. 

Inducing  or  Imparted  JIffinity.  There  is  another 
singular  operation  of  affinity  allied  to  the  pre- 
ceding, which  is  not  well  understood.  It  may 
be  termed  inducing,  inductive,  or  imparted 
affinity.  Attention  was  drawn  to  it  by  Liebig, 
in  a  general  way,  who  classified  some  of  the 
facts  by  the  law,  that  a  body  while  in  the  act 
of  combining  has  the  power  of  imparting  the 
same  action  to  another  body  in  contact  with  it, 
inducing  it  to  unite  with  a  third  body,  when  it 
would  not  have  done  so  under  similar  circum- 
stances, without  such  contact.  Nitrogen  and 
oxygen  do  not  unite  by  heat,  and  indeed  dif- 
ficultly in  any  way;  but  hydrogen  burned  in 
the  air  produces  water  containing  nitric  acid ; 
platinum  is  wholly  insoluble  in,  and  not  oxi- 
dized by  nitric  acid  when  alone,  but  it  is  so 
when  alloyed  with  silver.  This  interesting 
subject  is  deserving  of  a  full  and  extended  in- 
vestigation, which  would  unquestionably  lead 
to  a  much  more  thorough  knowledge  of  the 
operations  of  affinity  than  we  at  present 
possess. 

II.  Combining  Proportions. 

Combination  by  Weight.  Analysis  has  shown 
that  the  composition  of  bodies  is  fixed  and 
invariable ;  thus  100  parts  by  weight  of  water 
are  uniformly  composed  of  88*9  oxygen  and 
11-1  hydrogen  (or  8  to  1) ;  whether  the  water 
be  distilled  from  rain,  springs,  rivers,  &c,  or 
formed  artificially,  by  burning  oxygen  and 
hydrogen  in  any  proportion.  If  we  observe 
the  measure  of  the  two  gases,  that  is  the  bulks 
which  88-9  and  11-1  parts  respectively  occu- 
py, we  are  struck  with  the  remarkable  fact 
that  there  is  exactly  twice  as  much  hydrogen 
as  oxygen.  Nature  here  points  out  a  very 
simple  proportion  where  two  gases  unite;  but 
the  greater  number  of  substances  are  only 
known  in  a  solid  or  liquid  state,  where  their 
union  by  measurement  cannot  as  well  be  ob- 
served. The  former  is  called  combination  by 
weight,  the  latter  by  volume  ;  and  although  the 
composition  of  a  body  is  usually  expressed  by 
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weight,  yet  we  are  frequently  led  to  the  result 
by  an  examination  of  their  combination  by 
volume.  The  numbers  expressing  these  two 
modes  of  combination  are  very  different.  If 
we  examine  several  bodies  containing  one 
element  in  common,  we  find,  what  may  be 
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inferred  from  the  composition  of  water,  that 
that  element  unites  with  very  different  quanti- 
ties of  other  elements.  Thus,  in  the  following 
table  the  ratio  of  oxygen  to  the  other  con- 
stituent  is  very  different : 


Composition  of  Oxides. 


Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxide  of  Lead. 

Oxide  of  Silver. 

Oxygen 88-9 

Hydrogen.  11-1 

100 

Oxygen 20-2 

Copper. . . .  79-8 

100 

100 

100 

Oxygen 6-9 

Silver 93-1 

100 

But  the  relation  between  the  oxygen  and  the 
other  constituent  in  these  oxides  will  be  seen 
more  distinctly  by  stating  their  composition  in 


such  a  way  as  to  have  the  oxygen  expressed 
by  the  same  number  in  every  case,  or  made 
equal  to  8  parts.     Thus, 


Water. 

Oxide  of  Copper. 

Oxide  of  Zinc. 

Oxide  of  Lead. 

Oxide  of  Silver. 

Oxygen... 8 
Hydrogen.  1 

9 

Oxygen ...  8 
Copper. .  31-7 

39-7 

40-3 

Lead 103-7 

111-7 

Silver 108-3 

116-3 

It  therefore  follows  that  8  parts  of  oxygen 
Combine  with  1  part  of  hydrogen, 

31-7  parts  of  copper, 
32-3     "       "  zinc, 
103-7     "      "  lead, 
108-3     "      "  silver. 
These  numbers  seem  to  belong  to  the  sub- 


stances to  which  they  are  attached ;  for  when 
the  compounds  of  sulphur  with  the  same  bodies 
are  examined,  the  same  numbers  are  obtained 
as  shown  by  the  following  table;  the  only  dif- 
ference being,  that  the  quantity  of  sulphur  is 
rather  more  than  twice  that  of  the  oxygen. 


Composition  of  Sulphurets. 


Of  Hydrogen. 

Of  Copper. 

Of  Zinc. 

Of  Lead. 

Of  Silver. 

Sulphur..  16-1 
Hydrogen.  1- 

w 

Sulphur....  16-1 
Copper 31-7 

47-8 

Sulphur....  16-1 
48-4 

Sulphur 16-1 

Lead 103-7 

119-8 

Sulphur.  ...16.1 
Silver 108-3 

124-4 

In  the  same  manner  35-4  parts  of  chlorine 
combines  with  1  hydrogen,  31-7  copper,  32-3 
zinc,  103-7  lead,  108-3  silver;  and  indeed  if  a 
large  number  of  bodies  be  examined,  the  same 
remarkable  relation  is  observed.     (Graham.) 

Now  it  is  evident  that  we  might  express  the 
composition  of  all  bodies  by  per  centages,  as  in 
the  1st  table  above  given ;  but  the  2d  and  3d 
reveal  to  us  a  certain  fixed  numerical  relation 
between  the  weights  in  which  bodies  combine, 
and  which  the  memory  can  retain  more  easily 
than  the  variable  numbers  of  percentage  com- 
position. For  the  sake  of  uniformity  there 
should  be  a  standard  or  unit  of  comparison, 
which  once  adopted,  fixes  a  particular  number 
to  every  substance.  Such  numbers  are  call- 
ed the  Combining  Proportions,  Combining 
Weights  of  Bodies,  Equivalent  Numbers,  Equi- 
valents, Atomic  Weights.  The  elements  of 
water  are  each  taken  as  unity  for  equivalents 
or  combined  weights,  just  as  water  itself  is 
assumed  as  unity  for  the  specific  weights  of 
bodies,  and  hence  arise  two  series  of  equivalents 
according  as  hydrogen  or  oxygen  is  employed 
as  the  unit  of  comparison.  In  the  one,  hydro- 
gen is  assumed  as  unity ;  in  the  other,  oxygen  is 
assumed  to  be  100.  The  following  table  of 
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the  substances  introduced  above  will  show  the 
relation  between  the  2  series. 


H  =  l 


Hydrogen  1  equivalent         1     or 


Oxygen 

Sulphur 

Copper 

Zinc 

Chlorine 

Lead 

Silver 


1  equiv. 

1       " 

1 

1       " 

1 

1 

1       « 


16-1 
31-7 
32-3 
35-5 
103-7 
108-3 


O=100 
12-5 
100-0 
201-1 
395-7 
403-2 

443-75 

1294-5. 

1351-6  p 


These  proportional  numbers  belong  to  one 
proportion  of  the  body  to  which  they  are  at 
tached,  and  in  the  present  work  they  are  usu 
ally  termed  equivalents  and  their  numbers  com 
bining  weights;  thus,  1  eq.  oxygen  has  a  com 
bining  weight  of  8  by  the  hydrogen  scale,  o. 
100  by  the  oxygen  scale,  and  so  of  each  of  the 
others. 

See  under  Equivalents  for  a  general  table 
of  the  combining  weights  of  all  the  elements, 
and  under  each  substance  of  importance  for  its 
equivalent  by  both  series.  The  hydrogen  scale 
is  preferred  in  the  present  work,  according  to 
which  the  combining  weight  of  a  simple  sub- 
stance is  the  quantity  of  it  which  unites  with  8 
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parts  of  oxygen  to  form  a  protoxide  or  a  strong 
base. 

There  are  2  laws  of  combination  to  which 
the  preceding  remarks  lead  us.  The  first  is 
that  bodies  unite  with  each  other  by  proportional 
numbers  which  become  fixed  when  referred  to  a 
standard  of  unity,  and  are  called  equivalents  or 
combining  weights. 

The  2d  law,  deducible  from  the  1st,  is  that 
ivhere  bodies  unite  in  more  than  one  proportion,  they 


combine  in  simple  multiples  of  their  equivalents,  and 
in  no  intermediate  proportions.  There  are  at 
least  two  series  of  combinations  embraced  in 
this  law. 

1st  Series.  A  unites  with  1,  2,  3,  4,  5,  &c. 
ofB. 

2d  Series.  A  unites  with  1,  1-J,  2,  1\,  &c. 
ofB. 

The  first  series  is  exemplified  by  the  sub- 
joined compounds. 


Water  is  composed  of. Hydrogen  1 

Binoxide  of  hydrogen do. 

Carbonic  oxide Carbon 

Carbonic  acid do. 

Nitrous  oxide  Nitrogen 

Nitric  oxide  do. 

Nitrous  acid do. 

Hyponitric  acid do. 

Nitric  acid do. 


1 

Oxygen 

8? 
16  % 

1 

1 

do. 

2 

6 

do. 

8l 
16  S 

1 

6 

do. 

2 

14-19 

do. 

81 

1 

14-19 

do. 

16  1 

24  y 

2 

14-19 

do. 

3 

14-19 

do. 

32  1 

4 

14-19 

do. 

40J 

5 

In  all  these  compounds  the  ratio  of  the 
oxygen  is  expressed  by  whole  numbers.  In 
water  the  hydrogen  is  combined  with  half  as 
much  oxygen  as  in  the  binoxide  of  hydrogen, 
so  that  the  ratio  is  as  1  to  2.     The  same  rela- 


tion holds  in  carbonic  oxide  and  carbonic  acid. 
The  oxygen  in  the  compounds  of  nitrogen  and 
oxygen  is  in  the  ratio  of  1,  2,  3,  4  and  5. 

The  following  compounds  exemplify  the  se- 
cond series : — 


Protoxide  of  iron         consists  of  iron 27-18 

Peroxide do 27-18 

Protoxide  of  manganese         Manganese  ....  27-72 

Sesqui-oxide do 27-72 

Bin-oxide do 27-72 

Sulphurous  acid Sulphur 16-12 

Hyposulphuric  acid do  16-12 

Sulphuric  acid do 16-12 


Oxygen 

85 

1 

do. 

125 

H 

do. 

8} 

1 

do. 

12C 

H 

do. 

16J> 

2 

do. 

16} 

2 

do. 

20  y 

2* 

do. 

24  S 

3 

Instead,  however,  of  expressing  the  combina- 
tions of  B  by  1^,  2^,  &c,  by  doubling  the  two 
elements, the  2d  B  will  be  in  whole  numbers; 
thus  the  peroxide  of  iron  will  be  2  eq.  iron  = 
27-18  X  2  =  54-36  and  3  eq.  oxygen  =  8x3  = 


24,  and  hyposulphuric  acid  =  2  eq.  sulphur 
with  5  eq.  oxygen. 

The  number  of  equivalents  which  may  enter 
into  a  compound,  is  subject  to  considerable 
variation,  as  will  appear  from  the  following 
examples : 


One  equiv.  oxygen  -f- 

Two  equivs.  oxygen  -j- 

One  equiv.  oxygen  -j- 

One       "  sulphur  -4- 

Two  equivs.  sulphur  -(- 

Two      "  iron  -(- 

Two      "  sulphur  -j- 


One  equiv 

One 

Two  equivs. copper 


Two 


manganese  4- 


Three 

Two 

Three 

Five 

Seven 


Representing  the  constituents  of  a  binary 
compound  by  A  and  B,  the  last  being  the 
oxygen  or  electro-negative  constituent,  the 
most  frequent  combination  is  A-f-B,  then 
A  +  2B,  A  +  3B,  and  A  -f  5B.  The  combina- 
tion of  2A  -\-  3B,  is  not  unfrequent,  but  2A  -f  B, 
A  4-  4B,  A  +  7B,  2A  4-  2B,  or  2A  4-  5B  are 
of  comparatively  rare  occurrence.  Combina- 
tion between  two  elements  is  not  known  to 
occur  in  more  complicated  ratios  than  the 
preceding,  if  the  compounds  of  carbon  and 
hydrogen  be  excepted,  which  are  numerous 
and  exhibit  great  diversity  of  composition, 
like  the  compounds  of  organic  chemistry  gene- 
rally, to  which  they  properly  belong. 

There  are  cases  of  combination  where  it 
would  seem  at  first  sight  that  the  2d  law  may 
not  hold  good  as  far  as  regards  the  simplicity 
of  multiples,  for  there  are  many  compounds, 
which  do   not  fall   into  either  of  the   above 


hydrogen  form  water. 

hydrogen  "  peroxide  of  hydrogen. 

:'  suboxide  of  copper, 

oxygen  "  sulphuric  acid, 

oxygen  "  hyposulphurous  acid, 

oxygen  "  peroxide  of  iron, 

oxygen  "  hyposulphuric  acid, 

oxygen  "  hypermanganic  acid. 

series,  such  for  example  are  the  red  oxide  of 
lead,  two  of  the  oxides  of  manganese,  &c.  But 
the  former,  which  consists  of  1  eq.  lead  united 
with  1  j  eq.  of  oxygen,  or  3  eq.  to  4  oxygen,  has 
been  explained  by  supposing  that  it  is  com- 
posed of  2  oxides  of  lead,  thus, 

2  eq.  protoxide  of  lead=2  lead-4-2  oxygen, 
and  1  eq.  binoxide  of  lead=l    "    -\-Z      " 

1  eq.  red  oxide  of  lead,    3   "    -f-4      " 


A  similar  explanation  has  been  given  of 
other  oxides.  The  two  lately  discovered  acids 
of  sulphur  fall  into  the  same  series.  Langlois' 
sulphuretted  hyposulphuric  acid  is  composed 
of  3  eq.  sulphur  and  5  oxygen ;  but  it  may  be 
supposed  to  consist  of  sulphuric  and  hyposul- 
phurous acids,  that  is 
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1  eq.  hyposulphurous  acid  =  2  sulphur -f-  2  oxygen. 
1    "    sulphuric  acid  =1         "     +  3      " 


1    "    Langlois'  acid 

Of  the  correctness  of  such  suppositions,  the 
decomposition  of  these  bodies  affords  strong 
presumptive  evidence,  for  the  oxides  most 
readily  separate  into  the  more  definite  oxides, 
and  the  above  acid  easily  separates  into  the  two 
more  definite  acids. 

Ternary  or  more  complex  compounds.  It  fol- 
lows from  the  1st  law  that  the  combining 
weight  of  a  compound  body  must  be  the  sum 
of  the  combining  weights  of  its  constituents. 
Hence,  when  three  or  more  elements  are  united 
in  two  setts,  or  2  binary  compounds,  these 
unite  also  by  equivalents.  Thus,  oil  of  vitriol 
containing  sulphur,  oxygen  and  hydrogen,  con- 
sists more  immediately  of  sulphuric  acid  and 
water  in  the  proportion  of 

1  equiv.         water  9 

1  equiv.         sulphuric  acid  40*12  =  49-12 

Of  which  the  compound  water  has  a  combining 
weight  of  9  (or  leq.  oxygen,  8 -j-  1  eq.  hydrogen 
1),  and  the  acid  has  a  comb,  weight  of  40*12, 
that  is,  1  eq.  sulphur,  16-12  -f-  3  eq.  oxygen 
(8  X  3)  24.  The  combining  weight  of  oil  of 
vitriol  is  therefore  49-12. 

The  combining  weight  of  oxide  of  zinc  is 
40-31,  the  sum  of  oxygen  8,  and  zinc  32-31,  and 
the  compound  of  this  oxide  with  sulphuric  acid, 
or  the  salt,  dry  sulphate  of  zinc,  consists  of 

Oxide  of  zinc 40-31 

Sulphuric  acid 40-12 

80-43 

80-43  being  the  combining  weight  of  dry  sul- 
phate of  zinc. 

Of  potassa,  the  combining  weight  is  47-26,  or 
oxygen  8,  added  to  potassium  39-26,  and  to  this 
weight  of  potassa,  the  usual  weight  of  sulphu- 
ric acid  is  attached  in  the  sulphate  of  potassa, 
which  is  composed  of 

Potassa 47-26 

Sulphuric  acid 40-12 

87-38 

Of  these  salts  themselves,  the  combining 
weights  ought  to  be  the  sums  obtained  by  the 
addition  of  the  numbers  of  their  constituents; 
and  accordingly  the  double  sulphate  of  zinc 
and  potassa  consists  of 

Sulphate  of  zinc 80-43 

Sulphate  of  potassa 87-38 

167-81 

The  last  sum  expresses  the  combining  weight 
of  the  double  salt. 

Of  nitric  acid  the  constituents  are  1  equiv. 
of  nitrogen,  14-19,  and  5  equivs.  of  oxygen,  40, 
making  together  54-19,  which  is  the  combining 
weight  of  that  acid,  and  is  found  to  unite  with 
9  water,  with  40-31  oxide  of  zinc,  and  with 
47-26  potassa,  or  with  the  same  quantities  of 
these  oxides  as  combine  with  40-12  sulphuric 
acid.  Carbonic  acid  is  composed  of  1  equiv. 
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of  carbon  6,  and  2  equiv.  of  oxygen  16,  so 
that  its  combining  weight  is  22,  in  which  pro- 
portion it  unites  with  47-26  potassa,  to  form 
the  carbonate  of  potassa.  The  equivalent 
quantities  of  all  other  acids  and  bases  cor- 
respond in  like  manner  with  the  numbers 
deducible  from  their  composition.  Indeed  the 
law  is  found  to  hold  in  compounds  of  every 
class  and  character,  whether  they  contain 
few  or  many  equivalents  of  their  elements. 
Thus  of  the  vegeto-alkali  morphia,  which  con- 
tains a  large  number  of  equivalents  (see 
Morphia),  the  combining  proportion  is  the 
high  number  292-19,  which  is  the  sum  of  35 
equivs.  of  carbon  2 10, 20;  equivs.  of  hydrogen  20; 

1  equiv.  of  nitrogen  14-19,  and  6  equivs.  of 
oxygen  48;  292.19  morphia  being  found  to 
unite  with  40-12  sulphuric  acid,  or  a  combining 
weight  of  that  acid,  to  form  the  sulphate  of 
morphia. 

Compound  bodies  likewise  unite  among 
themselves  in  multiples  of  their  combining 
weights,  as  well  as  in  single  equivalents. 
Thus  47-26  potassa  combine  with  52-19  chro- 
mic acid,  and  with  double  that  quantity,  or 
104-38  chromic  acid,  to  form  the  yellow  and 
the  red  chromates  of  potassa ;  the  first  con- 
taining 1  equiv.  and  the  second  2  equivs.  of 
acid.  The  occurrence  of  multiple  proportions 
was  well  illustrated  by  Dr.  Wollaston  in  the 
carbonate  and  bicarbonate  of  potassa.  A 
quantity  of  the  latter  salt  being  divided  into 
equal  parts,  one  half  was  exposed  to  a  red 
heat,  by  the  effect  of  which  the  salt  lost  some 
carbonic  acid  and  became  neutral  carbonate, 
and  both  portions  being  afterwards  decom- 
posed by  an  acid,  the  salt  in  its  original  condi- 
tion was  found  to  afford  a  measure  of  carbonic 
acid  gas  exactly  the  double  of  that  yielded  by 
the  portion  exposed  to  the  high  temperature. 
By  experiments  equally  simple  and  convincing, 
he  proved  that  in  the  three  salts  formed  by 
oxalic  acid  and  potassa,  the  quantities  of  acid 
which  combine  with  the  same  quantity  of 
alkali  are  rigorously  among  themselves  as  the 
numbers  1,  2,  and  4.  The  composition  of  all 
other  super  and  sub  salts  is  found  to  be  in  con- 
formity with  the  same  law,  one  of  the  constitu- 
ents being  always  present  in  the  proportion  of 

2  or  more  equivs.  See  Salts,  the  table  of 
Acetates,  &c. 

Bodies  likewise  replace  each  other  in  combi- 
nation, in  equivalent  quantities.  Thus  in  the 
decomposition  of  water  by  chlorine,  which 
occurs  in  certain  circumstances,  35-5  parts  of 
chlorine  unite  with  1  hydrogen,  or  1  equiv.  of 
that  body,  to  form  hydrochloric  acid,  and  dis- 
place at  the  same  time  and  liberate  8  parts  of 
oxygen.  Hence  the  number  35-5  represents 
the  combining  weight  of  chlorine  which  is 
equivalent  in  combination  to,  or  can  be  substi- 
tuted for  8  oxygen.  Again,  in  decomposing 
hydriodic  acid,  35-5  chlorine  unite  with  1  hy- 
drogen, and  liberate  126-5  iodine,  which  equiva- 
lent of  iodine  may  again  acquire  1  hydn 
decomposing  sulphuretted  hydrogen  and   set 
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free  16-1  sulphur.  Hence  126-5  and  16-1  are 
the  equivalent  quantities  of  iodine  and  sulphur, 
which  take  the  place  of  35-5  chlorine,  or  8  oxy- 
gen, in  combination  with  1  hydrogen.  When 
32-3  parts  of  zinc  are  introduced  into  a  solution 
of  nitrate  of  copper,  they  dissolve,  acquiring  8 
oxygen,  and  54*19  nitric  acid,  and  become 
nitrate  of  zinc,  while  31-7  parts  of  metallic 
copper  or  1  equiv.  are  deposited,  which  had 
previously  been  in  the  state  of  nitrate  and  in 
combination  with  the  above-mentioned  quanti- 
ties of  oxygen  and  nitric  acid,  and  the  solution 
remains  otherwise  unaltered.  Zinc  throws 
down  nearly  all  the  metals  from  their  solutions 
in  acids  in  the  same  manner,  and  if  the  quan- 
tity of  this  substance  introduced  into  the  solu- 
tions and  dissolved  be  its  combining  weight, 
as  in  the  instance  given,  the  quantities  of  the 
metals  precipitated  will  also  be  combining 
weights  of  those  metals.  The  quantity  of  zinc 
employed  may  be  varied,  but  the  quantity  of 
other  metal  precipitated  will  still  be  to  the 
quantity  of  zinc  dissolved,  in  the  ratio  of  the 
combining  weights  of  the  two  metals.  Lead, 
copper,  tin,  or  any  other  metal,  when  it  acts 
like  zinc  as  a  precipitant,  likewise  throws 
down  equivalent  quantities  of  other  metals, 
and  takes  their  place  in  the  pre-existing  com- 
pound. The  substitution  in  a  saline  compound 
of  one  metal  for  another,  which  thus  occurs, 
without  any  change  in  the  character   of  the 


compound,  shows  how  justly  the  combining 
proportions  of  bodies  are  also  termed  their 
equivalent  quantities  or  equivalents.  The 
metal  displaced,  and  that  substituted  for  it, 
have  evidently  the  same  value  in  the  construc- 
tion of  the  compound,  and  are  truly  equivalent 
to  each  other.     (Graham.) 

2.  Combination  by  volume.  Frequently  termed 
theory  of  volumes.  It  was  observed  at  the 
commencement  of  the  section  on  combination 
by  weight,  that  water  was  differently  composed 
by  weight  or  volume,  and  that  the  latter  offers 
a  very  simple  ratio.  A  closer  examination  of 
the  subject  exhibits  a  close  agreement  between 
the  laws  governing  combination  by  weight  and 
volume. 

Humboldt  and  Gay-Lussac  first  observed 
that  hydrogen  and  oxygen  unite  to  form  water 
in  the  exact  ratio  of  2  to  1;  and  the  latter,  pur- 
suing his  investigations  with  other  gases  and 
with  vapors,  discovered  that  the  principles 
deducible  from  that  fact  admitted  of  general 
application  to  such  bodies.  He  proved  in  his 
essay  on  the  "combination  of  gaseous  sub- 
stances with  each  other,"  that  they  unite  by 
volume  in  very  simple  ratios.  The  following 
views  are  such  as  either  were  established  by 
Gay-Lussac,  or  the  results  of  subsequent  in- 
vestigations. 

1.  Gases  and  vapors  unite  in  the  simple 
ratio  of  1  to  1,  1  to  2,  1  to  3,  &c     Thus, 


100  vols,  hydrogen 


-J-    50  vols,  oxygen 


=  water. 


100 

"  ammoniacal  gas 

-f  100 

100 

"      do. 

+  100 

100 

"      do. 

+  200 

600 

"  hydrogen 

+  ioo 

600 

"  oxygen 

+  100 

100 

"  hydrogen 

+  100 

chlorohydric  acid  =  sal-ammoniac, 
carbonic  acid        =  carbonate  of  ammonia. 

do.  =  bicarbonate  of  ammonia, 

vapor  of  sulphur  =  sulphuretted  hydrogen. 

do.  =  sulphurous  acid, 

vapor  of  iodine      —  iodohydric  acid. 


The  volumes  of  compound  gases  and  vapors 
always  bear  a  very  simple  ratio  to  the  volumes 
of  their  elements.    This  will  appear  from  the 


Volumes  of  Elements. 


100  Nitrogen  + 

50  Oxygen  -)- 

50  Oxygen  -j- 

100  Sulphur  + 

100  Sulphur  -f 

100  Chlorine  4- 

100  Iodine  -f 

100  Bromine  -f 

100  Cyanogen  4- 

100  Oxygen  4" 

The  law  of  multiples  (see  above)  is  equally 
demonstrable  by  means  of  combining  or  eq. 
volumes  as  by  combining  or  eq.  weights.    The 

Volumes  of  Elements. 


following  table,  in  which  all  the  substances  are 
supposed  to  be  in  the  gaseous  state  : — 

Volumes  of  resulting  compounds. 


300  Hydrogen  . . .  yield  200  Ammonia. 

100  Hydrogen 100  Water. 

100  Nitrogen 100  Nitrous  oxide. 

600  Hydrogen 600  Hydrosulphuric  acid. 

600  Oxygen 600  Sulphurous  acid. 

100  Hydrogen 200  Chlorohydric  acid. 

100  Hydrogen 200  Iodohydric  acid. 

100  Hydrogen 200  Bromohydric  acid. 

100  Hydrogen 200  Cyanohydric  acid. 

100  Nitrogen 200  Nitric  oxide. 


100  Nitrogen 

100         do. 

100         do. 

100         do. 

100         do. 

100  Hydrogen 

100        do. 

100  Carbon  vapor + 

100        do.  -f- 


+ 
+ 

4- 
+ 
4- 
+ 
4- 


annexed  tabular  view  will  justify  this  state 
ment : — 


Resulting  Compounds. 
Nitrous  oxide. 


50  Oxygen       yield 

100       do Nitroic  oxide. 

150      do Hyponitrous  acid. 

200      do Nitrous  acid. 

250      do Nitric  acid. 

50       do Water. 

100      do Binoxide  of  hydrogen. 

50      do Carbonic  oxide. 

100       do Carbonic  acid.     (Turner.) 

See  farther  under  Atomic  Theory,  Combix-  I  and   specific    weights,  Atomic  Volume,   and 
ing  Weights  connection  between  combining  I  Volume. 
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The  following,  drawn  from  Graham,  pre- 
sents an  excellent  view  of  the  relation  between 
combining  weights  and  gaseous  volumes.  See 
also  Gmtelin's  Chenrie,  4th  edition,  1843,  vol.  i., 
pp.  54,  GO,  fee. 

The  uniformity  of  properties  observed  among 
gases  in  compressibility  and  dilatibility  by  heat 
has  appeared  to  many  chemists  to  indicate  a 
similarity  of  constitution,  and  to  favor  the  idea 
that  they  all  contain  the  same  number  of  atoms 
in  the  same  volume.  May  not  equal  volumes 
c(  oxygen  and  hydrogen  gases,  for  instance,  be 
represented  by  an  equal  number  of  atoms  of 
oxygen  and  hydrogen  respectively  placed  at 
equal  distances  from  each  other,  and  the  differ- 
ence from  16  to  1  in  the  densities  of  the  two 
gases  arise  from  the  atom  of  oxygen  being 
really  16  times  heavier  than  that  of  hydrogen? 
Equal  volumes  of  gases  would  then  contain 
an  equal  number  of  atoms,  and  1,  2,  or  3  vo- 
lumes would  be  an  equivalent  expression  to  1, 
2,  or  3  atomic  proportions,  the  terms  volume 
and  atom  becoming  of  the  same  import,  or  ex- 
pressing equal  quantities  of  bodies.  But  such 
a  view  is  obviously  inapplicable  to  compound 
.  as  their  volume  has  a  variable  relation 
to  that  of  their  elements ;  and  its  adoption 
would  require  grave  alterations  to  be  made  in 
the  combiningweightsof  several  of  the  elements 
themselves,  to  accommodate  these  weights  to 
the  observed  densities  of  the  bodies  in  the 
gaseous  state.  This  will  be  seen  from  the  fol- 
lowing table,  in  which  the  volume  or  fractional 
part  of  a  volume  placed  against  each  clement 
always  contains  the  same  number  of  its  pre- 
sently received  atoms.  These  volumes  are, 
therefore,  the  equivalent  volumes  of  the  ele- 
ments, and  may  be  viewed  as  representing  the 
bulk  of  their  atoms  in  the  gaseous  state,  the 
combining  volume  of  hydrogen  beinghere  takenas  one. 


Hydrogen  . . 
Nitrogen  . . . 
Chlorine  . . . 
Bromine  . . . 

Iodine 

Oxygen 
Phosphorus 
Arsenic 
Sulphur. . . . 
Mercury  . . . 


Atoms. 

Volume,  j       Weight. 

1 

1- 

1 

14-2 

1 

35-5 

1 

78-39 

1 

126-57 

i 

8- 

i 

31-44 

i 

75-34 

l 

7T 

16-12 

2               101-43 

Of  the  first  five  bodies  enumerated,  equiva- 
lent weights  occupy  equal  volumes.  It  was 
indeed  the  observation  of  this  equality  between 
the  atom  and  volume  in  these  gases,  that  led 
to  the  supposition  of  that  relation  being  gene- 
ral. But  the  atoms  of  oxygen,  phosphorus, 
and  arsenic  occupy  only  half  a  volume,  and 
would  require  to  be  doubled  to  fill  the  same 
volume  as  the  preceding  class.  The  present 
atom  of  sulphur  affords  only  one-sixth  of  a  vo- 
lume of  vapor,  and  must,  therefore,  be  multi- 
plied by  six  to  afford  a  whole  volume;  while 
the  atom  of  mercury  supplies  two  volumes  of 
vapor,  and  would,  therefore,  require  to  be  di- 
vided by  two,  or  reduced  to  one-half  of  its 
present  number.  Gmelin  terms  sulphur  a 
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hexatomic  gas;  oxygen,  phosphorus,  and  ar- 
senic, diatomic  ;  and  the  others  of  the  above 
table  monatomic.  Of  these  changes  the  re- 
quired modification  of  the  atoms  of  phospho- 
rus, arsenic,  and  sulphur  is  incompatible  with 
their  chemical  relations  to  other  bodies  which 
are  best  established,  and  is  quite  inadmissible. 
The  densities  of  the  vapors  of  these  bodies 
must,  therefore,  be  viewed  as  decisive  against 
the  equality  of  the  equivalent  volumes  of  the 
elementary  gases.  A  volume  of  sulphur  vapor 
must  be  allowed  to  contain  three  times  as  many 
atoms  as  an  equal  volume  of  oxygen  gas,  six 
times  more  than  the  same  volume  of  hydrogen 
gas.and  12  times  more  than  the  same  volume  of 
mercury  vapor.  A  similar  constitution  cannot 
be  assigned  to  these  vapors,  unless  on  the  as- 
sumption of  Dumas,  that  chemical  atoms  of  the 
same  kind  may  group  together,  and  form  larger 
compound  atoms  or  molecules,  or  divide  into 
smaller  molecules.  The  molecule  of  hydrogen 
in  the  gaseous  state  being  the  same  as  its  che- 
mical atom,  each  molecule  of  oxygen  while  in 
the  state  of  gas  would  be  an  aggregate  of  two 
chemical  atoms,  and  each  of  sulphur  of  six; 
while  mercury  must  suffer  molecular  division 
in  the  state  of  vapor,  each  of  its  chemical 
atoms  being  parted  into  two,  in  order  that  equal 
volumes  of  these  different  gases  and  vapors 
should  contain  the  same  number  of  molecules 
or  atoms.  But  such  views  are  entirely  specu- 
lative. 

In  the  farther  consideration  of  the  propor- 
tions in  which  gases  combine  by  measure,  it 
will  be  found  conducive  to  perspicuity  to  adopt 
the  combining  volume  of  oxygen  as  the  unit 
(instead  of  that  of  hydrogen  as  in  the  last 
table),  in  terms  of  which  to  express  the  com- 
bining measures  of  other  gases,  both  simple 
and  compound.  The  combining  measure  of 
oxygen  being  one  volume,  the  combining  mea- 
sure of  hydrogen  and  its  class  will  be  two  vo- 
lumes; or  the  atom  of  oxygen  gives  one,  and  the 
atom  of  hydrogen  two  volumes  of  gas.  Vo- 
lumes of  the  gases  may  be  represented  by 
equal  squares  with  their  relative  weights  in- 
scribed, the  numbers  having  reference  to  the 
number  assigned  to  the  oxygen  volume.  If 
that  number  be  8,  or  the  atomic  weight  of  oxy- 
gen, as  in  column  I  of  the  table  below,  then  the 
number  to  be  inscribed  in  each  of  the  two 
volumes  forming  the  combining  measure  of  hy- 
drogen will  be  ^  or  half  its  atomic  weight,  the 
combining  measure  itself  having  the  full  atomic 
weight  of  hydrogen,  namely  1 ;  and  so  of  other 
gases,  the  combining  measure  has  the  whole 
atomic  weight  which  is  divided  among  the 
component  volumes.  But  there  is  reason 
for  preferring  the  number  1102-6  to  8  for  the 
standard  oxygen  volume,  that  the  weight  of  a 
volume  of  air  being  taken  as  1000,  that  of  an 
equal  volume  of  oxygen  is  1102-6;  and  conse- 
quently the  corresponding  number  for  the 
volume  of  hydrogen,  69,  expresses  the  relation 
in  weight  of  that  gas  also  to  air,  and  so  do  the 
corresponding  numbers  for  all  the  other  gases. 
The  numbers  on  this  scale,  which  express  the 
relative  densities  of  a  volume  of  each  gas,  and 
are  inscribed  in  the  squares  of  column  II.,  are 
indeed  the  common  specific  gravities  of  the  gases. 


AFFINITY. 


AFFINITY. 


I. 

Atomic  weight 


Combining 
measure. 


Oxygen. 


Phosphorus 


31-44  31-44 


Hydrogen 1 


Chlorine 35-5 


II. 

Combining  measure. 


Air..     1000 


1102-6 


17-75 


17-75 


Mercury 101-43 


25-36 


25-36 


25-36 


25-35 


69 


69 


2470 


2470 


6969    '•     6969 


6969 


6969 


The  double  squares  which  represent  the 
combining  measures  of  hydrogen  and  chlorine 
are  divided  into  volumes  by  dotted  lines,  to 
show  that  the  division  is  imaginary,  the  parti- 
tion of  a  combining  measure,  like  that  of  an 
atom  which  it  represents,  being  impossible. 
The  specific  gravities  of  gases  being  merely 
the  relative  weights  of  equal  volumes,  may  be 
expressed  by  the  numbers  in  the  squares  of  the 
first  column  ;  and  the  specific  gravity  of  oxygen 
being  accordingly  made  8,  the  specific  gravity 
of  any  other  gas  will  either  be  the  same  number 
as  its  atomic  weight  or  an  aliquot  part  of  it. 

The  combining  measures  of  compound 
gases,  although  variable,  have  still  a  constant 
and  a  simple  relation  to  each  other,  such  as  1 
to  1,1  to  2, or  2  to  3;  their  elements  in  combin- 
ing, suffering  either  no  condensation,  or  a  defi- 
nite and  very  simple  change  of  volume.  Hence 


the  density  of  a  compound  gas  may  often  be 
calculated  with  more  precision,  from  the  den- 
sities of  its  constituents,  and  a  knowledge  of 
the  change  of  volume,  if  any,  which  occurred 
in  combination,  than  it  can  be  determined  by 
experiment. 

To  deduce  on  this  principle  the  specific 
gravity  of  steam.  It  consists  of  single  equiva- 
lents of  oxygen  and  hydrogen,  of  which  the 
combining  measure  of  the  first  is  1,  and  that 
of  the  second  2  volumes.  These  three  volumes 
weigh  1102-6  +  69  +  69  =  1240-6,  and  they 
form  two  volumes  of  steam;  of  which  one 
volume  must,  therefore,  weigh  1240-6  divided 
by  2,  or  620-3,  which  is,  consequently,  the  cal- 
culated specific  gravity  of  steam  referred  to  that 
of  air,  as  1000.  The  relations  in  volume  of 
the  gases  before  and  after  combination  may 
be  thus  exhibited : 


Comhining  measure,  or  one 
volume  of  oxygen 


Combining  measure  or  two 
volumes  of  hydrogen. 


Combining  measure  or  two 
volumes  of  steam. 


+ 


1240-6 


1240-6 


It  thus  appears  necessary  to  inscribe  620-3  in  1  equal  measures  of  chlorine  and  hydrogen  unite 
each  volume  of  steam,  to  make  up  1240-6,  the  without  condensation,  so  that  the  product  pos 
known  weight  of  the  2  volumes.  sesses   the  united  volumes  of  its  constituent 

In  the  formation  of  the  hydrochloric  acid,  |  gases. 

8  57 


AFFINITY. 


AFFINITY. 


Combining  measure  of  hydrogen, 
or  two  volumes. 


Combining  measure  of  chlorine, 
or  two  volumes. 


+ 


Combining  measure  of  hydro- 
chloric acid,  or  four  volumes. 


1269-5 


1269-5 


1269-5 
1269-5 


5078 


5078 


The  specific  gravity  or  weight  of  a  single  vo- 
lume of  hydrochloric  acid  is  therefore  obtained 
by  dividing  5078  by  4,  and  is  1269-5. 

The  specific  gravity  of  the  vapor  of  an  ele- 
mentary body,  which  there  are  no  means  of 
ascertaining  experimentally,  may  sometimes 
be  calculated  from  the  known  density  of  a 
gaseous  compound  containing  it.  The  density 
of  carbon  vapor  may  be  thus  deduced  from  the 
observed  density  of  carbonic  oxide  gas.  As- 
suming that  the  combining  measure  of  carbon 
is  double  that  of  oxygen,  as  is  true  of  hydrogen 


and  several  other  elementary  bodies,  then  car- 
bonic oxide,  which,  like  water,  consists  of  sin- 
gle equivalents  of  its  constituents,  will  resem- 
ble steam  in  its  constitution  also,  and  be  com- 
posed of  1  volume  of  oxygen  gas  and  2  volumes 
of  carbon  vapor  condensed  into  2  volumes. 
The  weight  of  a  single  volume  of  carbonic 
oxide  being  972-7,  2  volumes  (1945-4)  may  be 
resolved,  as  shown  in  the  diagram  below,  into 
1  volume  of  oxygen,  1102-6,  and  2  volumes  of 
carbon  vapor,  842-6,  (1945-4—1102-6  =  842-6) 
each  of  which  it  follows,  must  weigh  421-3. 


Combining  measure,  or  two  vo- 
lumes of  carbonic  oxide. 


Combining  measure,  or  one  vo- 
lume of  oxygen. 


Combining  measure,  or  two 
volumes  of  carbon  vapor. 


+ 


1945-4 


1945-4 


But  the  density  421-3  thus  assigned  to  carbon 
vapor,  will  only  be  true  if  it  corresponds  with  hy- 
drogen in  its  combining  measure  ;  but  the  com- 
bining measure  of  carbon  vapor  may  as  well 
be  one-half  that  of  hydrogen,  like  that  of  phos- 
phorus, or  one-sixth  like  that  of  sulphur,  and 
then  the  density  will  be  double,  or  six  times 
that  supposed.  The  important  conclusion, 
however,  that  the  density  of  carbon  vapor  is 
either  421-3,  or  some  multiple  or  sub-multiple 
of  that  number  is  quite  certain. 

The  two  following  tables  comprise  nearly  all 
the  accurate  information  which  chemists  at 
present  possess  respecting  the  specific  gravi- 
ties of  gaseous  bodies.  The  bodies  placed 
in  the  first  table  are  generally  considered  as 
belonging  to  the  inorganic,  and  those  in  the 
second  to  the  organic  department  of  the  science. 

From  these  tables,  it  appears  that  a  simple 
relation  always  subsists  between  the  combining 
measure  of  different  bodies  in  the  gaseous 
state : 

That  the  combining  measure  of  a  few  bo- 
dies is  the  same  as  that  of  oxygen,  or  one  vo- 
lume; of  a  large  number,  double  that  of  oxy- 
gen, or  two  volumes ;  and  of  a  still  larger  num- 
ber, four  times  that  of  oxygen,  or  four  volumes ; 
while  combining  measures  of  other  numbers 
of  volumes,  such  as  three  and  six,  or  of  frac- 
tional portions  of  one  volume,  such  as  one-third, 
are  comparatively  rare  ; 

That  the  specific  gravity  of  a  gas  may  be  cal- 
culated from  its  atomic  weight,  or  the  atomic 
weight  from  the  specific  gravity,  as  they  are  ne- 
cessarily related  to  each  other.  Thus,  to  find  the 
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specific  gravity  of  a  vapor  like  that  of  phospho- 
rus, of  which  the  combining  measure  is  one  vo- 
lume, or  the  same  as  that  of  oxygen.  The  speci- 
fic gravities  of  two  bodies,  of  which  the  volumes 
of  the  atoms  are  the  same,  must  obviously  be 
as  the  weights  of  these  atoms.  Hence,  8  and 
31-43  being  the  atomic  weights  of  oxygen  and 
phosphorus,  and  1102-6,  the  known  spec.  grav. 
of  oxygen,  the  spec.  grav.  of  phosphorus  va- 
por is  obtained  by  the  following  proportion — 

8-01  :  31-43  :  :  1102-6  :  4325-3 
=  spec.  grav.  of  phosphorus  vapor. 

Secondly,  to  find  the  specific  gravity  of  a 
vapor  like  that  of  fluorine,  of  which  the  com- 
bining measure  may  be  presumed  to  be  two,  or 
double  that  of  oxygen.  The  atomic  weight  of 
fluorine  being  18-74, 

8-01  :  18-74  :  :  1102-6  :  =  2577-9 
twice  the  spec.  grav.   of   fluorine,  being  the 
weight  of  two  volumes,  and  the  spec.  grav.  re- 
quired is  1288.9. 

These  cases  are  examples  of  a  general  rule, 
that  the  specific  gravity  of  a  body  in  the  state 
of  vapor  is  obtained  by  multiplying  the  atomic 
weight  of  the  body  by  1102-6,  the  specific  gravi- 
ty of  oxygen,  and  dividing  by  8-01.  The  num- 
ber thus  found  must  then  be  divided  by  the 
number  of  volumes  which  are  known  to  com- 
pose the  combining  measure  of  the  vapor. 

The  specific  gravities  thus  calculated  are 
generally  more  accurate  than  those  obtained 
by  direct  experiment,  from  the  circumstance 
that  the  operation  of  taking  the  specific  gravi- 
ty of  a  gas  is  generally  less  susceptible  of  pre- 
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cision,  than  the  chemical  analyses  on  which 
the  atomic  weights  are  founded.  The  den- 
sities of  vapors,  taken  a  few  degrees  above 
their  condensing  points,  are  generally  a  little 
greater  than  the  truth,  owing  to  a  peculiarity 
in  their  physical  constitution.  See  Vapors. 
Of  such  bodies,  therefore,  the  theoretical  is 
a  necessary  check  upon  the  experimental 
density.  Indeed,  the  calculated  should  in 
all  cases  be  considered  and  used  as  the  true 
density. 


See  also  full  tables  in  Gmelin's  Chemie,  vol.  i. 
pp.  66,  70,  &c. 

From  the  uniform  combination  of  bodies  by 
equivalents,  formulas  have  been  devised  to  ex- 
press compounds  concisely  by  employing  letters 
as  symbols  of  the  elements  and  of  some  com- 
pounds ;  see  Formula.  For  the  mode  of  cal- 
culating the  combining  weights  of  bodies  and 
their  uses  in  analysis,  &c,  see  Combinino 
Weights  and  Analysis,  and  for  the  combining 
weights  of  bodies  see  the  Table  of  Equivalents. 


TABLE  I. 


Gases  and  Vapors. 


Oxygen 

Phosphorus 

Arsenic 

Arsenious  acid 

Sulphuret  of  mercury 

Sulphur 

Hydrogen 

Nitrogen 

Carbon  (hypothetical) 

Chlorine 

Iodine 

Bromine 

Water 

Nitrous  oxide 

Carbonic  oxide 

Carbonic  acid 

Sulphurous  acid 

Sulphuric  acid  (anhydrous) 

Sulphuretted  hydrogen 

Light  carburetted  hydrogen. 
Cyanogen 

Mercury 

Nitric  oxide 

Hydrochloric  acid 

Hydriodic  acid 

Hydrobromic  acid 

Hydrocyanic  acid 

Ammonia 

Arsenuretted  hydrogen 

Terchloride  of  arsenic 

Teriodide  of  arsenic 

Subchloride  of  mercury. 

Chloride  of  mercury 

Subbromide  of  mercury. . . . 

Bromide  of  mercury 

Iodide  of  mercury  (red). . . . 


Density. 


Air  =1000. 


1102-6 
4327 
10362 
13670 
5384 
6648 

69 
976 
421-5 
2470 
8701 
5393 
620-2 
1527-3 
972-8 
1524-1 
2210-6 
2761-9 
1177 
595-5 
1819 

6969 

1039.3 

1269-5 

4385 

2731 
944 
591-5 

2695 

6295 
15640 

8204 

9439 

9665 
12362 
15670 


Volumes  in 
combining 
measure. 


Weight. 


8-01 
31-43 
75-34 
99-34 
117-55 
16-12 

1 
14-19 

6 
35-5 
126-57 
78-39 

9 
22-19 
14 
22 

32-12 
40-12 
17-12 

8 
26-19 

101-43 

30-19 

36-5 

127-57 

79-39 

27-19 

17-19 

78-34 

181-84 

455-05 

238.36 

136-93 

281-25 

179-82 

228 
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TABLE  II. 


Gases  and  Vapors. 


Ether 

Methylic  ether 

Sulphate  of  methylene. 

Oxalic  ether 

Succinic  ether 

Oenanthic  ether 

Allcarsine 

Acetic  acid 

Methylene 

Olefiant  gas 

Gas  from  oil 

Oleene 

Elaene 

Cetene 

Benzin 

Retinaphtha 

Retinyle 

Retinole 


Formula. 


Naphthaline 

Paranaphthaline 

Camphene  or  oil  of  turpentine. 

Camphor 

Menthene  (from  oil  of  mint). . 

Concrete  essence  of  mint 

Wood-spirit 

Hydrochlorate  of  methylene. . 

Hydrofluate  of  methylene 

Hydriodate  of  methylene 

Nitrate  of  rnythylene 

Formate  of  methylene 

Acetate  of  methylene 

Alcohol 

Mercaptan 

Hydrochloric  ether 

Hydriodic  ether 

Nitrous  ether 

Chlorocarbonic  ether 

Acetic  ether 

Benzoic  ether 

Pyromucic  ether , 

Chloride  of  aldehydene 

Oil  of  olefiant  gas 

Bromide  of  aldehydene 

Hydrocarburet  of  bromine 

Chloral 

Choloroform 

Ilrethane 

Oil  of  the  ardent  spirits  from 

potatoes 

Aldehyde 

Acetone 

Benzoic  acid 

Eugenic  acid 

Formethylal 


C,H50 

C2H30 

C2H30,S03 

C4H50,C203 

C.H50,C4H203 

C4H50,C14H1302 

C4H6As 

C4H402 

C,H2 

C4H4 

C8HS 

C12H12 

^18^,8 

C32H32 
C12H6 

C14H8 
^18^12 
^32^16 

C20HS 

^30"  12 

^20"-16 

C20HI6°2 

^20"l8 

^2o"2o02 

C2H402 

C2H3Cl 

C2H3F 

C2H3I 

C2H30,N0. 

C2H30,C2H03 

C2H30,C4H303 

C4H602 

C4H6S2 

C4H5C1 

C4H.I 

C4H.O,N03 

C4H.0,C203C1 

C4H50,C4H303 

C4H50,C14H503 

C4H5O,C10H3O5 

C4H3C1 

C4H3C1,HC1 

C4H3Br 

C4H3Br,HBr 

C4HCL02 

C4HC13 

c.nhJo. 


C10H12O2 

C.H.O, 


Density. 
Air  =  1000. 


Volumes  in 
combining 
measure. 


Calculated     Observed 


C6H602 

CUH6°4 

C2nH1203 
CcHinOc 


2583 
1601 
4369 
5081 
6201 
10477 
7281 
2778 
490 
981 
1962 
2942 
4156 
7846 
2736 
3226 
4247 
7290 
4488 
6732 
4763 
5314 
4830 
5450 
1110 
1738 
1169 
4882 
2640 
2083 
2573 
1601 
2158 
2229 
5321 
2606 
3759 
3066 
5240 
4878 
2166 
3407 
3642 
6373 
5060 
4113 
3140 

3072 
1531 
2020 
4260 
6000 
2456 


Observer. 


2586 
1617 

4565 
5087 
6220 
10508 
7184 
2770 

985 
1892 
2875 
4071 
8007 
2770 
3230 
4242 
7110 
4528 
6741 
4765 
5468 
4940 
5620 
1120 
1731 
1186 
4883 
2653 
2084 
2563 
1613 
2326 
2219 
5475 
2626 
3829 
3067 
5409 
4859 

3443 
3691 
6485 
5130 
4199 
3096 

3147 
1532 
2019 
4270 
6400 
2500 


2 

2 

2 

2 

2 

2 

2 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 
4 
4 
4 
6 


Gay-Lussac. 

Dumas  and  Peligot. 

Do. 
Dumas  and  Boullay. 
Felix  cCJrccl. 
Lielfig  and  Pelouze. 
Bun  sen. 
Dumas. 

Dumas  and  Peligot. 
M.  de  Saussure. 
Faraday. 
Fremy. 

Do. 

Dumas  and  Peligot. 
Mitsrherlkh. 
Pelletier  and  Walter, 
Do. 
Do. 
Dumas. 

Dumas  and  Laurent, 
Dumas. 

Do. 
Walter. 

Do. 
Dumas  and  Peligot. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Gay-Lussac. 
Bunsen. 
Thenard. 
Gay-Lussac. 
Dumas  and  Boullay. 
Dumas. 
Do. 
Do. 
Malaguti. 
Licbig  and  Pelouze. 
Gay-Lussac  Sf  Dumas 
Regnault. 

Do. 

Dumas. 

Do. 

Do. 

Do. 
Liebig. 
Dumas. 

Dumas  fy  Mitscherlich. 
Dumas. 
Dumas. 


III.  Changes  hesttltihg  from  the  Combina- 

TION"  OF  SUBSTAXCES. 

The  definition  of  chemical  affinity  given 
above  requires  a  change  in  the  character  of  a 
resulting  compound,  which  shall  distinguish  it 
in  all  its  essential  qualities  from  its  constitu- 
ents. In  many  cases  all  the  properties  are  al- 
tered, in  others  the  more  important  only ;  if 
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solution  be  embraced  under  affinity,  then  the 
change  is  only  one  of  state  or  cohesion ;  salt 
dissolved  in  water  has  merely  passed  into  the 
liquid  state,  retaining  otherwise  its  properties. 
The  changes  are  referrible  to  density,  state, 
form,  different  relations  to  light  and  heat,  diffe- 
rent chemical  and  physiological  effects,  &c. 
1.  Change  of  Density.     (See  also  above  Com- 
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bination   by  volume).      There    is    generally  a  I  in  some  cases  no  change.    The  following  table 
change  of  volume  with   aeriform  substances,   from  Gmelin  exhibits  this  in  a  clearer  light, 
usually  expansion,  very  rarely  a  diminution;! 

Column  A.  Name  of  the  compound. 

"  B.  Formula. 

"  C.  N°  of  measures  of  the  combining  substances. 

"  D.  The  sum  of  these  measures  of  C.  before  combination. 

"  E.  "  "  after  " 

"  F.  Combining  weight. 

"  G.  Specific  weight,  compared  with  air  =  1. 

"  H.  Atomic  number,  =  spec.  grav.  divided  by  comb,  weight. 


Chlorohydric  acid 

Nitric  oxide   

Chlorohydr.  ammonia  ... 
Bihydrosulphur.  amnion. 
Carb.  ammonia  (neutral) 

Sulphurous  acid 

Sulphohydric  acid 

Bisulphuret  of  carbon  ... 
Terchloride  of  arsenic  . . 

Water 

Nitrous  oxide 

Sulphuric  acid 

Nitric  acid 

Arsenious  acid 

Sulphuret  of  mercury  . . . 


B. 

Formula. 


HC1 

N02 

NH3,HC1 

NH3,2HS 

NH3,C02 

so2 

HS 

cs2 

As  CI, 

HO     3 

NO 

S03 

N05 

As03 

HgS 


C.  D. 

Measures. 


1H,1C1 

1N,10 

1NH3,1HC1 

1NH3,1HS 

2NH3,1C02 

1S,60 

1S.6H 

3?C,1S 

lAs,6Cl 

2H,10 

2N.10 

1S,90 

2N,50 

lAs,30 

6Hs,lS 


F. 
C.  W. 
H  =  l. 


36-5 

30-2 

53-4 

51 

39 

32 

17 

38 

181-4 
9 

22 

40 

54 

99-2 
117-4 


G. 

Sp.  Gr. 
Air=l. 


1261-8 

1039-9 

890 

884 

900 

2218-6 

1178-6 

2634-5 

6300-6 

623-9 

1525-2 

3000 

?  3742-2 

13850-0 

5510- 


Hi 

Atomic 
No. 


34-6 
34-6 
16-7 
17-3 
23-1 
69-3 
69-3 
69-3 
34-7 
69-3 
69.3 
75 
69.3 
139-6 
46-9 


There  is  always  a  change  of  volume  by 
combination  of  solids  or  liquids,  and  generally 
a  condensation.  Expansion  is  very  rare,  and 
is  feebly  shown  by  the  combination  of  iodine 
with  potassium,  lead,  mercury,  or  silver  ;  sul- 
phur with  arsenic  (realgar),  copper  (subsul- 
phuret)  or  cadmium,  &c.  (Full  tables  are 
contained  in  Gmelin's  Chemie,  vol.  i.p.  70 — 74.) 

2.  Change  of  State.  The  change  of  bodies  into 
a  different  state  by  combination  is  exceedingly 
various.  A  solid  may  arise  from  the  union  of 
two  gases,  carbonic  acid  and  ammonia;  of  a  gas 
and  liquid,  mercury  and  chlorine ;  of  a  gas  and 
solid,  potassium,  iron,  &c,  and  oxygen ;  of  two 
liquids,  mercury  and  bromine  ;  of  a  liquid  and 
solid,  water  and  lime,  or  sulphur  and  mercury ; 
of  two  solids,  sulphur  and  copper  in  the  cold, or 
generally  by  fusion,  sulphur  and  a  metal.  A 
liquid  may  be  formed  of  two  gases,  oxygen  and 
hydrogen ;  of  a  gas  and  liquid,  chlorine  and 
bromine;  of  a  gas  and  solid,  chlorine  and  anti- 
mony; of  two  solids,  or  a  liquid  and  solid,  at 
high  temperature,carbon  and  sulphur.  A  gas  is 
formed  from  two  gases,  hydrogen  and  chlorine ; 
from  a  gas  and  liquid,  hydrogen  and  bromine; 
from  a  gas  and  solid,  hydrogen  and  sulphur, 
oxygen  and  carbon. 

3.  Change  of  Form.  It  is  probable  that  the 
form  of  a  crystal  bears  a  certain  relation  to  its 
constituents,  but  this  relation  has  not  been  fully 
determined.  Sulphur  and  silver  of  two  dif- 
ferent crystalline  forms  unite  and  form  a  com- 
pound agreeing  with  neither  constituent.  See 
farther  on  the  subject  of  form  under  Chystal- 
looRAPiir,  Isomorphism,  Di-  and  Trimohphism, 
Isomerism. 

4.  Relation  to  Light.    Two  transparent  bodies 


always  form  a  transparent  compound,  oxygen 
and  hydrogen  ;  two  opake  an  opake  compound, 
arsenic  and  iron  ;  1  transparent  and  1  opake 
form  sometimes  a  transparent,  oxygen  and 
potassium,  sulphur  and  zinc;  sometimes  an 
opake  body,  oxygen  and  manganese,  sulphur 
and  iron. 

Colorless  bodies  often  produce  colorless 
compounds,  silica  with  the  alkalies  and  earths, 
oxygen  and  hydrogen  ;  often  colored,  as  many 
vegetable  substances,  hyponitric  acid :  colored 
bodies  produce  colorless,  chlorine  and  alkaline 
metals  ;  or  colored,  sulphur  and  copper  or  iron, 
chlorine  and  copper.  There  appears  to  be  no 
uniform  relation  between  the  color  of  a  body 
and  its  constituents,  although  a  few  may  be 
classed  together  with  exceptions,  thus  the  chro- 
mates  are  usually  reddish  or  yellowish,  the 
salts  of  suboxide  of  copper  usually  reddish, 
those  of  the  oxide  blue  or  green,  &c.  Obser- 
vation of  color  is  nevertheless  very  important, 
as  it  often  enables  us  to  distinguish  bodies 
even  in  mixtures. 

Gaseous  bodies  refract  light  sometimes  more, 
sometimes  less  than  the  mean  calculated  refrac- 
tion of  their  constituents  ;  thus  chlorohydric 
acid  gas  has  an  observed  refraction  of  1-527 
(air=l);  whereas,  by  calculation,  it  should  be 
1-547;  and  nitric  oxide  by  observation  is  1-03, 
by  calculation  0972.  Some  bodies  in  passing 
from  a  gaseous  to  a  liquid  state,  increase  in 
refractive  power  greater  than  in  density. 
Light  is  often  evolved  by  the  union  of  bodies, 
combustion  in  air  and  oxygen,  antimony  in 
chlorine,  sulphur  and  iron,  &c. 

5.  Relation  to  Heat.  Compounds  are  generally 
more  fusible,  the  metallic  never  less,  than  their 
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constituents  (see  Allot  and  Solder)  ;  some  sul- 
phurets  are  more  infusible,  sulphuret  of  zinc. 
The  volatility  of  a  compound  is  generally 
lower  than  that  of  its  constituents;  phosphuret 
of  nitrogen  withstands  a  white  heat;  volatility 
is  often  a  medium,  the  more  volatile  imparting 
its  character  to  the  other,  iron  and  chlorine ;  a 
compound  is  rarely  more  volatile  than  each  of 
its  constituents,  bisulphuret  of  carbon. 

There  is  an  evolution  of  heat  by  the  chemical 
union  of  bodies,  water,  and  quick-lime,  com- 
bustion in  general.  This  subject  has  received 
much  attention  of  late.  See  Combination, 
Combining  weights. 

6.  Chemical  and  Physiological  Effects.  Com- 
pounds generally  exhibit  very  different  affini- 
ties and  different  effects  in  the  animal  economy 
from  their  constituents ;  nitrogen,  which  is  very 
indifferent,  forms  with  oxygen  the  corrosive 
nitric  acid;  with  hydrogen  the  caustic  alkali 
ammonia,  and  with  carbon  and  hydrogen,  the 
highly  poisonous  prussic  acid.  By  the  union 
of  nitric  acid  and  ammonia,  neither  the  acid 
nor  alkaline  properties  are  detected,  and  the 
one  is  said  to  be  neutralized  by  the  other.  See 
Neutralization  and  Salt. 

For  a  few  other  peculiar  effects  of  affinity, 
on  the  character  of  a  substance,  see  the  several 
articles  Amorphism,  Poltmerism,  Metamer- 
ism, beside  those  referred  to  above. 

IV.  Decomposition. 

The  preceding  sections  refer  chiefly  to  com- 
pounds which  have  been  formed,  and  the  alte- 
rations they  have  consequently  suffered ;  the 
laws  governing  their  union,  by  weight  and  by 
measure.  We  may  now  regard  the  conditions 
and  circumstances  of  their  decomposition  ;  the 
destruction  or  alteration  of  existing  affinities, 
or  affinity  in  a  more  active  state.  The  same 
laws  and  conditions  hold  good  of  decomposi- 


1.  Sulphuric  acid. 
Baryta 
Strontia 
Potassa 
Soda 
Lime 
Magnesia 
Oxide  of  silver 


The  substance  at  the  head  of  each  column 
is  supposed  to  have  the  strongest  affinity  for 
the  substance  next  below  it,  and  a  weaker  for 
each  one  successively  beneath  it. 

Such  tables  are  now,  however,  abandoned, 
since  other  circumstances  influence  the  order 
of  decomposition  (see  below),  as  is  evident 
from  tables  1  and  2 ;  where  the  order  is  differ- 
ent in  reference  to  two  different  acids,  is  nearly 
reversed,  the  sulphuric  having  apparently  the 
feeblest  attraction  for  oxide  of  silver,  while  the 
muriatic  has  the  strongest  affinity  for  the  same 
base. 

In  single  elective  affinity  a  compound  AB  is 
decomposed  by  C,  a  new  body  AC  being  formed 
while  B  is  set  free.  Examp.  Oxides  of  zinc, 
iron,  copper,  &c,  decomposed  by  carbon  into 
carbonic  acid  or  oxide  and  the  metal  set  free  ; 
chlorine  expels  oxygen  from  ignited  potassa, 
forming  chloride  of  potassium  and  evolving 
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tion  as  well  as  of  combination  ;  and  in  fact  the 
greater  number  of  decompositions  are  due  to 
the  exertion  of  new  or  superior  affinities,  modi- 
fied, however,  by  circumstances.  Although 
bodies  may  be  made  to  unite  by  pressure,  heat, 
&c,  yet  by  withdrawing  or  diminishing  these, 
we  cannot  again  separate  them.  Neither 
Gravity,  Cohesion,  nor  Adhesion,  will  separate  the 
constituents  of  a  chemical  compound.  Contact 
or  catalysis  appears  to  effect  decomposition  as 
well  as  union.  Affinity,  by  induction,  or  im- 
parted affinity  has  considerable  influence  in 
exciting  action  where  it  did  not  previously 
exist,  or  was  at  least  very  feeble,  producing 
decompositions  which  would  not  otherwise 
take  place  ;  thus,  while  binoxide  of  hydrogen, 
in  contact  with  oxide  of  silver,  loses  its  oxygen, 
it  causes,  at  the  same  time,  the  silver  to  lose 
its  oxygen  ;  and  possibly  for  the  same  reason, 
in  the  vinous  fermentation,  the  ferment  in  the 
act  of  decomposition,  induces  a  similar  change 
in  the  sugar,  by  which  it  separates  into  car- 
bonic acid  and  alcohol.  (See  above,  Inducing 
Affinity,  as  a  condition  of  chemical  union.) 
Decomposition  within  plants  and  animals,  as- 
cribed to  vitality,  is  probably  due  to  the  con- 
joint action  of  life  and  ponderable  matter  or 
imponderables  ;  thus  the  decomp.  of  carbonic 
acid  by  the  action  of  light  in  the  green  part  of 
plants,  which  then  assimilate  carbon  in  mani- 
fold ways.  Preponderating  affinities  are  most 
active  and  important  in  chemical  changes,  and 
have  been  divided  into  several  kinds. 

1.  Single  Elective  Affinity.  It  was  observed  as 
early  as  the  close  of  the  17th  century,  that  a 
different  degree  of  affinity  existed  between 
bodies;  andGeoffroy,  in  1718,  projected  tables 
exhibiting  the  order  of  affinity,  which  were  sub- 
sequently modified  and  improved  by  Bergman 
and  others.  The  following  tables  of  single 
elective  affinity  illustrate  this  : 


2.  Muriatic  acid. 
Oxide  of  silver 
Potassa 
Soda 
Baryta 
Strontia 
Lime 
Magnesia 


3.  Soda. 

4.  Oxygen. 

Sulphuric  acid 

Zinc 

Nitric           " 

Nickel 

Muriatic      " 

Lead 

Oxalic          " 

Copper 

Acetic          " 

Mercury 

Carbonic     " 

Silver 

oxygen;  sulphuret  of  lead  and  iron  ignited 
form  sulphuret  of  iron,  and  lead  is  set  free ; 
acetic  acid  sets  carbonic  acid  free  from  car- 
bonate of  lime,  while  from  the  residuary  ace- 
tate of  lime  sulphuric  expels  the  acetic ;  potassa 
precipitates  oxide  of  iron  from  the  sulphate  of 
iron,  while  sulphate  of  potassa  remains  in  solu- 
tion. The  presence  of  a  4th  body,  D,  is  often 
requisite,  which  will  unite  with  the  new  body 
AC  ;  thus  water  (AB),  with  sulphuric  acid  (D) 
is  decomposed  by  zinc  (C),  forming  sulphate 
of  oxide  of  zinc  (AC  -f  D)  and  liberating  hy- 
drogen (B).  Copper  precipitates  silver  from 
the  nitrate  of  the  oxide  in  solution  ;  lead  pre- 
cipitates copper,  and  zinc  again  precipitates 
lead.  Sometimes  C  removes  from  AB  only  a 
part  of  A;  thus  ignited  zinc  removes  only  a 
part  of  oxygen  from  carbonic  acid,  forming 
oxide  of  zinc  and  carbonic  oxide. 
The  compound  AB  decomposes  with  C  into 
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1  new  compounds  AC  and  BC.  Sulphuret  of 
zinc  and  other  metallic  sulphurets  calcined  in 
the  air,  yield  sulphurous  acid  and  oxide  of 
zinc  ;  many  sulphurets  heated  in  chlorine  form 
chlorides  of  sulphur  and  of  the  metal ;  the  2 
new  compounds  may  sometimes  unite ;  thus 
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galena  (sulphuret  of  lead)  calcined  in  the  air, 
forms  much  sulphate  of  oxide  of  lead.  The 
presence  of  a  4th  body,  D,  varies  the  resulting 
compounds,  as  above. 

The  following  diagrams  illustrate  decompo- 
sition by  single  elective  affinity  : 


n    ,  e  ..       C  Carbonic  acid- 

Carbonate  of  lime  <  T  • 


Acetic  acid_ 


Potassa- 


a,  l  .      c.        C  Sulphuric  acid 
Sulphate  of  iron  £0x&eofiron_ 


-(escapes  as  gas) 
^Acetate  of  lime 
(in  solution). 

^Sulphate  of  potassa 
(in  solution) 
—(precipitates). 


Water 


Hydrogen- 
Oxygen^ 

Sulphuric  acid- 

Zinc- 


Hydrogen  gas 


S-  Sulphate  of  zinc 
(in  solution). 


(See  Diagrams.) 


2.  Double  Elective  Affinity.  When  4  bodies 
are  present  instead  of  3,  a  double  interchange 
of  constituents  takes  place.  AB  and  CD  form 
AC  and  BD.  Thus,  pentachloride  of  phospho- 
rus PC15  decomposes  with  water  5  H03  into 
chlorohydic  5  HC1  and  phosphoric  acids  P05. 
Sulphuretted  hydrogen  passed  through  some 
metallic  oxides,  forms  a  sulphuret  of  the  metal 
and  water.     But  such  decompositions  are  usu- 


ally observed  between  salts,  their  acid  and 
metallic  oxide  being  the  proximate  constitu- 
ents. Such  decompositions  are  represented 
in  the  following  diagrams,  between  nitrate  of 
lime  and  carbonate  of  soda,  whose  mingled 
solutions  form  an  insoluble  precipitate  of  car- 
bonate of  lime,  while  nitrate  of  soda  remains 
in  solution. 


Nitrate  of  soda. 

A 


Nitric  acid 


Carbonic  acid,---'' 


Lime. 
-Soda. 


A  fSoda, 


2< 


Nitric  acid." 


>Z 


Carbonic  acid, 
"v 


Lime. 
) 


Carbonate  of  lime. 


Carbonate  of  sodal 
58-32 


fSoda 31-32 


(_Carbonic  acid  22- 


"Nitric  acid  ...54-19 


Nitrate  of  lime 
82-72 


Lime 28-53- 


Nitrate  of  sods 
85-51 


Carbonate  of  lime 
50-53 


136-04 


Although  theoretically  speaking,  double  elec- 
tive affinity  is  but  an  extension  of  single  elec- 
tive, yet  it  is  of  the  highest  importance  in 
chemical  changes,  many  compounds  being 
capable  of  formation  solely  by  its  action,  par- 
ticularly where  one  is  soluble  and  the  other  an 
insoluble  precipitate.  In  the  above  example 
the  carbonic  acid  has  an  attraction  both  for 
soda  and  lime,  and  the  nitric  also  for  the  same 
bases;  but  it  appears  that  the  affinities  of  car- 
bonic acid  for  lime,  and  the  nitric  for  soda, 
preponderate  over  those  of  the  carbonic  for 
soda,  and  nitric  for  lime.  The  preponderating 
are  sometimes  termed  divcllent,  and  the  minor 
quiescent,  affinities. 


136-04  136-04 

(See  Diagrams.) 
Double  decomposition  was  long  since  no- 
ticed, and  Richter  established  his  lawof  neutrali- 
ty upon  it;  which  is,  that  when  2  neutral  salts 
mutually  decompose  each  other,  the  two  re- 
sulting salts  are  also  neutral  (see  Neutrali- 
zation). From  the  different  weights  of  the 
substances  employed  and  their  resulting  com- 
pounds, it  was  regarded  as  a  very  remarkable 
fact;  but  it  flows  necessarily  from  the  laws  of 
combination  (see  these),  in  which  it.  is  shown 
that  bodies  combine  according  to  fixed  num- 
bers for  each  body,  but  very  different  numbers 
for  different  bodies.  Now,  when  2  neutral  salts, 
consisting  each  of  an  equiv.  of  acid  and  base, 
mutually  and  fully  decompose  each  other  (as 
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the  nitrate  of  lime  and  carbonate  of  soda,  in 
the  above  diagram),  the  equiv.  of  carbonic  acid 
=  22,  unites  precisely  with  an  eq.  of  lime  = 
28-53;  and  »he  eq.  of  nitric  54-19,  with  the  eq.of 
soda  =31-32;  but  their  several  weights  will  be 
very  different ;  for  the  53-32  of  carb.  soda,  and 
the  82-72  nitrate  of  lime,  become  85-51  nitrate 
of  soda,  and  50-53  carb.  lime  ;  the  sum  of  their 
several  weights  remains  the  same. 

The  body  AB  may  be  decomposed  by  CD, 
forming  AC,  while  B  and  D  are  separately  un- 
combined;  thus  carbonate  of  soda  and  sulphate 
of  alumina  form  sulphate  of  soda  in  solution, 
while  alumina  is  precipitated,  and  carbonic 
acid  gas  passes  off;  C  and  D  not  united  may 
act  upon  AB  ;  thus  metallic  oxides  heated  with 
chlorine  and  carbon  form  chloride  of  the  metal 
and  carbonic  oxide  or  acid.  A  5th  body,  E,  may 
produce  similar  results  as  noticed  with  the  4th 
body  under  single  elective  affinity. 

ABC  and  DEF  may  form  3  compounds  AD, 
BE,  CF  ;  thus  sulphohydrate  of  ammonia  with 
nitrate  of  lead  produces  sulphuret  of  lead, 
nitrate  of  ammonia,  and  water. 

V.  Circumstances  which  modify  elective 
Affinity. 

Although  the  laws  of  combination  cannot  be 
altered,  yet  circumstances  may  apparently  and 
really  change  the  order  of  elective  affinity,  or 
influence  its  action.  Such  influencing  causes 
are  cohesion,  elasticity,  temperature,  quantity 
of  matter,  and  predisposing  affinity.  For  the 
influence  of  light  see  the  article  Light. 

1.  Cohesion.  It  was  shown  before  that  a  di- 
minution of  cohesion  in  a  solid,  favored  che- 
mical action  (see  the  1st  part  of  Affinity) ;  co- 
hesion, therefore,  exerts  a  modifying  influence 
over  chemical  changes.  It  is  probable  that 
heat,  by  opposing  the  cohesive  force,  usually 
assists  combination,  particularly  when  applied 
to  solids. 

The  insolubility  (or  greater  coherence)  of 
a  possible  resulting  compound  is  of  the  highest 
importance,  and  often  determines  its  formation 
in  apparently  direct  opposition  to  affinity. 
"  Thus,  on  mixing  together  a  solution  of  2  acids 
and  1  alkali,  of  which  2  salts  may  be  formed, 
one  soluble  and  the  other  insoluble,  the  alkali 
will  unite  with  that  acid  with  which  it  forms 
the  insoluble  compound,  to  the  total  exclusion 
of  the  other.  This  is  one  of  the  modifying 
circumstances  employed  by  Berthollet  to  ac- 
count for  the  phenomena  of  single  elective 
attraction,  and  is  certainly  applicable  to  many 
of  the  instances  to  be  found  in  the  tables  of 
affinity.  When,  for  example,  hydrochloric  acid, 
sulphuric  acid,  and  baryta  are  mixed  together, 
sulphate  of  baryta  is  formed  in  consequence 
of  its  insolubility.  Lime,  which  yields  an 
insoluble  salt  with  carbonic  acid,  separates 
that  acid  from  ammonia,  potassa,  and  soda, 
with  all  of  which  it  makes  soluble  compounds. 

A  similar  explanation  may  be  given  of  many 
cases  of  double  elective  attraction.  On  mix- 
ing together  in  solution  4  substances,  A,  B,  C, 
D,  of  which  it  is  possible  to  form  4  compounds, 
AB  and  CD,  or  AC  and  BD,  that  compound  will 
generally  be  produced  which  happens  to  be  in- 
soluble. Thus,  sulphuric  acid,  soda,  nitric  acid, 
and  baryta  may  give  rise  either  to  sulphate  of 
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soda  and  nitrate  of  baryta,  or  to  sulphate  of 
baryta  and  nitrate  of  soda;  but  the  fust  2  salts 
cannot  exist  together  in  the  same  liquid,  be- 
cause the  insoluble  sulphate  of  baryta  is  in- 
stantly generated,  and  its  formation  necessarily 
causes  the  nitric  acid  to  combine  with  the  soda. 
In  like  manner,  a  solution  of  nitrate  of  lime  is 
decomposed  by  carbonate  of  ammonia,  in  con- 
sequence of  the  insolubility  of  carbonate  of 
lime. 

To  comprehend  the  manner  in  which  co- 
hesion acts  in  these  instances,  it  is  necessary 
to  consider  what  takes  place  when  in  the  same 
liquid  two  or  more  compounds  are  brought  to- 
gether, which  do  not  give  rise  to  an  insoluble  sub- 
stance. Thus,  on  mixing  solutions  of  sulphate 
of  potassa  and  nitrate  of  soda,  no  precipitate 
ensues ;  because  the  salts  capable  of  being  form- 
ed by  double  decomposition,  sulphate  of  soda 
and  nitrate  of  potassa,  are  likewise  soluble.  In 
this  case  it  is  possible  either  that  each  acid 
may  be  confined  to  one  base,  so  as  to  consti- 
tute 2  neutral  salts  ;  or  that  each  acid  may  be 
divided  between  both  bases,  yielding  4  neutral 
salts.  It  is  difficult  to  decide  this  point  in  an 
unequivocal  manner:  but,  judging  from  many 
chemical  phenomena,  there  can,  I  apprehend, 
be  no  doubt  that  the  arrangement  last  mentioned 
is  the  most  frequent,  and  is  probably  universal 
whenever  the  relative  forces  of  affinity  are  not 
very  unequal.  When  2  acids  and  2  bases 
meet  together  in  neutralizing  proportion,  it 
may  therefore  be  inferred,  that  each  acid  unites 
with  both  the  bases  in  a  manner  regulated  by 
their  respective  forces  of  affinity,  and  that  4 
salts  are  contained  in  solution.  In  like  man- 
ner, the  presence  of  3  acids  and  3  bases  will 
give  rise  to  9  salts ;  and  when  4  of  each  are 
present,  16  salts  will  be  produced.  This  view 
affords  the  most  plausible  theory  of  the  consti- 
tution of  mineral  waters,  and  of  the  products 
which  they  yield  by  evaporation. 

The  influence  of  insolubility  in  determining 
the  result  of  chemical  action  may  be  readily 
explained  on  this  principle.  If  nitric  acid, 
sulphuric  acid,  and  baryta  are  mixed  together 
in  solution,  the  base  may  be  conceived  to  be  at 
first  divided  between  the  2  acids,  and  nitrate 
and  sulphate  of  baryta  to  be  generated.  The 
latter,  being  insoluble,  is  instantly  removed 
beyond  the  influence  of  the  nitric  acid,  so  that 
for  an  instant  nitrate  of  baryta  and  free  sul- 
phuric acid  remain  in  the  liquid:  but  as  the 
base  left  in  solution  is  again  divided  between 
the  2  acids,  a  fresh  quantity  of  the  insoluble 
sulphate  is  generated;  and  this  process  of  par- 
tition continues,  until  either  the  baryta  or  the 
sulphuric  acid  is  withdrawn  from  the  solution. 
Similar  changes  ensue  when  nitrate  of  baryta 
and  sulphate  of  soda  are  mixed. 

The  separation  of  salts  by  crystallisation 
from  mineral  waters  or  other  saline  mixtures 
is  explicable  by  a  similar  mode  of  reasoning. 
Thus,  on  mixing  nitrate  of  potassa  and  sul- 
phate of  soda,  4  salts,  according  to  this  view, 
are  generated,— namely,  the  sulphates  of  soda 
and  potassa,  and  the  nitrates  of  those  bases ; 
and  if  the  solution  be  allowed  to  evaporate' 
gradually,  a  point  at  length  arrives  when  the 
least  soluble  of  these  salts,  the  sulpnate  of 
potassa,  will  be  disposed   to   crystallise.     As 
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soon  as  some  of  its  crystals  are  deposited,  and  | 
thus  withdrawn  from  the  influence  of  the  other 
salts,  the  constituents  of  these  undergo  a  new 
arrangement,  whereby  an  additional  quantity 
of  sulphate  of  potassa  is  generated ;  and  this 
process  continues  until  the  greater  part  of  the 
sulphuric  acid  and  potassa  has  combined,  and 
the  compound  is  removed  by  crystallisation. 
If  the  difference  in  solubility  is  considerable, 
the  separation  of  salts  may  be  often  rendered 
very  complete  by  this  method. 

The  efflorescence  of  a  salt  is  sometimes  at- 
tended with  a  similar  result.  If  carbonate  of 
soda  and  chloride  of  calcium  are  mingled  toge- 
ther in  solution,  the  insoluble  carbonate  of  lime 
subsides.  But  if  carbonate  of  lime  and  sea- 
salt  are  mixed  in  the  solid  state,  and  a  certain 
degree  of  moisture  is  present,  carbonate  of 
soda  and  chloride  of  calcium  are  slowly  gene- 
rated ;  and  since  the  former,  as  soon  as  it  is 
formed,  separates  itself  from  the  mixture  by 
efflorescence,  its  production  continues  progres- 
sively. The  efflorescence  of  carbonate  of  soda, 
which  is  sometimes  seen  on  old  walls,  or  which 
in  some  countries  is  found  on  the  soil,  appears 
to  have  originated  in  this  manner."  (Turner.) 

Such  a  view  of  the  partition  of  acids  and 
bases  among  each  other  may  and  does  probably 
take  place  in  many  cases  ;  but  it  may  be  shown 
that  it  does  not  always  occur;  for  Dr.  Struve 
has  observed  at  his  establishment  in  Dresden 
for  the  preparation  of  artificial  saline  and  car- 
bonated waters,  that  their  taste  depends  not 
only  on  the  nature  of  the  salts,  but  also  upon 
the  order  in  which  they  are  added.  The  pre- 
vailing opinion  at  present,  sustained  by  the 
medical  effects  of  mineral  waters,  is-  that  the 
strongest  acid  is  combined  with  as  much  of 
the  strongest  base  as  it  finds  present,  then  with 
the  next  strongest,  and  the  weaker  bases  and 
acids  are  separately  united.  In  setting  up  the 
composition  of  a  mineral  water  from  analysis, 
this  principle  is  generally  employed. 

Gmelin  ascribes  the  influence  of  insolubility 
in  part,  to  a.  predisposing  affinity  of  the  solvent,  and 
among  others  gives  the  following  example. 
Dilute  acetic  acid  decomposes  carbonate  of 
potassa,  forming  acetate  of  potassa,  and  evolv- 
ing carbonic  acid ;  but  if  the  dry  acetate  of 
potassa  be  dissolved  in  alcohol,  and  carbonic 
acid  passed  through  it,  nearly  all  the  potassa 
is  precipitated  as  carbonate,  and  the  acetic 
acid  is  retained  by  the  alcohol,  partially  con- 
verted into  acetic  ether.  The  alcohol  appears 
to  exert  a  considerable  affinity  for  the  acetic 
acid,  and  when  added  to  that  of  the  carbonic 
acid  for  potassa,  they  overcome  the  affinity  of 
the  acetic  acid  for  the  potassa.  Berthollet's 
view  is  generally  applied  to  this  fact,  viz.,  that 
the  carbonate  of  potassa  being  insoluble  in 
alcohol  must  precipitate.  Gmelin  asks,  "why 
does  not  the  carb.  acid  precipitate  from  an 
aqueous  solution  of  acetate  of  lime  the  carbo- 
nate of  lime,  which  is  more  insoluble  in  water 
than  the  carb.  potassa  is  in  alcohol]"  Ac- 
cording to  Pelouze,  carb.  acid  does  not  preci- 
pitate the  alcoholic  solutions  of  chlorides  of 
strontium  or  calcium,  nor  nitrate  of  copper, 
although  the  carbonates  of  those  metallic  oxides 
are  insoluble  in  water  and  alcohol.  The  above 
shows  that  insolubility  and  great  cohesion  are 
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not  identical,  for  then  the  carbonate  of  potassa 
would  be  a  very  coherent  salt  in  reference  to 
alcohol,  and  slightly  coherent  in  reference  to 
water.  (Gmelin). 

2.  Temperature  modifies  affinity  in  two  ways, 
either  by  producing  a  gaseous  or  elastic  fluid, 
or  by  increasing  or  diminishing  cohesion ;  but 
often  exhibits  a  reciprocal  action  which  is  ex- 
plained with  difficulty.  The  last  are  some- 
times called  instances  of  reciprocal  affinities;  and 
Gmelin  is  disposed  to  refer  them  to  a  combina- 
tion of  heat  with  one  of  the  constituents,  re- 
garding heat  as  a  body. 

Elasticity.  From  the  obstacle  which  cohe- 
sion puts  in  the  way  of  affinity,  the  gaseous 
state,  in  which  the  cohesive  power  is  wholly 
wanting,  might  be  expected  to  be  peculiarly 
favorable  to  chemical  action.  The  reverse, 
however,  is  the  fact.  Bodies  generally  evince 
little  disposition  to  unite  when  presented  to 
each  other  in  the  elastic  form.  Oxygen  and 
hydrogen  gases,  and  chlorine  and  hydrogen, 
though  their  mutual  affinity  is  very  powerful, 
may  be  preserved  together  for  any  length  of 
time  without  combining.  This  want  of  action 
seems  to  arise  from  the  distance  between  the 
particles  preventing  that  close  approximation 
which  is  so  necessary  to  the  successful  exer- 
cise of  affinity.  Hence  many  gases  cannot  be 
made  to  unite  directly,  which  nevertheless 
combine  readily  while  in  their  nascent  state ; 
that  is,  while  in  the  act  of  assuming  the  gase- 
ous form  by  the  decomposition  of  some  of 
their  solid  or  fluid  combinations. 

Elasticity  operates  likewise  as  adecomposing 
agent.  If  two  gases,  the  reciprocal  attraction 
of  which  is  feeble,  suffer  considerable  conden- 
sation when  they  unite,  the  compound  will  be 
decomposed  by  very  slight  causes.  Chloride 
of  nitrogen,  which  is  an  oil-like  liquid,  com- 
posed of  the  two  gases  chlorine  and  nitrogen, 
affords  an  apt  illustration  of  this  principle, 
being  distinguished  for  its  remarkable  facility 
of  decomposition.  Slight  elevation  of  tempera- 
ture, by  increasing  the  natural  elasticity  of  the 
two  gases,  or  contact  of  substances  which  have 
an  affinity  for  either  of  them,  or  angular  bodies, 
produces  immediate  explosion. 

Many  solid  substances  which  contain  water- 
in  a  state  of  intimate  combination  part  with  it 
in  a  strong  heat,  in  consequence  of  the  volatile 
nature  of  that  liquid.  The  separation  of  oxygen 
from  some  metals,  by  heat  alone,  is  explicable 
on  the  same  principle.     (Turner.) 

Binoxide  of  manganese  with  chlorohydric 
acid  produces  chlorine,  water,  and  chloride  of 
manganese  at  common  temperatures  or  by 
gentle  warmth;  on  the  other  hand,  chlorine 
and  water  exposed  to  light  or  ignition,  produce 
chlorohydric  acid  or  oxygen.  Such  reciprocal 
affinities  are  not  uncommon,  and  produce  sin- 
gular and  unexpected  changes.  Potassium 
decomposes  magnetic  oxide  of  iron  at  a  red 
heat  into  potassa  and  metallic  iron  ;  but  me- 
tallic iron  and  potassa  at  a  white  heat  are  re- 
solved into  magnetic  oxide  of  iron  and  vapor 
of  potassium.  Potassium  decomposes  carbonic 
oxide  at  a  red  heat. into  potassa  and  carbon; 
potassa  and  carbon  at  a  low  white  heat  pro- 
duce carbonic  oxide  and  vapor  of  potassium. 
Carbonate  of  ammonia,  and  nitrate  of  lime  in 
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solution,  produce  carbonate  of  lime  and  nitrate 
of  ammonia,  partly  from  the  insolubility  of  the 
former;  but  by  heating  nitrate  of  ammonia 
and  carb.  lime  above  212°,  the  carb.  ammonia 
is  evolved,  being  more  volatile  than  the  nitrate. 
Phosphated,  borated,  or  silicated  alkali  is  de- 
composed by  sulphuric  acid  at  common  tem- 
peratures, the  acid  being  set  free,  and  a  sul- 
phated  alkali  being  formed;  but  the  sulphated 
alkali  ignited  with  phosphoric,  boracic,  or  sili- 
cic acid  forms  a  salt  with  it,  while  the  more 
volatile  sulphuric  acid  is  evolved. 

Pressure  is  sometimes  supposed  to  exert 
some  influence  where  an  elastic  body  is 
evolved.  Zinc,  sulphuric  acid,  and  water, 
usually  evolve  hydrogen  from  the  water,  but 
if  the  operation  be  performed  in  a  strong  and 
closed  metallic  vessel,  the  generation  of  hydro- 
gen progresses  until  its  atmosphere  causing  a 
considerable  pressure,  it  ceases  to  evolve. 
(Babinet.)  Faraday  doubts  the  cessation,  and 
ascribes  the  diminished  evolution  of  gas  to 
diminished  effervescence,  by  the  movement  of 
which  chemical  action  is  assisted.  Gmelin 
proved  by  an  experiment  with  muriatic  acid 
and  zinc  that  hydrogen  continued  to  be  evolved 
at  a  pressure  of  50  atmospheres,  which  is  be- 
yond that  assigned  by  Babinet.  Berzelius  also 
observes  that  the  action  of  a  somewhat  diluted 
acid  on  carbonate  of  lime  in  a  closed  glass 
tube  ceases  in  consequence  of  pressure;  but 
an  experiment  by  Gmelin  proved  that  the  evolu- 
tion went  at  least  so  far  as  to  produce  liquid 
carbonic  acid.  It  does  not  therefore  appear  to 
be  shown  satisfactorily  that  pressure  exerts  a 
higher  influence  than  merely  rendering  the 
evolution  of  gas  slower. 

Cohesion  affected  by  temperature.  This  refers 
chiefly  to  solutions  of  different  salts.  A  solu- 
tion of  common  salt  and  sulphate  of  magnesia 
evaporated  at  common  or  slightly  elevated 
temperatures,  separates  the  two  crystallised 
salts  unaltered;  but  at 32°  and  below,  sulphate 
of  soda  crystallises  out  and  leaves  chloride  of 
magnesium  in  solution  ;  above  122°,  the  mixed 
solutions  again  deposit  sulphate  of  soda,  but 
anhydrous.  Solubility  determines  this  pecu- 
liarity; for  the  sulphate  of  soda  is  less  soluble 
at  a  low  and  a  high  than  at  a  medium  tempera- 
ture. Sulphate  of  soda,  and  chloride  of  potas- 
sium change  at  common  temperatures  into 
sulphate  of  potassa  and  chloride  of  sodium; 
but  at  about  0°  F.  sulphate  of  soda  separates  ; 
the  sulphate  of  potassa  being  more  insoluble 
in  the  former  case,  and  the  sulphate  of  soda 
atO°. 

Aqueous  solutions  of  sulphate  of  lime  and 
chloride  of  barium  mingled  together,  precipi- 
tate sulphate  of  baryta,  and  chloride  of  cal- 
cium remains  dissolved.  By  fusing  together 
chloride  of  calcium  and  sulphate  of  baryta, 
there  is  formed  a  mixture  of  sulphate  of  lime 
and  chloride  of  barium;  which  may  be  ex- 
tracted by  rapidly  boiling  the  powdered  mass 
with  water,  and  filtering;  but  longer  contact 
with  water  produces  again  sulphate  of  baryta 
and  chloride  of  calcium.  A  solution  of  acetate 
of  alumina  does  not  become  clouded  when 
heated,  but  readily  precipitates  when  a  sul- 
phated alkali  is  present.  (See  Acetate  of  Alu- 
mina.) The  precipitate,  consisting  of  hydrate 
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of  alumina,  appears  every  time  it  is  heated  and 
re-dissolves  on  cooling.  Metallic  silver  ab- 
stracts oxygen  from  an  aqueous  solution  of 
persulphate  of  iron  at  a  boiling  heat,  forming 
sulphate  of  silver  and  protosulphale  of  iron; 
but  all  the  silver  precipitates  on  cooling  in  the 
metallic  form.  Some  of  these  and  similar  in- 
stances of  reciprocal  attraction  arc  difficult  to 
explain. 

It  appears  then,  that  heat  generally  influ- 
ences affinity  in  two  different  ways,  by  assist- 
ing or  diminishing  it,  and  yet  they  are  both  re- 
ferrible  to  the  same  principle  ;  applied  to  solids 
to  render  them  liquid,  and  sometimes  to  liquids, 
it  usually  promotes  affinity  by  reducing  cohe- 
sive force,  and  promoting  mobility  of  particles, 
but  where  it  generates  gaseous  matter  it  op- 
poses affinity  by  separating  the  particles  be- 
yond the  sphere  of  attraction.  The  liquid  state 
therefore,  being  intermediate  between  the 
greatest  and  least  cohesive  force,  is  best 
adapted  to  chemical  action. 

3.  Relative  quantity  of  matter  acts  in  two  ways, 
by  diffusion  or  affinity. 

Diffusion.     When  steam  is  passed  over  iron 
at  a  red  heat,  a  portion  of  it  is  decomposed, 
black  oxide  of  iron  being  formed  and  hydro- 
gen gas  evolved.      From   this   experiment  it 
might  be  inferred  that  the  affinity  of  iron  for 
oxygen  is  greater  than  that  of  hydrogen.    But 
let  a  stream  of  hydrogen  gas  be  conducted 
over  black  oxide  of  iron  at  the  very  same  tem- 
perature, and  water  is  formed,  while  the  oxide 
of  iron  is  reduced  to  the  metallic  state.    Here 
the  hydrogen  appears  to  have  the  greater  affi- 
nity for  oxygen.     But  the  result  is  obviously 
connected  with  the  relative  proportion  between 
the  hydrogen  and  steam  which  are  at  once  in 
contact  with  the  metal  and  its  oxide  at  a  red 
heat.     When  steam  is  in  excess,  water  is  de- 
composed, but  when  hydrogen   is  in  excess, 
oxide  of  iron  is  decomposed;  because  the  ex- 
cess of  steam  in  the  first  case  is  an  atmos- 
phere into  which  hydrogen  can  diffuse,  and  the 
disengagement  of   that   gas    is   therefore  fa- 
vored; but  in  the  second  case  the  atmosphere 
is  principally  hydrogen,  and  represses  the  evo- 
lution of  more  hydrogen,  but  facilitates  that  of 
steam.     The  affinity  of  iron  and  hydrogen  for 
oxygen  at  the  temperature  of  the  experiment, 
is  so  nearly  balanced  that  the  one  affinity  pre- 
vails over  the  other,  according  as  there  is  a 
proper  atmosphere  into  which  the  gaseous  pro- 
duct of  its  action  may  diffuse.   (Guy-Lussac  and 
Regnault  in  Graham.)     According  to  Despretz, 
zinc,  tin,  nickel,  and  cobalt  act  similarly  to  iron ; 
cadmium   and   uranium  also   (Regnault),  al- 
though they  decompose  water  with  difficulty. 
Zinc,  tin,  and  iron,  act  similarly  to  carbonic 
acid  and  oxide,  being  oxidized  in  the  former, 
and  reduced  to  metal  in  the  latter.    If  carbo- 
nate of  lime  be  heated  in  a  tube  to  a  point  just 
below  where  its  acid  is  given  off,  steam  or  air 
passed  over  it  will  then  remove  the  carbonic 
acid.     Aqueous  chlorohydric  acid  decomposes 
metallic  fluorides,  and  aqueous  fluohydric  the 
metallic  chlorides ;  chlorohydric  acid  decom- 
poses the  acetates,  and  acetic  acid  the  chlo- 
rides ;  but  the  decomposing  acid  must  always 
be  in  excess  in  order  that  the  liberated  acid 
may  be  carried  off  by  diffusion. 
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Affinity.  If  1  eq.  nitric  acid  be  added  to  an 
aqueous  solution  of  2  eq.  of  sulphate  of  alkali, 
the  odor  of  the  acid  disappears,  and  by  spon- 
taneous evaporation  crystals  of  nitrate  of  alkali 
separate,  while  a  bisulphate  remains  in  solu- 
tion. But  if  2  eq.  sulphuric  acid  be  added  to 
1  eq.  nitrate  of  alkali,  the  whole  of  the  nitric 
acid  is  disengaged,  and  a  bisulphate  remains  in 
solution  ;  one  eq.  of  sulphuric  removes  only  \ 
the  nitric  acid,  so  that  a  nitrate  and  bisulphate 
would  remain.  There  appears  here  to  be  a 
partition  of  the  acids,  with  the  base  as  ex- 
plained above  (Influence  of  cohesion) ;  or  the  af- 
finity to  form  a  bisulphate,  together  with  the 
affinity  to  form  a  neutral  nitrate  preponderate 
over  the  affinities  required  to  form  only  neu- 
tral salts. 

4,  Predisposing  Affinity.  Zinc  decomposes 
water  at  ordinary  temperatures  with  extreme 
slowness,  becoming  oxidized,  and  liberating 
hydrogen ;  but  as  soon  as  sulphuric  acid  is 
added,  the  gas  is  evolved  with  rapidity.  This 
was  formerly  explained  by  supposing  that  the 
addition  of  acid  disposed  the  metal  to  decom- 
pose water,  in  order  to  unite  with  the  oxide  of 
zinc  ;  thus  attributing  to  it  an  influence  over  a 
body  previous  to  its  existence,  and  hence,  for 
want  of  a  better  explanation,  it  was  termed 
predisposing  affinity.  There  can  be  little  doubt 
that  the  changes,  that  is,  the  formation  of  oxide 
of  zinc  and  its  union  with  sulphuric  acid,  fol- 
low each  other  so  immediately  that  we  may 
regard  them  as  simultaneous  and  not  consecu- 
tive, and  hence  the  subject  has  been  explained 
in  this  manner,  by  considering  the  formation 
of  oxide  and  its  union  with  acid  as  proceeding 
at  one  and  the  same  instant  of  time,  and  that 
the  two  affinities  acting  conjointly  overcome 
that  between  oxygen  and  hydrogen.  Such  an 
explanation  is  evidently  no  better  than  the 
other,  unless  it  can  be  shown  that  oxide  of  zinc 
is  formed  the  moment  the  metal  is  put  into 
water  alone,  for  otherwise  there  can  be  but  one 
affinity,  that  of  zinc  for  oxygen,  the  other  not 
existing  previous  to  the  formation  of  oxide. 
But  it  has  been  shown  that  zinc  does  not  de- 
compose water  at  ordinary  temperatures,  pro- 
vided the  air  be  excluded;  and  even  in  water 
containing  air,  the  oxidation  is  so  tardy  that  it 
requires  the  lapse  of  some  time  before  oxide 
can  be  detected  on  its  surface. 

There  are  two  other  explanations  of  a  more 
satisfactory  character.  1st.  That  the  change 
which  takes  place  is  simply  the  substitution 
of  zinc  for  hydrogen  in  the  oil  of  vitriol  (sul- 
phate of  water),  forming  sulphate  of  the  oxide 
of  zinc  instead  of  the  oxide  of  hydrogen,  and 
that  the  large  quantity  of  water  employed  is 
useful  to  dissolve  the  sulphate  of  zinc,  and 
permit  the  free  play  of  affinities ;  the  propor- 
tions usually  employed  are  an  eq.  of  acid  and 
zinc,  and  some  25  eq.  water,  of  which  proba- 
bly 7  are  required  for  the  crystallised  sulphate 
of  zinc,  and  the  balance  employed  for  solution. 
Such  an  explanation  may  serve  better  for  the 
above  than  for  the  following  decomposition  : 
Phosphorus  cannot  remove  all  the  oxygen 
from  carbonic  acid  at  any  temperature,  but 
phosphoric  acid  is  decomposed  by  ignition 
with  carbon  into  carbonic  oxide  and  phospho- 
rus ;  if  phosphorus  be  boiled  with  carbonate 


of  soda  it  abstracts  oxygen  and  deposits  car- 
bon, and  when  vapor  of  phosphorus  is  passed 
over  ignited  carbonate  of  soda  (or  lime),  it 
exhibits  combustion,  forming  phosphate  of 
soda  and  depositing  carbon.  Now  the  presence 
of  soda  causes  the  difference  of  action,  and 
predisposes  the  formation  of  phosphoric  acid 
in  order  to  unite  with  it,  for  the  soda  has  a 
stronger  affinity  for  the  phosphoric  than  for  the 
carbonic  acid ;  in  other  words,  the  soda  attracts 
the  phosphoric  acid  previous  to  its  existence, 
although  it  is  already  combined  with  an  acid. 
This  fact  is  not  readily  explicable  by  any  of 
the  above  theories,  predisposition,  simulta- 
neous action,  or  substitution. 

2d.  That  the  instances  of  predisposing  affini- 
ty may  be  explained  by  the  chemical  theory  of 
contact ;  thus,  the  contact  of  the  acid  with  the 
zinc  gives  it  a  higher  electropositive  power  to 
abstract  oxygen  from  water,  like  potassium ; 
the  contact  of  soda  gives  the  phosphorus  a 
higher  negative  power  to  decompose  carbonic 
acid,  which  it  could  do  imperfectly  without  it. 

In  whatever  light  we  view  the  subject,  it  is 
beset  with  difficulties  ;  until  these  are  removed 
we  may  adopt  the  contact  theory,  which  ex- 
plains all  the  facts  better  than  any  other ;  still 
it  requires  farther  substantiation. 

VI.  Circumstances  and  Consequences  of  De- 
composition. 

1.  Change  of  Temperature.  Since  evolution 
of  heat  accompanies  combination,  it  might  be 
inferred  that  it  would  be  absorbed,  or  produce 
cold  by  decomposition  ;  the  reverse,  however, 
takes  place,  since  heat  is  evolved  by  decom- 
position and  often  amounts  to  combustion. 
Decompositions  generally  result  from  the  in- 
troduction of  new  and  preponderating  affinities, 
and  hence  it  is  easy  to  explain  on  the  principle 
of  heat  evolved  by  combination,  how  heat 
should  also  be  disengaged  by  such  decomposi- 
tions. When  a  body  dissolved  is  again  sepa- 
rated in  the  solid  form,  we  may  easily  suppose 
the  heat  evolved  to  be  the  heat  of  fluidity, 
which  the  body  had  previously  absorbed  by 
solution.  It  is,  however,  difficult  to  explain 
the  evolution  of  heat  in  all  instances ;  thus, 
when  binoxide  of  hydrogen  is  resolved  into 
water  and  oxygen  gas,  by  dropping  into  it  pul- 
verulent substances,  although  much  heat  should 
become  latent  upon  its  assuming  the  gaseous 
form,  it  evolves  heat  largely  and  even  light. 
Gmelin  supposes  that  by  its  combination  with 
water  heat  is  absorbed  and  not  given  off. 

2.  Change  of  Nature.  Bodies  become  gaseous, 
liquid,  or  solid  by  decomposition.  If  gaseous, 
and  the  change  be  not  very  rapid,  it  gives  rise 
to  effervescence ;  muriatic  acid  on  carbonate 
of  lime  or  in  a  strong  solution  of  carbonate  of 
alkali.  See  Effervescence.  When  gaseous 
and  very  rapid  with  a  hissing  noise,  it  is  De- 
flagration (which  see) ;  if  the  gas  is  given  off 
in  an  instant  of  time,  it  is  an  explosion,  such  as 
fulminate  of  silver,  chloride  of  nitrogen,  and 
chlorous  acid  gas.  See  Detonation  and  Ex- 
plosion. When  liquids  are  the  result  of  de- 
comp.  they  form  a  cloudy  mixture,  which 
afterwards  separates  into  a  strata  according  to 
their  spec,  gravities.  When  a  solid  is  produced 
from  a  liquid,  it  is  a  Precipitate  (see  this). 
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AFFINITY. 

VII.  Measuhe  of  Affinity. 

It  will  be  readily  seen  by  a  glance  at  the  cir- 
cumstances which  influence  and  modify  affinity, 
that,  although  affinity  is  a  determinate  force,  it 
is  difficult  to  measure  it  relatively  to  other 
natural  forces,  and  impossible  in  the  present 
state  of  our  knowledge  to  determine  it  abso- 
lutely. We  may  subsequently  be  able  to  attach 
a  number  to  each  substance,  expressive  of  its 
force  towards  other  substances  without  refer- 
ence to  other  forces,  but  we  can  only  determine 
at  present,  with  moderate  certainty,  the  general 
order  of  affinities  among  bodies  in  reference  to 
each  other. 

1.  It  maybe  measured  by  observing  the  phe- 
nomena of  decomposition,  uninfluenced  by 
other  disturbing  causes,  on  the  principle  that 
the  divellent  are  superior  to  the  quiescent 
affinities.  Heat  may  produce  a  measurable 
change.  The  tersulphuret  of  gold  loses  all  its 
sulphur  at  about  840°;  now  taking  the  boiling 
point  of  sulphur  at  820°,  the  affinity  of  gold  and 
sulphur  would  be  840—820=20.  The  bi-sul- 
phuret  of  iron  FeS2  loses  so  much  sulphur  at 
about  930°  that  another  sulphuret  remains 
Fe7S8,  but  at  about  1500°  (])  it  loses  the  excess 
and  there  remains  FeS  (protosulphuret  of 
iron) ;  then  the  affinity  of  FeS  (or  Fe7S7)  to 
so  much  sulphur  as  to  produce  Fe7S8  is  ex- 
pressed by  1500—820=680,  and  that  of  Fe7S8 
to  produce  FeS2  (or  Fe7S14)  by  930—820=110. 
Most  bases  lose  carbonic  acid  at  a  low  red  heat, 


AFFINITY. 

lime  at  a  stronger,  strontia  at  a  still  stronger, 
baryta  only  at  a  forge  heat,  and  soda  and 
potassa  at  no  temperature;  the  two  last  hav« 
therefore  the  strongest  affinity  for  carboni 

and  when  the  earthy  bases  in  water  decompose 
the  alkaline  carbonates,  it  is  because  water  has 
a  more  powerful  affinity  for  soda  and  potassa. 
It  is  usually  measured  by  elective  affinity. 
Single  elective.  When  AB  is  decomposed  by  C, 
and  AC  by  D,  and  AD  by  E,  it  would  follow  that 
A  has  the  strongest  attraction  for  E,  feebler  for 
D,  more  so  for  C,  and  feeblest  for  B,  so  that 
upon  comparing  these  affinities  together  under 
different  combinations  a  general  table  of  affini- 
ties might  be  constructed.  Thus,  carbonate 
of  lime  loses  its  carbonic  acid  by  muriatic,  the 
muriatic  loses  its  muriatic  by  sulphuric,  and 
the  sulphate  in  solution  is  decomposed  by 
oxalic  acid,  so  that  a  table  of  the  affinities  of 
lime  would  give  the  acids  in  the  following  order 
of  strength :  oxalic,  sulphuric,  muriatic,  and 
carbonic.  See  Single  Elective  Affinity.  But  the 
collateral  influence  of  cohesion,  elasticity, 
&c,  so  modify  these  decompositions  that  such 
tables  would  be  useless.  Double  Elective  (see 
it  also  above).  Morveau  assumed  that  in  the 
mutual  decomposition  of  two  salts,  the  sum  of 
the  two  divellent  must  exceed  that  of  the  two 
quiescent  affinities,  and  endeavored  to  express 
by  numbers, the  amounts  of  affinity  ascertained 
by  decomposition,  as  in  the  following  table  of 
the  attractions  of  acids  for  bases  : 


Baryta 
Potassa . . . 

Soda , 

Lime , 

Ammonia. 
Magnesia.. 
Alumina . , 


Sulphuric. 

Nitric. 

Chloroliydric. 

66 

62 

36 

62 

58 

32 

58 

50 

31 

54 

44 

24 

46 

38 

21 

50 

40 

22 

40 

36 

18 

Acetic. 


28 
26 
25 
19 
20 
17 
15 


Carbonic. 


I  1 
9 
8 

12 
4 
6 
2 


According  to  this  table  sulphate  of  soda  and 
chloride  of  barium  should  mutually  decompose, 
because  66+31=97  is  greater  than  58+36= 
94.  But  that  such  tables  do  not  express  the 
true  measure  of  affinities  is  evident,  for  with 
sulphate  of  potassa  and  nitrate  of  baryta  the 
divellent  and  quiescent  affinities  are  balanced 
(62+62=66+58),  and  yet  decomposition  does 
take  place ;  and  again,  with  sulphate  of  soda 
and  nitrate  of  baryta  the  divellent  affinities, 
66  +  50,  are  less  than  the  quiescent,  58  +  62, 
although  decomp.  occurs. 

2.  Morveau  attempted  to  determine  the 
amount  of  affinity  by  Adhesion,  which  he  re- 
garded as  incipient  affinity.  By  placing  equal 
plates  of  different  metals  in  contact  with  mer- 
cury, he  observed  the  several  amounts  of 
weight  requisite  to  separate  them,  which  he 
regarded  as  expressive  of  their  relative  affini- 
ties. Although  the  attractions  of  the  metals 
for  mercury,  which  he  tried,  are  nearly  in  his 
order,  yet  it  does  not  prove  him  to  be  right,  for 
sulphur  has  a  stronger  attraction  for  mercury 
than  any  one  of  them,  and  yet  it  would  require 
less  weight  to  break  its  contact.  Moreover,  it 
is  not  by  any  means  shown  that  adhesion  and 
affinity  bear  a  uniform  relation  to  each  other, 
although  it  maybe  shown  that  there  is  an  alli- 
ance between  them  not  fully  understood,  and 
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that  the  phenomena  of  solution  form  a  con- 
necting link  between  capillary  attraction  and 
affinity.     See  Auhi:s,ion,  and  Amalgam. 

3.  Wentzel  attempted  to  measure  affinity  by 
the  time  required  for  combination,  but  the  col- 
lateral circumstances  attending  the  solutions 
of  metals  are  too  many  and  indefinite  in  them- 
selves to  admit  of  accuracy  in  the  experiments, 
and  of  course  in  the  inferences. 

4.  Affinity  has  also  been  measured  by  the 
relative  quantities  of  bodies  which  unite,  and 
Berthollet  supposed  it  to  be  inversely  as  the 
power  of  neutralization.  Thus,  when  a  certain 
quantity  of  acid,  A,  is  neutralized  by  1  of  base  B. 
2  of  base  C,  3  of  D,  the  affinities  of  A  to  B,C, 
and  D  are  relatively  3,  1^,  1.  Bergman  es- 
tablished two  laws  from  his  experiments,  which 
were  exactly  the  reverse  of  Berthollet,  viz.  that 
an  acid  has  the  greatest  affinity  for  that  base 
of  which  it  requires  the  greatest  quantity  for 
neutralization, and  that  abase  has  the  same  rela- 
tive affinity  for  acids.  Kirwan  adopted  the 
view  of  Bergman  for  acids,  but  the  reverse  for 
the  affinities  of  bases  for  acids.  The  order  of 
affinity,  as  established  by  double  decomposition, 
and  the  extended  knowledge  we  at  present  pos- 
sess of  combining  weights  and  other  circum- 
stances connected  with  affinity  refute  these 
laws. 


AFFINITY. 


AGALMATOLITE. 


There  are  a  few  general  laws  which  seem 
to  result  from  the  amount  of  affinity.  1.  If  one 
body  combines  with  two  or  more  proportions  of 
another,  they  exhibit  the  strongest  affinities  in 
their  least  combining  proportion,  and  a  dimi- 
nished power  in  proportion  to  the  number  of 
equivalents.  Carbonic  acid  C02  is  more  easily 
decomposed  than  CO;  manganic  acid  (Mn03) 
in  solution,  readily  parts  with  oxygen  at  ordi- 
nary temperatures,  forming  binoxide  of  manga- 
nese (Mn02) ;  which  again  loses  oxygen  by  a 
strong  red  heat,  becoming  brown  oxide  (Mn3 
04);  and  by  the  use  of  sulphuric  acid,  the  last, 
or  any  of  the  preceding,  loses  £  more  and  is 
reduced  to  the  lowest  stage  of  oxidation  (MnO), 
from  which  oxygen  is  obtained  with  great  dif- 
ficulty by  the  most  powerful  heat  and  a  reduc- 
ing agent  combined.  There  are  a  few  apparent 
exceptions  to  this  law ;  nitrous  oxide  loses  its 
oxygen  at  a  lower  temperature  than  nitric 
oxide,  nitrous  acid  than  nitric,  perchlorate  of 
potassa  than  chlorate,  &c. ;  but  closer  observa- 
tion shows  the  law  to  be  universal.  2.  The 
elements  generally  exhibit  the  strongest  affinity 
for  each  other;  then  follow  simple  salts  con- 
sisting of  an  acid  and  a  base,  while  double 
salts  often  evince  very  feeble  affinities.  Thus 
oxygen,  chlorine,  sulphur,  &c,  have  powerful 
affinities  for  the  other  elements  ;  sulphuric, 
nitric,  &c,  acids,  strong  affinities  for  potassa, 
oxide  of  lead,  &c;  alum,  bi-salts,  double  chlo- 
rides, &c,  are  more  easily  decomposed.  But 
the  different  strengths  of  these  affinities  de- 
pends upon  another  general  law  :  3.  That  the 
more  opposite  bodies  are  in  their  physical 
characters,  the  stronger  in  general  their  affini- 
ties ;  thus  the  acids,  with  little  attraction  for 
each  other,  have  a  powerful  one  for  bases,  and 
bases  the  same  for  acids,  although  with  feeble 
affinity  for  each  other;  the  metals  generally 
evince  a  feeble  attraction  for  each  other,  much 
more  for  those  with  fewest  metallic  characters, 
and  a  very  powerful  affinity  for  the  metalloids. 

Tables  of  Affinities.  The  following  tables  of 
the  order  of  affinities  beginning  with  the 
strongest,  can  only  be  regarded  as  a  distant 
approximation  to  a  correct  measure  of  relative 
affinity.  They  are  represented  by  formula  for 
brevity.  Where  separated  by  commas,  the  exact 
order  has  not  been  determined  among  them. 
Oxygen,  for  K;   Na,  LI;   Ba,   Sr,   Ca;    Mg, 

Y,  G,  Al,  Th,  Zr,  Si ;    B  ;  C  ;  Ti,  Ta,  W,  V, 

Cr.Mn;  CO,H;  MO;  Zn;  Fe;  Cd;  Ni;  Co; 

Sn;  Ta02;  MnO;  MoO;  TiO;  P;  Pb ;  Bi ; 

Sb;   P03;   S  ;   Cu  ;   Mo02  ;  As;   N;   Sn  CI ; 

S02;   W02;   NO;   Se ;  Pt,  Ir;   FeO ;   Ha;; 

Fe;  Os;  R;  Pd;  Ag ;  KO;  BaO;  As03 ;  I; 

N04;  Cr203,  V203;  Au ;  Br;  CI;  F;  I05; 

CIO.;  HO. 


Chlorine  for  alkaline  metals  ;  earthy  metals 
Ti;  Zn;  Fe ;  Cd;  Co;   Sn;  CuO;  H;   P 
Pb;  Bi;  Sb;  S;  Cu;  Hg;  As;  Ag;  SnCl 
Hg2Cl;  Pd;  Pt;  Au ;  I;  Br;  0. 
Fluorine,  Bromine,  and  Iodine,  are  similar  to 

chlorine  in  their  affinities. 
Sulphur  for  0  ;  alkaline  metals ;  Zn  ;  Fe ;  Sn ; 
Cu;    CI;  H;   C;   Pb;   Bi ;    Sb;   Hg ;   Ag; 
Pt;  Cu2S;  MoS2;  Au. 
Phosphorus,  0  ;  CI ;  Br ;  I ;  K ;  Zn  ;  S  ;  H. 
Hydrogen,  0;  F;  CI;  Br;  I;  Se;  S;  P;  As; 

Sb;  N. 
Nitrogen,  C;  H;  I;  Br;  CI. 
Metals,  0;  F;  CI;  Br;  I;  Se;  S;  P;  H.    Dif- 
ferent metals  exhibit  a  different  order,  and 
this  table  is  only  very  general. 
Sulphuric  acid,  BaO;  SrO ;  KO;  NaO,  L0  7 ; 
CaO  ;  MgO  ;  PbO  ;  NH3 ;  FeO ;  ZnO  ;  NiO ; 
CoO;  CuO;  A1203;  Fe203. 
Chlorohydric  acid,  4PbO ;  KO  ;  NaO  ;   BaO 
SrO;  CaO;  MgO;  NH3;CoO;  NiO;  HgO 
MnO;  ZnO;  FeO;  UO;  Cu20;  CuO;  SnO 
G203;  A1203;  U203;  Cr203;  Fe203;  Sn02 
Sb03. 
Nitric   acid,    KO ;    NaO;    LO ;    BaO;    SrO 
6PbO;    CaO;    MgO;    NH3;    AgO ;    CoO 
NiO;    ZnO;     MnO;    CdO;    CuO;     G203 
A1203;  U203;  Cr203 ;  Hg20;  HgO;  Fe203 
Potassa,  2Mo03;  2S03;  2Cr03;  2C203;2Tar 
taric  acid;   S03;  Se03 ;  NO.;  10,;  C107 
HF;  HC1;  P05;  As05;  10.  ■,  BrO'. ;  CIO' 
HBr;  Cr03  ;  P03;  HI;  Se03;  NO*., ;   S02 
Mn03;  B03;  C02 ;  As03;  HSe;  HS;  HCy. 
This  table  is  far  from  being  exact.     (See 
Gmelin's  Chemie,  vol.  i.,  art.    Jlffmitiit,  p.  31  to 
155,  for  a  very  full  and  condensed  view  of 
the  whole  subject  of  Affinity.) 
AGALMATOLITE.     Min.      Syn.     Figure- 
stone.    Gcr.  Bildstein,  Agalmatolith.     Fr.  Talc 
graphique.     Steatite  Pagodite. 

Massive,  structure  sometimes  slaty. 
H  =  2  and  less.     Spec.  grav.=  2-815  Kla- 
proth ;  2-895  Thomson. 

Color,  grayish,  greenish,  yellowish  (brown- 
ish) white,  rarely  pink  or  mottled  ;  lustre,  waxy, 
nearly  dull ;  translucent  on  the  edges ;  touch, 
unctuous ;  streak,  nearly  white,  somewhat 
shining ;  fracture,  coarse,  splintery ;  sectile. 

Chem.  BI.  P.  In  flask  blackens  and  yields 
empyreum-water:  on  charcoal  burns  white, 
fine-scaly  on  surface,  traces  of  fusion  on  edges; 
with  borax  a  colorless  glass  ;  mic.  salt  does  not 
decompose  it  but  shows  strong  effervescence; 
with  soda  swells,  fuses  with  difficulty  to  a 
cloudy  glass,  which,  with  a  certain  quantity  of 
soda  is  clear  ;  with  cobalt  shows  the  presence 
of  magnesia.  Dccomp.  Not  perceptibly  attacked 
by  chlorohydric  or  sulphuric  acids  ;  dissolves 
in  hot  sulphuric,  leaving  silica. 


Analysis. 

Silica 

Alumina 

Potassa 

Lime 

Oxide  of  iron  . . . 
Water 


By  Vauquelin. 

Klaproth. 

Thomson. 

56 

54-5 

49-816 

29 

34-0 

29-596 

7 

6-25 

6-8 

2 



6-0 

1 

•75 

1-5 

5 
100 

4-0 

5-5 

99-50 

99-212 

Lychnell. 


72-40 
24-54 


2-85 


99-79 
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AGARIC  MINERAL. 


AGRICULTURE. 


A  comparison  of  these  analyses,  supposing 
them  to  be  correct,  shows  that  agalmatolite  is 
a  compound  of  several  minerals  in  variable 
proportions.  Lychnel  endeavoured  to  esta- 
blish a  formula  on  his  analysis  which  makes 
it  a  neutral  silicate  of  alumina;  but,  although 
agreeing  with  his,  it  would  not  apply  to  the 
other  analyses.  It  yet  remains  undecided  whe- 
ther it  is  a  simple  mineral  of  invariable  consti- 
tution, sometimes  mixed  with  foreign  matter, 
or  composed  of  several  minerals  mixed  or 
combined. 

Use  and  Local.  Chiefly  found  in  China, 
where  it  is  carved  into  grotesque  figures  and 
ornaments.  Found  also  at  Nagyag  in  Tran- 
sylvania, Norway,  Wales. 

AGARIC  MINERAL.  Min.  See  Carbon- 
ate OF  LlMK. 

AGARICUS.     Bot.  Chem.     See  Mushroom. 

AGATE.     Min.     See  Quartz,  Agate. 

AGEDOILE.  Chem.  A  crystalline  sub- 
stance found  by  Robiquet  in  liquorice-root,  and 
shown  by  Plisson  to  be  identical  with  Aspara- 
gine,  to  which  refer. 

AGENT.  Chem.  A  substance,  whether  ele- 
mentary or  compound,  which  is  employed  to 
effect  chemical  changes.  The  imponderables 
may  be  employed  as  agents;  heat  effects  de- 
composition in  red  oxide  of  mercury,  promotes 
union  between  sulphur  and  metals;  light 
blackens  salts  of  silver,  unites  chlorine  and 
hydrogen;  electricity  decomposes  water,  unites 
oxygen  and  hydrogen  to  form  water.  It  is 
more  generally  applied  to  ponderable  matter 
of  a  uniform  character;  thus,  hydrogen  and 
carbon  are  useful  agents  for  decomposing  the 
oxides;  sulphuric  acid  is  one  of  the  most  use- 
ful agents  to  the  chemist  from  its  strong  affini- 
ties, its  abundance,  &c.  They  are  sometimes 
termed  reagents,  from  the  reactions  or  decom- 
positions which  they  produce,  and  this  term  is 
frequently  applied  to  the  tests  used  in  qualita- 
tive analvsis. 

AGGREGATE.  Chem.  Either  a  union,  a 
heap,  of  independent  particles,  or  a  union  of 
homogeneous  particles  to  a  homogeneous  body 
without  reference  to  the  independent  nature  of 
each  particle.  The  latter  is  the  more  probable 
and  the  prevailing  view  at  present.  In  geology 
the  term  is  sometimes  applied  to  rocks,  which 
are  aggregates  of  different  simple  minerals. 

AGGREGATION.  Chem.  The  act  of  union 
of  homogeneous  particles  into  an  aggregate. 
The  state  of  aggregation  is  the  condition  of  a 
body  determined  by  the  manner  in  which  the 
particles  are  united.  Bodies  exist  in  three 
states  :  solid,  liquid,  or  gaseous,  according  to 
the  amount  of  cohesion  among  their  particles. 
In  solids  the  cohesion  often  requires  a  consi- 
derable external  force  to  separate  the  particles, 
each  of  which  is  still  possessed  of  the  same 
cohesive  force  independently  of  the  others,  so 
that  the  portions  of  a  fractured  solid  resemble 
the  aggregated  whole.  In  liquids  the  cohesive 
force  is  so  diminished  that  they  barely  cohere 
together,  their  particles  move  freely  among 
each  other,  and  their  form  depends  on  the  equi- 
librium between  the  cohesion  of  their  particles 
and  external  forces.  The  particles  of  a  gas 
have  no  cohesive  force,  but  rather  a  repulsion, 
and  hence  its  form  depends  wholly  on  external 
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forces,  such  as  gravitation,  enclosure  in  a  ves- 
sel, without  which  its  particles  would  entirely 
separate.    See  Cohesion'. 

AGRICULTURE.  The  late  admirable  essay 
of  Liebig  on  agricultural  chemistry  is  about  to 
produce  an  important  change  in  the  practice 
of  agriculture,  by  the  application  of  chemical 
principles;  and  the  student  of  elementary  che- 
mistry should  be  acquainted  with  these  views, 
as  well  to  obtain  an  expanded  idea  of  this  sci- 
ence, as  to  give  his  assistance  to  the  further 
development  of  its  principles  in  their  applica- 
tion to  agriculture. 

"The  development,"  says  Liebig,  "of  the 
stem,  leaves,  blossoms,  and  fruit  of  plants  is 
dependent  on  certain  conditions,  the  knowledge 
of  which  enables  us  to  exercise  some  influence 
on  their  internal  constituents  as  well  as  on 
their  size.  It  is  the  duty  of  the  natural  philo- 
sopher to  discover  what  these  conditions  are; 
for  the  fundamental  principles  of  agriculture 
must  be  based  on  a  knowledge  of  them.  There 
is  no  profession  which  can  be  compared  in 
importance  with  that  of  agriculture,  for  to  it 
belongs  the  production  of  food  for  man  and 
animals ;  on  it  depends  the  welfare  and  de- 
velopment of  the  whole  human  species,  the 
riches  of  states,  and  all  commerce.  There  is 
no  other  profession  in  which  the  application 
of  correct  principle  is  productive  of  more  bene- 
ficial effects,  or  is  of  greater  and  more  decided 
influence. 

"In  addition  to  the  general  conditions,  such 
as  heat,  light,  moisture,  and  the  component  parts 
of  the  atmosphere,  which  are  necessary  for  the 
growth  of  all  plants,  certain  substances  are 
found  to  exercise  a  peculiar  influence  on  the 
development  of  particular  families.  These  sub- 
stances either  are  already  contained  in  the  soil, 
or  are  supplied  to  it  in  the  form  of  the  matters 
known  under  the  general  name  of  manure. 
But  what  does  the  soil  contain,  and  what  are 
the  components  of  the  substances  used  as  ma- 
nure 1  Until  these  points  are  satisfactorily 
determined,  a  rational  system  of  agriculture 
cannot  exist.  The  power  and  knowledge  of 
the  physiologist,  of  the  agriculturist  and  che- 
mist must  be  united  for  the  complete  solution 
of  these  questions ;  and,  in  order  to  attain  this 
end,  a  commencement  must  be  made. 

"  The  general  object  of  agriculture  is  to  pro- 
duce in  the  most  advantageous  manner  certain 
qualities,  or  a  maximum  size,  in  certain  parts 
or  organs  of  particular  plants.  Now,  this  ob- 
ject can  be  attained  only  by  the  application  of 
those  substances  which  we  know  to  be  indis- 
pensable to  the  development  of  these  parts  or 
organs,  or  by  supplying  the  conditions  neces- 
sary to  the  production  of  the  qualities  desired. 

"  The  special  object  of  agriculture  is  to  obtain 
an  abnormal  development  and  production  of 
certain  parts  of  plants,  or  of  certain  vegetable 
matters,  which  are  employed  as  food  for  man 
and  animals,  or  for  the  purposes  of  industry. 

"The  means  employed  for  effecting  these 
two  purposes  are  very  different.  Thus  the 
mode  of  culture  employed  for  the  purpose  of 
procuring  fine  pliable  straw  for  Florentine  hats, 
is  the  very  opposite  to  that  which  must  be 
adopted  in  order  to  produce  a  maximum  of 
corn  from  the  same  plant.' 
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There  are  two  prevailing  views  in  reference 
to  the  nutriment  of  plants,  the  one  regarding  it 
as  wholly  derivable  from  inorganic  matter,  the 
other  as  partly  from  organic  and  partly  inor- 
ganic. The  former  of  these  views  has  been  so 
ably  advocated  by  Liebig  by  reference  to  num- 
berless chemical  and  physiological  data,  that 
a  majority  of  chemists  adopt  them,  and  even 
should  they  prove  not  wholly  correct,  it  is  easy 
to  foresee  that  his  essay  will  revolutionize  agri- 
culture and  vegetable  physiology;  Boussin- 
gault,  Saussure,  &c,  maintain  that  nutriment 
is  partly  derived  from  organic  matter  in  the 
soil.  We  shall  first  present  a  condensed  view 
of  Liebig's  essay,  and  subsequently  the  oppo- 
site opinion. 

nutbhient  derived  solely  from  inorganic 
Matter. 

There  are  4  elements  which  in  general  form 
the  organic  matter  of  plants :  carbon,  hydro- 
gen, oxygen,  and  nitrogen,  2  or  more  of  which 
united  in  variable  proportions  constitute  an 
almost  infinite  number  of  proximate  principles. 
Plants  derive  nourishment  from  the  atmosphere 
and  the  soil.  The  former  consists  of  nitrogen 
and  oxygen,  with  a  small  quantity  of  carbonic 
acid  (Tn'(,  s  of  its  weight),  and  a  minute  quan- 
tity of  ammonia;  the  soil  is  the  source  of  the 
inorganic  solid  and  liquid  matters,  and  beside 
its  earthy  constituents  contains  decaying  or- 
ganic matter  called  humus,  which  was  sup- 
posed to  be  the  cause  of  fertility. 

Assimilation  of  Carbon.  Humus  is  soluble  in 
an  extremely  minute  degree  in  water,  but  when 
treated  with  alkalies,  the  humic  acid  formed  is 
somewhat  soluble.  Suppose  this  acid  to  be 
absorbed  in  the  form  of  that  salt  which  is  most 
soluble,  the  humate  of  lime,  and  suppose  that 
potassa,  soda,  the  oxides  of  iron  and  manganese 
take  up  the  same  quantity  of  the  acid  as  lime, 
Eerthier  found  that  1000  lbs.  of  dry  fir-wood 
yielded  4  lbs.  ashes,  containing  53  per  cent,  me- 
tallic oxides.  A  Hessian  acre  yields  annually 
2920  lbs.  fir-wood,  containing  6-17  lbs.  metallic 
oxides.  Then  1  lb.  of  lime,  uniting  with  12  lbs. 
humic  acid,  the  6-17  lbs.  of  the  oxides  would 
introduce  74  lbs.  humic  acid,  which,  contain- 
ing 58  per  cent,  carbon,  would  correspond  to 
100  lbs.  of  wood;  but  the  acre  really  yields 
2920  lbs.  In  the  same  way  the  oxides  in  wheat 
straw  would  produce  93-6  lbs.  woody  fibre  to 
the  acre,  whereas  the  produce  is  1961  lbs.  of 
straw  composed  similarly  to  woody  fibre. 

Calculating  the  quantity  of  this  acid  which 
plants  might  receive  under  the  most  favorable 
circumstances  by  the  agency  of  rain-water, 
and  supposing  all  the  rain  which  falls  on  an 
acre  to  be  received  by  the  plants,  and  all  to  be 
saturated  by  humate  of  lime,  then  the  plants 
would  receive  only  330  lbs.  humic  acid,  while 
the  acre  produces  2843  lbs.  of  grain  and  straw, 
so  that  the  330  of  acid  would  only  account  for 
a  small  quantity  of  the  carbon  actually  ob- 
tained. 

Again,  the  Hessian  acre  of  wood  or  meadow 
yields  1109  lbs.  carbon  in  its  wood  or  hay, — 
1032  in  the  beet-root  without  the  leaves,  or 
1124  lbs.  in  straw  and  grain;  equal  surfaces 
of  average  fertility  yielding  equal  quantities 


of  carbon ;  and  yet  the  conditions  in  the  growth 
of  these  plants  have  been  very  dissimilar. 

Moreover,  the  soil  of  meadow  and  forest,  in- 
stead of  losing  carbon,  actually  increases  its 
quantity,  notwithstanding  the  removal  of  so 
much  in  the  wood  or  hay,  and  the  soil  of  a 
field  which  is  manured  contains  no  more  than 
a  meadow  or  forest  which  is  not  manured. 

These  considerations  prove  that  the  common 
view  of  the  nutrition  of  plants  by  humic  acid 
is  incorrect.  Whence,  then,  is  their  carbon 
derived  1 

The  quantities  of  carbonic  acid  in  the  air 
averages  4  vols,  in  10,000  vols.,  so  that  the 
weight  of  carbon  which  presses  on  an  acre 
of  land  is  about  7  tons.  The  quantity  of  oxy- 
gen estimated  to  be  consumed  by  the  respira- 
tion of  1000  millions  of  men  in  one  year  is 
0-79745  cubic  miles.  A  town  of  7000  inha- 
bitants consumes  annually  551  millions  cubic 
feet  of  oxygen  in  the  combustion  of  wood. 
Hence  we  may  conceive  of  the  enormous  quan- 
tity of  carbonic  acid  constantly  thrown  into  the 
air  by  the  respiration  of  men  and  animals,  by 
combustion,  and  the  putrefaction  of  animal  and 
vegetable  matter.  Now,  analysis  shows  that 
the  quantity  of  oxygen  is  the  same  now  as  it 
was  1000  years  since.  There  must  be,  there- 
fore, some  means  of  replacing  the  oxygen  con- 
sumed, and  of  removing  the  carbonic  acid 
which  is  formed. 

Plants  effect  both  of  these  changes,  absorb- 
ing carbonic  acid,  decomposing  it  and  giving 
off  oxygen.  A  plant  placed  in  water  contain- 
ing carbonic  acid,  and  exposed  to  the  sun's 
light,  removes  the  acid  and  evolves  oxygen, 
which  may  be  collected  in  a  receiver  and  exa- 
mined; it  increases  in  weight  more  than  can 
be  accounted  for  by  the  carbon  taken  up,  which 
shows  that  the  elements  of  water  are  assimi- 
lated at  the  same  time.  The  quantity  of  car- 
bon in  the  air  may  be  shown  to  be  3300  bil- 
lions of  lbs.,  which  is  more  than  all  the  plants 
and  the  strata  of  coal  on  the  earth.  Calculat- 
ing from  the  quantity  of  carbonic  acid  absorbed 
by  a  freshly  white-washed  surface  in  a  given 
time,  a  Hessian  acre  might  absorb  in  200  days 
11-353  lbs.  carbonic  acid,  containing  3304  lbs. 
carbon,  which  is  3  times  as  much  as  obtained 
from  plants  growing  on  the  same  surface. 

Carbonic  acid  is  absorbed  from  the  air  by 
the  leaves,  and  from  the  soil  by  the  roots,  for 
it  forms  an  atmosphere  in  the  soil  around  de- 
caying humus.  When  exposed  to  sun-light  it 
is  decomposed  while  oxygen  is  evolved,  but  at 
night  this  action  ceases,  and  the  acid  is  emitted 
while  oxygen  is  absorbed.  The  emission  of 
the  acid  is  a  simple  mechanical  process,  the 
absorption  of  oxygen  a  chemical  process,  due 
to  its  action  on  the  various  organic  substances 
in  the  flowers,  fruits,  &c,  but  neither  have  any 
thing  to  do  with  the  process  of  assimilation. 
Thus  volatile  oils,  tannin,  &c,  have  a  tendency 
to  oxidize,  and  hence  plants  containing  them 
absorb  more  oxygen  than  others;  the  tasteless 
leaves  of  the  Agave  Americana  absorb  0-3  of 
their  volume  of  oxygen  in  the  dark  during  24 
hours,  the  leaves  of  the  Pinus  abies  absorb  10 
times,  and  those  of  the  Quercus  Robur  14  times 
their  volume. 
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These  and  other  facts  prove  that  the  quantity 
of  oxygen  thrown  into  the  atmosphere  by  plants, 

is  greater  than  that  which  they  receive  from  it. 

To  conclude,  the  carbon  contained  in  plants 
is  derived  from  the  carbonic  acid  of  the  atmo- 
sphere, through  the  leaves  or  from  that  con- 
tained in  the  soil  through  the  roots. 

Origin  and  Action  of  Humus.  All  plants  and 
vegetable  structures  undergo  two  processes  of 
decomposition  after  death.  One  of  these  is 
named  fermentation;  the  other,  putrefaction,  dc- 
ca y,  or  ertmdeausis. 

The  decay  of  woody  fibre  (the  principal 
constituents  of  all  plants)  is  accompanied  by 
a  phenomenon  of  a  peculiar  kind.  This  sub- 
stance, in  contact  with  air  or  oxygen  gas,  con- 
verts the  latter  into  an  equal  volume  of  car- 
bonic acid,  and  its  decay  ceases  upon  the  dis- 
appearance of  the  oxygen.  If  the  carbonic 
acid  is  removed,  and  oxygen  replaced,  its  de- 
cay recommences,  that  is,  it  again  converts 
oxygen  into  carbonic  acid. 

Woody  fibre  in  a  state  of  decay  is  the  sub- 
stance called  humus.  Its  property  of  converting 
surrounding  oxygen  gas  into  carbonic  acid  di- 
minishes in  proportion  as  its  decay  advances, 
and  at  last  a  certain  quantity  of  a  brown  coaly- 
looking  substance  remains,  in  which  this  pro- 
perty is  entirely  wanting.  This  substance  is 
called  mould ;  it  is  the  product  of  the  complete 
decay  of  woody  fibre. 

Humus  is  a  continued  source  of  carbonic 
acid,  which  it  emits  very  slowly.  An  atmo- 
sphere of  carbonic  acid  is  therefore  contained 
in  every  fertile  soil,  and  is  the  first  and  most 
important  food  for  the  young  plants  which 
grow  in  it. 

The  roots  perform  the  functions  of  the  leaves 
from  the  first  moment  of  their  formation  :  they 
extract  from  the  soil  their  proper  nutriment, 
namely,  the  carbonic  acid  generated  by  the 
humus. 

By  loosening  the  soil  which  surrounds  young 
plants,  we  favour  the  access  of  air,  and  the 
formation  of  carbonic  acid,  which  is  absorbed, 
and  is  replaced  by  atmospheric  air,  by  which 
process  the  decay  is  renewed,  and  a  fresh  por- 
tion of  carbonic  acid  formed.  A  plant  at  this 
time  receives  its  food  both  by  the  roots  and  by 
the  organs  above  ground,  and  advances  rapidly 
to  maturity. 

When  a  plant  is  quite  matured,  and  when 
the  organs  by  which  it  obtains  food  from  the 
atmosphere  are  formed,  the  carbonic  acid  of 
the  soil  is  no  further  required. 

The  power  which  roots  possess  of  taking 
up  nourishment  does  not  cease  as  long  as  nu- 
triment is  present.  When  the  food  of  a  plant 
is  in  greater  quantity  than  its  organs  require 
for  their  own  perfect  development,  the  super- 
fluous nutriment  is  not  returned  to  the  soil,  but 
is  employed  in  the  formation  of  new  organs. 
At  the  side  of  a  cell,  already  formed,  another 
cell  arises:  at  the  side  of  a  twig  and  leaf,  a 
new  twig  and  a  new  leaf  are  developed. 

The  functions  of  the  leaves  and  other  green 
parts  of  plants,  to  absorb  carbonic  acid,  and 
with  the  aid  of  light  and  moisture,  to  appropri- 
ate its  carbon,  are  continually  in  operation. 
But  the  new  products  arising  from  this  con- 
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tinned  assimilation  are  no  longer  employed  by 
the  perfect  leaves  m  their  own  increase  :  thev 
serve  for  the  formation  of  woody  fibre,  and  all 
the  solid  matters  of  similar  composition.  The 
leaves  now  produce  sugar,  amylin  or  starch, 
and  acids,  which  were  previously  formed  by 
the  roots,  when  they  were  necessary  for  the 
development  of  the  stem,  buds,  leaves,  and 
branches  of  the  plant. 

The  organs  of  assimilation,  at  this  period 
df  their  life,  receive  more  nourishment  from 
the  atmosphere  than  they  employ  in  their  own 
sustenance  ;  and  when  the  formation  of  the 
woody  substance  has  advanced  to  a  certain 
extent,  the  expenditure  of  the  nutriment,  the 
supply  of  which  still  remains  the  same,  takes 
a  new  direction,  and  blossoms  are  produced. 
The  functions  of  the  leaves  of  most  plants 
cease  upon  the  ripening  of  their  fruit,  because 
the  products  of  their  action  are  no  longer  need- 
ed. They  now  yield  to  the  chemical  influence 
of  the  oxygen  of  the  air,  generally  suffer  a 
change  in  colour,  and  fall  off. 

A  peculiar  transformation  of  the  matters  con- 
tained in  all  plants  takes  place  in  the  period 
between  blossoming  and  the  ripening  of  the 
fruit;  new  compounds  are  produced,  which 
furnish  constituents  of  the  blossoms,  fruit,  and 
seed.  An  organic  chemical  transformation  is 
the  separation  of  the  elements  of  one  or  seve- 
ral combinations,  and  their  reunion  into  two 
or  several  others,  which  contain  the  same 
number  of  elements,  either  grouped  in  another 
manner,  or  in  different  proportions.  Of  two 
compounds  formed  in  consequence  of  such  a 
change,  one  remains  as  a  component  part  of 
the  blossom  or  fruit,  while  the  other  is  sepa- 
rated by  the  roots  in  the  form  of  excrementi- 
tious  matter.  ■ 

Hydrocyanic  acid  and  water  are  decomposed 
by  contact  with  muriatic  acid  into  formic  acid 
and  ammonia;  the  muriatic  seeking  to  be 
saturated  by  a  base,  selects  the  elements  nitro- 
gen and  hydrogen  to  form  ammonia,  with 
which  it  unites,  and  its  power  of  producing 
farther  change  is  lost.  By  the  separation  of 
ammonia,  the  remaining  elements  unite  to  pro- 
duce formic  acid.  The  ammonia  represents 
the  substance  assimilated  by  the  plant,  and 
the  formic  acid  the  excrementitious  matter. 

By  means  of  chemical  transformations  a 
great  variety  of  products  may  now  be  obtained 
artificially,  which,  having  been  found  in  plants 
and  animals,  were  supposed  to  result  from  the 
vital  principle.  The  volatile  oil  of  valerian 
may  be  obtained  from  the  oil  generated  during 
the  fermentation  of  potatoes ;  the  oil  of  Spiraa 
ulmaria  from  the  crystalline  matter  of  the 
bark  of  the  willow ;  we  can  form  malic,  oxalic, 
and  formic  acids,  urea,  &c. 

Transformations  of  existing  compounds  are 
constantly  taking  place  during  the  whole  life 
of  a  plant,  in  consequence  of  which,  and  as 
the  results  of  these  transformations,  there  are 
produced  gaseous  matters  which  are  excreted 
by  the  leaves  and  blossoms,  solid  excrements 
deposited  in  the  bark,  and  fluid  soluble  sub- 
stances which  are  eliminated  by  the  roots. 
Substances  containing  a  large  proportion  of 
carbon  are  excreted  by  the  roots  and  absorbed 
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by  the  soil.  Through  the  expulsion  of  these 
matters  unfitted  for  nutrition,  the  soil  receives 
again  with  usury  the  carbon  which  it  had  at 
first  yielded  to  the  young  plants  as  food,  in  the 
form  of  carbonic  acid. 

The  soluble  matter  thus  acquired  by  the  soil 
is  still  capable  of  decay  and  putrefaction,  and 
by  undergoing  these  processes  furnishes  re- 
newed sources  of  nutrition  to  another  genera- 
tion of  plants  ;  it  becomes  humus. 

Humus  does  not  nourish  plants  by  being 
taken  up  and  assimilated  in  its  unaltered  state, 
but  by  presenting  a  slow  and  lasting  source 
of  carbonic  acid,  which  is  absorbed  by  the 
roots,  and  is  the  principal  nutriment  of  young 
plants  at  a  time  when,  being  destitute  of  leaves, 
they  are  unable  to  extract  food  from  the  atmo- 
sphere. 

Assimilation  of  Hydrogen.  We  can  conceive 
of  the  formation  of  wood  by  the  decomposition 
of  water,  its  hydrogen  uniting  with  the  ele- 
ments of  carbonic  acid,  and  oxygen  being 
eliminated.  100  pts.  carbonic  acid  unite  with 
8-04  hydrogen,  to  form  woody  fibre,  and  sepa- 
rate 72-35  oxygen,  which  was  combined  with 
the  hydrogen. 

From  their  generating  caoutchouc,  wax,  fats, 
and  volatile  oils  containing  hydrogen  in  large 
quantity,  and  no  oxygen,  we  may  be  certain 
that  plants  possess  the  property  of  decom- 
posing water,  because  from  no  other  body  could 
they  obtain  the  hydrogen  of  those  matters.  It 
has  also  been  proved  by  the  observations  of 
Humboldt  on  the  fungi,  that  water  may  be  de- 
composed without  the  assimilation  of  hydro- 
gen. Water  is  a  remarkable  combination  of 
two  elements,  which  have  the  power  to  sepa- 
rate themselves  from  one  another,  in  innume- 
rable processes,  in  a  manner  imperceptible  to 
our  senses;  while  carbonic  acid,  on  the  con- 
trary, is  only  decomposable  by  violent  chemi- 
cal action. 

All  the  hydrogen  necessary  for  the  formation 
of  an  organic  compound  is  supplied  to  a  plant 
by  the  decomposition  of  water.  The  process 
of  assimilation,  in  its  most  simple  form,  con- 
sists in  the  extraction  of  hydrogen  from  water, 
and  carbon  from  carbonic  acid,  in  consenuence 
of  which,  either  all  the  oxygen  of  the  water 
and  carbonic  acid  is  separated,  as  in  the  forma- 
tion of  caoutchouc,  the  volatile  oils  which  con- 
tain no  oxygen,  and  other  similar  substances, 
or  only  a  part  of  it  is  exhaled. 

The  formation  of  acids  is  accompanied 
with  the  smallest  separation  of  oxygen;  the 
amount  of  oxygen  set  free  increases  with  the 
production  of  the  so-named  neutral  substances, 
and  reaches  its  maximum  in  the  formation  of 
oils.  Fruits  remain  acid  in  cold  summers ; 
while  the  most  numerous  trees  under  the  tro- 
pics are  those  which  produce  oils,  caoutchouc, 
and  other  substances  containing  very  little 
oxygen. 

Assimilation  of  Nitrogen.  There  is  no  reason 
for  believing  that  the  nitrogen,  contained  in  all 
parts  of  a  vegetable  structure,  is  derived  from 
that  gas  in  its  free  state,  for  it  cannot  be  made 
to  unite  directly  with  any  element  excepting 
oxygen.  Ammonia,  a  compound  of  nitrogen 
and  hydrogen,  is  one  of  the  last  products  of 
'he  putrefaction  or  decay  of  animal  matters. 
10 


It  is  capable  of  undergoing  a  multitude  of 
transformations,  in  contact  with  other  bodies, 
into  the  most  various  and  opposite  forms  ; 
either  alone  or  with  acids,  it  is  very  soluble  in 
water;  and  hence  it  is  probably  the  form  in 
which  nitrogen  is  conveyed  to  plants. 

The  thousands  of  millions  of  men  and  ani- 
mals by  death  and  decay  yield  a  large  quantity 
of  ammonia,  a  portion  of  which  must  escape 
into  the  atmosphere;  and  the  reason  why  it 
has  not  been  previously  detected  is,  that  the 
quantity  of  air  submitted  to  analysis  is  very 
small.  Liebig  proved  its  existence  in  pure 
rain-water  by  evaporation  with  muriatic  acid ; 
the  sal  ammoniac  had  always  a  brown  or  yel- 
low color,  with  the  offensive  odor  of  perspira- 
tion or  animal  excrements,  from  which  its 
origin  might  be  inferred.  It  has  since  been 
found  by  many  others  in  rain-water,  snow,  and 
hail.  If  we  suppose  1  lb.  of  rain  to  contain  J 
grain  of  ammonia,  then  26,910  square  feet 
(1  Hessian  acre)  must  receive  annually  88  lbs. 
of  ammonia  or  71  lbs.  of  nitrogen,  which  is 
more  of  the  latter  (in  the  form  of  vegetable 
albumen  and  gluten)  than  is  contained  in  2920 
lbs.  wood,  3085  lbs.  hay  or  10  tons  beet-root, 
(the  produce  of  such  an  acre)  but  less  than 
the  grain,  straw,  and  roots  of  grain,  on  the 
same  surface. 

Ammonia  is  evidently  taken  up  by  the  roots 
of  plants,  and  may  be  detected  in  many  parts 
of  their  structure,  in  the  juice  of  the  maple 
tree,  in  the  beet-root;  it  is  obtained  in  the  dis- 
tillation of  flowers,  herbs,  and  roots,  with  wa- 
ter ;  the  juice  of  the  fresh  tobacco  leaf,  of  the 
vine  contains  ammonia. 

The  quantity  of  gluten  (a  nitrogenous  body) 
contained  in  grain,  seems  to  increase  with  the 
quantity  of  ammonia  arising  from  manures. 
Thus,  wheat  grown  in  a  soil  manured  with 
cow-dung  (containing  a  little  nitrogen)  yielded 
only  11-95  per  cent,  gluten,  while  in  a  soil 
manured  with  human  urine  it  afforded  35-1  per 
cent.  Putrefied  urine  contains  a  large  pro- 
portion of  nitrogen  in  the  form  of  ammoniacal 
salts.  Guano  yields  also  much  ammonia,  and 
hence  a  part  of  its  fertilizing  effects. 

Gypsum  (plaster)  acts  beneficially  by  fixing 
ammonia  in  the  soil  and  preventing  its  evapo- 
ration ;  for  the  sulphate  of  lime  and  carbonate 
of  ammonia  mutually  decompose  into  sulphate 
of  ammonia  and  carbonate  of  lime.  The  use 
of  burned  clay  as  manure  and  the  fertility  of 
ferruginous  soils  depend  on  the  fixation  of 
ammonia  by  alumina  and  sesquioxide  of  iron, 
with  which  it  forms  chemical  compounds. 
Powdered  charcoal  absorbs  90  times  its  volume 
of  ammonia,  decayed  wood  72  limes  (See  Ab- 
sorption) and  hence  in  part  the  use  of  humus. 

The  conclusion,  then,  is  well  established  that 
the  nitrogen  of  plants  is  derived  from  the  am- 
monia of  the  atmosphere. 

Inorganic  Constituents  of  Plants.  Plants  ab- 
sorb the  soluble  materials  in  a  soil  indiscrimi- 
nately, retaining  such  as  are  necessary  and  re- 
turning the  others  as  excrement.  The  various 
acids  in  plants  are  combined  with  potassa, 
soda,  lime,  and  magnesia,  which  regulate  their 
formation,  and  when  the  plants  are  incinerated, 
these  salts  remain  as  carbonates  (see  Ashes). 
And  since  certain  acids  are  peculiar  to  Dlants 
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and  essential  to  them,  alkaline  bases  must  be 
equally  necessary.  The  capacity  of  satura- 
tion of  these  acids  being  uniform,  the  quantity 
of  alkaline  bases  must  be  invariable. 

Pine  from  Mont  Breven, 

Carbonate  of  potassa 3-60  contains  of  oxygen  (HI. 

lime 46-34  "  "        7-33 

"  magnesia 6-77         "  "        1-27 


The  following  analyses  of  ashes  of  2  pine 
trees  by  De  Saussure,  and  of  2  fir  trees  by 
Berthier,  show  that  equivalent  quantities  of 
alkali  are  present. 

from  Mont  La  Salle. 
7-36  oxygen... 0-85 
51-19       "  8-10 

0000       " 


56-71         Total  oxygen      9-01 


58-55 


Fir  from  JLllevard, 

Potassa') 

Soda      5 

Lime 29-5 

Magnesia 3-2 


16-8  contains  oxygen    3-42 


8-20 
1-20 


49-5      Total  oxygen  12-82 


14-1  oxygen. 
20-7 

12-3         " 
4-35       " 


8-95 


from  Norway. 


2-4 
5-3 
3-45 
1-69 


51-45  Total  oxg.   12-84 


The  quantity  of  oxygen  is  too  nearly  the 
same  in  the  bases  of  the  pines,  although  the 
bases  vary,  to  suppose  it  accidental;  and  in 
the  fir  trees,  after  deducting  the  oxygen  of 
the  bases  which  were  combined  with  phos- 
phoric, sulphuric,  and  chlorohydric  acids,  the 
remainders  are  11-62  and  11-47  respectively. 
Hence  the  quantities  of  oxygen  being  the 
same,  equivalent  quantities  of  bases  are  satu- 
rated although  these  vary  materially. 

"  If  potatoes  are  grown  where  they  are  not 
supplied  with  earth,  the  magazine  of  inorganic 
bases  (in  cellars  for  example)  a  true  alkali, 
called  solanin,  of  very  poisonous  nature,  is 
formed  in  the  sprouts  which  extend  towards 
the  light,  while  not  the  smallest  trace  of  such 
a  substance  can  be  discovered  in  the  roots, 
herbs,  blossoms,  or  fruits  of  potatoes  grown  in 
fields. 

"The  conclusion  to  which  all  the  foregoing 
facts  lead  us  is,  that  the  alkaline  bases  existing 
in  the  ashes  of  plants  must  be  necessary  to 
their  growth,  since  if  this  were  not  the  case 
they  would  not  be  retained. 

"The  perfect  development  of  a  plant  ac- 
cording to  this  view,  is  dependent  on  the  pres- 
ence of  alkalies  or  alkaline  earths;  for  when 
these  substances  are  totally  wanting,  its  growth 
will  be  arrested,  and  when  they  are  only  defi- 
cient, it  must  be  impeded." 

10,000  parts  of  oak-wood  yield  250  parts  of 
ashes,  the  same  quantity  of  fir-wood  only  83, 
of  linden-wood  500,  of  rye  440,  and  of  the  herb 
of  the  potato-plant  1500  parts. 

Firs  and  pines  find  a  sufficient  quantity  of 
alkalies  in  granitic  and  barren  sandy  soils  in 
which  oaks  will  not  grow ;  and  wheat  thrives 
in  soils  favorable  for  the  linden  tree,  because 
the  bases  which  are  necessary  to  bring  it  to 
complete  maturity,  exist  there  in  sufficient 
quantity. 

All  kinds  of  grasses,  the  equisetacea,  for  ex- 
ample, contain  in  the  outer  parts  of  their  leaves 
and  stalk  a  large  quantity  of  silicic  acid  and 
potash  in  the  form  of  acid  silicate  of  potash. 
The  proportion  of  this  salt  does  not  vary  per- 
ceptibly in  the  soil  of  corn-fields,  because  it  is 
again  conveyed  to  them  as  manure  in  the  form 
of  putrefying  straw.  But  this  is  not  the  case 
in  a  meadow,  and  hence  we  never  find  a  luxu- 
riant crop  of  grass  on  sandy  and  calcareous 
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soils,  which  contain  little  potash,  evidently 
because  one  of  the  constituents  indispensable 
to  the  growth  of  the  plants  is  wanting.  Soils 
formed  from  basalt,  grauwacke,  and  porphyry, 
are,  cceteris  paribus,  the  best  for  meadow-land,  on 
account  of  the  quantity  of  potash  which  enters 
into  their  composition.  The  potash  abstracted 
by  the  plants  is  restored  during  the  annual 
irrigation. 

A  harvest  of  grain  is  obtained  every  30  or  40 
years  from  the  soil  of  the  Liineburg  heath,  by 
strewing  it  with  the  ashes  of  the  heath-plants 
{Erica  vulgaris)  which  grow  on  it.  These 
plants  during  the  long  period  just  mentioned 
collect  the  potash  and  soda,  which  are  con- 
veyed to  them  by  rain-water ;  and  it  is  by  means 
of  these  alkalies  that  oats,  barley,  and  rye,  to 
which  they  are  indispensable,  are  enabled  to 
grow  on  this  sandy  heath. 

A  proprietor  of  land  in  the  vicinity  of  Got- 
tingen,  in  order  to  obtain  potash,  planted  his 
whole  land  with  wormwood,  the  ashes  of  which 
are  well  known  to  contain  a  large  proportion 
of  the  carbonate  of  that  alkali.  The  conse- 
quence was,  that  he  rendered  his  land  quite 
incapable  of  bearing  grain  for  many  years,  in 
consequence  of  having  entirely  deprived  the 
soil  of  its  potash. 

The  supposition  that  alkalies  or  inorganic 
matter  in  general  are  generated  by  plants  is 
refuted  by  these  facts.  Steam  and  vapors  have 
a  remarkable  power  of  transporting  solid  fixed 
matter,  either  in  the  form  of  a  gas  or  dissolved 
in  one. 

It  is  known  that  in  sea  storms,  leaves 
of  plants  in  the  direction  of  the  wind  are  co- 
vered with  crystals  of  salt,  even  at  the  distance 
of  from  20  to  30  miles  from  the  sea.  But  it 
does  not  require  a  storm  to  cause  the  volatil- 
ization of  the  salt,  for  the  air  hanging  over 
the  sea  always  contains  enough  of  this  sub- 
stance to  make  a  solution  of  nitrate  of  silver 
turbid,  and  every  breeze  must  carry  this  away. 
Now,  as  thousands  of  tons  of  sea-water  annu- 
ally evaporate  into  the  atmosphere,  a  corres 
ponding  quantity  of  the  salts  dissolved  in  it, 
viz.:  of  common  salt,  chloride  of  potassium, 
magnesia,  and  the  remaining  constituents  of 
the  sea-water,  will  be  conveyed  by  the  wind  to 
the  land. 

By  the  continual  evaporation  of  the  sea,  its 
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salts  are  spread  over  the  whole  surface  of  the  I 
earth ;  and  being  subsequently  carried  down 
by  the  rain,  furnish  to  the  vegetation  those 
salts  necessary  to  its  existence.  This  is  the 
origin  of  the  salts  found  in  the  ashes  of  plants, 
in  those  cases  where  the  soil  could  not  have 
yielded  them. 

Art  of  Culture.  Carbonic  acid,  ammonia, 
and  water  yield  elements  for  all  the  organs 
of  plants.  Certain  inorganic  substances — salts 
and  metallic  oxides — serve  peculiar  functions 
in  their  organism,  and  many  of  them  must  be 
viewed  as  essential  constituents  of  particular 
parts. 

The  atmosphere  and  the  soil  offer  the  same 
kind  of  nourishment  to  the  leaves  and  roots. 
The  former  contains  a  comparatively  inex- 
haustible supply  of  carbonic  acid  and  ammo- 
nia; the  latter,  by  means  of  its  humus,  gene- 
rates constantly  fresh  carbonic  acid,  while, 
during  the  winter,  rain  and  snow  introduce 
into  the  soil  a  quantity  of  ammonia,  sufficient 
for  the  development  of  the  leaves  and  blos- 
soms. 

In  whatever  form  we  supply  plants  with 
those  substances  which  are  the  products  of 
their  own  action,  in  no  instance  do  they  appear 
to  have  any  effect  upon  their  growth,  or  to  re- 
place what  they  have  lost.  Sugar,  gum,  and 
starch,  are  not  food  for  plants,  and  the  same 
must  be  said  of  humic  acid,  which  is  so  close- 
ly allied  to  them  in  composition. 

The  products  generated  by  a  plant  may  vary 
exceedingly,  according  to  the  substances  given 
it  as  food.  A  superabundance  of  carbon  in 
the  state  of  carbonic  acid  conveyed  through 
the  roots  of  plants,  without  being  accompanied 
by  nitrogen,  cannot  be  converted  either  into 
gluten,  albumen,  wood,  or  any  other  component 
part  of  an  organ ;  but  either  it  will  be  sepa- 
rated in  the  form  of  excrements,  such  as  sugar, 
starch,  oil,  wax,  resin,  mannite,  or  gum,  or  those 
substances  will  be  deposited  in  greater  or  less 
quantity  in  the  wide  cells  and  vessels. 

The  increase  or  diminution  of  the  vital  ac- 
tivity of  the  vegetables  depends  only  on  heat 
and  solar  light,  which  we  have  not  arbitrarily 
at  our  disposal:  all  that  we  can  do  is  to  supply 
those  substances  which  are  adapted  for  assi- 
milation by  the  power  already  present  in  the 
organs  of  the  plant.  But  what  then  are  these 
substances  1  They  may  easily  be  detected  by 
the  examination  of  a  soil,  which  is  always 
fertile  in  given  cosmical  and  atmospheric 
conditions.  Sand,  clay,  and  lime  are  the  names 
given  to  the  principal  constituents  of  the  dif- 
ferent kinds  of  soil.  Pure  sand  and  pure 
limestones,  in  which  there  are  no  other  inor- 
ganic substances  except  siliceous  earth,  car- 
bonate or  silicate  of  lime,  form  absolutely 
barren  soils.  But  argillaceous  earths  form 
always  a  part  of  fertile  soils.  There  must, 
therefore,  be  something  in  aluminous  earth 
which  enables  it  to  exercise  an  influence  on 
the  life  of  plants,  and  to  assist  in  their  deve- 
lopment. The  property  on  which  this  depends 
is  that  of  its  invariably  containing  potash  and 
soda. 

In  order  to  form  a  distinct  conception  of  the 
quantities  of  alkalies  in  aluminous  minerals, 
it  must  be  remembered  that  feldspar  contains 


17f  per  cent,  of  potash,  albite  11-43  per  cent, 
of  soda,  and  mica  3 — 5  per  cent.;  and  that 
zeolite  contains  13 — 16  per  cent,  of  both  alka- 
lies taken  together.  The  late  analyses  of  Ch. 
Gmelin,  Lowe,  Fricke,  Meyer,  and  Redtcnbacher, 
have  also  shown,  that  basalt  contains  from  £ 
to  3  per  cent,  of  potash,  and  'rorn  5 — 7  per 
cent,  of  soda,  that  clay-slate  contains  from 
2-75 — 3-31  per  cent,  of  potash,  and  loam  from 
1^ — 4  per  cent  of  potash. 

If,  now,  we  calculate  from  these  data,  and 
from  the  specific  weights  of  the  different  sub- 
stances, how  much  potash  must  be  contained 
in  a  layer  of  soil,  which  has  been  formed  by 
the  disintegration  of  26,910  square  feet  (1  Hes- 
sian acre)  of  one  of  these  rocks  to  the  depth 
of  20  inches,  we  find  that  a  soil  of 

Feldspar  contains 1,269,000  lbs 

Clink-stone     "       from  220,400  to  440,000  " 
Basalt  "  "       52,300         82,600  " 

Clay-slate       "  "     110,000        220,400  " 

Loam  "  "       95,800        330,600  " 

Potash  is  present  in  all  clays  ;  according  to 
Fuchs,  it  is  contained  even  in  marl ;  it  has  been 
found  in  all  the  argillaceous  earths  in  which  it 
has  been  sought. 

Air,  water,  and  the  change  of  temperature 
prepare  the  different  species  of  rocks  for  yield- 
ing to  plants  the  alkalies  which  they  contain. 
A  soil  which  has  been  exposed  for  centuries 
to  all  the  influences  which  affect  the  disinte- 
gration of  rocks,  but  from  which  the  alkalies 
have  not  been  removed,  will  be  able  to  afford 
the  means  of  nourishment  to  those  vegetables 
which  require  alkalies  for  their  growth  during 
many  years;  but  it  must  gradually  become 
exhausted,  unless  those  alkalies  which  have 
been  removed  are  again  replaced ;  a  period, 
therefore,  will  arrive  when  it  will  be  necessary 
to  expose  it  from  time  to  time  to  a  further  dis- 
integration, in  order  to  obtain  a  new  supply 
of  soluble  alkalies. 

The  exhaustion  of  much  of  the  soil  in  Lower 
Virginia  by  successive  crops  of  wheat  and  to- 
bacco during  a  long  period  of  time,  proves  the 
necessity  of  alkalies  for  these  plants,  for  in  the 
spaceof  a  century  13,2001bs. of  alkalies  peracre 
were  removed  in  leaves,  grain,  and  straw,  and 
the  land  became  unproductive.  When  the  soil 
is  thus  exhausted  it  requires  the  lapse  of  time 
for  the  action  of  air,  water,  change  of  tempe- 
rature, and  carbonic  acid,  to  decompose  fresh 
portions  of  the  rocky  constituents  of  the  soil, 
and  set  free  more  alkaline  matter. 

Potash  is  not  the  only  substance  necessary 
for  the  existence  of  most  plants  ;  indeed  it  has 
been  already  shown  that  the  potash  may  be  re- 
placed in  many  cases  by  soda,  magnesia,  or 
lime  ;  but  other  substances  besides  alkalies 
are  required  to  sustain  the  life  of  plants. 

Phosphoric  acid  has  been  found  in  the  ashes 
of  all  plants  hitherto  examined,  and  always  in 
combination  with  alkalies  or  alkaline  earths. 
Most  seeds  contain  certain  quantities  of  phos- 
phates. In  the  seeds  of  different  kinds  of  corn 
particularly,  there  is  abundance  of  phosphate 
of  magnesia. 

Plants  obtain  their  phosphoric  acid  from  the 
soil.  It  is  a  constituent  of  all  land  capable  of 
cultivation,  and  even  the  heath  at  Luneburg 
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contains  it  in  appreciable  quantity.  Phospho- 
ric acid  has  been  detected  also  in  all  mineral 
waters  in  which  its  presence  has  been  tested ; 
and  in  those  in  which  it  has  not  been  found,  it 
has  not  been  sought  for. 

It  is  evident  that  the  seeds  of  corn  could  not 
be  formed  without  the  phosphate  of  magnesia, 
which  is  one  of  their  invariable  constituents  ; 
the  plant  could  not  under  such  circumstances 
reach  maturity. 

Some  plants,  however,  extract  other  matters 
from  the  soil  besides  silica,  potash,  and  phos- 
phoric acid,  which  are  essential  constituents 
of  the  plants  ordinarily  cultivated.  These 
other  matters,  we  must  suppose,  supply,  in  part 
at  least,  the  place  and  perform  the  functions 
of  the  substances  just  named.  We  may  thus 
regard  common  salt,  sulphate  of  potash,  nitre, 
chloride  of  potassium,  and  other  matters,  as 
necessary  constituents  of  several  plants. 

Clay-slate  contains  generally  small  quanti- 
ties of  oxide  of  copper;  and  soils  formed  from 
micaceous  schist  contain  some  metallic  fluor- 
ides. Now,  small  quantities  of  these  sub- 
stances also  are  absorbed  into  plants,  although 
we  cannot  affirm  that  they  are  necessary  to 
them. 

De  Saussure  remarked  that  plants  require 
unequal  quantities  of  the  component  parts  of 
soils  in  different  stages  of  their  development; 
an  observation  of  much  importance  in  consi- 
dering the  growth  of  plants.  Thus,  wheat 
yielded  T^w  of  ashes  a  month  before  blossom- 
ing, Tif,i„  while  in  blossom,  and  jf,^„  after  the 
ripening  of  the  seeds.  It  is  therefore  evident 
that  wheat,  from  the  time  of  its  flowering,  re- 
stores a  part  of  its  organic  constituents  to  the 
soil,  although  the  phosphate  of  magnesia  re- 
mains in  the  seeds.  The  fallow  time,  is  that 
period  of  culture  during  which  land  is  exposed 
to  a  progressive  disintegration  by  means  of 
the  influence  of  the  atmosphere,  for  the  pur- 
pose of  rendering  a  certain  quantity  of  alkalies 
capable  of  being  appropriated  by  plants.  It 
is  evident,  that  the  careful  tilling  of  fallow-land 
must  increase  and  accelerate  this  disintegra- 
tion. Now  many  plants  in  the  family  of  the 
leguminoga  are  remarkable  on  account  of  the 
small  quantity  of  alkalies  or  salts  in  general 
which  they  contain.  They  belong  to  those 
which  are  termed  fallow-crops,  and  the  cause 
wherefore  they  do  not  exercise  any  injurious 
influence  on  corn  which  is  cultivated  immedi- 
ately after  them  is,  that  they  do  not  extract  the 
alkalies  of  the  soil,  and  only  a  very  small 
quantity  of  phosphates. 

Two  plants  growing  beside  each  other  will 
mutually  injure  one  another,  if  they  withdraw 
the  same  food  from  the  soil.  Hence  it  is  not 
surprising  that  the  wild  chamomile  (Matricaria 
Chamomilla)  and  Scotch  broom  (Spartium  Sco- 
parium)  impede  the  growth  of  corn,  when  it  is 
considered  that  both  yield  from  7  to  7*43  per 
cent,  of  ashes,  which  contain  TBF  of  carbonate 
of  potash.  Plants  will,  on  the  contrary,  thrive 
beside  each  other,  either  when  the  substances 
necessary  for  their  growth  which  they  extract 
from  the  soil  are  of  different  kinds,  or  when 
thev  themselves  are  not  both  in  the  same  stages 
of  development  at  the  same  time. 

On  a  soil,  for  example,  which  contains  pot- 
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ash,  both  wheat  and  tobacco  may  be  reared  in 
succession,  because  the  latter  plant  docs  not 
require  phosphates,  salts  which  are  invariably 
present  in  wheat,  but  requires  only  alkalies, 
and  food  containing  nitrogen. 

According  to  the  analysis  of  Posselt  and 
Reimann,  10,000  parts  of  the  leaves  of  the  to- 
bacco-plant contain  16  parts  of  phosphate  ol 
lime,  8-8  parts  of  silica,  and  no  magnesia, 
whilst  an  equal  quantity  of  wheat  straw  con- 
tains 47-3  parts,  and  the  same  quantity  of  the 
grain  of  wheat  99-45  parts  of  phosphates.  (De 
Saiossure.) 

Now,  if  we  suppose  that  the  grain  of  wheat 
is  equal  to  half  the  weight  of  its  straw,  then 
the  quantity  of  phosphates  extracted  from  a 
soil  by  the  same  weights  of  wheat  and  tobacco 
must  be  as  97-7:  16.  This  difference  is  very 
considerable.  The  roots  of  tobacco,  as  well  as 
those  of  wheat,  extract  the  phosphates  con- 
tained in  the  soil,  but  they  restore  them  again, 
because  they  are  not  essentially  necessary  to 
the  development  of  the  plant. 

Alternation  of  Crops.  Experience  has  shown 
that  the  same  crop  cultivated  on  the  same  soil 
through  successive  years,  deteriorates  and  will 
finally  cease  to  yield  profitably ;  that  certain 
plants  will  thrive  belter  after  others,  and  that 
these  last  will  then  again  become  productive. 

The  experiments  of  Macaire-Princep  prove 
that  substances  are  excreted  from  the  roots  of 
plants,  some  of  which  he  termed  acrid  and  re- 
sinous, others  mild  like  gum.  The  former  he 
regarded  as  injurious,  the  latter  nutritious. 
Hence  the  opinion  that  the  same  plant  will  not 
thrive  in  a  soil  where  its  excretions  accumulate. 

Decandolle  supposes  that  plants  absorb  solu- 
ble matter  of  every  kind  from  the  soil,  and 
thus  receiving  much  matter  unnecessary  for 
nutrition,  return  it  as  excrement  to  the  soil. 

The  excretion  consists  of  two  parts,  that 
which  is  returned  to  the  soil  in  an  unaltered 
state  and  that  arising  from  transformations 
which  have  taken  place  within  the  plant.  The 
former,  although  useless  to  a  particular  plant, 
may  be  nutritive  to  another.  The  latter  ap- 
pears to  change  into  humus  by  a  more  or  less 
gradual  change,  and  then  yielding  carbonic 
acid,  forms  the  nutriment  of  young  plants. 

This  artificial  production  of  humus  consti- 
tutes one  advantage  of  the  alternation  of  crops, 
and  such  plants  are  employed  as  excrete 
abundantly. 

Another  advantage  lies  in  the  different  kinds 
of  inorganic  matter  required  by  different 
plants.  Thus  two  plants  requiring  the  same, 
and  grown  successively  on  the  same  ground, 
gradually  renders  it  incapable  of  producing 
them  profitably  ;  but  where  one  follows  another 
requiring  different  inorganic  constituents,  the 
decomposing  action  of  atmospheric  agents 
during  the  lapse  of  time  prepares  the  soil 
again  for  the  production  of  the  first. 

Manure.  We  may  regard  organic  and  many 
inorganic  substances  as  manures ;  but  we 
find  them  varying  much  in  their  value  both 
practically  and  by  an  analysis  of  their  con- 
stituents. Thus  the  solid  excrements  of  the 
cow  and  horse  contain  but  little  nitrogen,  hu- 
man faeces  more ;  urine  contains  a  large  pro- 
portion.   But  the  excrements  of  animals  con- 
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tain  much  silicate  of  polassa  and  phosphates, 
human  faeces  the  latter,  while  urine  is  rich 
both  in  nitrogenous  matter  and  phosphates. 
Too  much  cannot  be  said  on  the  employment 
of  human  excrements  both  liquid  and  solid, 
for  while  they  constitute  fertilizing  manure 
of  the  highest  value,  they  are  usually  rejected 
in  the  United  States.     (See  Manure.) 

We  have  presented  an  outline  of  the  newer 
views  in  agricultural  chemistry,  chiefly  due  to 
Liebig,  whose  essay  we  have  followed  and 
freely  extracted  from,  not,  however,  from  a 
conviction  of  their  truth  in  every  respect ;  for 
we  believe  that,  although  he  has  adopted  a 
true  method  in  elevating  agriculture  and  phy- 
siology by  the  application  of  chemical  princi- 
ples, he  has  by  no  means  proved  that  carbonic 
acid,  water,  and  ammonia  constitute  the  sole 
nourishment  of  plants.  We  therefore  offer 
the  opinions  of  others  likewise  grounded  on 
experimental  evidence. 

Nutriment  from  Organic  and  Inorganic 
Matter. 

Saussure  has  conducted  some  very  able  ex- 
periments which  seem  to  prove  that  some 
plants  do  take  up  humus,  not  in  the  form  of 
carbonic  acid.  He  showed,  contrary  to  the  ex- 
periments of  Hartig,  that  humus  extracted 
from  mould  by  alkali  is  absorbed  by  the  roots  ; 
and  that  since  a  strongly  coloured  solution  of 
humale  of  potassa  becomes  discolored  in  the 
Polygonum  Pcrsicaria,  while  other  coloring 
matters,  such  as  ink,  unfitted  for  nutrition,  are 
not — that  this  humic  material  is  assimilated. 
Without  denying  that  carbonic  acid  and  water 
are  assimilated  as  nutritive  matter,  he  holds 
humic  extract  is  likewise  useful  to  plants  ;  that 
plants  produced  by  the  former  alone  are  not  as 
thrifty  as  with  the  use  of  mould.  The  follow- 
ing are  his  general  conclusions. 

1.  That  fertile  soil  contains  a  mixture  of 
soluble  and  insoluble  organic  matter;  and  that 
the  introduction  of  the  former  by  the  roots  into 
a  plant  is  a  powerful  aid  to  that  nutrition  which 
is  afforded  by  the  atmosphere  and  water. 

2.  That  the  insoluble  organic,  greatly  pre- 
ponderating over  the  soluble,  undergoes,  by  the 
assistance  of  water,  slow  fermentation,  hence 
producing  soluble  nutritive  matter. 

3.  That  plants  receive  their  nitrogen  almost 
entirely  by  absorption  of  soluble  organic  matter. 

4.  That  those  colored  substances  adapted  to 
the  nutrition  of  plants  change  color,  while 
those  not  nutritious  enter  a  plant  without  un- 
dergoing decomposition.     (Biblioth.  Univers.) 

Hermann  has  discovered  that  the  chief  part 
of  the  extractive  matter  in  the  juice  of  plants 
consists  of  similar  constituents  to  humus,  con- 
taining humic  acids,  several  crenic  and  apo- 
crenic  acids,  and  extractive  humus.  (See 
Humus.) 

Mulder's  experiments  lead  to  the  conclusion 
that,  by  the  decay  of  vegetable  substances, 
ulmin  and  ulmic  acid  are  formed  when  the 
air  is  not  freely  admitted,  and  these  again,  by 
(he  action  of  the  air,  pass  into  humin  and 
humic  acid.  His  analyses  of  the  humic  acid 
in  turf,  decayed  wood,  and  vegetable  mould 
from  various  localities,  prove  that  it  is  com- 
bined with  ammonia,  and  the  remarkable  re- 


semblance in  the  deduced  formula;,  seems  to 
prove  conclusively  that  there  is  a  class  of  hu- 
mus bodies,  which,  although  differing  among 
each  other,  must  be  ranked  together. 

Mulder  supposed  this  ammonia  to  have  been 
abstracted  as  such  from  the  air,  but  Hermann's 
experiments  prove  that  during  the  decay  of 
wood  1  volume  of  nitrogen  and  2  vols,  of  oxy- 
gen are  absorbed  from  the  air,  and  4  vols,  car- 
bonic acid  given  off,  and  that  ammonia  is  a 
residual  transformation. 

These  researches  of  Saussure,  Mulder,  and 
Hermann  are  certainly  opposed  to  the  views 
of  Professor  Liebig,  and  we  may  add  to  them 
the  elaborate  researches  and  conclusions  of 
Boussingault  and  Payen.  The  following  is 
the  definition  of  powerful  manures  by  the  two 
last-named  chemists: — Manure  is  the  more 
valuable  in  proportion  as  the  quantity  of  nitro- 
genous organic  matter  is  greater  than  the  non- 
nitrogenous  organic  matter;  and  in  proportion 
as  the  decomposition  of  quaternary  compounds 
acts  gradually,  and  agrees  with  the  progress  of 
vegetation.  They  have  therefore  constructed 
a  table  showing  the  value  of  manures,  that  is, 
the  quantity  of  nitrogen  they  contain.  See 
Manure. 

Boussingault  holds  that  plants  receive  a 
large  proportion  of  nutriment  from  the  air,  but 
also  receive  no  inconsiderable  amount  of  or- 
ganic material  directly  from  the  soil.  He  be- 
lieves that  the  process  of  fallowing  has  chiefly 
the  advantage  of  destroying  weeds;  that  the 
system  of  rotation  of  crops  does  not  depend  on 
the  injurious  action  of  the  excrements  of  plants, 
since  Braconnot's  experiments  prove  that  such 
excrements  are  not  produced,  but  it  rather  de- 
pends on  the  alternation  of  such  plants  as  only 
extract  nutrition  from  the  soil,  like  the  Grami- 
nece,  and  of  such  as  take  much  nutriment  from 
the  air,  like  the  Leguminosae,  and  whose  stub- 
ble ploughed  under  is  in  itself  a  good  manure. 

In  conclusion,  we  may  remark  that  Liebig 
has  shown  that  a  large  proportion  of  the  orga- 
nic matter  of  plants  is  due  to  the  assimilation 
of  carbon  from  carbonic  acid,  but  not  that  it  is 
wholly  due  to  this  cause.  He  has  not  shown 
that  their  nitrogen  is  obtained  from  the  ammo- 
nia of  the  atmosphere,  while  the  formation  of 
ammifhia  in  humus  seems  to  point  out  this 
combination  as  the  source  of  the  nitrogen,  a 
view  strengthened  by  the  experiments  and  in- 
ferences of  Boussingault  and  Payen.  Whether 
we  adopt  with  the  former  the  view  that  nitro- 
gen is  the  measure  of  nutrition,  we  hold  with 
him  that  the  nitrogenous  compounds  in  the 
soil  are  partly  useful  because  of  the  more 
ready  decomposition  of  compounds  containing 
nitrogen,  so  that  the  carbon  and  hydrogen  of 
such  substances  are  more  readily  assimilated. 

Again,  Liebig  censures  the  application  of 
the  principles  of  animal  nutrition  to  vegetable 
physiology,  and  yet  more  than  once  draws 
such  a  comparison  himself.  It  may  be  wrong 
to  apply  these  principles  in  the  same  manner 
in  both  cases,  but  the  principles  themselves 
may  hold  good  of  both.  Thus,  while  he  has 
shown  the  importance  of  one  constituent  of 
the  air,  carbonic  acid,  another  acts  an  equally 
important  part  to  animals;  for,  without  the 
action  of  the  oxygen  in  producing  interna' 
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transformations  and  throwing  off  carbon,  food 
cannot  be  regarded  as  nutriment.  The  oxygen 
of  the  air  therefore  serves  in  part  for  the  nutri- 
tion of  animals.  While  thus  plants  derive 
much  nutrition  from  the  air  and  a  portion  from 
the  soil,  animals  derive  much  from  the  soil  and 
a  portion  from  the  air.     See  farther  under  De- 

CVY,      EXCBEMKNT,     GuAXO,      HuMl'S,      MAM  UK, 

Pi  thick  action,  Soil.  See  Johnson's  Farmers' 
Encyclopaedia,  Am.  edition. 

AIR.  Chan.  A  term  applied  to  gaseous 
bodies  in  the  early  days  of  chemical  science, 
from  their  resemblance  to  atmospheric  air. 
Ammoniacal  gas  was  called  alkaline  air,  nitro- 
gen mephitic  and  phlogistic  air,  oxygen  dephlo- 
gisticated  air.  Carbonic  acid  is  still,  but  rarely, 
termed  fixed  air.     See  Atmospheric  Air. 

AKMITE.  Min.  Syn.  Achmite,  Acmite. 
Phys.  Crysl.  Oblique  rhombic  system,  nearly 
the    same    as    augite    (Mitscherlich) ;    cleaves 

Strom. 

Silica 54-27 

Alumina 

Peroxide  of  iron 

Oxide  of  manganese 

Soda 9-74 

Lime — 

Magnesia — 

Loss  by  ignition 1-88 


ALABASTER. 

parallel  to  M,  less  perfectly  parallel  to  the  dia- 
gonals. H=5-5— ti'>.  Spec.  grav.  3-2—3-5. 
Brown  or  reddish-brown;  lustre  vitreous; 
opake,  when  thin  translucent,  and  yellowish- 
brown;  streak  pale  yellowish-gray;  fracture 
uneven,  earthy ;  brittle. 

Chem.  behavior.  In  a  bulb  yields  water, 
leaving  a  spot  which  disappears  on  he 
easily  fused  on  charcoal  to  a  shining,  black, 
magnetic  bead;  dissolves  in  borax  and  mic. 
salt  to  a  glass  colored  by  iron,  leaving  a  skele- 
ton of  silica  in  the  latter;  with  soda  gives  on 
charcoal  a  black  glass ;  on  platinum  foil  the 
green  of  manganese. 

When  finely  powdered  is  imperfectly  decom- 
posed, both  before  and  after  fusion,  by  sulphu- 
ric and  chlorohydric  acids. 

Analysis.  By  Strom,  and  Berzelius,  K.  Vet. 
Ac.  Handl.  1821,  p.  160,  and  Jahresber.  xi.  94; 
and  by  Lehunt,  Thorns.  Outlines,  i.  480. 
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Leh. 

55-25 

52-016 

— 

0-685 

31-25 

FeO= 

=28.080 

1-08 

MnO  = 

=   3-487 

10-40 

13-333 

0-72 

0-876 

— 

0-504 

98-70 

98-981 

V.  Kobell  found  in  it  3-25  per  cent,  titanic 
acid,  of  which  Berz.  found  only  traces,  and 
showed  that  part  of  the  iron  was  protoxide. 
The  formula  appears  to  be  NaO,  Si03+Fe203, 
2Si03  (neutral  silicate  of  soda  -f-§  persilicate 
of  iron),  but  G.  Rose  gives  it  3(NaO,  Si03)-f- 
2(3  FeO,  2  Si03)  from  its  affinities  with  horn- 
blende. 

Locality.  Only  at  Rundemyr,  4  m.  N.  of 
Dunserud,  near  Kongsberg,  Southern  Norway, 
in  granite,  in  crystals  sometimes  a  foot  long, 
macled  and  bent,  and  so  brittle  as  not  to  be 
easily  detached. 

ALABANDINE.  Min.  See  Manganese 
Glance. 

ALABASTER.  Tech.  A  white,  translucent 
stone  of  moderate  hardness,  usually  sculptured 
into  delicate  ornaments,  such  as  lamps,  vases, 
clock-frames,  &c,  which  are  much  valued  from 
their  pure  whiteness,  their  permitting  the  light 
to  pass  faintly  through  them,  and  the  delicate 
polish  of  their  surface. 

There  are  2  varieties  of  alabaster:  the  gyp- 
seous, which  is  more  generally  used  and  pre- 
ferred, is  a  fine-grained  and  compact  sulphate 
of  lime;  the  calcareous  is  a  crystalline  carbon- 
ate of  lime.  The  former  is  therefore  softer 
than  the  latter,  and  both  are  softer  and  more 
easily  wrought  than  marble. 

The  fine-grained,  harder,  and  snowy  gypsum 
of  Volterra,  near  Florence,  is  preferred  to  most 
others,  and  from  its  uniformity  and  freedom 
from  defects,  is  wrought  into  ornaments  of 
considerable  size.  It  is  also  wrought  at  Salz- 
burg, in  Austria,  in  Spain,  Derbyshire,  Eng- 
land, &c.  The  calcareous  A.  is  more  employ- 
ed in  the  East,  and  being  derived  from  stalac- 
tites, often  presents  zones  of  yellow,  brown, 
and  red  hues,  which  impart  a  higher  value  to 
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it.  The  travertine  of  San  Filippo,  in  Tus- 
cany, is  employed  in  a  similar  manner;  it  is 
a  mixed  carbonate  and  sulphate  of  lime,  &c, 
and  is  still  depositing  in  such  quantities,  that 
basso-relievos  are  made  by  exposing  sulphur 
moulds  to  the  water,  which  in  the  course  of  a 
few  months  incrusts  them  with  a  deposit  of 
considerable  thickness. 

Alabaster  is  sawed  into  suitable  blocks,  then 
worked  with  the  knife  and  chisel  either  in  the 
open  hand  or  the  turning-lathe.  Being  used 
merely  to  abrade  the  surface  gradually,  the 
tools  should  not  be  too  sharp.  For  delicate 
ornaments,  small  files  and  graving  tools  are 
employed.  The  harder  or  calcareous  variety 
is  worked  much  in  the  same  way  as  marble. 

The  gypseous  A.  is  smoothed  with  dried 
shave-grass  or  horse-tail  (Equisctum),  the  hard- 
ness of  which  is  due  to  its  large  content  of 
silica,  and  the  streaks  left  by  this  are  removed 
by  rubbing  the  surface  with  a  paste  of  finely- 
sifted  slaked  lime  and  water.  The  delicate 
polish  is  given  by  a  mixture  of  soap-water  and 
lime,  and  lastly  by  elutriated  French  chalk  or 
talc.  Small  pieces  are  cemented  together  by 
powdered  quick-lime  and  white  of  egg,  or  by  a 
stiff  paste  of  boiled  plaster  and  water. 

Ornaments  of  A.  are  liable  to  a  yellow  tar- 
nish from  the  action  of  smoke,  &c,  which 
may  be  often  removed  by  washing  with  a  little 
soap-water.  Grease  spots  are  removed  by  a 
rubbing  with  powdered  French  chalk  or  spirit 
of  turpentine.  Much  water  should  not  be  used, 
since  it  etches  the  surface. 

A.  may  be  etched  by  taking  advantage  of 
the  solubility  of  gypsum  in  water.  Cover  the 
parts  not  to  be  etched  by  a  varnish  of  wax  dis- 
solved in  turpentine  and  thickened  with  white- 
lead,  and  when  it  has  set,  immerse  the  objects 
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in  water  for  one  or  two  days,  according  to  the 
depth  of  the  etching  required.  Remove  the 
varnish  by  spirit  of  turpentine,  and  to  give  the 
etching  a  degree  of  opacity  contrasting  well 
with  the  rest,  rub  it  with  a  brush  dipped  in 
powdered  gypsum. 

Calcareous  A.  is  etched  in  a  similar  manner, 
by  adding  to  the  water  a  little  muriatic  or  ace- 
tic acid. 

A.  may  be  coloured  by  metallic  solutions,  or 
by  solutions  of  vegetable  colors  in  oil  or  alco- 
hol. This,  however,  should  be  rarely  attempt- 
ed, for  its  delicate  snowy  whiteness  is  one  of 
its  principal  attractions. 

ALALITE.  Min.  See  Augite,  var.  Diop- 
side. 

ALBIN.     Min.     See  Apophyllite. 

ALBITE.  Min.  Syn.  Cleavelandite,  Tetar- 
tin,  Telarto-prismatic  felspar,  Pericline. 


Crystal.  Triclinometric,  or  doubly  oblique 
rhombic,  P  :  M=93°  50';  P  :  T=115°  5', 
M  :  T=117°  53'.  Generally  in  flat,  twin  crys- 
tals, with  M  enlarged,  the  re-entering  angle  of 
P  :  P'=186°  40'.  Where  imperfectly  develop- 
ed, the  cryst.  structure  is  foliated,  passing  into 
granular.  Cleavage  perfect  parallel  with  M 
and  P,  less  so  with  T. 

H=6— 6-5.  Spec.  grav.  2-6—2-68.  Albite 
from  Chester  co.,  Pa.,  and  from  Newcastle  co., 
Del.,  had  a  spec.  grav.  of  2-612  (Booth  and 
Boye).  Color  white,  more  rarely  bluish,  gray- 
ish, greenish,  or  reddish-white ;  lustre  pearly 
on  planes  of  the  perfect  cleavage,  otherwise 
vitreous;  transparent  to  opaque  ;  fracture  un- 
even, somewhat  brittle. 

Behavior.  Behaves  like  felspar  before  the 
blowpipe,  but  colors  the  flame  yellow.  Insolu- 
ble in  acids. 
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20-8 

0-1 

0-2 

_10-5 

Tooo~ 


All  these  analyses  show  that  albite  is  a  soda- 
felspar,  a  neutral  silicate  of  alumina  and  soda. 
The  formula  is  therefore 

NaO,  Si03  + AI203,  3  Si03. 
A  portion  of  the  soda  is  generally  replaced 
by  potassa,  lime,  &c,  as  in  common  felspar 
there  is  also  soda,  lime,  &c.    The  calculated 
composition  of  albite  is 

4  eq.  silica 185-04  59-09 

1  "    alumina 51-47  19-22 

1  "    soda 31-32  11-69 


267-83 


100-00 


Pericline  was  separated  from  albite,  as  an 
analysis  of  a  compact  specimen  by  C.  Gmelin 
seemed  to  require  it,  but  Thaulow's  analysis 
of  a  crystallised  specimen  shows  that  it  is 
identical  with  albite.  We  have  examined  2 
specimens  of  albite,  one  highly  crystalline 
from  the  vicinity  of  Wilmington,  Del.,  and 
another  crystalline  and  granular  from  Chester 
county,  Pa.,  both  apparently  pure.  Redten- 
bacher  examined  one  from  Pennsylvania, 
which  was  possibly  the  same  as  ours  from 
Chester  county. 


Silica 

Alumina 

Peroxide  of  iron 

Magnesia 

Lime 

Soda 

Potassa 


Gmelin. 


67-94 

18-93 

FeO=-48 

Loss=-36 

•15 

9-99 

2-41 


100-26 


Thaulow 

Redtenb. 

96-0 

67-20 

19-43 

19-64 



0-31 

0.20 

1-44 

11-47 

9-91 

— 

1.57 

100-10 

100-07 

B.  &  B. 
Chester  Co. 


67-72 

20-54 

trace 

0-34 

0-78 

10-65 

0-16 


100-19 


B.  &B. 

Wilmington. 


65-46 
20-74 
0-54 
0-74 
0-71 
9-98 
1-80 

"99-97 


70-22 
17-29 
0-82 
0-41 
2-09 
5-62 
3-71 

100-16 


Our  last  analysis  differs  so  much  from  the 
others  that  we  would  be  inclined  to  suppose  it  a 
different  mineral,  for  it  appeared  to  be  pure,  and 
yet  the  oxygen  in  the  silica  is  nearly  2^  that  in 
the  bases.  See  Gmelin  and  Thaulow  in  Ram- 
melsberg's  Mineralogy ;  Redtenbacher  in  Pogg. 
Jin.  xi.  470 ;  Booth  and  Boye  in  Proc.  of  Jim. 
Phil.  Soc,  May,  1841,  and  June,  1842. 

V.  Kobell  thinks  that  Beudant's  Adinole  is  a 
dense  albitic  mass  mingled  with  quartz. 

Remarks. — Albite  often  replaces  felspar  in 
granite,  syenite,  &c,  and  Abich  has  shown 
that  the  mass  of  the  trachyte  in  the  Drachen- 
fels,  insoluble  in  acids,  is  albite  in  which  much 
of  the  soda  is  replaced  by  lime  (see  above). 


At  Chesterfield,  Mass.,  it  occurs  in  lamellar 
masses,  the  laminae  often  radiating,  and  is  as- 
sociated there  with  green  and  red  tourmaline. 
In  Delaware  it  is  associated  with  common 
felspar,  and  may  be  easily  distinguished  from 
it  by  its  more  pearly  lustre.  It  is  in  general 
distinguished  from  common  felspar  by  its  su- 
perior whiteness,  its  more  pearly  lustre,  and 
its  marked  yellow  flame  before  the  blowpipe. 

ALBUMEN.  Ger.  Eiweissstoff.  This  sub- 
stance, which  derives  its  name  from  the  Latin 
for  the  white  of  an  egg  (album  ovi),  in  which 
it  exists  most  abundantly  and  in  its  purest  na- 
tural state,  is  one  of  the  chief  constituents  of 
many  of  the  animal  solids  and  fluids.     Besides 
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in  the  white  of  egg,  it  abounds  in  the  serum  of 
blood,  the  vitreous  humor  of  the  eye,  and  in  all 
serous  secretions.  Combined  with  different 
fatty  matters  and  water,  it  constitutes  the  yolk 
of  egg,  the  brain,  the  spinal  marrow,  and  the 
nerves,  and  also  several  of  the  viscera  and 
glands  (the  liver).  A  similar  substance,  vege- 
table albumen,  in  every  respect  identical  with 
animal  albumen,  occurs  in  the  seeds  of  all  gra- 
mineous plants,  principally  the  cereals,  and  in 
those  of  papilionaceous  plants,  such  as  peas 
and  beans,  in  all  of  which  it  occurs  combined 
with  starch  and  vegetable  gluten ;  also  in  those 
seeds  which  by  pounding  with  water  form  an 
emulsion,  such  as  almonds,  the  seeds  of  the 
castor-oil  plant  (Bicinus  communis),  and  of  hemp 
(Cannabis  saliva),  where  it  exists  combined 
with  oil.  It  occurs  further  in  all  vegetable 
saps  and  juices  that  coagulate  by  heat. 

The  chief  characteristic  of  albumen  is  its 
coagulability  by  the  action  of  heat.  We,  there- 
fore, speak  of  it  in  its  two  conditions,  soluble  or 
uncoagulated  albumen,  and  insoluble  or  coagulated 
albumen.  The  difference  between  the  white  of 
an  egg  before  and  after  it  is  boiled  will  give 
the  best  idea  of  these  two  different  conditions. 

Animal  Albumen,  a.  Soluble  or  Uncoagulated. 
It  may  be  obtained  in  the  solid  form  by  evaporat- 
ing at  a  temperature  that  does  not  exceed  120° 
the  clear  serum  of  blood  or  white  of  egg  till  it 
forms  a  dry,  transparent  mass,  of  a  yellowish 
color,  and  brittle.  This  is  powdered  and  treated 
successively  with  ether  and  alcohol,  which 
extract  fat,  salts,  and  other  foreign  matters, 
and  leave  the  albumen  pure.  When  thus 
completely  dry,  it  forms  a  white  or  faintly 
yellowish  powder,  without  taste  or  odor,  and 
without  either  acid  or  alkaline  reaction.  It  may 
in  this  state  be  heated  even  to  212°  without 
passing  into  the  insoluble  or  coagulated  con- 
dition. Moistened  with  water  it  swells  up,  be- 
comes transparent,  and  dissolves  by  the  addi- 
tion of  more  water  into  a  colorless  fluid  which 
is  perfectly  tasteless.  When  this  solution  is 
heated  to  140°  it  becomes  turbid,  and  when 
sufficiently  concentrated  soon  congeals  by  the 
passage  of  the  albumen  into  its  insoluble  or 
coagulated  state.  Less  concentrated  solutions 
of  albumen,  and  particularly  if  they  contain 
free  alkali,  do  not  coagulate  unless  heated  to 
between  158°  and  167°,  and  very  dilute  solu- 
tions require  even  boiling  for  their  coagulation 
and  clearing.  A  solution  containing  T'T  of  dry 
albumen  forms  by  heat  a  solid  coagulum.  A 
content  of  TV  gives  a  glairy  liquid,  but  a  solu- 
tion containing  TiTVo  part  will  still  become 
opalescent  by  heat.  Alcohol  precipitates  al- 
bumen from  its  solution,  but  if  not  concentrated 
or  used  in  too  great  excess,  the  albumen  redis- 
solves  again  in  water,  though  otherwise  it 
passes  into  its  coagulated  state.  Ether  shaken 
with  serum  has  no  other  effect  on  it  than  to 
extract  fat,  but  the  albumen  in  the  white  of 
egg  is  coagulated  by  it ;  it  absorbs  the  ether 
and  floats  on  top  of  the  solution.  Oil  of  tur- 
pentine and  fixed  oils  do  not  dissolve  albumen. 
Albumen  combines  in  its  uncoagulated  state 
with  acids  and  bases,  but  these  combinations 
have  not  been  studied  much,  on  account  of  the 
facility  with  which  acids  cause  it  to  pass  into 
its  coagulated  state.  If  white  of  eggs  be  mixed 
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with  water  and  during  continued  stirring  sul- 
phuric acid  added  drop  by  drop  till  the  solution 
has  an  acid  reaction,  the  tissue  in  whose  cells 
the  albumen  was  contained  precipitates,  and 
may  be  separated  by  filtration.  The  clear  solu- 
tion oi  sulphate  of  uncoagulated  albumen  may  then 
be  evaporated  in  vacuo  over  sulphuric  acid  to 
dryness,  forming  a  transparent  mass  of  a  pale 
lemon  color,  soluble  again  for  the  greater  part 
in  water,  from  which  it  may  be  precipitated  by 
heat  as  sulphate  of  coagul.  alb.,  which  is  insolu- 
ble in  water.  A  similar  result  may  be  pro- 
duced by  alcohol ;  and  sulphuric,  chlorohydric, 
and  even  acetic  acids  added  to  the  solution, 
cause  in  the  same  way  the  sulphate  of  coagul. 
alb.  to  precipitate.  The  presence  of  alkali*, 
when  in  small  quantity,  does  not  transform  the 
albumen  into  its  coagulated  form.  Thus,  most 
of  the  animal  fluids,  notwithstanding  their  al- 
kaline reaction,  contain  it  in  its  uncoagulated 
state.  A  portion  of  this  alkali  is  probably  in 
combination  with  albumen,  forming  an  albu- 
minate, while  the  other  portion  is  present  as 
carbonate.  Several  metallic  oxides,  as  oxide 
of  copper,  and  the  oxides  of  iron,  when  mixed 
with  serum  or  the  white  of  eggs  in  their  fresh 
precipitated  state,  dissolve  in  it,  and  color 
subsequently  the  coagulum  when  precipitated 
by  heat.  Albumen  is  coagulated  by  several 
organic  bodies,  as  tannic  acid  and  kreasote, 
which  latter  acts  catalytically,  as  a  small  quan- 
tity suffices  to  coagulate  a  large  quantity  of 
albumen  without  entering  into  combination 
with  it.  Rennet  has  no  effect  on  albumen. 
Soluble  albumen  when  once  transformed  into 
its  insoluble  or  coagulated  state,  cannot  again 
be  reduced  to  its  former  condition  ;  in  the  che- 
mical processes  of  animal  life  it  is  always 
found  in  its  uncoagulated  state. 

b.  Insoluble  or  Coagulated  Albumen  is  obtained 
by  heating  serum  or  white  of  eggs  to  between 
160°  and  170°,  triturating  the  solidified  mass 
in  a  mortar  with  water,  and  then  washing  it 
successively  with  cold  water,  alcohol,  and 
ether.  Thus  prepared,  it  retains  a  portion  of 
phosphate  of  lime,  from  which  it  may  be  ob- 
tained free  by  the  following  process.  The  al- 
buminous liquid  is  mixed  with  dilute  chlorohy- 
dric acid,  which  precipitates  chlorohydrate 
(muriate)  of  coag.  albumen.  This  is  freed 
from  the  mother-liquid  by  washing  with  very 
dilute  chlorohydric  acid;  it  is  then  mixed  with 
a  sufficient  quantity  of  pure  water  to  dissolve 
it.  The  solution  of  chlorohydrate  (muriate) 
of  albumen  is  then  decomposed  by  carbonate 
of  ammonia,  which  precipitates  the  albumen 
as  a  white  flocculent  precipitate,  which  is  again 
washed  with  water  and  dried,  and  finally  freed 
completely  from  fat  by  boiling  alcohol.  When 
dried  in  pieces  it  forms  a  yellowish  transparent 
mass,  resembling,  in  most  of  its  chemical  cha- 
racters, fibrine.  (See  FiimiwE.)  After  coagu- 
lation it  may  be  kept  for  a  long  time  under 
water  without  suffering  change;  but  when  ex- 
posed in  a  moist  state  to  the  atmosphere,  it 
rapidly  passes  into  a  state  of  putrefaction.  It 
does  not,  however,  generate  oxygen  from  the 
deutoxide  of  hydrogen.  By  destructive  distil- 
lation it  yields  combustible  gases,  empyreuma- 
tic  oil,  and  ammoniacal  water,  which  contains 
sulphuret  of   ammonium.     There  remains  a 
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porous  coal,  which,  when  obtained  from  albu- 
men that  has  not  been  treated  with  chlorohy- 
dric  acid,  is  incinerated  with  difficulty,  leaving 
an  ash  consisting  of  phosphate  of  lime  with  a 
trace  of  magnesia.  This  quantity  of  ashes 
amounts  to  from  1-8  to  2  p.  c.  and  over,  but 
is  in  some  cases  stated  to  amount  even  to 
8  or  9  p.  c;  so  that  albumen  seems  to  combine 
under  different  circumstances  with  different 
proportions  of  phosphate.  Coag.  and  dried 
albumen  swells  up  in  water  and  assumes  its 
former  appearance,  but  remains  insoluble  in 
water.  Chevreul  found  that  1000  p.  of  water 
only  dissolved  7  p.  of  albumen,  when  in  this 
state.  By  continued  boiling  with  water  it  suf- 
fers a  decomposition.  Mulder  found  that,  by  40 
hours  boiling,  water  dissolved  37  parts  out  of 
100  albumen.  What  dissolved  did  not  possess 
any  of  the  properties  of  albumen,  nor  did  it 
gelatinize,  or  in  other  respects  resemble  glue. 
Coag.  alb.  is  also  insoluble  in  alcohol,  ether, 
volatile  and  fixed  oils. 

It  combines  with  acids.  If  coagulated  al- 
bumen be  treated  in  its  moist  state  with  a 
dilute  acid,  it  dissolves  ;  but  an  excess  of  acid 
precipitates  again  the  combination.  Sulphu- 
ric, nitric,  metaphosphoric,  and  chlorohydric 
acids,  therefore  precipitate  albumen  in  its 
coagulated  state,  when  added  to  a  solution  of  it 
in  excess;  but  the  precipitate  with  sulphuric 
acid  is  insoluble  in  pure  water,  which  by  con- 
tinued washing  extracts  most  of  the  acid.  The 
other  hydrates  of  phosphoric  acid,  carbonic, 
and  acetic  acids  dissolve  the  alb.  even  when 
present  in  excess.  From  all  these  solutions  in 
acids  the  albumen  is  precipitated  by  the  addi- 
tion of  an  alkaline  carbonate  till  the  exact  neu- 
tralization of  the  acid.  The  solution  in  acetic 
acid  loses  the  acetic  acid  by  evaporation,  and 
leaves  behind  coagulated  albumen.  By  diges- 
tion, nitric  acid  converts  albumen  with  genera- 
tion of  nitrogen  into  a  yellow  pulverulent  sub- 
stance, named  by  Mulder  xanthoproteic  acid 
(which  see).  Concentrated  chlorohydric  acid 
in  the  proportion  of  7  or  8  parts  to  1,  dissolves 
coag.  alb.  with  a  deep  blue  color.  By  dilution 
with  water  chlorohydrate  of  albumen  precipi- 
tates, but  the  solution  retains  its  color,  which, 
however,  disappears  by  subsequent  neutraliza- 
tion with  ammonia.  Yellow  ferroprussiate  of 
potassa  precipitates  albumen  with  the  addition 
of  an  acid,  or  when  added  alone  to  its  soluble 
compounds  with  acids.  The  precipitate  is  a 
combination  of  albumen  with  cyanohydric 
acid  and  cyanide  of  iron,  which  is  insoluble  in 
an  excess  of  acid,  but  dissolves  in  alkali. 

Dilute  solutions  of  the  alkalis  as  well  as  bary- 
tic,  strontian,  and  lime-water,  dissolve  coag.  alb. 
in  its  moist  state,  forming  perfectly  neutral  al- 
buminates. These  combinations  may  then  be 
concentrated,  and  evaporated  to  dryness  in 
vacuo  over  sulphuric  acid,  or  precipitated  by 
addition  of  alcohol.  The  albuminate  of  po- 
tassa and  soda  is  insoluble  in  alcohol  and  also 
in  a  concentrated  solution  of  caustic  potassa, 
by  which  the  fact  has  been  explained,  that 
serum  of  blood  or  white  of  egg  deposits  a  co- 
agulum  on  both  anodes  by  the  passage  of  a 
galvanic  current  through  it,  chlorohydrate  of 
alb.  depositing  on  the  anode,  where  there  is 
an  excess  of  free  chlorohydric  acid ;  and  albu- 
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minate  of  soda  on  the  kathode,  where  there  is  an 
excess  of  free  alkali.  Although  albumen  com- 
bines without  change  with  the  alkalies  when 
dilute  and  at  ordinary  temperatures,  the  pre- 
sence of  these  in  excess,  or  the  application  of 
heat,  converts  the  albumen  into  protein  (see 
Piiotein),  which  remains  in  the  solution  com- 
bined with  the  alkali,  and  may  either  be  pre- 
cipitated by  the  addition  of  an  acid,  or  still 
further  decomposed  by  the  action  of  alkali  and 
heat,  and  converted  into  leucin,  protid,  and 
erythroprotid  (see  these),  and  several  other 
products  ;  while  its  phosphorus  and  a  portion 
of  its  sulphur  combine  with  the  oxygen  from 
the  decomposition  of  a  portion  of  the  alkali, 
whose  metallic  radical  combines  with  another 
portion  of  its  sulphur,  and  thus  gives  rise  to 
the  formation  of  phosphate,  sulphite,  and  sul- 
phuret  of  the  alkali.  Albumen  forms  insolu- 
ble compounds  with  the  earths  and  the  metallic 
oxides,  which  may  be  obtained  by  precipitating 
a  saturated  solution  of  alb.  in  potassa  or  am- 
monia with  their  respective  salts.  The  albu- 
minates of  the  colored  oxides  have  generally 
the  usual  color  of  their  salts  ;  they  dissolve  in 
caustic  potassa  or  soda,  forming  basic  double 
salts. 

The  reaction  of  albumen  with  salts  is  highly 
interesting.  Coagulated  albumen  dissolves  in  its 
moist  state  in  concentrated  solutions  of  the  salts 
of  the  alkaline  bases,  and  expels  a  portion  of  the 
carbonic  acid  when  boiled  with  solutions  of  their 
carbonates.  For  phosphate  of  lime  it  exhibits 
great  affinity,  and  forms  not  only  a  soluble  com- 
pound, which  occurs  in  serum  and  the  white 
of  egg,  but  also  an  insoluble  compound  with 
a  much  larger  proportion  of  the  phosphate. 
Uncoagulated  albumen  3aelds  with  the  salts  of 
the  earths  and  the  metallic  oxides  precipitates, 
which  consist  of  compounds  of  albumen,  with 
both  the  acid  and  the  base,  from  which  the 
combination  with  the  acid  may  be  removed  by 
washing  with  water,  leaving  the  albuminate  of 
the  oxide  behind.  If  their  acetates  be  employed 
for  the  precipitation  of  albumen  from  animal 
fluids,  acetate  of  albumen  remains  in  solution, 
and  the  precipitate  consists  of  an  albuminate 
of  the  metallic  oxide.  In  all  these  cases  the 
albumen  passes  into  its  coagulated  state.  Alum 
in  powder  coagulates  albumen  and  forms  a 
solid  mass,  which  property  has  been  made  use 
of  in  medicine  for  external  applications.  A 
solution  of  neutral  acetate  of  lead  precipitates 
both  serum  and  albumen  from  white  of  egg,  but 
a  great  portion  of  the  albumen  remains  in  solu- 
tion as  acetate  of  albumen.  Basic  acetate  of 
lead,  on  the  contrary,  precipitates  it  completely ; 
the  precipitate  contains  besides  the  albuminate 
of  lead,  sulphate,  phosphate,  and  basic  chlo- 
ride of  lead.  Uncoagulated  albumen  precipi- 
tates a  solution  of  chloride  of  mercury  com- 
pletely. The  precipitate  consists  here,  as  in 
other  precipitations  of  metallic  salts,  of  mu- 
riate of  albumen,  and  an  albuminate  of  the 
oxide  of  mercury,  of  which  the  former  may 
be  completely  removed  by  washing  with  cold 
water.  If  a  solution  of  albumen  be  precipi- 
tated by  a  solution  of  chloride  of  mercury  in 
excess,  the  muriate  of  albumen  generally  be 
comes  insoluble  and  is  precipitated.  But  if 
solutions  of  albumen  and  chloride  of  mercury 
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be  mixed  in  such  proportions  as  to  decompose 
each  other  completely,  or  if  the  albumen  pre- 
dominates, most  of  the  muriate  of  albumen 
remains  in  solution.  This  explains  fully  the 
action  of  albumen  as  an  antidote  for  corrosive 
sublimate,  since  it  shows  that  the  chloride  of 
mercury  is  decomposed  by  it.  Cyanide  of 
mercury  yields  no  precipitate  with  uncoagu- 
lated  albumen.  Albumen  of  the  brain,  yolk  of 
egg,  &c,  vide  Brain,  Egg,  etc.  The  globules 
of  blood  and  the  crystalline  lens  of  the  eye 
contain  a  substance,  which  much  resembles 
albumen,  but  differs  from  it  in  some  respects. 
See  Globulin. 

The  following  has  been  found  to  be  the  com- 
position of  pure  albumen : 

By  exper.  Atoms.  By  calc. 

Carbon 54-84  400  54-70 

Hydrogen....    7-09  310  G-92 

Nitrogen 15-83  50  15-84 

Oxygen 3123  120  21-47 

Phosphorus..     0-33  $  0-35 

Sulphur 0-68  2  0-72 

Mulder,  who  first  discovered  the  presence  of 
phosphorus  in  its  unoxidized  state,  considers 
albumen  as  a  compound  of  10  atoms  of  an  or- 
ganic substance,  which  he  terms  protein  (sec 
P  rot  but),  with  a  sulphuret  of  phosphorus  Pi 
S2, 10  (C40H31N3O12)  -f  P»LS2.  Berzelius,  how- 
ever, suggests  that,  if  we  consider  protein  as 
an  oxide  of  a  compound  radical,  albumen 
might  contain  the  sulphur  and  phosphorus  com- 
bined with  this  same  radical,  so  as  to  consist 
of  a  certain  number  of  atoms  of  an  oxide 
(protein),  with  1  atom  of  the  phosphuret  and 
2  atoms  of  the  sulphuret  of  the  same  radical. 
Mulder  has  pointed  out  a  difference  in  the  com- 
position of  albumen  from  white  of  egg  and 
from  serum  of  blood.  If  white  of  egg  be  co- 
agulated by  heat  without  previous  neutraliza- 
tion of  its  free  alkali  by  acetic  acid,  sulphuret 
of  sodium  will  be  found  in  the  solution,  while 
the  coagulum  only  contains  1  atom  of  sulphur 
to  every  $  atom  of  phosphorus,  but  after  pre- 
vious neutralization  of  the  alkali  the  albumen 
obtained  by  coagulation  from  the  white  of  egg, 
has  the  same  composition  as  that  obtained 
from  serum,  whether  this  be  previously  neutral- 
ized or  not. 

Albumen  is  the  true  starting-point  from 
which  all  animal  tissues  are  formed,  as  the 
egg  contains  no  other  nitrogenized  com- 
pound except  albumen,  the  yolk  containing 
only,  besides  albumen,  a  yellow  fat.  All  nitro- 
genized food,  whether  of  animal  or  vegetable 
origin,  is  first  converted  into  soluble  albumen, 
before  it  can  be  used  for  nutrition.  {Liebig.) 
Albumen  itself  is  therefore  highly  nutritious, 
and  constitutes  an  important  part  of  all  animal 
food.  When  either  raw  or  lightly  boiled,  it  is 
easy  of  digestion;  but  when  boiled  hard,  or 
especially  when  fried,  its  capability  of  being 
digested  is  considerably  impaired.  Its  use  as 
an  antidote  against  poisoning  by  corrosive  subli- 
mate has  already  been  mentioned.  Peschier 
states  that  one  egg  is  required  for  every  4 
trains  of  the  poison.  It  is  also  an  antidote  for 
"preparations  of  copper  (blue  vitriol  and  verdi- 
gris), and  for  bichloride  of  tin. 

Techn.  From  its  coagulability,  albumen  is  of 
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great  use  in  clarifying  liquids  (see  Claiiifica 
HO*)'.  It  is  likewise  remarkable  for  the  pro 
perty  of  rendering  leather  supple,  for  which 
purpose  a  solution  of  white  of  eggs  in  water 
is  used  by  leather-dressers.  Bookbinders  make 
use  of  glaire  as  a  varnish. 

Vegetable  albumen  possesses  nearly  all  the 
characters  of  animal  albumen.  Before  its 
coagulation  it  is  soluble  in  water;  it  does  not 
stick,  and  assumes,  on  drying,  either  a  white, 
gray,  or  black  color.  It  dissolves  in  caustic 
alkali,  and  may  again  be  precipitated  by  addi 
tion  of  an  acid  in  excess.  It  precipitates  then 
in  combination  with  the  acid,  insoluble  in  an 
excess  of  acid,  but  soluble  in  water,  which  so- 
lution yields  a  precipitate  with  ferroprussiate 
of  potassa,  chloride  of  mercury,  and  an  infu- 
sion of  gallnuts.  In  the  moist  state  it  enters 
rapidly  into  putrefaction,  with  the  same  odor 
as  animal  substances,  and  yielding  like  these 
ammoniacal  products,  a.  Veget.  alb.  in  p-etn 
plants.  If  green  plants  and  fresh  shoots  of 
trees  be  crushed  and  pressed,  a  green  liquid  is 
obtained,  having  the  smell  of  grass,  which 
passes  turbid  through  the  filter,  and  settles  with 
great  difficulty  to  a  clear  liquid.  By  heating 
it  to  140°  or  160°  it  coagulates,  and  may  then 
be  filtered.  The  coagulum  consists  of  vegeta- 
ble albumen,  in  combination  with  a  green  wax- 
like fat,  which  may  be  extracted  by  alcohol,  or, 
still  better,  by  ether.  A  portion  of  it,  however, 
always  remains,  and  imparts  to  the  albumen  a 
faint  green  color.  On  drying,  the  albumen 
becomes  black.  It  possesses  all  the  character- 
istic properties  of  albumen :  some  woody 
fibres  generally  remain  on  dissolving  it  in 
caustic  potassa.  If  the  green  liquid  be  coagu- 
lated by  an  acid,  the  green  color  is  converted 
into  a  gray.  The  pressed  plants  still  contain, 
after  treatment  with  water  and  alcohol,  coagu- 
lated albumen,  which  may  be  extracted  by 
dilute  caustic  potassa  and  precipitated  by  the 
addition  of  an  acid.  The  juice  of  roots,  such 
as  potatoes,  beets,  &c,  deposit  also,  when  heated, 
a  coagulum  of  a  caseous  albumen,  resembling, 
in  its  relation,  that  of  emulsive  seeds,  b.  Veg> 
alb.  of  emulsive  seeds.  Many  seeds,  such  as 
almonds,  &c,  form,  by  being  pounded  up  with 
water,  a  milk  or  emulsion,  which  contains,  in 
suspension,  numerous  globules,  of  a  size  so 
small  as  to  pass  through  paper.  But  such  ve- 
getable milk  differs  from  animal  milk,  by 
being  coagulated  by  heat,  whereby  albumen 
precipitates  with  an  oil,  which  may  be  removed 
by  pressing,  and  subsequent  treatment  with 
alcohol  or  ether.  The  remaining  albumen  is 
white,  and  becomes  transparent  and  brittle  on 
drying.  After  coagulation  by  heat,  still  more 
albumen  may  be  obtained  by  evaporation  and 
precipitation  by  alcohol,  c.  Veget.  alb.  in  wheat, 
rye,  barley,  Indian  corn,  &c.     See  Gluten. 

Vegetable  albumen  has  lately  been  shown  to 
be  perfectly  identical  in  composition  with 
animal  albumen.  Mulder  had,  however,  pre- 
viously shown  the  identity  of  the  protein  con- 
tained in  them  both. 

Use.  On  the  importance  of  vegetable  al- 
bumen in  bread  and  other  vegetable  food,  see 
Gluten.  The  albumen  in  green  plants  forms 
an  important  part  of  the  nourishment  of  herbi 
vorous  animals. 
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ALBUMINATE.  Chem.  A  compound  of  al- 
bumen, with  a  base. 

ALBUMININ  {Oonin).  The  albumen  in  the 
white  of  egg  is  enclosed  in  cells  from  which 
it  flows  when  they  are  torn  by  trituration. 
Couerbe  obtained  this  substance  by  exposing 
white  of  egg  to  a  temperature  from  32°  to  18° 
for  several  months.  It  forms  a  white,  mem- 
branous substance,  which  is  characterized  by 
the  absence  of  nitrogen  in  its  composition. 
When  dry,  it  forms  a  while,  transparent,  and 
brittle  mass,  which,  when  heated,  is  decom- 
posed without  fusion,  and  yields  no  ammonia- 
cal  products.  It  is  insoluble  in  cold  and  boil- 
ing water;  in  the  latter  it  swells  up  to  a  muci- 
laginous mass.  It  is  insoluble  in  alcohol, 
ether,  and  acetic  acid.  Sulphuric  and  nitric 
acids  decompose  it.  Chlorohydric  acid  dis- 
solves it,  and  by  dilution  with  water  causes 
a  white  pulverulent  precipitate.  It  is  likewise 
soluble  in  caustic  potassa;  by  the  addition  of 
an  acid  a  turbidness  but  no  precipitate  is 
produced.  To  distinguish  it  from  albumen, 
Couerbe  named  it  albuminin  or  oonin.  It  de- 
serves a  closer  study. 

ALCARAZZAS.  Tech.  Porous  vessels  of 
burned  clay,  of  a  bulging  form,  with  a  narrow 
neck,  designed  to  cool  wines  and  water  by 
evaporation  from  their  surface.  The  liquid 
constantly  and  slowly  percolating  through  the 
body  of  the  ware  to  the  outer  surface,  evapo- 
rates in  the  warm  climates  where  the  vessels 
are  used,  particularly  in  a  slight  current  of  air, 
so  that  a  considerable  amount  of  heat  is  car- 
ried off  in  the  vapor.  Under  favorable  cir- 
cumstances, the  temperature  may  be  lowered 
50°  below  that  of  the  atmosphere,  when  the 
latter  is  75°  to  90°. 

Porous  vessels  for  the  same  purpose  are  in 
use  in  China,  Persia,  India,  Egypt,  &c,  and 
were  undoubtedly  introduced  into  Spain  by  the 
Moors,  as  shown  by  their  name.  The  best  are 
made  at  Anduxar,  in  Andalusia,  from  a  suita- 
ble clay  or  marl  on  the  small  stream  Pamuso- 
ro,  and  have  a  yellowish  red  color.  Similar 
jugs  of  a  grayish  white  color  are  made  at  Sal- 
vatierra,  in  Estremadura,  and  called  Buccaros. 
In  Egypt  they  are  rather  high-dried  than  burned 
over  a  straw-fire.  They  are  farther  manufac- 
tured in  England,  and  to  a  limited  extent  in  the 
United  States. 

ALCHEMY.  Syn.  Alchymia,  Archymia  (?)• 
The  words  alchemy  and  chemistry  were  origi- 
nally one  and  the  same,  but  the  term  chemistry 
is  now  applied  to  the  science  as  it  exists  and 
has  existed  for  more  than  a  century,  while  al- 
chemistry  is  applied  to  it  previous  to  its  esta- 
blishment as  a  true  science,  when  it  was  rather 
an  art,  and  that  chiefly  the  art  of  making  gold. 
It  is  not  difficult  to  understand  how  the  mani- 
fold and  often  complicated  changes  in  metal- 
lurgic  operations  by  the  influence  of  heat  on 
chemical  affinity  could  have  originated  the  be- 
lief that  gold  could  be  produced  from  ignoble 
metals,  when  by  simply  heating  a  purple  pow- 
der (the  precipitate  of  Cassius,  see  under 
Gold),  the  noble  metal,  gold,  appeared ;  when 
by  a  mixture  of  copper  and  zinc  ores  without 
any  metallic  appearance,  a  golden-yellow  me- 
tal (brass)  could  be  procured,  which  might 
easily  deceive  the  eye. 


The  origin  of  alchemy  is  involved  in  mys- 
tery, as  indeed  its  earliest  writings  are  also 
clothed  with  mystery.  Many  works  were 
issued  from  Alexandria  in  the  5th  and  6th  cen- 
turies, and  the  art  passed  over  to  the  Saracens, 
&c,  who  wrote  numerous  works  on  it  during 
several  centuries,  even  as  late  as  the  13th. 
Dshafar  or  Geber  (in  9th  century,  at  Seville) 
is  an  excellent  writer,  with  more  true  know- 
ledge than  all  the  chemists  for  six  centuries 
after  him,  although  he  gave  credit  to  the  art 
of  making  gold,  and  taught  that  all  metals  con- 
sisted of  3  elements. 

The  art  entered  western  Europe  partly 
through  the  Saracens,  and  partly  from  fugitive 
Greeks,  beginning  about  the  13th  century,  and 
gradually  spreading  through  the  following  cen- 
turies, until  it  reached  its  crisis  in  the  17th. 
To  the  true  believers  in  the  mutation  of  metals 
were  latterly  added  many  who  designed  to  de- 
ceive, and  the  art  became  a  pestilence,  spread- 
ing through  whole  communities,  and  embracing 
rich  and  poor,  king  and  peasant,  ignorant  and 
learned. 

Edward  III.  protected  Raimond  Lully,  Henry 
VI.  of  England  gave  patents  for  making  gold; 
the  Emperor  Rudolph  II.,  of  Germany,  esta- 
blished an  alchemistic  academy  at  Prague 
about  1600.  King  Augustus  II.,  of  Saxony, 
caught  the  adept  Bottger,  who  had  fled  from 
Berlin,  and  confined  him  in  a  castle,  giving 
him  every  means  of  transmuting  metals;  and 
it  was  here  that  he  conceived  the  first  ideas 
from  his  experiments  of  making  porcelain. 
See  Porcelain. 

The  learned  were  also  given  to  alchemy. 
Tycho  de  Brahe  endeavored  through  it  to  ob- 
tain means   for  pursuing  astronomy.    Their 
object  was  not  the  pursuit  of  science,  but  the 
practical   application  of  experiments   to   the 
arts,  pharmacy  or  alchemy,  the  last  prevailing 
over  all  others.     Albertus  Magnus,  Roger  Ba- 
con, Raimond  Lully,  Basil  Valentine,  Paracel- 
sus, Libavius,  Beecher,  Kunckel,  Glauber,  and 
many  other  eminent  men,  were  devoted  to  these 
pursuits,  and  it  is  impossible  to  draw  the  line 
between  the  true  chemists  and  alchemists  of 
those  times.     But  the  accumulation  of  facts 
through  the  unwearied  labors  of  alchemists, 
and  their  classification,  gradually  paved  the 
way  for  the  advancement  of  true  science,  so 
that  the  more  learned  and  sensible  philoso- 
phers of  the  18th  century  withdrew  from  the 
ranks  of  alchemy;  but  among  the  unlearned 
we  find  traces  of  belief  in  the  art  to  this  day. 
Thus  chemistry  rose  on  the  ruins  of  alchemy. 
The  principal  objects  of  the  alchemists  were 
two  preparations: — 1.  A  red,  solid  body,  the 
philosopher's  stone,  the  grand  elixir,  magiste- 
rium,  the  red  tincture,  which,  when  dropped  in 
exceedingly  minute  quantities  on  liquid  silver, 
mercury,  lead,  or  any  base  metal,  changed  it 
perfectly  into  gold  when  well  prepared,  or  only 
partially  if  not  well  prepared.     2.  The  same 
preparation,  administered  internally  in  infini- 
tesmal  doses,  healed  many  diseases,  restored 
youth  to  age,  lengthened  life,  and  was  hence 
termed  the  elixir  or  panacea  of  life.    3.  An- 
other preparation,  a  white  solid,  the  stone  of 
the  2d  order,  the  small  elixir,  magistery,  the 
white  tincture,  which  was  the  first  preparation 
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half-advanced  to  perfection,  and  changed  base 
metals  into  silver. 

It  is  impossible  to  say  what  the  philosopher's 
stone  was,  or  how  it  was  prepared,  for  no  one 
has  given  an  account  of  it ;  but  chemistry 
teaches  us  that  their  processes  were  the  re- 
sults of  error,  illusion,  and  deception.  Thus, 
one  of  these  transmuting  powders  was  sulphu- 
ret  of  sodium,  containing  gold,  and  when  me- 
tallic silver  was  thrown  into  it  while  in  fusion, 
sulphuret  of  silver  was  necessarily  produced, 
and  metallic  gold  precipitated,  which  was 
thought  to  be  generated.  Sometimes  silver 
was  gilded,  or  a  preparation  of  gold  amalga- 
mated with  mercury,  so  that  by  heat  the  mer- 
cury evaporated  and  left  pure  gold.  All  their 
processes  are  of  such  a  stamp,  and  never  was 
the  metal  gold  wanting  in  their  preparations, 
so  that  from  its  fixed  nature  it  must  remain 
when  subjected  to  heat. 

The  belief  has  not  yet  passed  away  that  gold 
was  made  ;  for,  say  such  persons,  a  belief  held 
for  14  centuries  could  not  be  wholly  error, — 
the  metals  are  not  yet  shown  positively  to  be 
elements,  and  therefore  their  transmutation  is 
not  impossible,  and  many  who  were  not  de- 
ceivers have  borne  witness  to  transmutation. 
It  should,  however,  be  remembered  that  many 
errors  have  outlived  centuries,  such  as  the 
quadrature  of  the  circle,  which  is  older  than 
alchemy,  and  has  many  adherents  to  this  day. 
It  is  true  that  we  have  not  proved  the  element- 
ary nature  of  the  metals,  and  indeed  there  is 
rather  a  probability  that  they  are  not  so,  from 
the  chemical  and  physical  similarity  of  many 
of  them,  and  from  the  small  number  of  their 
compounds  in  comparison  with  the  endless 
numbers  of  those  comprised  in  organic  nature, 
consisting  only  of  4  elements,  carbon,  hydro- 
gen, oxygen,  and  nitrogen.  But  the  crude  ope- 
rations of  the  alchemists  could  not  have  pro- 
duced a  mutation,  supposing  it  possible,  and 
we  have  far  more  powerful  and  a  far  greater- 
number  of  means  of  decomposition  than  they 
had,  without  attaining  such  a  result.  Lastly, 
although  we  must  give  credit  to  many  learned 
men  for  an  implicit  and  honest  belief  in  alche- 
my, yet  we  attribute  to  them  error  in  observa- 
tion or  deduction,  particularly  as  we  can  trace 
these  errors  in  their  processes. 

In  conclusion,  then,  we  must  believe  that 
gold  has  never  been  made,  but  we  cannot  say 
positively  that  it  never  will  be,  for  organic 
chemistry  reveals  to  us  wonderful  transforma- 
tions ;  but  we  may  say,  from  all  the  knowledge 
we  possess,  that  it  is  not  at  all  probable  that 
it  ever  will  be.  Notwithstanding  the  loss  of 
time,  health,  life,  and  the  wasting  of  much  in- 
tellectual power  by  the  alchemists  during  the 
lapse  of  ages,  yet  they  have  bequeathed  us  a  va- 
luable legacy  in  the  numerous  facts  which  were 
used  as  the  foundation  of  chemistry  as  a  sci- 
ence, and,  without  the  search  for  the  philoso- 
pher'.* atone,  chemistry  would  long  have  toiled 
ere  it  had  attained  its  present  elevated  position 
of  utility  to  mankind.  (Handwbrt.  d.  Chemic, 
art.  .ilehemic.) 

ALCOATE.  Alcohol  behaves  towards  many 

salts  like  water,  forming  crystalline  compounds 

with  several  of  them,  when  they  separate  from 

their  solutions  in  it.    Thus,  if  fused  chloride 
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of  calcium  be  dissolved  by  heat  in  alcohol  and 
exposed  to  cold,  it  separates  in  three  side*'  sin- 
ated  plates,  which  are  a  combination  of  chin- 
ride  of  calcium  with  alcohol  (CaCl+2C4 
H602).  Such  compounds  are  called  alcoates, 
and  correspond  with  hydrates,  but  are  much 
less  stable:  thus  the  above  crystals  of 
of  chloride  of  adcium  enter  into  fusion  by  86° 
and  lose  all  their  alcohol  by  204°.  The  alcoata 
of  the  nitrates  of  lime  and  magnesia,  and  of  the 
chlorides  of  manganese  and  zinc  behave  simi- 
larly. 

ALCOHOL.  Chcm.  This  term  is  applied 
to  the  pure  spirit  obtainable  b\  distillation  from 
all  liquids  that  have  undergone  vinous  fer- 
mentation. 

We  distinguish  between  absolute  alcohol  and 
alcohol  of  commerce,  or  spirits  of  wme,  which 
is  aos.  alcohol  mixed  with  different  propor- 
tions of  water. 

Absolute  Alcohol.  Prep.  Alcohol  of  com- 
merce is  frequently  shaken  for  several  days  in 
a  closed  vessel,  with  an  equal  weight  of  fused 
and  coarsely  powdered  chloride  of  calcium 
(muriate  of  lime).  It  is  then  poured  off  into  a 
retort,  and  half  of  its  volume  distilled  over. 
The  very  first  portion  contains  generally  some 
water,  and  is  put  aside;  the  rest  is  pure  alco- 
hol, and  has  a  spec.  grav.  of  0-7947  at  59°,  or 
0-791  at  65°  F.  If  the  spec.  grav.  be  greater, 
the  same  process  is  once  more  iepeaied. 

Instead  of  chloride  of  calcium  unslacked  lime 
may  be  employed.  The  retort  is  filled  to  $  of 
its  bulk  with  fresh  quicklime  in  small  pieces, 
and  the  alcohol  then  added  so  as  to  cover  the 
lime.  This  attracts  the  water  with  such  avidity 
as  often  to  cause  the  liquid  to  become  hot.  After 
a  digestion  over  the  lime,  of  2  to  3  hours  or 
more,  the  alcohol  is  distilled  over  slowly  by  the 
heat  of  a  water-bath.  If  the  alcohol  employed 
be  too  weak,  repetition  of  the  process  is  neces- 
sary. This  method  yields  a  product  applicable 
for  most  technical  purposes  ;  but  it  often  con- 
tains traces  of  lime,  from  which  it  may  be 
freed  by  redistillation.  Caustic  potassa  cannot 
be  used  with  safety  for  obtaining  anhydrous 
or  absolute  alcohol,  as  it  is  apt  to  alter  it, 
especially  when  in  contact  with  the  atmo- 
sphere. 

By  mere  distillation,  alcohol  cannot  be  freed 
from  water  beyond  a  certain  point  (10  to  15 
per  cent.).  The  above  substances  act  by  their 
great  affinity  for  water,  abstracting  and  retain- 
ing it  so  as  to  allow  the  pure  alcohol  to  be  dis- 
tilled off.  Other  substances  are  often  employed 
for  the  same  purpose,  but  are  less  effective, 
such  as  carbonate  of  potassa,  which  abstracts 
most  of  the  water,  and  forms  with  it  a  dense 
solution,  below  and  separate  from  the  al- 
cohol ;  but  alcohol  cannot  be  obtained  perfectly 
anhydrous  by  distillation  over  this  substance, 
even  when  employed  in  its  freshly  ignited  state, 
or  by  repetition  of  the  distillation.  Effloresced 
or  calcined  sulphate  and  carbonate  of  soda, 
plaster  of  Paris,  calcined  clay,  &c,  are  not 
capable  of  freeing  it  more  effectually  from 
water  than  can  be  done  by  careful  distillation 
alone. 

Other  methods  have  been  devised  for  obtain- 
ing absolute  alcohol,  but  they  are  of  more  in- 
terest in  a  scientific  than  in  a  practical  point 
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of  view.  Thus,  if  moderately  strong  alcohol 
be  enclosed  in  an  ox  or  calf's  bladder  or  any- 
other  animal  membrane,  and  suspended  over  a 
sand-bath  or  in  any  other  warm  place,  the  in- 
side of  the  bladder  will  absorb  the  water  and 
allow  it  to  evaporate  on  the  outside.  Soem- 
mering, who  first  discovered  this,  advises  to 
cover  the  inside  of  the  bladder  with  a  coating 
of  isinglass,  and  states  that  it  may  thus  be  ob- 
tained absolute,  but  the  process  is  slow,  and 
the  alcohol  always  dissolves  some  fatty  mat- 
ter, from  which  it  can  only  be  freed  by 
distillation.  Another  method  of  procuring 
small  portions  of  absolute  alcohol  is  to  place  a 
shallow  vessel  containing  spirits  of  wine  in  an 
exhausted  receiver  over  unslacked  lime.  The 
receiver  soon  becomes  filled  with  the  vapors 
of  alcohol  and  water,  the  latter  of  which  is 
alone  absorbed  by  the  lime,  its  place  being 
supplied  by  a  renewed  evaporation  of  the 
water  from  the  alcohol  till  it  is  perfectly  anhy- 
drous. 

Prop.  Pure  anhydrous  or  absolute  alcohol 
is  a  colorless  liquid,  of  greater  fluidity  than 
water,  having  a  faint  but  agreeable  odour,  and 
a  sharp  burning  taste,  which  diminishes  con- 
siderably by  addition  of  water.  Its  caustic 
taste  is  due  to  the  great  avidity  with  which  it 
attracts  water  from  all  living  tissues  with 
which  it  is  brought  in  contact,  destroying 
their  vitality ;  it  may  therefore  cause  death, 
when  introduced  into  the  stomach.  But  these 
poisonous  effects  cease  when  diluted.  Taken 
in  small  quantities,  it  produces  hilarity;  in 
greater,  intoxication.  The  spec.  grav.  of  abso- 
lute alcohol  is,  0-7947  at  59°;  0-792  at  64°; 
0,791  at  68°,  and  0.739  at  its  boiling  point.  Its 
spec,  heat  is  0-52.  It  is  a  nonconductor  of 
electricity  and  shows  no  signs  of  decomposi- 
tion by  the  passage  of  an  electrical  current 
through  it.  Alcohol  has  never  been  frozen. 
Dr.  J.  K.  Mitchell,  of  Philadelphia,  who  by 
evaporation  of  solid  carbonic  acid  and  ether 
in  vacuo,  has  produced  the  greatest  cold  ever 
attained,  found  that  alcohol  of  spec.  grav.  0*798 
became  oily  and  adhesive  at  — 130°;  by  a 
greater  cold  it  became  still  thicker,  and  at 
— 146  it  flowed  like  melted  wax.  Alcohol  of 
0-820,  froze  easily. 

Alcohol  does  not  expand  uniformly  by  heat; 
the  greatest  uniformity  of  expansion  is  be- 
tween — 14  and  -\-98,  amounting  to  0-00047  of 
its  volume  for  every  degree.  Gay-Lussac  ex- 
amined the  contraction  of  alcohol  from  the 
temperature  of  its  boiling  point,  or  173°,  and 
constructed  the  following  table,  giving  the  con- 
traction of  the  alcohol  for  every  9°  in  1000th 
parts  of  its  volume  at  the  boiling  point. 


Temperature       Volume  of 
Fahrenheit.  alcohol. 

173 1000-0 

1(54 994-4 

155 988-6 

146 982-5 

137 975-7 

128 970-8 

119 965-3 

110 969-7 


Temperature       Volume  of 
Fahrenheit.  alcohol. 

1(11 954-3 

92 949-1 

83 944-0 

74 939-0 

65 934-0 

56 929-3 

47 9245 

38 919-9 


Alcohol  boils  at  173°  at  a  barometric  pres- 
sure of  29-5  inches.     1  vol.  of  alcohol  yields 


488-3  vol.  of  alcoholic  vapor  measured  at  212° 
compared  with  water,  it  yields  a  larger  volume 
of  vapor  by  3-14  times.  The  spec.  grav.  of  the 
vapor  is  1-613.  If  alcoholic  vapor  be  passed 
through  a  red  hot  tube,  it  is  decomposed  and 
yields  aldehyde,  light  carburetted  hydrogen,  and 
water;  at  higher  temperatures  it  deposits  car- 
bon and  yields  a  mixture  of  combustible  gases. 
Alcoholic  vapor  mixed  with  three  times  its 
vol.  oxygen  and  ignited  by  an  electrical  spark 
explodes  with  violence,  and  yields  double  its 
vol.  carbonic  acid,  and  three  times  its  vol.  of 
vapor  of  water.  Alcohol  itself  is  highly  com- 
bustible, and  burns  with  a  whitish,  slightly 
smoking  flame,  which  deposits  carbon  on  cold 
bodies  held  in  it.  Mixed  with  water,  it  burns 
with  a  flame  entirely  blue,  and  deposits  no 
carbon.  If  alcohol  be  burned  by  a  wick,  sur- 
rounded by  a  spiral  of  platinum  wire,  and  the 
flame  then  be  suddenly  blown  out,  the  platinum 
wire  continues  to  incandesce,  caused  by  the 
imperfect  combustion  of  the  alcoholic  vapors, 
giving  rise  to  the  formation  of  lampic  acid 
(see  this,  and  Mdehydic  acid  under  Acetule), 
of  a  pungent  and  disagreeable  smell  (Aphlo- 
gistic  or  Davy's  lamp).  Platinum  black  (finely 
divided  platinum),  moistened  with  a  small 
quantity  of  alcohol  becomes  incandescent,  but 
if  moistened  with  a  larger  quantity,  so  as  to 
prevent  the  rise  of  the  temperature  but  still  to 
ieave  both  the  alcohol  and  platinum  in  contact 
with  the  atmosphere,  oxygen  is  absorbed  and 
the  alcohol  converted  into  acetic  acid  and 
acetic  ether,  aldehyde  and  acetal  (see  these). 
By  a  continued  action  of  the  platinum,  the  two 
latter  are  also  converted  into  acetic  acid. 

At  ordinary  temperatures,  alcohol  suffers  no 
change  by  contact  with  the  atmosphere.  From 
moist  air  it  absorbs  water,  and  dissolves  like- 
wise some  air,  which  may  be  easily  expelled 
by  heat,  without  alteration.  Its  power  to  dis- 
solve oxygen  is  about  2^  times  greater  than 
that  of  water.  According  to  Saussure,  it  dis- 
solves 0-1625  of  its  own  volume  of  oxygen. 
By  admixture  of  water  a  portion  of  this  oxygen 
is  expelled,  in  small  bubbles,  and  gives  rise  to 
a  kind  of  passing  turbidness  or  effervescence. 
Nitrogen  is  dissolved  in  about  equal  quantities 
by  them  both. 

The  affinity  of  alcohol  to  water  is  very  strong, 
and  heat  is  generated  by  their  mixture.  If,  on 
the  contrary,  alcohol  be  mixed  with  snow  or 
pulverized  ice,  it  produces  cold.  Absolute 
alcohol,  cooled  down  to  32°  Fah.  and  mixed 
with  a  somewhat  larger  quantity  of  snow  than 
it  is  capable  of  melting,  will  cause  a  fall  of  the 
temperature  to  — 35°.  Spirits  of  wine  of  0-86 
sp.  gr.  and  61°  temperature,  mixed  with  snow 
of  32°,  is  cooled  down  to  — 14°.  By  the  mixture 
of  alcohol  with  water,  a  contraction  takes 
place,  which  increases  regularly,  till  the  mix- 
ture consists  of  1  at.  ale.  to  3  at.  water,  or  100 
pts.  alcohol  and  116-23  water.  100  vol.  of  this 
mixture  contain,  at  59°,  53-94  vol.  of  anhy- 
drous alcohol,  and  49-84  vol.  of  water,  which, 
therefore,  have  contracted  from  103-78  to  100. 
The  spec,  gravity  of  this  mixture  is  0-927  at 
59°.  From  this  point,  the  contraction,  by  new 
additions  of  water,  diminishes  until  by  a  cer- 
tain dilution,  an  apparent  expansion  takes 
place.  Thus,  Thillaye  found  that  3  vol.  of 
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dilute  alcohol  of  0-954  spec.  grav.  and  7  parts  of 
water  yielded  a  mixture  of  0-9850  spec.  grav.  in- 
stead of  0-9863,  showing  an  increase  in  vol.  of 
0-00 13.  In  this  case  heat  is  generated,  not with- 
standing  this  expansion,  which  latter  merely  is 
apparent  and  depends  on  a  diminution  of  its 
previous  contraction.  If  the  mixture  be  made 
of  anhydrous  alcohol  and  water,  till  it  acquires 
the  above  spec,  grav.of  0-985, there  will  be  found 
an  actual  diminution  of  volume  of  0-007.  The 
following  table  shows  the  contraction  for  every 
decrease  of  5  per  cent,  in  the  content  of 
alcohol : 


Pr.  ct.  in  vol. 
of  abs.  alcoh. 
in  100  vol.  of 
mixture      at 
59°. 

Contraction 
in    per  ct.  of 
the     volume 
of  the    mix- 
ture. 

Pr.  ct.  in  vol. 
of  abs.  alcoh. 
in  100  vol.  of 
mixture      at 
59°. 

Contraction 
in  per  ct.  of 
the     volume 
of  the   mix- 
ture. 

100 

0- 

50 

3-745 

95 

1-18 

45 

3-64 

90 

1-94 

40 

3-44 

85 

2-47 

35 

3-14 

80 

2-87 

-  30 

2-72 

75 

3-19 

25 

2-24 

70 

3-44 

20 

1-72 

65 

3-615 

15 

1-20 

60 

3-73 

10 

0-72 

55 

3-77 

5 

0-31 

It  may  be  seen  from  this  table  that  the  same 
diminution  of  volume  may  occur  by  the  mix- 
ture of  very  different  proportions  of  alcohol 
and  water  (3-44  for  70  and  40  per  cent.  ale). 
The  avidity  with  which  absolute  alcohol  at- 
tracts water  from  the  atmosphere,  renders  it  ne- 
cessary to  keep  it  in  well-stoppered  bottles,  in 
order  to  preserve  it  anhydrous. 

As  the  spec.  grav.  and  expansion  of  alcohol 
is  altered  by  the  addition  of  water,  so  the  ad- 
mixture of  this  fluid  likewise  affects  its  vola- 
tility in  an  interesting  manner.  Tralles  found 
that  the  admixture  of  a  minute  quantity  of 
water  did  not  raise  the  boiling-point;  and 
Soemmering  has  shown,  that  alcohol  contain- 
ing two  to  three  per  cent,  of  water  is  even  more 
volatile  than  absolute  alcohol.  Alcohol,  of  94 
per  cent.,  or  of  a  spec.  grav.  of  0-82  at  59°,  has 
exactly  the  same  volatility  as  abs.  alcohol,  and  if 
alcoholof  0-8  spec.grav.be  subjected  to  distilla- 
tion, the  portion  that  first  distills  over  contains 
the  greatest  quantity  of  water,  while  the  alcohol 
becomes  stronger  during  the  distillation,  till 
finally,  the  last  portion  that  distills  over  is 
anhydrous.  If,  on  the  contrary,  alcohol  that 
contains  more  than  6  per  cent,  of  water  be 
subjected  to  distillation,  the  portion  that  distils 
over  is  always  stronger  in  alcohol  than  the 
portion  remaining  in  the  retort,  and  the  tem- 
perature at  which  this  boils  rises  continually, 
so  that  its  strength  might  be  ascertained  by  the 
temperature  of  its  vapors,  indicated  by  a 
thermometer  immersed  in  the  upper  part  of  the 
retort.  Groening  has  attempted  to  apply  this 
practically,  and  constructed  the  following 
table,  in  which  the  first  column  indicates  the 
temperature ;  the  second  the  per  centage  of 
alcohol  in  the  boiling  liquid;  and  the  third,  the 
content  of  alcohol  in  the  vapor,  or  the  con- 
densing distillate.     (See  table  in  next  column.) 

The  reaction  between  alcohol  and  other  sub- 
stances differs  according  to  its  greater  or  less 
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Per  cent,  of  alco- 

Per cent   of  alco- 

Temperature. 

hol  In  the  boiling 

hol  ot  the  ih-.nl- 

liquid  in  retort. 

late. 

171 

92 

93 

158-9 

90 

92 

172 

85 

91-5 

172-7 

80 

90-5 

173-8 

75 

90 

175-1 

70 

89 

176 

65 

87 

178-3 

50 

85 

180-5 

40 

82 

182-8 

35 

80 

185 

30 

78 

187-3 

25 

76 

189-5 

20 

71 

191-8 

18 

68 

194 

15 

66 

196-3 

12 

61 

198-5 

10 

55 

200-8 

7 

50 

203 

5 

42 

205-3 

3 

36 

207-5 

2 

28 

209-8 

1 

13 

212 

0 

0 

dilution  with  water.  In  general,  its  peculiar 
reactions  and  properties  are  diminished  in  pro- 
portion to  its  dilution. 

Alcohol  dissolves  sulphur.  When  saturated 
by  heat,  the  solution  deposits,  on  cooling,  sul- 
phur, in  small  transparent  crystals.  The  solu- 
tion becomes  turbid  by  addition  of  water,  and 
possesses  a  disagreeable  hepatic  odor.  If  alco- 
hol and  sulphur  be  brought  together,  as  vapors 
for  instance,  by  suspending  a  vessel  with  alco- 
hol in  a  vessel  in  which  sulphur  is  sublimed, 
a  red  colored  solution  is  obtained,  which  con- 
tains a  compound  of  sulphur,  formed  by  the 
decomposition  of  the  alcohol,  and  which,  like 
sulphuretted  hydrogen,  precipitates  metallic 
solutions.  Alcohol  likewise  dissolves  phospho- 
rus. According  to  Buchncr,  phosphorus  re- 
quires 320  parts  of  cold  and  240  parts  of  boil- 
ing alcohol,  of  which  latter  solution  one-fourth 
of  the  phosphorus  separates  again,  on  cooling. 
The  saturated  solution  phosphoresces  in  the 
dark.  Chlorine  is  absorbed  by  alcohol,  and  de- 
composes it.  See  Chloral  and  Chloroform. 
If  the  alcohol  contain  water,  several  other  pro- 
ducts are  formed.  See  Aldehyde,  &c.  The 
action  of  bromine  is  similar.  See  Bkomal. 
Iodine  dissolves  in  alcohol,  with  a  brown  color. 
When  dissolved  by  heat,  it  deposits  on  cooling 
in  crystals.  The  solution  contains,  after  some 
time,  iodohydric  acid,  and  assumes  an  ethereai 
smell.  Alcohol  has  no  action  on  charcoal,  but 
it  mixes  in  all  proportions  with  sulphuretted 
carbon,  and  is  then  decomposed  by  the  addition 
of  caustic  alkali.     See  Xaxthogev. 

Anhydrous  alcohol  is  decomposed  by  potassium 
and  sodium  with  the  liberation  of  hydrogen  gas. 
See  Ether.  It  dissolves  the  hydrates  of  \ 
and  soda,  forming,  at  first,  a  clear  solution, 
which  soon  becomes  brown,  by  the  decompo- 
sition of  alcohol  and  the  formation  of  a  resi- 
nous matter,  which  may  be  precipitated  by  the 
addition  of  an  acid.  The  hydrates  of  litkia, 
baryta,  strontia,  and  lime,  are  insoluble  in  alco- 
hol.    Jimmoniacal  gas  is  absorbed  by  it  in  great 
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quantity.  The  earths  and  the  metallic  oxides  are 
insoluble  in  it.  The  alkaline  sulphurets  dissolve 
readily  in  alcohol. 

The  stronger  acids,  in  general,  act  on  alcohol, 
and  give  rise  to  the  formation  of  ether.  See 
Ether.  Those  which  contain  a  larger  amount 
of  oxygen  and  readily  part  with  it,  such  as 
strong  nitric  and  chloric  acids,  decompose  it 
still  farther. 

Most  of  the  gases  are  absorbed  by  alcohol, 
and  several  of  them  in  a  larger  proportion  than 
by  water,  as  shown  by  the  following  table  of 
Saussure's: 


There    is    absorbed    at 
64-4°  of 


Sulphurous  acid  gas 
Sulphuret.  hydrogen 

Carbonic  acid 

Nitrous  oxide 

Olefiantgas 

Oxygen  

Carbonic  oxide.... 

Hydrogen 

Nitrogen 


By  1  volume  By    1   vol.    air 
air-free  free    alcohol, 

water.  sp.  gr.   084 


43-78  vols, 
2-53 
1-06 
0-76 
0.155 
0-065 
0-062 
0-046 
0-042 


115-77  vols. 
6-06 
1-86 
1-53 
1-27 
0-1625 
0-145 
0-051 
0-042 


Alcohol  also  absorbs  68  vols,  chlorohydric 
acid  gas,  a  considerable  amount  of  nitric  oxide, 
and  23  vols,  cyanogen. 

The  solubility  of  the  different  salts  in  alcohol 
will  be  found  under  them.  All  salts  of  inor- 
ganic acids  which  are  insol.  or  sparingly  sol. 
in  water,  are,  in  general,  also  insol.  in  alcohol ; 
and  also  effervescent  salts.  The  deliquescent 
salts,  on  the  contrary,  are  generally  soluble  in 
alcohol,  excepting  carb.  potassa.  Most  of  the 
chlorides  which  are  readily  soluble  in  water,  dis- 
solve also  in  alcohol ;  and  some,  such  as  chlo- 
ride of  mercury,  are  even  more  soluble  in  alco- 
hol than  in  water.  The  organic  acids,  and 
most  of  the  salts  of  the  fatty  acids,  dissolve 
also  in  alcohol.  With  some  salts,  it  combines 
chemically.  See  Aecoate.  Its  power  of  dis- 
solving substances  sol.  in  water,  increases,  in 
general,  with  its  content  of  water;  but  for 
resins  and  fats,  vol.  and  fixed  oils,  and  other 
substances  for  which  it  is  a  specific  solvent, 
this  power  decreases  strongly  by  the  addition 
of  water. 

Th.  de  Saussure  was  the  first  who  ascer- 
tained with  any  accuracy  the  composition  of 
alcohol,  since  which  it  has  been  analyzed,  with 
corresponding  results,  by  Duflos,  Dumas,  and 
Boullay,  and  others.    It  consists  of 

Atoms.  In  100. 

Carbon 2  or  4  52.650 

Hydrogen 3  or  6  12-896 

Oxygen 1  or  2  34-454 

The  vapor  of  alcohol  consists  of — 
2  vols,  of  carbon  vapor  (  -8429  x  2)  =  1-6858 

6     "  hydrogen (  -0688  X  6)  =  0-4128 

1     "  oxygen (1-1026  X  1)  =  1-1026 

Condensed  to  2  vol.  alcohol  vapor 3-2012 

Of  which  one  volume  weighs 1-6006 

Gay-Lussac  found  by  actual  experiment,  the 
spec,  gravity  of  its  vapor  to  be  1-6133. 
In  reference  to  the  manner  in  which  these 
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elements  are  arranged,  there  exists  some  diver- 
sity of  opinion.  Saussure,  and  after  him 
Dumas  and  others,  considered  it  as  the  bihy- 
drate  of  carburetted  hydrogen,  composed  of — 

4  vol.  of  carburetted  hy- 
drogen (etherin) (0-9804  X  4)  =  3-9216 

4  vol.  of  vapor  of  water  (0-6201  X  4)  =  2-4804 

Condensed  to  4  vol.  of  vapor  of  alcohol  6-4020 
Of  which  one  vol.  weighs 1-6005 

But  alcohol  is  now  generally  considered  as  the 

hydrate  of  ether,  or  oxide  of  elhule  (see  Ether), 

consisting  in  100  parts  of 

1  atom  of  the  oxide  of  ethule 80-624 

1  atom  of  water 19-376 

or,  in  its  gaseous  state,  of 

£  volume  of  vapor  of  ether 1-2906 

£        "  "  water -3101 


Combined  to  1  vol.  of  vaporof  alcoh.  1-6007 

Its  formula  is  then  04H50-f-H0,  and  its 
atomic  weight  46-52  (H  =  1),  or  580-62 
(O  =  100). 

Berzelius,  however,  considers  alcohol  as  the 
oxide  of  a  separate  radical  (C2H3),  and  ex- 
presses its  composition  by  the  formula  C2H3 
+  0.  Its  atomic  weight  becomes  then  only  half 
of  the  former,  or  23-26  (H  =  1),  or  290-31, 
(0=  100).  The  reasons  on  which  he  founds 
his  supposition  are:  1.  If  alcohol  really  were 
a  hydrate  and  moreover  the  hydrate  of  a  base, 
(the  oxide  of  ethule,)  it  ought  to  be  possible  to 
abstract  its  water  by  other  bases,  which  have 
a  stronger  affinity  for  water.  The  affinity  for 
water  of  baryta,  for  example,  is  so  great  that  it 
will  bear  ignition  without  parting  with  it,  still 
it  is  not  capable  of  separating  any  water  from 
alcohol  or  liberating  ether.  2.  When  a  basic 
body  combines  with  water  to  a  hydrate,  this  hy- 
drate is  a  salt-like  compound,  in  which  the 
water  performs  the  part  of  an  acid,  but  having 
less  power  of  neutralization,  the  bases  retain 
more  of  their  original  properties.  The  very 
reverse  is  the  case  with  ether,  or  the  oxide  of 
ethule.  It  combines  with  acids  to  neutral 
compounds,  most  of  which  retain  the  charac- 
ter of  the  ether  to  a  remarkable  degree,  while 
this  is  not  the  case  with  alcohol.  Water  would 
therefore  produce  a  greater  change  in  the  cha- 
racter of  ether  than  the  acids,  by  combining 
with  it.  3.  Alcohol  of  0-927  spec,  grav.,  that 
is,  that  hydrate  of  the  oxide  of  ethule  in  which 
the  elements  have  suffered  the  greatest  con- 
traction, would  consist  of  1  at.  of  oxide  of 
ethule  and  7  at.  of  water,  which  relative  num- 
ber is  less  probable.  4.  Ether  dissolves  water, 
and  water  ether,  but  they  may  again  be  sepa- 
rated by  distillation  without  the  formation  of 
any  alcohol  (see  1st  reason).  5.  Analogy  with 
wood  spirit,  or  methulic  alcohol  and  methulic 
ether,  or  oxide  of  methule,  (see  Methulk),  two 
substances  which  bear  the  same  relation  to 
each  other  as  alcohol  and  oxide  of  ethule. 
Methulic  alcohol  combines  with  anhydrous 
baryta  to  a  crystalline  compound,  which,  when 
heated,  first  gives  off  a  portion  of  the  methulic 
alcohol  unaltered;  and,  when  the  remaining 
compound  is  still  further  heated,  the  methulic 
alcohol  suffers  the  destructive  decomposition 
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rather  than  be  separated  into  water  and  oxide 
of  melhule. 

The  main  support  for  the  theory  of  alcohol  j 
being  the  hydrate  of  the  oxide  of  ethule  is  de- 
rived from  the  fact,  that  when  the  oxide  of 
ethule  is  separated  from  any  of  its  neutral 
i  ompounds  with  the  acids,  by  the  hydrate  of  j 
an  alkali,  it  always  appears  as  alcohol;  which 
would  afford  a  striking  analogy  with  other 
bases,  which,  under  similar  circumstances,  al- 
ways separate  as  hydrates.  Again,  by  the  re- 
action of  potassium  with  anhyd.  alcohol,  the 
latter  gives  off  half  of  its  oxygen  to  the  po- 
tassium, while  the  equivalent  hydrogen  is  libe- 
rated, and  the  ether  thus  formed  combines  with 
the  potassa  to  a  crystallisable  compound,  which 
may  be  removed,  and  from  which,  by  the  addi- 
tion of  water,  it  is  again  separated  as  alcohol  ; 
it  therefore  agrees  well  with  the  usual  reaction 
of  potassium  with  hydrates,  and  is  rather  in 
t'.ivov  of  this  theory.  For  the  theoretic  view 
of  the  formation  of  alcohol  from  sugar,  see 
Febmbstatiok. 

2.  In  commercial  and  pharmaceutical  language, 
the  names  of  alcohol  and  spirit  of  wine  are 
applied  to  mixtures  of  absolute  alcohol,  or 
alcohol  properly  so  called,  with  different  pro- 
portions of  water,  obtained  by  purification  and 
rectification  of  ardent  spirits  or  liquors,  such 
as  brandy,  rum,  gin,  whisky,  arrack,  &c.  (see 
these).  The  ardent  spirits  or  liquors  are  mix- 
tures of  alcohol  (54  per  cent,  or  less)  with  a 
greater  proportion  of  water  and  volatile  oil 
(oil  of  grain,  &c),  and  are  themselves  ob- 
tained by  distillation  from  vinous  liquids,  or 
such  as  have  undergone  the  vinous  fermenta- 
tion, by  which  alcohol  is  produced  in  liquids 
containing  sugar  or  substances  convertible 
into  it.     (See  Fermentation.) 

Spirit  of  wine  and  commercial  alcohol  have 
a  spec.  grav.  of  from  0-900  to  0-825  and  con- 
tain from  64  to  92  per  cent,  of  absolute  alco- 
hol. Alcohol  of  U.  S.  Pharmacopoeia,  or  recti- 
irit,  Load.  Pharm.,  has  a  spec.  grav.  of 
0-835,  and  contains  89  per  cent,  by  volume,  or 
85  per  cent,  by  weight,  of  absolute  alcohol. 
This,  diluted  with  its  equal  volume  of  water, 
forms  the  diluted  alcohol  of  U.  S.  Pharmaco- 
poeia, which  has  a  spec.  grav.  of  0-935,  and  con- 
tains 49  per  cent,  by  vol.,  or  42  per  cent,  by 
weight,  of  absolute  alcohol,  and  corresponds 
nearest  in  strength  to  what,  in  commerce,  is 
called  proof  spirits,  but  is  actually  a  pure 
diluted  alcohol,  while  the  commercial  proof 
spirits  contain  volatile  and  empyreumatic  oil, 
and  often  coloring  matters,  such  as  burned 
sugar,  together  with  aromatic  tinctures,  de- 
signed to  impart  a  peculiar  flavor. 

Commercial  alcohol  is  prepared  from  ardent 
spirits  or  distilled  liquors  (see  these),  which 
consist  of  alcohol,  water,  and  volatile  oil  (oil  of 
grain,  or  potato  spirit  oil,  fousel  oil,  &c).  Of 
these,  the  alcohol  is  so  much  more  volatile  than 
the  water  that  it  can  be  separated  to  the  desired 
strength  by  simple  distillation,  but  the  volatile 
oil — particularly  that  of  grain — follows  it  very 
pertinaciously,  and  can  only  be  removed  by  the 
addition  of  a  substance  that  combines  with  it, 
and  thereby  renders  it  less  volatile.  The  best 
method  is  to  perform  the  distillation  over  a 
sufficient  quantity  of  well  charred  and  coarsely 
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powdered  coal  of  pine,  fir,  birch,  or  other 
porous  wood.  The  still  is  filled  with  \  or  ]  of 
the  volume  of  the  liquor,  and  the  fust  ^  or  $ 
of  the  distillate  collected  separately.  Should 
this  not  prove  sufficiently  free  from  it,  the  dis- 
tillation is  repeated  over  a  new  smaller  por- 
tion of  the  charcoal.  The  oil  .may  also  be  re- 
moved previously  to  distillation  by  filtration 
through  coarsely  powdered  charcoal  (birch, 
&c.),  for  which  purpose  a  filter  constructed  on 
the  plan  of  Dumont's  (see  Filtiiation)  may 
be  employed  with  advantage,  and  will  remain 
effectual  for  a  longer  time.  If  the  brandy  con- 
tain empyreumatic  oil,  this  can  only  be  re- 
moved by  digestion  with  animal  charcoal  in  a 
close  vessel  and  subsequent  filtration. 

The  action  of  charcoal  is  very  striking,  for 
to  free  25  galls,  of  strong  liquor  from  fousel 
oil,  6 — 10  lbs.  charcoal  are  requisite,  but  the 
same  coal  may  be  used  for  twice  that  quantity. 
There  is,  however,  a  difference  between  the 
different  kinds  of  charcoal.  Ludersdorff's  ex- 
periments in  the  following  table  show  this 
clearly.  A  quart  of  spirit  of  80  per  cent. 
Tralles  was  purified. 

Potato  Spirit  by  Oz. 

Fir-wood  charcoal I 

Linden  " § 

Birch  " li 

Willow         " 2 

Oak  " 2^ 

Bone  black 5 

Grain  Spirit  by  Oz. 

Fir- wood  charcoal If 

Birch  " \l 

Linden  " If 

Willow  " 2$ 

Oak  " 4 

Bone  black 7 

Small  portions  of  chloride  of  lime  have  also 
been  employed  for  the  removal  of  the  oil, 
which  is  decomposed  by  it,  and  remains  behind 
by  the  distillation,  but  the  chloride  of  lime  is 
apt  to  react  on  the  alcohol,  the  products  of 
which  follow  the  alcohol  in  the  subsequent  dis- 
tillation. An  addition  of  milk  before  the  dis- 
tillation has  also  been  recommended,  but  the 
coagulated  milk  is  apt  to  adhere  to  the  bottom 
of  the  still  and  become  scorched  by  the  heat. 
The  removal  of  the  oil  has  also  been  attempted 
by  shaking  the  brandy  with  fixed  oils.  Garbel 
recommends  as  a  very  effectual  remedy,  to  mix 
the  brandy,  previous  to  the  distillation,  with  so 
much  caustic  potassa  as  to  give  it  a  faint  alka 
line  reaction.  By  distillation,  the  oil  then  is 
retained  in  combination  with  the  potassa. 

The  distillation  itself  is  performed  in  an  or- 
dinary still  with  its  capital  and  worm,  but  in 
order  to  obtain  a  strong  alcohol  several  re- 
peated distillations  are  requisite.  See  Distil- 
lation. 

A  very  important  improvement  has  been  in- 
troduced into  modern  distilleries,  by  which  a 
concentrated  alcohol  may  be  procured  by  a 
single  distillation  from  fermented  wort,  wines, 
and  other  weak  spirituous  liquids.  It  depends 
on  the  fact  noticed  in  a  table  above  given,  that 
the  boiling  point  of  alcohol  is  higher  in  pro- 
portion to  its  content  of  aqueous  vapor,  or  in 
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other  words,  the  temperature  at  which  alco- 
holic vapors  condense  is  lower  when  the  con- 
tent of  water  is  smaller,  and  in  direct  propor- 
tion until  we  approach  absolute  alcohol.  Thus, 
if  we  pass  the  vapors  of  dilute  alcohol,  such 
as  wine,  &c,  through  a  series  of  vessels  like  a 
Woulfe's  apparatus,  a  large  proportion  of  water 
will  condense  in  the  first  with  a  little  alcohol, 
for  the  vessel  becoming  heated,  say  to  200°, 
the  vapor  of  spec.  grav.  0-928  has  this  boiling 
or  condensing  point,  and  contains  53  per  cent, 
alcohol  by  vol.,  while  the  balance,  now  richer 
in  alcohol,  has  a  lower  condensing  point  and 
passes  to  the  second  vessel ;  the  second  be- 
coming heated  also,  but  to  a  lower  point,  say 
187°,  another  strength  of  alcohol  condenses, 
viz.  that  which  has  such  a  boiling  point  and  a 
spec.  grav.  of  0-8765,  and  contains  75  per  cent. ; 
in  the  third  vessel,  at  a  temperature  of  177°, 
it  will  condense  with  a  spec.  grav.  of  0-8458 
and  contain  86  per  cent.  It  was  in  fact  by 
such  an  arrangement  of  Woulfe's  bottles  that 
the  process  was  discovered  in  Montpellier, 
France,  of  obtaining  a  strong  alcohol  by  a  sin- 
gle distillation.  A  variety  of  stills  have  since 
been  constructed  on  this  principle,  of  which 
Pistorius's,  in  Germany,  has  been  celebrated 
foi  its  convenience  and  economy  of  fuel. 

The  still  given  in  PI.  II.  figs.  5,  6,  and  7,  pa- 
tented in  1830,  in  England,  is  a  good  form  for 
this  process.  It  consists  of  the  kettle  for  the 
liquid  to  be  distilled,  the  rectifier,  a  series  of 
cooling  boxes  placed  above  the  kettle,  and  the 
neck  and  worm  for  condensing  the  strong  al- 
coholic vapor.  The  vapor  rising  in  the  spa- 
cious capital  enters  the  first  partition  of  the 
water-condenser,  where  it  is  slightly  cooled  by 
contaci  with  the  hollow  vessel  i.  fig.  5.  This 
vessel  is  convex  above,  flat  beneath,  and  has  a 
rim  around  its  edge  to  detain  the  vapor  for  a 
moment.  The  cold  water  flowing  over  the 
boxes,  passes  through  these  vessels,  and  hence 
refrigeration  is  greatly  promoted.  The  first 
box  may  represent  the  first  Woulfe's  bottle 
above  mentioned,  where  a  dilute  alcohol  con- 
denses, since  from  its  proximity  to  the  kettle, 
its  temperature  must  be  high.  Whatever  con- 
denses must  flow  back  into  the  kettle  from  the 
very  form  of  the  still.  Rising  through  the 
second  and  third  boxes,  more  aqueous  vapor 
with  portions  of  alcohol  are  condensed  and 
flow  back,  until  the  vapor  which  reaches  the 
top  of  the  capital  and  passes  into  the  neck  is 
a  strong  alcohol  of  nearly  90  per  cent.  See 
farther  under  Still. 

The  advantages  of  such  modern  stills  lie  in 
economy  of  fuel,  time,  and  labor ;  in  diminished 
liability  to  boiling  over,  or  explosion  ;  and  ge- 
nerally in  greater  freedom  from  essential  oil,  a 
portion  of  which  condenses  with  the  water 
and  returns  to  the  kettle. 

Uses,  Alcohol  meets  with  an  extended  appli- 
cation in  the  arts,  chemistry,  and  pharmacy, 
depending  on  its  solvent  power,  generally  dif- 
ferent from  that  of  water,  from  its  combusti- 
bility, and  its  effects  on  the  animal  economy. 
1.  As  a  solvent.  It  is  largely  used  for  dissolving 
resinous  substances,  which  are  incapable  of 
solution  in  water;  and  these  solutions  are 
termed  spirit  varnishes.  See  Vaunishes.  A 
solution  of  essential  oils,  in  alcohol,  constt- 
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tule  many  of  the  scented  waters  of  the  perfu- 
mer, such  as  Cologne  and  Lavender  waters,  &c, 
for  which  purpose,  either  the  essential  oils, 
or  the  parts  of  plants  from  which  they  are  de- 
rived, are  treated  with  strong  or  dilute  alcohol. 
See  Essences.  Alcohol  is  farther  used  by  the 
pharmaceutist  in  the  preparation  of  various 
tinctures,  resinous  extracts,  spirits,  ethers,  &c. 
See  Tinctures. 

It  is  farther  employed  in  some  manufactur- 
ing operations,  such  as  in  the  preparation  of 
the  vegetable  alkalies,  ethers,  pure  potassa,  &c. 
The  chemist  frequently  avails  himself  of  its 
solvent  power  in  his  analytic  researches,  espe- 
cially in  organic  chemistry,  since  it  dissolves 
volatile  oils  and  fats,  resin,  extractive,  sugars, 
veget.  alkalies,  urea,  leucin,  gliadin,  picromel, 
&c;  and  even  in  inorganic  research  it  is  often 
a  convenient  reagent,  as  in  the  separation  of 
sulphate  of  lime  from  sulphate  of  magnesia. 
See  these  several  articles. 

2.  As  a  fuel.  In  nice  chemical  operations, 
alcohol  is  much  employed  in  lamps,  being  pre- 
ferred to  oil  on  account  of  its  cleanliness,  and 
the  freedom  of  its  flame  from  smoke.  For  the 
same  reasons  it  is  sometimes,  but  rarely,  em- 
ployed in  domestic  economy.     See  Lamp. 

3.  Independently  of  its  pharmaceutic  use,  as 
a  solvent,  &c,  it  is  also  used  medicinally,  both 
internally  and  externally.  For  internal  admin- 
istration, as  a  stimulant  and  excitant ;  exter- 
nally, as  a  styptic,  to  restrain  hemorrhage,  from 
its  coagulating  the  blood  (see  Albumen),  and 
at  the  same  time  causing  contraction  of  the 
bleeding  parts,  as  awash  in  various  cutaneous 
diseases,  and  as  a  cold  lotion.  In  case  of  poi- 
soning by  spirituous  liquors,  the  most  effectual 
remedy  after  evacuation  of  the  stomach  is  a 
solution  of  acetate  of  ammonia. 

4.  Alcohol  is  farther  useful  as  an  antiseptic. 
It  prevents  the  putrefaction  of  animal  and  ve- 
getable substances,  and  is  therefore  extensively 
employed  in  the  preservation  of  anatomical 
preparations.  It  seems  mostly  to  act  by  bind- 
ing the  water,  the  free  action  of  which  is  neces- 
sary to  all  chemical  changes,  such  as  putrefac- 
tion, fermentation,  &c.  For  this  purpose  it  is 
best  to  begin  with  a  weak  alcohol  (50  per  cent.) 
and  change  it  several  times  for  a  somewhat 
stronger.  Stronger  alcohol  preserves  better 
than  a  weaker,  but  in  the  same  proportion  it 
is  apt  to  destroy  the  natural  colors,  and  alter 
or  harden  the  tissues. 

ALCOHOLOMETRY  is  the  process  of  es- 
timating the  quantity  of  absolute  alcohol  in 
an  alcoholic  liquid,  for  commercial  as  well  as 
other  purposes.  It  is  always  done  by  ascer- 
taining the  spec.  grav.  of  the  liquid,  but  it  is 
then  necessary  that  it  should  contain  nothing 
but  alcohol  and  water,  or  at  least  not  in  such 
quantity  as  to  affect  its  specific  gravity.  The 
content  of  alcohol  in  spirits,  which  contain  a 
large  amount  of  volatile  oil  or  sugar,  or  other 
substances  dissolved  in  them,  cannot,  therefore, 
be  estimated  directly  by  their  spec.  grav. 

In  order  to  be  able  to  calculate  the  content 
of  absolute  alcohol  in  an  alcoholic  liquid  from 
its  spec,  grav.,  it  was  found  necessary  to  mix 
absolute  alcohol  and  water  in  the  different  pro- 
portions, and  by  actual  experiment  ascertain 
the  spec.  grav.  of  these  mixtures.  Such  ex- 
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periments  have  been  undertaken  at  different 
times.  The  most  accurate  and  complete  are 
those  performed  by  Gilpin,  and  published  in 
the  L.  and  E.  Phil.  Trans.,  1794.  From  these 
and  additional  experiments  Tralles  construct- 
ed, in  1811,  the  tables  given  below. 

The  percentage  of  absolute  alcohol  in  any- 
spirituous  liquid  may  be  given  either  by  weight 
or  by  volume.  As  liquors  are  sold  by  mea- 
sure, not  by  weight,  it  is  generally  preferred  to 
know  the  percentage  by  volume.  The  volume 
of   absolute  alcohol  is  then  always  given  as 


measured  at  a  normal  temperature,  which,  in 
the  following  tables  of  Tralles,  is  60°. 

The  per  cent,  by  weight  remains  the  same 
at  all  temperatures,  but  the  per  cent,  by  vol. 
varies  with  the  temperature  of  the  liquid. 

The  following  table  of  Tralles  exhibits  the 
percent,  of  abs.  alcoh.  by  vol.  measured  at  a 
temp,  of  60°  Fahr.,  which  is  contained  in  an 
alcoholic  liquid,  the  spec.  grav.  of  which  has 
also  been  ascertained  at  60°,  taking  water  at 
the  temp,  of  its  greatest  density  as  1,  and  there- 
fore having  at  60°  a  spec.  grav.  of  0-9991. 
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Per  cent,  of  Al- 

Spec. grav.  of  the 

Difference  of  the 

Per  cent,  of  Al- 

Spec. grav.  of  the 

Difference  of  the 

cohol  by  volume. 

liquid  at  60°. 

spec,  gravs. 

cohol  by  volume. 

liquid  at  60°. 

spec,  gravs. 

0 

0-9991 

51 

0-9315 

20 

1 

9976 

15 

52 

9295 

20 

2 

9961 

15 

53 

9275 

20 

3 

9947 

14 

54 

9254 

21 

4 

9933 

14 

55 

9234 

20 

5 

9919 

14 

56 

9213 

21 

6 

9906 

13 

57 

9192 

21 

7 

9893 

13 

58 

9170 

22 

8 

9881 

12 

59 

9148 

22 

9 

9869 

12 

60 

9126 

22 

10 

9857 

12 

61 

9104 

22 

11 

9845 

12 

62 

9082 

22 

12 

9834 

11 

63 

9059 

23 

13 

9823 

11 

64 

9036 

23 

14 

9812 

11 

65 

9013 

23 

15 

9802 

10 

66 

8989 

24 

16 

9791 

11 

67 

8965 

24 

17 

9781 

10 

68 

8941 

24 

18 

9771 

10 

69 

8917 

24 

19 

9761 

10 

70 

8892 

25 

20 

9751 

10 

71 

8867 

25 

21 

9741 

10 

72 

8842 

25 

22 

9731 

10 

73 

8817 

25 

23 

9720 

11 

74 

8791 

26 

24 

9710 

10 

75 

8765 

26 

25 

9700 

10 

76 

8739 

26 

26 

9689 

11 

77 

8712 

27 

27 

9679 

10 

78 

8685 

27 

28 

9668 

11 

79 

8658 

27 

29 

9657 

11 

80 

8631 

27 

30 

9646 

11 

81 

8603 

28 

31 

9634 

12 

82 

8575 

28 

32 

9622 

12 

83 

8547 

28 

33 

9609 

13 

84 

8518 

29 

34 

9596 

13 

85 

8488 

30 

35 

9583 

13 

86 

8458 

30 

36 

9570 

13 

87 

8428 

30 

37 

9556 

14 

88 

8397 

31 

38 

9541 

15 

89 

8365 

32 

39 

9526 

15 

90 

8332 

33 

40 

9510 

16 

91 

8299 

33 

41 

9494 

16 

92 

8265 

34 

42 

9478 

16 

93 

8230 

35 

43 

9461 

17 

94 

8194 

36 

44 

9444 

17 

95 

8157 

37 

45 

9427 

17 

96 

8118 

39 

46 

9409 

18 

97 

8077 

41 

47 

9391 

18 

98 

8034 

43 

48 

9373 

18 

99 

7988 

46 

49 

9354 

19 

100 

7939 

49 

50 

9335 

19 

The  third  column  of  this  table  exhibits  the 
differences  of  the  spec,  gravs.,  in  order  to  faci- 
litate the  calculation  of  fractions  of  percent- 
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age  for  spec,  gravs.  intermediate  between  those 
given  in  the  table ;  the  difference  in  the  spec, 
gravs.  as  given  in  the  third  column  becoming 
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the  denominator  of  the  fraction ;  and  the  dif- 
ference between  the  next  greatest  spec.  grav. 
in  the  table,  and  that  of  the  liquid  in  question, 
forming  the  numerator.  Thus,  if  the  spec, 
grav.  of  a  spirit  were  found  to  be  at  60° 
=•9260,  this  would  indicate  a  percentage  of 
between  53  and  54,  or  be  53  and  a  fraction, 
the  numerator  of  which  will  be  the  difference 
between  the  spec.  grav.  for  53  per  cent.,  and 
that  of  the  spirit,  (-9260)  =  15,  and  the  denomi- 
nator, the  difference  between  the  spec,  gravs. 
for  53  and  54,  which  is  found  in  the  third  co- 
lumn =21.  The  fraction  will  therefore  be  \\, 
and  the  percentage  of  absolute  alcohol  for  that 
liquid  =  53 if  or  53-71. 

The  percentage  of  alcohol  by  weight  is  ob- 
tained from  the  above  table  by  first  finding  the 
■percentage  by  volume,  and  then  multiplying  this 
number  by  -7939  (the  spec.  grav.  of  absolute 
alcohol),  and  dividing  the  product  by  the  spec, 
grav.  of  the  liquid  in  question.  Thus,  in  the 
above  example,  the  percentage  by  vol.  =  53-71, 


multiplied  by  0-7939  is  =  42-64  ;  which  divided 
by  0'9260  (the  spec.  grav.  of  the  spirit),  is 
=  46-04,  or  the  spirit  contains  46-04  percent, 
by  weight  of  absolute  alcohol. 

The  preceding  table  requires  that  the  spec, 
grav.  of  the  liquid  under  trial  be  ascertained  at 
the  normal  temperature  of  60°.  If,  therefore, 
its  temperature  differ  from  it,  the  portion  used 
for  ascertaining  the  spec.  grav.  must  first  be 
artificially  brought  to  the  normal  temperature, 
which  is  often  inconvenient. 

As  it  is  therefore  desirable  to  be  able  to  cal- 
culate the  percentage  of  alcohol  in  a  spirit 
from  the  spec.  grav.  taken  at  any  temperature, 
it  is  necessary  to  know  the  expansion  or 
change  in  spec.  grav.  of  the  different  alcoholic 
mixtures  for  different  temperatures.  This  has 
also  been  ascertained  and  the  results  given  by 
Tralles  in  the  following  table,  showing  the  va- 
riation in  the  (real)  spec.  grav.  of  alcoholic 
liquids  at  different  temperatures. 


Table  II. 


Per  cent,  by 

~e 

Increase  of  spec.  grav.  at  the  indicated  temperature  below  60°. 

vol.  of  abso- 
lute Alcohol. 

ispec.  grav.  oi 
the  liquid  at  60°. 

+ 

55° 

50° 

45° 

40° 

35° 

30° 

0 

0.9991 

4 

7 

9 

9 

9 

7 

5 

9919 

4 

7 

9 

10 

10 

9 

10 

9857 

5 

9 

12 

14 

15 

15 

15 

9802 

6 

12 

17 

21 

23 

25 

20 

9751 

8 

16 

23 

29 

35 

39 

25 

9700 

10 

21 

31 

39 

48 

56 

30 

9646 

13 

26 

39 

51 

62 

73 

35 

9583 

16 

31 

46 

61 

75 

89 

40 

9510 

18 

35 

52 

70 

87 

103 

45 

9427 

19 

39 

57 

76 

94 

112 

50 

9355 

20 

40 

60 

80 

99 

118 

55 

9234 

21 

42 

63 

84 

104 

124 

60 

9126 

22 

43 

65 

6 

107 

127 

65 

9013 

22 

45 

67 

88 

109 

130 

70 

8892 

22 

45 

68 

90 

112 

133 

75 

8765 

23 

46 

68 

91 

L 13 

135 

80 

8631 

23 

47 

70 

92 

115 

137 

85 

8488 

23 

47 

70 

93 

116 

139 

90 

8332 

24 

48 

71 

94 

117 

140 

Per  cent,  by 
vol.  of  abso- 

Spec, gravity 
of  the  liquid  at 

Decrease  of  spec,  gr 

iv.  at  the  indicated  temperature  above  60°. 

lute  Alcohol. 

60°. 

65° 

70° 

75° 

80° 

85° 

90° 

95° 

100° 

0 

0.9991 

5 

11 

17 

24 

32 

40 

50 

60 

5 

9919 

5 

11 

18 

25 

33 

42 

51 

62 

10 

9857 

6 

13 

20 

29 

37 

47 

57 

68 

15 

9802 

7 

15 

25 

34 

44 

55 

67 

79 

20 

9751 

9 

19 

30 

41 

53 

66 

79 

93 

25 

9700 

11 

24 

36 

50 

63 

78 

93 

109 

30 

9646 

14 

28 

43 

59 

75 

91 

108 

125 

35 

9583 

17 

33 

50 

68 

86 

104 

122 

141 

40 

9510 

18 

37 

56 

75 

94 

114 

134 

154 

45 

9427 

20 

40 

60 

80 

101 

122 

143 

164 

50 

9335 

21 

42 

63 

84 

106 

128 

150 

173 

55 

9234 

22 

43 

65 

87 

109 

132 

155 

178 

60 

9126 

22 

44 

67 

90 

113 

136 

159 

183 

65 

9013 

22 

45 

68 

92 

115 

138 

162 

187 

70 

8892 

23 

46 

69 

93 

117 

141 

165 

190 

75 

8765 

23 

46 

70 

94 

119 

143 

167 

192 

80 

8631 

23 

47 

71 

96 

120 

144 

169 

194 

85 

8488 

24 

48 

72 

96 

121 

145 

170 

195 

L_       90 

8332 

24 

48 

72 

97 

121 

146 

171 

196 

91 
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But  as  the  spec.  grav.  of  liquids  at  different 
temperatures  is  dependent  on  their  expansion 
or  contraction,  which  is  always  ascertained  by 
vessels  or  instruments  of  glass  or  metal,  which 
themselves  expand  or  contract,  the  spec.  grav. 
thus  obtained  are  not  the  absolute  or  real  spec, 
gravs.,  but  merely  apparent,  that  is,  such  as  re- 
sult from  the  difference  in  the  expansion  of 


the  liquids  and  the  vessels  or  instruments  by 
which  they  are  ascertained.  Tralles  lias  cal- 
culated a  third  table,  which  exhibits  these  appa- 
rent spec,  gravs..  the  use  of  which  therefore  is : 
to  calculate  the  percentage  of  abs.  alcoh.  by 
volume,  in  a  liquid,  from  its  spec.  grav.  ascer- 
tained at  any  temperature  between  30°  and  85° 
by  a  glass  vessel  or  instrument. 


Table  III. 


Per  cent,  of 

Alcohol 
by  volume. 

Spec.  grav.  of  the  liquid  ascertained  by  glass  instruments  at  the  indicated  temperatures. 

30° 

35° 

40° 

45° 

50° 

55° 

60° 

65° 

70° 

75° 

80° 

85° 

0 

.9994 

.9997 

.9997 

.9998 

.9997 

.9994 

.9991 

.9987 

.9981 

.9976 

.9970 

.9962 

5 

9924 

9926 

9926 

9926 

9925 

9922 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9868 

9869 

9868 

9867 

9865 

9861 

9857 

9852 

9845 

9839 

9831 

9823 

15 

9823 

9822 

9820 

9817 

9813 

9807 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9786 

9782 

9777 

9772 

9766 

9759 

9751 

9743 

9733 

9723 

9713 

9701 

25 

9752 

9745 

9737 

9729 

9720 

9709 

9700 

9690 

9678 

9666 

9653 

9640 

30 

9715 

9705 

9694 

9683 

9671 

9658 

9646 

9633 

9619 

9605 

9590 

9574 

35 

9668 

9655 

9641 

9627 

9612 

9598 

9583 

9567 

9551 

9535 

9518 

950(1 

40 

9609 

9594 

9577 

9560 

9544 

9527 

9510 

9493 

9474  '  9456 

9438 

9419 

45 

9535 

9518 

9500 

9482 

9464 

9445 

9427 

9408 

9388  9369 

9350 

9329 

50 

9449 

9431 

9413 

9393 

9374 

9354 

9335 

9315 

9294  |  9274 

9253 

9232 

55 

9354 

9335 

9316 

9295 

9275 

9254 

9234 

9213 

9192  ;  9171 

9150 

9128 

60 

9249 

9230 

9210 

9189 

9168 

9147 

9126 

9105 

9083  9061 

9039 

9016 

65 

9140 

9120 

9099 

9078 

9056 

9034 

9013 

8992 

8969  |  8947 

8924 

8901 

70 

9021 

9001 

8980 

8958 

8936 

8913 

8892 

8870 

8847  8825 

8801 

8778 

75 

8896 

8875 

8854 

8832 

8810 

8787 

8765 

8743 

8720 

8697 

8673 

8649 

80 

8764 

8743 

8721 

8699 

8676 

8653 

8631 

8609 

8585 

8562 

8538 

8514 

85 

8623 

8601 

8579 

8556 

8533 

8510 

8488 

8465 

8441 

8418 

8394 

8370 

90 

8469  8446 

8423 

8401 

8371) 

8355  8332 

8309 

8285 

8262 

823S 

8214 

Reduction  in  the  spec.  grav.  when  ascertained  by  an  instrument  of  brass  before  using  the  above  table. 


To  be  subtracted. 
—  51  —  41  —  31  —  21  —  21  —  1 


To  be  added. 
0  I  +  1  |  +  2  |  +  2  |  +  3  |  -f  4 


For  temperatures  and  spec,  gravs.  interme- 
diate between  those  found  in  the  table,  the  per- 
centage must  be  calculated  by  interpolation, 
which  is  rather  an  inconvenience.  An  exam- 
ple will  best  illustrate  its  use.  Suppose  the 
spec.  grav.  of  a  spirit  has  been  found  0-9360 
at7S°;  78°  is  intermediate  between  75°  and 
80° ;  we  therefore  refer  to  the  two  vertical  co- 
lumns under  75°  and  80°,  and  find  that  the 
spec.  grav.  0-9360  is  intermediate  between  -9369 
under  75°  and  -9350  under  80°,  the  difference 
=  19  is  the  difference  in  the  spec.  grav.  for  5° 
(75°  to  80°)  or  -U,  the  difference  for  1° ;  the 
difference  between  75°  and  78°  is  3°,  which 
therefore  must  make  a  difference  in  the  spec. 
grav.  of  3  times  -t?-=-J-  or  llf,  and  therefore 
must  be  added  to  6-9360  in  order  to  reduce  this 
spec. grav.  to75°(0-9360-f-ll§=0.9371|);  orthe 
spec.  grav.  of  the  spirit  would  be  0-9371  (omit- 
ting the  fraction)  at  75°.  We  then  further  ob- 
serve, under  the  column  for  75°,  that  this  spec. 
grav.  is  intermediate  between  -9456  'the  spec, 
grav.  for  40  per  cent,  alcohol,  see  the  horizon- 
tal column),  and  -9369  (the  spec.  grav.  for  45 
per  cent,  alcohol),  its  strength  must  therefore 
be  between  40  and  45  per  cent. ;  the  difference 
in  the  spec.  grav.  for  these  5  percent,  is  87 
(-9456—9369=87).  The  difference  between 
the  spec,  grav,  for  40  per  cent,  and  the  spec. 
92 


grav.  in  question  is  85  (-9456— -9371=85). 
Therefore,  as  87:5  per  cent.=  85:x,  or  4-88 
per  cent,  which  must  be  added  to  40  per  cent., 
or  the  percentage  of  the  liquid  is  44-88. 

In  all  the  above  calculations  the  percentage 
in  volume  of  abs.  alcoh.  refers  to  the  volume 
of  the  liquid  when  measured  at  60°,  whether 
its  spec.  grav.  be  taken  at  60°  (Table  I.)  or 
at  any  other  temp.  (Table  III.).  This  percent- 
age is  therefore  called  its  strength.  But  if,  as 
in  the  sale  or  purchase  of  liquors,  it  be  desired 
to  know  the  absolute  quantity  of  pure  alcohol 
contained  in  the  whole  liquid,  this  must  be 
measured  at  60°,  or  its  temp,  observed  at  the 
time  it  is  measured,  and  its  volume  at  60°  then 
calculated  from  this  temperature  by  the  aid  of 
Table  II.,  the  volumes  being  in  an  inverse  ratio 
to  the  spec.  grav.  at  the  different  temperatures. 

To  avoid  this  calculation,  Tralles  has  calcu- 
lated another  table  (Table  IV.)  which  gives 
the  quantity  of  absolute  alcohol  in  reference  to 
the  volume  of  the  liquid  at  the  temperature  at 
which  it  is  measured,  or  its  richness,  on  which, 
therefore,  the  value  of  the  whole  liquid,  as  mea- 
sured, depends.  But  it  is  then  necessary  that 
the  spec.  grav.  of  it  be  taken  exactly  at  the  same 
temperature  at  which  it  is  measured.  The  spec, 
grav.  in  this  case  is  also  to  be  ascertained  by 
a  glass  instrument. 
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Table IV. 

To  ascertain  at  any  Temperature,  from  the  Spec.  Grav.,  the  Quantity  of  Jibs.  Alcohol  in  a  Liquid,  ex- 
pressed  in  per  cent,  of  its  Volume  at  that  Temperature. 


Per  cent,  of  abs. 

alcoh.  by  vol. 

in  tlie  liquid,  as 

measured. 

Spec.  grav.  of  the  liquid  ascertained  by  glass 

instruments  at  the  indicated  temperatures. 

30° 

35° 

40° 

45° 

50° 

55° 

60°  1  65° 

70° 

75° 

80° 

853 

0 

0.9994 

.9997 

.9997 

.9998 

.9997 

.9994 

.9991 

.9987 

.9981 

.9976 

.9970 

.9962 

5 

9924 

9926 

9926 

9926 

9925 

9922 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9868 

9869 

9868 

9867 

9865 

9861 

9857 

9852 

9845 

9839 

9831 

9823 

15 

9823 

9822 

9820 

9817 

9813 

9807 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9786 

9782 

9777 

9772 

9766 

9759 

9751 

9743 

9733 

9722 

9711 

9700 

25 

9753 

9746 

9738 

9729 

9720 

9709 

9700 

9690 

9678 

9665 

9652 

9638 

30 

9717 

9707 

9695 

9684 

9672 

9659 

9646  9632 

9618 

9603 

9588 

9572 

35 

9671 

9658 

9644 

9629 

9614 

9599 

9583  |  9566 

9549 

9532 

9514 

9495 

40 

9615 

9598 

9581 

9563 

9546 

9528 

9510  9491 

9472 

9452 

9433 

9412 

45 

9544 

9525 

9506 

9486 

9467 

9447 

9427  9406 

9385 

9364 

9342 

9320 

50 

9460 

9440 

9420 

9399 

9378 

9356 

9335  ;  9313 

9290 

9267  !  9244 

9221 

55 

9368 

9347 

9325 

9302 

9279 

9256 

9234  9211 

9187 

9163 

9139 

9114 

60 

9267 

9245 

9222 

9198 

9174 

9150 

9126  1  9102 

9076 

9051 

9026 

9000 

65 

9162 

9138 

9113 

9088 

9063 

9038 

9013  8988 

8962 

8936 

8909 

S882 

70 

9046 

9021 

8996 

8970 

8944 

8917 

8892 

8866 

8839 

8812 

8784 

8756 

75 

8925 

8899 

8873 

8847 

8820 

8792 

8765 

8738 

8710 

8681 

8652 

8622 

80 

8798 

8771 

8744 

8716 

8688 

8659 

8631 

8602 

8573 

8544 

8514 

8483 

85 

8663 

8635 

8606 

8577 

8547 

8517 

8488 

8458 

8427 

8396 

8365 

8333 

90 

8517 

8486 

8455 

8425 

8395 

8363 

8332 

8300 

8268 

8236 

8204 

8171 

Reduction  in  the  spec.  grav.  when  ascertained  by  a  brass  instrument  before  using  the  above  table. 


To  be  added. 
+  5|+4|+3|+2|+2|  +  j 


0 


To  be  subtracted. 
-  1  I  —  2  J  —  2  |  —  3  |  —4 


The  previous  tables  contain  all  that  is  re- 
quisite to  the  estimation  of  the  quantity  of 
alcohol  in  an  alcoholic  liquid  by  the  specific 
gravity.  This  latter  may  be  ascertained  either 
by  weighings  in  a  spec,  gravity  bottle  (see  Spe- 
cific Gravity  of  liquids),  or  by  Hydrometers, 
which  are  more  convenient  for  practical  pur- 
poses. Beaume's  hydrometer  is  often  employ- 
ed for  this  purpose,  it  being  only  necessary  to 
have  a  table  to  ascertain  the  spec,  gravs.  cor- 
responding to  its  degrees.  But  it  has  been 
found  more  convenient  to  give  to  the  hydro- 


meters such  a  construction  as  to  indicate  di- 
rectly the  percentage  of  alcohol. 

Hydrometers  thus  constructed  receive  the 
name  of  alcoholometers.  They  are  generally 
made  of  glass,  more  rarely  of  brass,  and  are 
sometimes  made  to  indicate  the  percentage  by 
volume  and  by  weight  at  the  same  time. 

Tralles  has  given  the  following  table  for  the 
construction  of  his  alcoholometer,  to  indicate 
directly  the  per  cent,  of  alcohol  by  vol.  in  a 
liquid  at  60°. 


Table  V. 


o 

1  i 

"3  | 

Z  > 
"  >> 
■_  — 

<u 

PU 

Length  of  im- 
mersed part  of 
stem. 

si* 

s:  o  tc 
«  £■  - 

o 

«'1 

"is  S  a 

o  ag 
S  S   a; 

C  ii 
<D  CD 

>-=  = 

C 

.a  o  b" 
a  m.S 
c  a>  a 

In 

11 

a  3 

Si 
«  >, 

a> 
Ph 

Sis  5 
HS 

>*^  " 

a>  tx.5 
c  a>  rt 
co  cu'o 

o 
3  3 

(2 

Length  of  im- 
mersed part  of 
stem. 

,0  o  fee 

a;  w  .5 

*  £  B 

S-S.S 

0 

9 

17 

224 

11 

34 

420 

13 

51 

735 

23 

1 

24 

15 

18 

235 

11 

35 

434 

14 

52 

758 

23 

2 

39 

15 

19 

245 

10 

36 

449 

15 

53 

782 

24 

3 

54 

15 

20 

256 

10 

37 

465 

16 

54 

806 

24 

4 

68 

14 

21 

266 

10 

38 

481 

16 

55 

830 

24 

5 

82 

14 

22 

277 

11 

39 

498 

17 

56 

854 

24 

6 

95 

13 

23 

288 

11 

40 

515 

17 

57 

879 

25 

7 

108 

13 

24 

299 

11 

41 

533 

18 

58 

905 

26 

8 

121 

13 

25 

310 

11 

42 

551 

18 

59 

931 

26 

9 

133 

12 

26 

321 

11 

43 

569 

18 

60 

957 

26 

10 

145 

12 

27 

332 

11 

44 

588 

19 

61 

984 

27 

11 

157 

12 

28 

344 

12 

45 

608 

20 

62 

1011 

27 

12 

169 

12 

29 

355 

11 

46 

628 

20 

63 

1039 

28 

13 

180 

11 

30 

367 

12 

47 

648 

20 

64 

1067 

28 

14 

191 

11 

31 

380 

13 

48 

669 

21 

65 

1096 

29 

15 

202 

11 

32 

393 

13 

49 

690 

21 

66 

1125 

29 

16 

213 

11 

33 

407 

14 

50 

712 

22 

67 

1154 

29 

93 
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Table  V. — Continued. 


1  o 

o  . 
—  =;' 
^  E 

go 
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a? 
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.2  "1 
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1184 

30 

77 

1478 

35 

85 

1781 

41 

93 

2150 

51 

69 

1215 

31 

78 

1514 

36 

86 

1S23 

42 

94 

2203 

53 

70 

1246 

31 

79 

1550 

36 

87 

1866 

43 

95 

2251) 

56 

71 

1278 

32 

80 

1587 

37 

88 

1910 

44 

96 

2318 

59 

72 

1310 

32 

81 

1624 

37 

89 

1955 

45 

97 

2380 

62 

73 

1342 

32 

82 

1662 

38 

90 

2002 

47 

98 

2447 

67 

74 

1375 

33 

83 

1701 

39 

91 

2050 

48 

99 

2519 

72 

75 

1409 

34 

84 

1740 

39 

92 

2099 

49 

100 

2597 

78 

76 

1443 

34 

In  order  to  use  this  table  for  graduating  the 
alcoholometer,  2  liquids  are  required  of  60° 
temp.,  the  percentage  of  which  has  been  ascer- 
tained with  accuracy.  Distilled  waterof 60° may 
be  used  as  one  of  them.  If,  for  instance,  one  be 
water,  and  the  other  spirit  of  49  per  cent.,  the 
2  points  are  marked  to  which  the  alcoholometer 
sinks  in  them.  The  table  then  shows  that  by  di- 
viding the  space  between  these  points  into  681 
(090—9=681)  smaller  parts,  the  addition  of 
22  such  parts  will  indicate  the  point  for  50  per 
cent.,  23  more,  that  for  51  per  cent.,  &c.  (3d 
column),  and  if  9  of  these  parts  be  added  be- 
low zero,  or  the  point  to  which  it  sinks  in  wa- 
ter, that  point  is  obtained,  the  distance  of  which 
from  the  points  of  the  different  percentages  is 
indicated  by  the  numbers  in  2d  column  of  the 
table.  Only  a  part  of  the  scale  may  also  be 
very  easily  graduated;  as  from  liquids  of  32 
and  80  per  cent.,  the  numbers  for  the  lower  de- 
grees are  then  merely  subtracted,  supposing, 
them  to  be  situated  in  the  bulb  of  the  alcoholo- 
meter. 


It  is  necessary  that  the  stem  of  the  alcoholo- 
meter should  be  perfectly  cylindrical,  but  even 
if  the  inequalities  do  not  exceed  ^  of  the  dia- 
meter, such  a  tube  may  be  employed.  Tubes 
of  greater  inequalities,  or  of  a  conical  shape, 
must  be  rejected. 

It  is  evident  that  these  degrees  of  percentage 
of  the  alcoholometer  are  only  correct  when  the 
spirituous  liquid  under  trial  has  the  normal 
temperature  of  60°.  If  the  temperature  be 
different  the  percentage  can  only  be  ascertain- 
ed by  taking  the  specific  gravity  corresponding 
to  the  percentage  on  the  alcoholometer,  and 
then  calculating  the  true  percentage  in  the 
usual  way  by  Table  III.  or  IV. 

To  avoid  this,  Tralles  has  constructed  two 
tables  by  which  the  true  percentage  may  be 
obtained  from  the  observed,  indicated  by  the 
alcoholometer  in  a  liquid  the  temp,  of  which 
is  different  from  60°.  Of  these,  Table  VI.  cor- 
responds to  Table  HI.,  and  gives  the  strength. 
(See  Table  III.) 


Table  VI. 

To  find  the  True  Percentage  of  Abs.  Alcoh.  by  Volume,  in  a  Liquid  at  60°,  from  the  Observed  Percentage 
indicated  by  a  Glass  Alcoholometer  at  any  other  Temperature. 


3  I 


35° 


40° 


—  0-2 
+  4-6 
9-1 
130 
16-5 
19-9 
23-5 
28-0 
33-0 
38-4 
43-7 
49-0 
54-2 
59-4 
64-6 
698 
75-0 
80-3 
85-6 


—    0-4  — 

+    4-5  + 

9-0 

13-1 

16-9 

20-6 

24-5 

29-2 

342 

39-6 

44-7 

50-0 

55-2 

60-3 

65-5 

70-7 

75-8 

81-1 

86-4 


45° 


5(P 


0-4 
4-5  + 

9-1 
13-3 
17-4 
21-4 
25-7 
304 
35-4 
40-7 
45-8 
51-0 
56-2 
61-2 
66-4 
71-5 
76-6 
81-8 
87-1 


0-5- 
4-6  + 
9-2| 

13-5] 

17-8 

22-2, 

26-6J 

31-6 

36-7 

41-8 

46-9 

52-0 

57-1 

62-2 

67-3 

72-4 

77-5 

82-6 

87-9 


0-4 
4-6 
9-3 
13-9 
18-5 
23-0 
27-7 
32-7 
37-8 
42-9 
47-9 
530 
58-1 
63-1 
68-2 
73-3 
78-4 
83-5 
88-6 


55° 


—  0-2 
4-  4-8 
9-7 
14-5 
19-2 
24-1 
28-8 
33-8 
39-0 
43-9 
49-0 
54-0 
59-0 
64-0 
69-1 
74-2 
79-2 
843 
89-3 


0 
5 
II) 
15 
2(1 
25 
30 
35 
40 
45 
50 
55 
60 
66 
70 
75 
81) 
85 
90 


The  numbers  in  the  vertical  columns  under 
the  temperatures,  are,  of  course,  the  observed 
degrees  of  the  alcoholometer,  indicating  the 
94 


60° 
0 

65° 

70° 

75° 

80° 

85° 

+  0-2 

+  0-6 

+  1-0 

+  1-4 

+  1-9 

5 

5-3 

5-8 

6-2 

6-7 

7-3 

10 

10-4 

11-0 

11-6 

12-3 

13-0 

15 

15-6 

16-3 

17-1 

180 

19-0 

20 

20-8 

21-8 

22-8 

23-8 

24-9 

25 

25-9 

27-0 

28-2 

29-4 

30-5 

30 

31-1 

32-2 

33-4 

34-5 

35-7 

35 

36-2 

37-3 

38-4 

39-5 

40-6 

40 

41-1 

42-2 

43-3 

44-3 

45-4 

45 

46-1 

47-1 

48-2 

49-2 

50-3 

50 

51-0 

52-0 

530 

54-0 

55-1 

55 

54-9 

56-9 

57-9 

58-9 

59-9 

60 

60-9 

61-9 

62-9 

63-8 

64-9 

65 

65-9 

66-8 

67-7 

68-6 

69-6 

70 

70-8 

71-7 

72-6 

73-5 

74-5 

75 

75-8 

76-7 

77-6 

78-4 

79-3 

80 

80-8 

81-7 

82-4 

83-2 

84-1 

85 

85-7 

86-5 

87-3 

88-0 

88-8 

90 

90-7 

91-4 

92-0 

92-7 

93-4 

I  percentage  of  abs.  alcoh.  by  vol.    Thus,  if  the 

alcoholometer  indicated  in  a  liquid  78-4  per 

I  cent,  at  80°,  it  would  be  found  by  aid  of  the 


ALCOHOLOMETER. 


ALCOHOLOMETER. 


in  reference  to  the  volume  of  the  liquid  at  the 
temperature  when  tested.  Like  Table  IV.,  it 
therefore  requires  that  the  liquid  should  be 
tested  exactly  at  the  same  temperature  at  which 
it  is  measured. 


table,  that  its  true  percentage  was  75  when  at 
the  temp,  of  60°. 

The  two  following  tables  correspond  to  Table 
IV.,  excepting  that  Table  VII.  is  for  glass,  and 
Table  VIII.  for  brass  alcoholometers.  They 
give  the  richness  or  the  per  cent,  of  alcoh.  by  vol. 

Table  VII. 

To  find  the  True  Percentage  of  Abs.  Alcoh.  by  Volume,  in  a  Liquid  of  any  Temperature,  from  the  Observed 
Percentage  indicated  by  the  Glass  Alcoholometer  at  the  same  Temperature. 


True  per  ct. 

Observed  per  cent,  indicated  by  the  glass  alcoholometer. 

ofalcoh.  by 

volume. 

30D 

35° 

40° 

45° 

50° 

55° 

65° 

70° 

75° 

80° 

85° 

0 

—    0-2 

—    0-4 

—    0-4 

—    0-5 

-    0-4 

—    0-2 

4-    0-2 

+    0-6 

4-   i-o 

4-    1-4 

4-     1-9 

5 

+    4-6 

-f    4-5 

-f-    4-5 

+    4-5 

+    4-6 
9-3 

+    4-8 

5-3 

5-8 

6-2 

6-7 

7-3 

10 

9-1 

9-0 

9-1 

9-2 

9-7 

10-4 

11-0 

11-6 

12-3 

13-0 

15 

13-0 

13-1 

13-3 

13-6 

14-1 

14-5 

15-6 

16-3 

17-1 

18-0 

19-0 

20 

16-5 

16-9 

17-4 

17-9 

18-5 

19-2 

20-8 

21-8 

22-9 

23-9 

25-0 

25 

19-8 

20-5 

21-3 

22-2 

23-0 

24-1 

25-9 

27-1 

28-3 

29-5 

30-7 

30 

23-3 

24-3 

25.5 

26-5 

27-6 

28-8 

31-2 

32-3 

33-5 

34-6 

35-9 

35 

27-7 

28-9 

30-2 

31-4 

32-6 

33-8 

36-3 

37-5 

38-6 

39-7 

40-9 

40 

32-5 

33-8 

35-1 

36-5 

37-7 

38-9 

41-2 

42-4 

43-5 

44-6 

45-8 

45 

37-8 

39-1 

40-3 

41-5 

42-7 

43-8 

46-2 

47-3 

48-5 

49-6 

50-8 

50 

43-1 

44-2 

45-4 

46-6 

47-7 

48-9 

51-1 

52-2 

53-4 

54-5 

55-6 

55 

48-3 

49-4 

50.5 

51-6 

52-8 

53-9 

56-1 

57-2 

58-3 

59-4 

60-5 

60 

53-4 

54-5 

55-6 

56-7 

57-8 

58-9 

61-1 

62-2 

63-3 

64-4 

65-5 

65 

58-4 

59-5 

60-6 

61-7 

62-8 

G3-9 

66-0 

67-1 

68-2 

693 

70-4 

70 

63-5 

64-6 

65-7 

66-8 

67-9 

69-0 

71-0 

72-1 

73-2 

74-3 

75-4 

75 

68-6 

69-7 

70-7 

71-8 

72-9 

74-0 

76'0 

77-1 

78-2 

79-2 

80-3 

80 

73-7 

74-8 

75-8 

76-9 

78-0 

79-0 

81-0 

82-1 

83-1 

84-1 

85-2 

1        85 

78-8 

79-8 

80-9 

81-9 

83-0 

84-0 

86-0 

87-0 

88-0 

89-0 

90-0 

90 

84-0 

85-1 

86-1 

87-1 

88-1 

89-1 

91-0 

91-9 

92-8 

937 

94-6 

Thus,  if  the  alcoholometer  indicated  59-4  per  I  is,  100  vol.  of  the  liquid  at  80°,  contains  55  vol. 
sent,  in  a  liquid  at  80°,  the  table  would  give  its    of  anhyd.  alcohol, 
true  percentage  (richness)  to  55  per  cent.,  that  | 

Table  VIII. 

To  find  the  True  Percentage  of  Abs.  Alcoh.  by  Volume  in  a  Liquid  of  any  Temperature,  from  the  Observed 
Percentage  indicated  by  a  Brass  Alcoholometer  at  the  same  Temperature. 


True   per  Ct. 

Observed  percentage  indicated  by  brass  alcoholometer. 

ol' alcoh.  by 
volume. 

30° 

35° 

40° 

45° 

50° 

55° 
—    0-2 

65° 

70= 

75° 

80° 

85° 

0 

—    0-1 

-    0-1 

—    0-2 

—    0-3 

—    0-3 

4-    0-2 

4-    0-5 

4-    0-9 

4-     1-2 

4-    1-7 

5 

4-    5-0 

4-    4-8 

4-    4-7 

4-    4-8 

4-    4-7 

4-    4-8 

5-2 

5-6 

6-1 

6-5 

7-0 

10 

9-5 

9-4 

9-4 

9-4 

9-5 

9-7 

10-3 

10-8 

11-4 

12-0 

12-6 

15 

13-5 

13-5 

13-6 

13-7 

14-0 

14-6 

15-5 

16-2 

17-0 

17-7 

18-6 

20 

17-0 

17-3 

17-7 

18-1 

18-7 

19-3 

20-7 

21-6 

22-7 

23-7 

24-6 

25 

20-3 

20-9 

21-6 

22-4 

23-3 

24-2 

25-8 

26-9 

28-1 

29-2 

30-3 

30 

23-8 

24-7 

25-8 

268 

27-8 

28-9 

31-1 

32-2 

33-3 

34-4 

355 

35 

28-2 

29-3 

30-4 

31-6 

32-8 

33-9 

36-2 

37-3 

38-4 

39-5 

40-7 

40 

32-9 

34-1 

35-4 

36-7 

37-9 

39-0 

41-1 

42-2 

43-4 

44-5 

45-6 

45 

38-1 

39-3 

40-4 

41-6 

42-7 

43-9 

46-1 

47-2 

483 

49-4 

505 

50 

43-4 

44-5 

45-6 

46-7 

47-8 

48-9 

51-1 

52-2 

53-3 

54-4 

55-5 

55 

48-5 

49-6 

50-7 

51-8 

52-9 

54-0 

56-0 

57-1 

58-2 

59'3 

60-4 

60 

53-6 

54-6 

55-7 

56-8 

57-8 

58-9 

61-0 

62-1 

63-2 

64-3 

65-3 

65 

58-6 

59-7 

60-7 

61-8 

62-8 

63-9 

66-0 

67-1 

68-1 

69-2 

70*2 

70 

63-7 

64-8 

65-8 

66-9 

67-9 

69-0 

71-0 

72-1 

73-1 

74-2 

75-2 

75 

68-8 

69-8 

70-9 

71-9 

72-9 

74-0 

76-0 

77-0 

78-1 

79-1 

80-1 

80 

73-9 

74-9 

75-9 

76-9 

78-0 

79-0 

81-0 

82-0 

83-0 

84-0 

85-0 

85 

79-0 

80-0 

810 

82-0 

83-0 

84-0 

86-0 

87-0 

88-0 

88-9 

89-9 

90 

84-2 

85-2 

86-2 

87-2 

88-1 

89-1 1 

90-9 

91-9 

92-8 

93-7 

94-5 

The  eight  tables  of  Tralles  contain  all  that 
is  necessary  for  estimating  the  quantity  of  al- 
cohol in  a  liquid;  but  since  then  a  very  full 
essay  has  appeared  on  the  same  subject,  by 
Gay-Lussac,  {Instruction  pour  I'usage  de  L'Alco- 


ometre  centesimal  et  des  Tables  qui  Vaccompagnent. 
Paris,  1824),  and  as  his  tables  are  much  fuller, 
and   scarcely   require    any   interpolation,  we 
give  them  below  in  full. 
Gay-Lussac's   alcoholometer  is  constructed 
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like  a  common  glass  hydrometer;  and  the  de- 
grees of  its  scale  indicating,  like  those  of  Tralles, 
the  per  cent,  of  absolute  alcohol  by  vol.;  but 
the  normal  temperature  for  his  is  59°,  instead 
of  60°,  and  the  water  at  the  same  temperature 
(59°)  is  taken  as  unity,  instead  of  at  its  great- 
est density,  or  at  39-83°.  His  fundamental 
numbers  determining  the  relation  between  the 
percentage  of  alcohol  and  the  spec,  gravs.  dif- 
fer also  somewhat  from  those  used  by  Tralles  ; 
but  the  resulting  differences  are  so  small  that 
in  practice  they  may  be  neglected.  The  fol- 
lowing table  exhibits  these  fundamental  num- 
bers of  the  percentage  by  vol.,  and  the  spec, 
gravs.  of  the  different  alcoholic  mixtures  at 
59°.     (See  Table  at  top  of  next  column.) 


Per  rent,  of 

Bpec,  nrav, 

Per  <•<•  nt  of 

Spec,  t-T.i  \ . 

alcohol  by 

of  the  liquid 

alcohol  by 

ni  the  liquid 

volume. 

at  i'JJ. 

volume. 

at  59°. 

100 

0-7947 

60 

0-9141 

95 

0-8 1G8 

55 

0-9248 

90 

0-8346 

50 

0-9348 

85 

0-8502 

45 

0-9440 

80 

0-8645 

40 

0-9523 

75 

0-8799 

35 

0-9595 

70 

0-8907 

10 

0-9656 

65 

0-9027 

0 

1-0000 

A  somewhat  differing  table,  which  we  sub- 
join, has  been  constructed  by  Marozeau,  from 
experiments  with  one  of  Gay-Lussac's  alco- 
holometers : — 


Per  ct.  of  alco- 
hol by  vol. 

Specific  gravity. 

Per  ct.of  alco- 
hol by  vol. 

Specific  gravity. 

Per  ct.  of  alco- 
hol by  vol. 

Specific  gravity. 

0 

1-000 

34 

0-962 

68 

0-896 

1 

0-999 

35 

0-960 

69 

0-893 

2 

0-997 

36 

0-959 

70 

0-891 

3 

0-996 

37 

0-957 

71 

0-888 

4 

0-994 

38 

0-956 

72 

0-886 

5 

0-993 

39 

0-954 

73 

0-884 

6 

0-992 

40 

0-953 

74 

0-881 

7 

0-990 

41 

0-951 

75 

0-879 

8 

0-989 

42 

0-949 

76 

0-876 

9 

0-988 

43 

0-948 

77 

0-874 

10 

0-987 

44 

0-946 

78 

0-871 

11 

0-986 

45 

0-945 

79 

0-868 

12 

0-984 

46 

0-943 

80 

0-865 

13 

0-983 

47 

0-941 

81 

0-863 

14 

0-982 

48 

0-940 

82 

0-860 

15 

0-981 

49 

0-938 

83 

0-857 

16 

0-980 

50 

0-936 

84 

0-854 

17 

0-979 

51 

0-934 

85 

0-851 

18 

0-978 

52 

0-932 

86 

0-848 

19 

0-977 

53 

0-930 

87 

0-845 

20 

0-976 

54 

0-928 

88 

0-842 

21 

0-975 

55 

0-926 

89 

0-838 

22 

0-974 

56 

0-924 

90 

0-835 

23 

0-973 

57 

0-922 

91 

0-832 

24 

0-972 

58 

0-920 

92 

0-829 

25 

0-971 

59 

0-918 

93 

0-826 

26 

0-970 

60 

0-915 

94 

0-822 

27 

0-969 

61 

0-913 

95 

0-818 

28 

0-968 

62 

0-911 

96 

0-814 

29 

0-967 

63 

0-909 

97 

0-810 

30 

0-966 

64 

0-906 

98 

0-805 

31 

0-965 

65 

0-904 

99 

0-800 

32 

0-964 

66 

0-902 

100 

0-795 

33 

0-963 

67 

0-899 

The  first  of  Gay-Lussac's  tables  is  headed, 
"Table  of  real  strength  oi  spirits;"  and  corre- 
sponds to  Table  VI.  of  Tralles,  giving  the  real 
percent,  by  vol.  of  the  liquid  at  59°  from  the 
observed  percent,  of  the  alcoholometer  at  other 
temperatures. 

The  numbers  in  the  upper  horizontal  column 
are  the  observed  percents.  of  the  alcoholom.: 
while  the  large  numbers  in  the  vertical  columns 
below  them  give  the  real  percent,  of  the  liquid 
at  59°  (the  strength),  when  tested  at  the  temp, 
found  in  the  left-hand  vert,  column.  The  small 
numbers  under  the  real  percents.  indicate  the 
v  3l.  which  1000  vols,  of  the  liquid  would  occu- 
py at  59° ;  and  which  number,  therefore,  multi- 
plied by  the  real  percent. under  whieh  it  stands, 
gives  the  richness,  or  absolute  quantity  of  al- 
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cohol  at  the  tested  temp.  For  example  :  If  the 
alcoholom.  indicate  59  per  cent,  in  a  spirit  at 
77°,  the  observed  per  cent.  (59)  is  sought  for 
in  the  upper  horiz.  column;  the  number  in  the 
vert,  column  below  this,  which  is  in  the  same 
horizontal  column  with  the  temp.  77,  found  in 
the  left-hand  vert,  column  of  temps,  is  the 
strength  or  real  percent,  of  the  liquid  at  59°, 
being  in  this  case  55-5.  The  number  992,  found 
in  small  type  immediately  below  it,  is  the  vol. 
which  1000  vols,  of  the  liquid  would  occupy  at 
59°,  which  vol.  multiplied  by  the  strength  or 
real  per  cent,  at  59°,  55-5,  will  give  the  rich- 
ness in  1000  vols,  at  the  tested  temp.    Thus, 

55-5x992  =  550-56,  or  55-05  per  cent, 
or,  100  vols,  of  the  liquid  at  77°  contain  55-05 
vols,  of  anhydrous  alcohol. 
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Table  I. 

Alcoholomelmcal  Table  by  Gay-Lussac,  to  find  the  Percent,  by  Vol.,  in  a  Liquid  at  59°  (Strength),  from  the 
Observed  Percent,  at  any  other  Temperature.     (The  Temperature  by  Centigrade  is  below  that  of  Fahr.) 


Temp. 
Fahr. 

I 

Observed  Percentage  of  the  Alcoholometer. 

Temp.    . 
Fahr. 

r 

Observed  Percentage  of  the  Alcoholometer. 

1 

.c.i 

2 
).  c.  i 

3 
.c.  I 

4 
).  c.  ] 

5 
).  c.  i 

6    |    7 
).  c.  p.  c 

8 
i.e. 

9 
?.  c. 

10 
J.  c. 

11 

.  c.  r 

12 

.  C  ] 

13   1 
.  c.  p 

14 
.  c.  ] 

15 
.  c.  r 

16 

.  C  ] 

17    1 
.  C.  J 

IS      19      20 
.  c.  p.  c.  p.  c. 

320° 
0°C. 

1-3 
000 

2-4 

1000 

34 

1000 

4-4 

100  J 

54 

IOOO 

6-5  |  75 

1001     1001 

8-6 

1001 

97 

1001 

09 

100 1 

320°     122  13-4  14-7  161   1 

0"  C.        1001      1002     1002     1002 

7-5  18-9  203  21 -U  229  2-1-2 

1)02     1003     1003     IOOI    1004     IOOI 

33-8 
1C. 

338 
1C. 

134  14-7  16      1 

1002     1002     1002 

7-3  18-7  20      21-3  226  23'9 

002     1003     1003     1103     1004    1004 

35-6 

2C. 

35-6 

2C. 

3-4  147  16 

luo2    1002    1002 

7-2 
0;.2 

8-5 

1003 

9-8  211 

1003     1003 

J2-3  23-6 

1004     1004 

37  4 

3C. 

37-4 

3C. 

L3-3 

1001 

46 

1002 

59 

1002 

7  1 

1002 

8-3 

1002 

19  6 

1003 

20-8 
iuoj 

22     23  3 

1003     1004 

392 

4C. 

392 

4C. 

13  3 

100'. 

14-5 

1002 

5-8 

10l2 

16  9 

U12 

18-1 

002 

19-4 

1002 

20-C 
[003 

21-8 

,003 

23 

10C3 

41-0 
5C. 

1-4 

1001 

25 

iooi 

35 

1001 

4-5 

1001 

5-5 

1001 

6-0 

1001 

7-7 
ICOI 

8-7 

1001 

98 

1001 

10  9 

1001 

410 

5  C. 

121 

1001 

13-2 

1001 

14-4 

1001 

15-7 

1002 

16-8 

1002 

18 

H02 

192 

1002 

20-4 
1003 

21-5 

I0u3 

22-7 

1003 

423 
6C. 

428 
6C. 

131 

iooi 

143 

1001 

15-6 

1002 

16-7 

1002 

17-8 

1002 

19 
1002 

20-2 

1103 

21-3 

iO03 

22-4 
10C3 

44-6 

7C. 

44  6 

7C. 

13 
iooi 

14-2 

IOOI 

15-4 

i001 

166 

11.02 

17-7 

100. 

18-8 

1002 

21 

II  C2 

21 

I0C2 

22-1 

0  02 

464 

8C. 

40-4 

8C. 

13 
1001 

11-1 

1001 

15-3 

1.01 

101 
IU0I 

17-5 
IOOI 

18-6 

10J/I 

197 

1002 

20-7 

1002 

21  8 

1002 

48-2 
9C. 

48-2 

9C. 

12-9 

1001 

14 
iooi 

15  1 

100. 

162 

IOOI 

17-3 

lOUl 

18-4 
iooi 

195 

01 

20-5 

.102 

21-6 

1002 

50-0 
IOC. 

1-4 

1000 

2-4 

1000 

3-4 

aoi 

45 

1001 

55 

1001 

6-5 

1001 

7'5 
100; 

8-5 

1001 

95 

loo 

10-6 

1001 

50  0 
IOC. 

11-7 

IOOI 

12-7 
1001 

138 
001 

14  9 

.101 

16 
loOl 

17 
IOOI 

18-1 

IOOI 

19-2 

lOOl 

20-2 
KOI 

21-3 
IOOI 

51-8 
11  c. 

1-3 

iooo 

2-4 

1000 

34 

iooo 

4-4 

1001 

54 

1001 

6-4 

1001 

7-4 

1001 

8-4 
1001 

9-4 

1001 

105 

1001 

51-8 

11  C. 

11-6 

1001 

12-6 
iooi 

13-6 

IOOI 

14-7 
lOul 

15  8 

101.1 

16-8 

IOOI 

17-9 

IOOI 

19 

10   1 

20 
IOOI 

21 
1001 

536 
12  C. 

1-2 

1000 

2-3 

1000 

33 

1000 

4-3 

1000 

5-3 

1000 

6-3 

1000 

73 

1000 

8-3 

1000 

93 

1000 

104 

.0)0 

53-6 

12  L. 

11-5 

:000 

12-5 
IOOI 

135 

IOOI 

116 

IOOI 

156 

KOI 

160 

10  1 

17-6 

IOOI 

18-7 

IOOI 

19-7 
1.01 

20-7 

1001 

554 
13  C. 

1-2 

1000 

22 

1000 

3-2 

1000 

42 

1000 

5-2 

1000 

62 

1000 

7-2 

1000 

8-2 

1000 

9-2 

1000 

10-3 

1L00 

55  4 

13  C. 

114 

100. 

12-4 

1.00 

13-4 

1000 

14-4 

.000 

15-4 

1000 

16-4 

1000 

17.4 

IOOO 

18-5 

IOOO 

19-5 

1000 

20-5 

1000 

572 

14  C. 

11 

1000 

21 

1000 

31 

1000 

41 

1CO0 

51 

iooo 

6  1 

1000 

71 

1000 

8-1 

1000 

91 

1000 

10-2 

1000 

57-2 

14  C. 

11-2 

IOOO 

12-2 

10OU 

13-2 

.00 

14-2 

toco 

15-2 

IOOO 

16-2 

1,00 

17-2 

li.OO 

18-2 

1000 

1*9-2 

IOOO 

20-2 

1000 

590 

15  C. 

1 

1000 

2 

1000 

3 

1000 

4 

1000 

5 

iooo 

6 

1000 

7 

1000 

8 

1000 

9 

1000 

10 

1000 

590 

15  C. 

11 

1000 

12 

1C00 

13 

1000 

14 

1000 

15 

iooo 

16 

1000 

17 

1000 

18 

1000 

19 

IOCO 

21 
1000 

60-8 

id  U. 

09 

100. 

1-9 

1000 

2-9 

iooo 

3-9 

1000 

49 

1000 

59 

iooo 

69 

1000 

79 

1000 

8-9 

1000 

9-9 

1000 

60-8 
IOC. 

10-9 

1000 

11-9 

1U0O 

12-9 

IOOO 

13-9 

1000 

14  9 

IOOO 

15-9 

IOOO 

16-9 

IOOO 

17-8 

IOOO 

18-7 

IOOO 

19-7 

1000 

62-0 
17  C. 

0-8 
1000 

1-8 

1010 

2-8 

1000 

38 

1000 

4-8 

1000 

5-8 

1000 

6"8 

1000 

7-8 

1000 

8-8 

1000 

98 

1000 

02-6 
17  C. 

10-8 

1000 

11-7 

iooo 

12-7 

1000 

13-7 

IOOO 

14-7 

1000 

15-6 

1000 

16-6 

IOOO 

17-5 

iooo 

18-4 

999 

19-4 

969 

611 

IS  c. 

07 

1000 

1-7 

1000 

2-7 

1000 

3-7 

1000 

4-7 

1000 

5-7 

IOOO 

6-7 

IOOO 

7-7 

1000 

8-7 

1000 

9-7 

1000 

64-4 
18  C. 

10-7 

1000 

11  6 

1000 

12-5 

9d9 

13-5 

999 

14-5 

999 

15-4 

999 

16  3 

999 

17-3 

699 

18-2 
969 

191 

999 

C6-2 
19  C. 

0-6 
999 

1-6 

999 

2-6 

S99 

36 

999 

4-5 

999 

5-5 

999 

6-5 

99) 

75 

999 

8-5 

999 

95 

999 

66-2 

19  C. 

10-5 

999 

11-4 

999 

12-4 
9S9 

13-3 

999 

14-3 

999 

15-2 

999 

101 

699 

17 

999 

17-9 

999 

1S-S 

699 

os-o 

20  C. 

05 

9)0 

1-5 

999 

24 

999 

34 
999 

44 

999 

5-4 

999 

6-4 

999 

73 

999 

8-3 

999 

9-3 

999 

680 

20  C. 

10-3 

999 

11-2 

999 

12-2 
999 

131 
999 

14 

999 

14-9 

993 

15-8 

9-J9 

16-7 

999 

17-0 

9^9 

18-5 

999 

698 

21  C. 

0-1 

999 

14 

999 

2-3 

999 

3-3 

999 

4-3 

999 

5-2 

999 

6-2 

999 

7-1 
999 

8-1 

999 

91 
699 

69-8 

21  C. 

10-1 

999 

11 

999 

11-9 

999 

12-8 
999 

13-7 

999 

14-6 

999 

15-5 

998 

16-4 

998 

17-3 

69b 

18-2 

668 

71-6 

22  C. 

03 

999 

13 

669 

22 

99-3 

32 

999 

4-1 
999 

5-1 

999 

61 

969 

7 

999 

7-9 
999 

89 

999 

716 

22  C. 

99 

999 

10-8 

999 

11-7 

999 

12-6 
998 

135 

998 

14-4 

998 

15-3 

998 

16-2 

998 

17 

968 

179 

698 

73-4 

23  C. 

01 

999 

11 

999 

21 
99 

31 

999 

4 

999 

49 

999 

59 

999 

6-8 

998 

7-8 

998 

8-7 

998 

734 
23  C. 

9-7 

998 

10-6 

998 

11-5 

69S 

12-4 

998 

133 

998 

141 

998 

15- 

9E8 

15-9 

998 

16-7 

998 

17-6 

698 

7" -2 

21  C. 

1 

998 

1-9 

998 

2-9 

998 

38 

998 

4-8 

99S 

5-8 

993 

6-7 

993 

7-6 

998 

8-5 

998 

752 
24  C. 

95 

998 

104 

998 

11  3 

993 

12-2 

998 

131 

698 

13-9 

998 

14-8 

968 

15-7 

698 

16-5 

997 

17-4 

997 

770 

25  C. 

0-8 

998 

1-7 

99S 

2-7 
993 

3-6 

998 

4-6 

9D3 

55 

998 

65 

998 

7-4 

998 

8-3 

998 

77-0 

25  C. 

93 

998 

10-2 

993 

111 

998 

12 

998 

12-8 

998 

13-6 

998 

14-5 

997 

15-4 

697 

16  2 

997 

17-1 

997 

7S-8 
26  C. 

0-7 
998 

1-6 

998 

2-6 

998 

35 
999 

4-4 

998 

54 

S93 

6-3 

998 

7'2 

998 

8-1 

993 

78-8 

26  C. 

9 

998 

99 

997 

10-8 

997 

11-7 

997 

120 

997 

13-4 

997 

14-2 

997 

15-1 

997 

15-9 

997 

16-8 

997 

806 
27  C. 

05 

99S 

1-5 

998 

2-4 

998 

33 

998 

43 

993 

52 

99S 

6-1 

998 

7 
998 

7-9 

998 

806 

27  C. 

88 

907 

9-7 

997 

10-6 

997 

11-5 

997 

12-3 
997 

131 

937 

14 
997 

14-8 

997 

15-6 

997 

16-5 

997 

824 

28  C. 

0-3 

997 

1-3 

997 

22 

997 

31 

997 

41 

997 

997 

5-9 

997 

6-8 

997 

7-7 

997 

82-4 

28  C. 

8-6 

997 

9-5 

997 

103 

997 

11-2 

997 

12 

997 

12-8 

996 

13  7 

996 

14-5 

996 

15-3 

996 

16-1 

99S 

84-2 
29  C. 

01 

997 

11 

997 

2 

997 

2-9 

997 

39 

997 

4-8 
997 

5-7 
997 

66 

997 

7-5 

997 

843 
29  C. 

8-4 

997 

9-2 

997 

101 

997 

11 

997 

11-8 

996 

12-6 

996 

13-4 

996 

14-2 

996 

15 

996 

15-6 

996 

860 
30  C. 

00 

997 

09 

997 

1-9 

997 

2-8 

997 

13 

37 

997 

46 
997 

55 

997 

6-4 

997 

73 

997 

86-0 
30  C. 

81 

697 

9 

996 

9-8 
996 

107 
996 

11-5 

996 

I 

12-3 

996 

131 

696 

13  9 

996 

i 

14  7 

996 

)7 

15-5 

996 

ALCOHOLOMETRY. 


ALCOHOLOMETRY. 


Table  I. — Continued. 


Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

21      22 

23 

24 

25 

26   j  27 

28 

•2'.1 

30 

31 

32 

33 

34 

35     36     37  | 

38 

39 

40 

p.  c. 

p.  C. 

p.  c. 

p.  C. 

p.  c. 

p.  c.  p.  c 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

>.  c. 

1.  c.  p.  c.  p.  c. 

>.  c. 

p.  C. 

320= 
0"C. 

256 

ioo;> 

27 

1005 

■28-4 

1006 

297 
1006 

309 

1007 

32  1   332 

1007     1007 

34-3 

1008 

353 

100b 

303 

1008 

320° 
O-'C 

373 

1009 

38-3 

1009 

J9-2 

1009 

40-2 
10.9 

Ill 

1009 

121 

1010 

13  1   44 

1010    1010 

1.3 
1010 

159 
Oil 

338 

1C. 

25-3 
1605 

267 

1003 

23 

1005 

292 

1006 

30-4 

1006 

31-6 '32-7 

1006  J  1007 

338 

1007 

34-8 

1007 

35-8 

1008 

338 

1  c. 

36-8 

1008 

37  8 

1008 

38-8 

1 008 

39-8 

IO0S 

10-8 
1009 

41-8 
1009 

42-7 

1009 

137 
K09 

44  6 

1010 

45  5 

1010 

35-6 
iC. 

249 

1004 

26-3 

(005 

275 

1005 

28-8 

1003 

30 

1006 

312 

1006 

323 

1006 

333 

1006 

344 

1007 

35-4 

1007 

35-6 

2C. 

36-4 

1007 

374 

1007 

38-4 
1008 

391 

ItOS 

40-4 

1008 

414 

1008 

42-3 

1008 

43  3 

1009 

44-2 

100-J 

15  I 

1009 

37-4 

3C. 

246 

I0O4 

25-9 

1005 

27  1 

1005 

23-4 

10J5 

296 
1005 

308 

1006 

319 

IU06 

32-9 

1006 

33-9 

1007 

34-9 

1007 

37  4 
SC. 

36 

1007 

37 

1007 

38 

1007 

39 

1007 

40 

1007 

41 

1008 

42 

1008 

42-9 

1008 

439 

1008 

41-8 

Kill.'. 

392 

4C. 

21-3 

1004 

25-6 

1004 

26  8 

1005 

28 

1005 

29-2 
1005 

304 

1003 

314 

1005 

325 

1005 

335 

10.6 

345 

1006 

392 

4C. 

355 

1006 

365 

1006 

37-5 

1(106 

38-5 
10u7 

395 

ltU7 

40-5 
100- 

41-5 

1007 

12  5 

1007 

4.3-5 

1007 

44-4 

1008 

410 

5C. 

24 

U01 

252 

1003 

20-4 

1004 

276 

1004 

28-8 

1004 

30 
1004 

31 

1005 

321 

1005 

331 

100o 

341 

100. 

410 
5C. 

351 

1005 

361 

1006 

371 

1006 

381 

1000 

391 

1000 

40  1 

100b 

411 

1007 

421 

1007 

431 

I0o7 

14 

1007 

42-8 
tsc. 

236 

1003 

24-9 
1003 

26 

1004 

272 

1004 

28-4 

1001 

296 
1004 

306 

1005 

31-6 

1005 

32-6 

1005 

33  6 

1005 

42-8 
6C. 

34  7 

1005 

35'7 

1003 

367 

100.3 

37-7 

1005 

38  7 

1005 

39-7 

100b 

40-7 

lOlib 

41-6 

1006 

42-6 

1006 

13fi 

100b 

446 

7C. 

233 

1002 

246 
10JJ 

25  7 

1003 

269 

I0o3 

23 

1003 

292 

1003 

30-2 

1004 

31  2 

I0O4 

322 

It  04 

33-2 

1004 

44  6 

7C. 

342 

1004 

352 

Io04 

36-2 

1001 

37  2 

Ull:.3 

382 

IOOj 

392 

1005 

40-2 
1005 

41-2 

Io03 

42-2 

IOOj 

432 

1005 

46  4 
80. 

23 

1002 

212 

1002 

25-3 

1003 

26  5 

I0o3 

27-6 

1003 

28-8 

1003 

29-8 

1003 

30-8 

1003 

31-8 

IO03 

32-8 

1003 

464 
BC. 

338 

1004 

34  8 

1004 

35-8 

1004 

36  8 

10O4 

37  8 

1004 

38-8 

1004 

39-8 

IO04 

40-8 

1004 

41-8 

1004 

12-8 

1005 

48-2 
9C 

227 

1002 

23  9 

1002 

25 

1002 

26- 1 

1002 

27-2 

10,2 

23-4 
100  j 

29-4 

1003 

30-4 
1003 

314 

1003 

324 

1003 

482 

sc. 

334 

1003 

34-4 

1003 

35-4 

1003 

36-4 

1003 

37-4 

1004 

38-4 

1004 

39-4 

1004 

40-4 

1004 

414 

1004 

42-4 

1004 

500 

IOC. 

22-4 

1001 

235 

lu02 

24-6 
1002 

25-7 

Ui. 

268 
I0J2 

279 

101:2 

29 
1002 

30 

1002 

31 

1002 

32 

1002 

500 

10  c. 

33 

1002 

34 

1002 

35 

1003 

36 

IC03 

37 

1003 

38 

1003 

39 

1003 

40 

1003 

41 

1003 

12 
1O1  3 

518 
11  c. 

2-21 

1001 

232 

IOui 

213 

1001 

254 

1001 

26  5 

1002 

276 

10J2 

23-6 

1002 

296 

1C02 

306 
1002 

31-6 

1002 

51-8 

11  c. 

326 

1002 

330 

10:2 

34-6 

1002 

35-6 

1002 

366 

1002 

37-6 
1002 

38-6 
1002 

39-fi 
1002 

40-6 

1003 

41-6 

IOOj 

536 

12  C. 

21-8 

1001 

22-9 

tool 

24 

1001 

251 

1001 

261 

1001 

272 
1001 

23-2 
1001 

292 

1001 

30  2 

1001 

31-2 

1001 

536 

12  c. 

322 

1001 

332 

1001 

34-2 

1002 

35-2 

1002 

36-2 

1002 

37-2 

1002 

38-2 
1002 

392 

1002 

402 
10O2 

41-2 

1002 
1 

55-4 
ISC. 

21-5 

1001 

22-6 

1001 

236 

1001 

247 
1001 

2V7 

1001 

268 

1001 

27-8 
1001 

28-8 
1001 

298 
1001 

308 
1001 

55  4 
13  C. 

31-8 

1001 

32-8 
1001 

33-8 
1001 

34-8 

1001 

358 
1001 

36-8 
1001 

37-8 
1001 

388 

1001 

398 

1001 

10  8 

1001 

57-2 

•21-2 

1000 

22-3 

1000 

233 

lOOU 

24  3 

1000 

253 

1000 

264 

1000 

274 

1000 

28-4 
1000 

29-4 
1000 

304 
lOOO 

57  2 
14  C. 

31-4 

1000 

32-4 

1000 

33-4 
1001 

34-4 

1001 

35-4 

1001 

36-4 

1(01 

37-4 
ItOI 

38-4 
1001 

39-4 
1001 

40-4 
1001 

59-0 

IjC. 

21 

HMO 

22 

iOjO 

23 

1000 

24 

1000 

25 

1000 

26 

1000 

27 
I)  0 

28 
,ooo 

29 

1000 

30 

1000 

590 

15  C. 

31 

1000 

32 

1000 

33 

1000 

34 

1000 

35 

ioco 

36 

1000 

37 

1000 

38 
liOO 

39 

1000 

40 

1000 

60-8 

lb  0. 

20  7 
1000; 

21-7 

luoo 

22-7 

1000 

237 
1000 

21-7 

1000 

25-7 

:000 

26-6 

1000 

276 

1000 

28-6 
1000 

296 

1000 

60-8 

16  C. 

306 
1000 

316 

1000 

32-5 
999 

33-5 

999 

34-5 

999 

35-5 

199 

365 

9S9 

37  5 

999 

38-5 
999 

395 
99u 

62-6 
17  C. 

20  1 

999 

21-4 

993 

22-4 

999 

234 

999 

24-4 

999 

25-4 

9J9 

263 

9:19 

273 

999 

28-2 

999 

29  2 
999 

62-6 

17  C. 

302 

999 

31-2 

999 

321 

999 

33- 1 

999 

341 

999 

351 

999 

361 

999 

371 

999 

381 

999 

39  1 
999 

64-4 

lb  C. 

20  1 

939 

211 

a9a 

2-2 
99  1 

23 

999 

21 

999 

25 

999 

25-9 

999 

269 

999 

27-8 

999 

28-8 
999 

64  4 

isc. 

29-8 

999 

308 

993 

.31-7 
998 

327 

9SS 

33-7 

998 

347 

998 

35-7 

998 

36-7 

999 

37-7 

998 

36-7 

998 

66-2 

19  C. 

19-8 

9J9 

20-8 
999 

21-7 
999 

22-7 
999 

23  6 

998 

24-6 

998 

255 

998 

26-5 

998 

27-4 

998 

284 
ins 

66-2 

19  C 

29-4 

998 

304 

998 

31  3 

9as 

32  3 
898 

33-3 

998 

34-3 

998 

35-3 

198 

36-3 

998 

373 

997 

38-3 

997 

C8-0 

20  C. 

19-5 

999 

205 

214 
998 

22-4 

998 

23-3 

998 

24-3 

998 

252 

99S 

26-1 

Ms 

27  1 
99* 

28 

9<S 

68-0 
m  C. 

29 

998 

30 

998 

30-9 

997 

31-9 

997 

32-9 

997 

33-9 

i97 

34-9 
997 

35-9 

997 

30-9 

9j7 

379 

997 

698 
21  c. 

191 

998 

20- 1 

998 

21  1 
998 

22-1 
(.98 

23 

998 

23-fl  24-8 
9j8      90s 

257 

998 

26-7 
997 

276 

997 

698 

21  c. 

28-6 
99; 

29-6 
997 

305 

997 

31-5 

997 

32-5 

197 

33-5 

997 

345 

997 

35-5 

996 

3C-5 
996 

37-5 

71-6 

22  C. 

18-8 
998 

19-8 

998 

207 

998 

21-7 

997 

226 

997 

23-6  24-4 

9a7    t   9.-.7 

253 

997 

26-3 

997 

27  2 

997 

716 

22  c. 

23-2 
997 

29-2 

997 

301 

996 

311 

9D6 

32-1 

996 

331 

996 

341 

996 

35  1 

996 

36-1 

996 

371 

996 

734 

23  C. 

18-5 

998 

19-5 

997 

20-4 

997 

214 

997 

22-3 

997 

23  2  24  1 

997    ,    997 

25 

997 

25-9 

997 

26-8 
997 

73-4 
23  C. 

27-8 
996 

|28-8 
996 

29-7 

996 

30-7 
996 

31-7 

99S 

327 

996 

337 

9t6 

34-7 

89. 

35-7 

995 

36-7 

995 

75-2 
24  C. 

18-3 

997 

192 

997 

20-1 

997 

211 

997 

21-9 

997 

22-8  23-7 

997       5:97 

24-6 
996 

25-5 

9i6 

26-4 

996 

752 
24  C. 

27-4 

996 

28-4 

996 

29-3 
995 

30-3 
993 

1.31-3 

995 

32-3 
995 

33-3 

995 

34-3 

995 

35-3 

S<93 

36  3 

994 

770 
25  C. 

18 
997 

18-9 

997 

19-8 

997 

20-7 

997 

21-6 

9»6 

22-5 

996 

23-3 

996 

24-3 

996 

25-2 

996 

261 

996 

77-0 

25  C. 

27 
995 

28 
995 

28-9 

993 

29-9 

996 

30-9 

993 

31  9 

994 

32-9 

994 

33-9 

994 

34-9 

994 

359 

994 

78-8 

26  C. 

57-7 
997 

13-6 

996 

195 

996 

20-4 

996 

21-3 

996 

22-2 

996 

23 

995 

23-9 

996 

21-8 

993 

25-7 

995 

78-8 
26  C 

26-6 
995 

27-6 

995 

28-5 

995 

295 

994 

305 
994 

31-5 

994 

32-5 
994 

3.3  5 

91!  4 

.34-5 

993 

35-5 

993 

806 

27  C. 

17-4 

996 

18-3 
996 

192 

996 

20- 1 

996 

20-9 

996 

21-8 

996 

22-7 
996 

23-6 

996 

24-4 

995 

25-3 
995 

80-6 
27  C. 

26-2 

995 

27-2 
994 

281 

9  4 

29- 1 
994 

30-1 
994 

311 

993 

321 

993 

331 

993 

311 

993 

35-1 

993 

82-4 

28  C. 

17 
996 

18 
996 

18-9 

b96 

19-7 

9I<5 

20-6 

995 

215 

995 

22-3 

995 

23-2 

993 

24 
993 

249 

984 

82-4 
28  C. 

25-8 

994 

26-8 
994 

27-7 

994 

28-7 

993 

29-7 
993 

30-7 

993 

31-7 

993 

32-7 

993 

33  7 

ro2 

347 

992 

842 
29  C. 

16-7 

996 

17-6 

996 

18-5 
995 

19-4 

995 

20-3 
993 

211 

995 

21  9 

995 

22-8 
994 

23-7 

804 

245 

994 

84-2 
29  C. 

25-4 

994 

26-4 
993 

27-3 
993 

28-3 

993 

29-3 

993 

30-3 
992 

31-3 

992 

32-3 
992 

33-3 

992 

34-3 

992 

860 

30  C. 

16-4 
995 

17-3 

99» 

18-2 
995 

19-1 
995 

19-9 
995 

20-8 
994 

21  6 
991 

22-5 

994 

23-3 
1  994 

24-2 

994 

86-0 

30  C. 

251 

1  993 

26 
993 

26-9 
993 

27-9 
993 

28-9 
992 

29-9 
962 

30-9 
992 

31-9 

991 

329 

991 

339 

991 

98 
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Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

41 

42 

43 

44 

45 

46  |  47  i  48 

49 

50 

51  1   52  |  53 

54 

55     56     57 

58 

59 

60 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c.lp.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

641 

1013 

p.  c. 

65 
1013 

32  0° 
0°C. 

46-9 
ion 

47-9 

1011 

48-8 

1011 

49-8 
1011 

507 
ion 

51-7 

1011 

52-6 

1012 

53-5 

11.12 

54-5 

1012 

554 
1012 

320° 
0°C. 

56-4 
1012 

57-3 

1012 

583 
1012 

592 
1012 

602 

1012 

61-2 

1012 

62  1 

1012 

631 

1013 

338 

IC. 

46-5 

1010 

475 

1010 

48-4 

1010 

49-4 

1010 

503 

1010 

51-3 

1011 

52-2 
1011 

53  2 

ion 

54-2 
1011 

551 

1011 

33-8 
1  C. 

56 

ion 

57 

1011 

579 
1011 

58-9 

1011 

59-9 

1011 

60-9 

1011 

61-8 
ion 

62-8 

1012 

63-8 

1012 

64-7 

1012 

35-6 

*c. 

461 
10L.9 

471 

1009 

48- 1 

1009 

49 

1009 

499 

1010 

50-9 

1010 

51-8 
1010 

52-8 

1010 

53-8 

1010 

54-7 
1010 

35-6 

2C. 

557 

1010 

56-6 

1010 

576 

1010 

585 

1010 

595 

1010 

605 
loll 

61-5 

1011 

62-4 
1011 

63-4 

1011 

64-4 

1011 

374 
ac. 

45-8 
I0U8 

46-7 
1039 

47-7 

1009 

48-6 
10o9 

49-6 

1009 

505 

looa 

51-5 

1009 

52-4 

lOOH 

534 

1009 

54-3 

1009 

37-4 

3C. 

55-3 

1009 

56-3 

1009 

572 

1009 

58-2 

1010 

59-2 

1010 

60-2 
1010 

61-1 

1010 

621 

■1010 

63-1 

1010 

641 

1010 

39-2 

•IC. 

454 

100- 

46-4 

I00S 

47  4 

1008 

48-3 

1008 

492 

1008 

50-2 

1008 

511 

1008 

521 

100S 

53 

10-8 

54 

1009 

392 

4C. 

55 

1009 

56 

1009 

56-9 

1009 

579 

1009 

58-9 

1009 

59-8 

1009 

60-8 

1009 

61-7 

1009 

62-7 

1009 

637 

1009 

410 

5C. 

45 

IU07 

45-9 

1007 

46-9 

1007 

47-9 

1007 

48-8 

1007 

49-8 

1007 

50-7 

1007 

51-7 

100? 

52-7 
1008 

53-6 

1008 

41-0 

5C. 

54-6 

1008 

55-6 

1008 

566 

1008 

57-5 

1008 

58-5 

IOCS 

59-5 

1008 

60-4 

1008 

61-4 

1008 

62-4 

10o8 

63-4 

1008 

42-8 
bC. 

446 

luOo 

45-5 

1006 

465 

1006 

47-5 

1007 

48-4 

1007 

49-4 

1O07 

504 

1007 

51-4 

1007 

52-4 

IU07 

53-3 

1007 

42-8 
6C. 

543 

1007 

55-2 

1007 

56-2 

1007 

571 

1007 

58-1 

1007 

591 

1007 

60-1 

1007 

61 

1008 

62 

1008 

63 

1008 

446 

7C. 

442 

IOuS 

45  1 

1006 

46- 1 

1006 

471 

1006 

48-1 

100b 

491 

1006 

50-1 

1006 

51 

lu06 

52 

Iu06 

52-9 

1006 

44-6 

7C. 

53-9 

1006 

54-9 

1000 

559 

1006 

568 

1006 

57-8 

1006 

58-8 

1006 

59-8 

1007 

60-7 

1007 

617 

1007 

62-7 

1007 

46-4 

8C. 

43-8 

1005 

44'8 

1005 

45-8 

1005 

46-8 

I0U5 

47-7 

1005 

48-7 

1005 

497 

1005 

50-6 

1005 

51-6 

1005 

52  6 

1005 

46-4 
sc. 

536 

1005 

54-6 

1005 

55-5 

1006 

56-5 
1006 

57-5 

1006 

58-5 
1006 

59-5 

1006 

60-4 

1006 

61-4 

1000 

62-4 

1006 

48-2 

9C. 

43-4 

1004 

444 

1004 

454 

1004 

46-4 

1004 

47-3 

1004 

48-3 

1004 

49-3 

1005 

50-2 

1003 

512 

1005 

52-2 

10U5 

48-2 

9C. 

532 

1005 

54-2 

1005 

55  1 

1005 

56-1 

1005 

57-1 

1005 

581 

1005 

591 

1005 

60 

1005 

61 

1005 

62 

1005 

500 

loc. 

43 

1003 

44 

luOl 

45 

1004 

46 

I0J4 

46-9 

10J4 

479 

1004 

48-9 

1004 

49-9 

1004 

50-9 

1004 

51-8 

1004 

50-0 
ioc. 

52-8 
1904 

53-8 

1004 

54-8 

1004 

55-8 

1004 

56-8 

1004 

57-8 

1004 

58-8 

1004 

59-7 

1004 

60-7 

1004 

61  7 

1004 

51-8 
I1C. 

42-6 
1003 

43-6 

1003 

44-6 

1003 

45-6 

1003 

466 

1003 

47-6 

I0J3 

48-6 
1003 

495 

1003 

50-5 

1003 

51-5 

1003 

51-8 
nc. 

52-5 
1003 

53-5 

100.) 

54-4 

1003 

55-4 

1003 

56-4 

1003 

57-4 

1003 

58-4 

1003 

594 

1003 

60-4 

1003 

61-4 

1003 

53-6 

12  C. 

42-2 

1002 

432 

1002 

442 

1002 

45-2 

1002 

46-2 

1002 

47  2 

1002 

48-2 
1002 

49-2 

1002 

50-2 

1002 

51  1 

I0J2 

53-6 
12  c. 

52-1 

1002 

53  1 

1002 

54-1 

1002 

55 

IO02 

56 

1002 

57 

1002 

58 

1002 

59 

1002 

60 

1002 

61 

1002 

554 

13  C. 

41-8 

1001 

42-8 
1001 

43-8 
1001 

448 
1002 

45-8 

|J02 

46-8 

1002 

47-8 

1002 

48-8 

1002 

498 
1002 

50-8 
1002 

55-4 
13  C. 

51-8 

1002 

52-7 
1002 

53-7 

1002 

54-7 
1002 

55-7 

1002 

56-7 

1002 

57-7 
IOC2 

58-7 

1002 

597 

1002 

60-7 

1002 

572 

14  C. 

41-4 

1001 

424 

1001 

43-4 

1001 

44-4 

1001 

454 

1001 

46-4 

1001 

47-4 

1001 

48-4 

1001 

49-4 

1001 

50-4 

1001 

57-2 
14  C. 

51-4 

1001 

52-3 

1001 

53-3 

1001 

54-3 

1001 

55-3 
1001 

56-3 

1001 

57-3 

1001 

58-3 

1001 

593 

1001 

603 

1001 

590 

15  C. 

41 

1000 

42 

I0J0 

43 

1000 

44 

1000 

45 

1000 

46 

1000 

47 
1000 

48 
iuOO 

49 

1000 

50 

IO00 

590 

15  C. 

51 

ioco 

52 

1000 

53 

1000 

54 

1000 

55 

1000 

56 

1000 

57 

1000 

58 

1000 

59 

1000 

60 

1000 

60-8 

16  C. 

10-6 

999 

41-6 

9*9 

42-6 

9J9 

43-6 

999 

446 

999 

45-6 

999 

46-6 

999 

47-6 

999 

48-6 

999 

49-6 

999 

60-8 

16  C. 

50-6 

999 

51-6 

999 

52-6 

999 

53-6 

999 

54-6 

999 

55-6 

C99 

56-6 

999 

57-6 
999 

58-6 

999 

596 

999 

62-6 

17  C. 

402 

999 

412 

999 

42-2 

999 

432 

998 

44-2 

998 

45-2 

998 

46-2 
998 

47-2 

998 

48-3 

993 

49-3 

998 

62-6 

17  C. 

50-3 

99S 

51-3 

99S 

52-3 

998 

53-3 

998 

543 

998 

55-3 

998 

56-3 

998 

57-3 

998 

58-3 

998 

59  3 

998 

64-4 

isC. 

39-8 

998 

408 

9S8 

41-8 

998 

42-8 

998 

43-8 
99< 

449 

998 

459 

998 

46-9 

998 

47-9 

998 

48-9 

998 

64-4 

18  C. 

49-9 

998 

50-9 

99s 

51-9 

998 

52-9 

998 

53-9 

998 

54-9 

993 

55-9 

998 

56-9 

997 

57-9 

997 

589 

997 

66-2 
19  C. 

39-4 

997 

404 

997 

41-4 

997 

42-5 
997 

435 

997 

445 

997 

45-5 

997 

46-5 

997 

47-5 

997 

48-5 

997 

66-2 
19  C. 

49-5 

997 

50-6 
997 

516 

9^7 

52-6 

997 

536 

997 

54-6 
997 

55-6 
997 

56-6 

997 

576 

997 

58-6 

997 

68-0 

20  C. 

39 

997 

40 

997 

41 

997 

421 

997 

431 

996 

441 

996 

451 

996 

46-1 

996 

47-2 

996 

482 

9;,6 

680 

20  C. 

49-2 

996 

50-2 

99o 

51-2 

996 

52-2 

996 

53-2 

996 

54-2 

996 

55-2 

996 

56-2 

996 

57-2 

9s6 

58-2 
9S6 

698 

21  C. 

38-6 

996 

39  6 

996 

40-6 

996 

41-7 

996 

42-7 
996 

43-7 

9j6 

44-8 

996 

45-8 

996 

46-8 

995 

47-8 

995 

69-8 

21  C. 

48-8 

995 

49-8 

995 

50-8 

995 

51-8 

995 

52-9 

995 

53-9 

995 

54-9 

995 

559 

995 

56-9 

995 

579 
995 

716 

22  C. 

382 

996 

392 

995 

402 

995 

41-3 

995 

423 

995 

433 

995 

443 

995 

45-3 

995 

46-4 

995 

474 

995 

71-6 
22  C. 

48-4 
995 

49-4 
995 

50-4 
995 

51-4 

994 

52-5 

994 

535 

994 

54-5 

994 

55-5 

994 

56-5 

994 

57-5 
994 

734 

23  C. 

37-8 
995 

38-8 

995 

39-8 

995 

40-9 

994 

41-9 

994 

42-9 

994 

43-9 

994 

44-9 

994 

46 

994 

47 

994 

73-4 

•23  C. 

48 

994 

491 

994 

501 

511 

994 

521 

994 

531 

994 

541 

993 

551 

993 

561 

993 

571 

993 

752 

24  C. 

374 

994 

38-4 

994 

39-4 

994 

40-5 

994 

41-5 

994 

42-5 

994 

43-6 

b9l 

44-6 
991 

45-6 

9y3 

46-6 
993 

752 
24  C. 

47-6 
993 

48-7 

993 

49-7 

993 

507 

993 

51-8 

993 

52-8 

993 

53-8 
993 

54-8 

993 

55-8 
S93 

56-8 

992 

770 

25  C. 

37 

994 

38 

994 

39 

993 

40-1 

993 

411 

993 

42-2 

993 

43-2 

993 

44-2 
993 

45-2 
993 

46-3 

993 

770 
25  C. 

47-3 

993 

48-3 
993 

49-3 

993 

50-3 

992 

51-4 

992 

52-4 

992 

53-4 

992 

54-4 

992 

555 

992 

56-5 

992 

78-8 

26  C. 

36-5 
993 

37-6 
993 

38-6 

993 

397 

993 

40-7 
992 

41-8 

992 

42-8 

992 

43-8 

992 

44-9 

992 

45-9 

992 

78-8 
26  C. 

46-9 

992 

479 

992 

49 

992 

50 
991 

51 

991 

52 

991 

53 

991 

54 

991 

55-1 

991 

56-1 

991 

806 

27  C. 

361 

992 

37-2 

992 

38-2 

992 

39-3 

992 

40-3 

992 

41-4 

992 

42-4 

992 

43-4 

991 

44-5 

991 

45-5 

991 

80-6 

27  C. 

46-5 
991 

47-6 

991 

48-6 

991 

49-6 

991 

50-7 

990 

51-7 

990 

52-7 
990 

53-7 

990 

54-8 
990 

55-8 

990 

82-4 
28  C. 

357 

992 

36-8 

992 

37-8 

992 

38-9 
991 

39-9 

991 

41 

991 

42 

991 

43 

991 

441 

991 

451 

990 

82-4 

28  C. 

461 

990 

47-2 

990 

48-2 
990 

49-2 

990 

50-3 

990 

51-3 

990 

52-3 

990 

53-3 

989 

54-4 

989 

55-4 

989 

84-2 
29  C. 

35-3  36-3 
991      991 

37-4 

991 

38-5 

991 

39-5 

991 

406 
9SO 

41-6 

990 

42-6 

990 

43-7 

9!i0 

44-7 
990 

84-2 
29  C. 

45-7 
990 

46-8 

9S9 

47-8 
989 

48-9 
989 

49-9 

989 

51 

989 

52 

989 

53 

989 

54 

989 

55 

988 

860    1 

30  C.     | 

34-9 

991  1 

35-91 

991   1 

37 

990  | 

381 

990 

391 

990 

40-2 

990 

41-2 

990 

42-3 
989 

43-3 

989 

44-3 

989 

860 
30  C. 

45-4 

989 

46-4 

989 

47-5 
989 

48-5 

988 

49-6 

988 

50-6 

9S8 

516 

988 

52-6 

988 

53-6 

986 

54-7 
983 

99 


ALCOHOLOMETRY. 


ALCOHOLOMETRY. 


Table  I. — Continued. 


Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

61 

62 

63 

64     65 

66  |  67 

68 

69 

70 

71 

72 

73 

74 

75 

7d 

77 

78 

79 

80 

p.  c 

p.  c 

p.  c 

p.  c 

p.  c 

p.  c 

p.  c. 

p.  c 

p.  c 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 
88-4 

1014 

p.  c. 
83-3 

1014 

P.  1 

84-3 

1014 

320° 

o;  c. 

66 

1013 

67 

1013 

68 

1013 

68-9 
1013 

69-9 

1013 

708 
1013 

71-8 

1013 

72-7 

i.'ij 

737 

1014 

74-7 

1014 

320° 
o°c. 

75-6 

1014 

76-6 

1014 

77-6 

1014 

78-6 

1014 

79-5 

1014 

80-5 

1014 

81  5 

1014 

338 

1C. 

65  7 

1012 

667 
1012 

67-7 

1012 

68-6 

1012 

69-6 

1012 

705 

1012 

71-5 

1012 

72  1 
1018 

73-4 
1013 

74-3 

1013 

33-8 
1  C. 

75-3 

1013 

76-3 

1013 

77-3 

1013 

78-3 

1013 

792 

1013 

80-2 
1013 

81-2 
1013 

82-1 
1013 

831 

1013 

84 

1013 

356 
2C. 

653 
1011 

66-3 

1011 

67  3 
1011 

68-3 

1011 

693 

1011 

702 
1011 

71-2 
1011 

721 

1012 

731 

1012 

74 

1012 

35-6 
2C. 

75 

1012 

76 

1012 

77 

1012 

78 
1012 

78-9 

1012 

79-9 
1012 

80-9 

1012 

81-9 

1012 

82-8 

1012 

83-7 

1012 

37-4 

3C. 

65 

K10 

65 

1010 

67 
1010 

68 

1010 

68-9 

1010 

699 

1011 

70-8 
1011 

71-8 

ion 

72-8 

1011 

737 
ion 

37-4 
3C. 

74-7 

101 1 

75-7 
1011 

76-7 
1011 

77-7 
1011 

78-6 

1011 

790 
1011 

806 
ion 

81-6 

1011 

82-5 

1011 

88'S 

1011 

39  2 

4C. 

647 

1003 

65-7 

1009 

66-6 

1009 

676 

1010 

68-6 

1010 

69-5 

1010 

70-5 
1010 

n  5 

1010 

72-5 

1010 

734 
1010 

39-2 

4C. 

74-4 

1010 

753 

1010 

76-3 
1010 

77-3 

1010 

78-3 

I01O 

79-3 
1010 

80-3 

1010 

81-3 

1010 

82-2 
1010 

83-2 

1010 

410 

SC. 

643 
1009 

653 

1009 

66-3 

1009 

67-3 

100a 

68-3 

1009 

692 

1009 

702 
1009 

71-2 
1009 

7*2 

1009 

731 

1009 

410 
5C. 

741 

1009 

75 

1009 

76 

1009 

77 
1009 

78 

1009 

79 

1009 

80 

1009 

81 
1009 

81-9 

1010 

82-9 

1010 

42-8 

6C. 

64 

1008 

65 

1008 

66 

1008 

67 
1008 

68 

1008 

68-9 

1008 

699 

1008 

70-9 
1006 

71-9 

1008 

72-8 

1008 

42-8 
6  c. 

73-8 

1008 

74-7 
1008 

757 

1008 

76-7 

1003 

77'7 
1008 

78-7 

1008 

79-7 
1008 

80-7 

1008 

81-6 

1008 

82-6 

1009 

446 

7C. 

637 

1007 

64-7 
1007 

657 

1007 

66-7 

1007 

67'6 

1007 

68-6 

1007 

696 

1007 

70-6 
10Q3 

71  5 

1007 

72-5 
1007 

44-6 

7C. 

73-5 

1007 

74-4 

1007 

754 

1007 

764 

1007 

77-4 

1007 

78-4 

1007 

79-4 

1007 

80-4 
1007 

81-4 
1007 

82-3 

1008 

464 

8C. 

634 
1006 

644 

1006 

65-4 

1006 

66-4 

1006 

67-3 

1006 

68-3 

1006 

69-3 

1006 

70-2 

1006 

71-2 

1006 

72-2 
1006 

46-4 

8C. 

732 

1006 

741 

1006 

75  1 

1006 

761 

1006 

77-1 
1006 

78-1 

100b 

791 

1007 

80-1 

1007 

81-1 

1007 

82 

1007 

48-2 
9C. 

63 

1005 

64 

1005 

65 

1005 

66 

1005 

67 

1005 

67'J 

1003 

68-9 

1005 

69-9 
1005 

709 

1005 

71-9 

1005 

48-2 

9C. 

72-9 

1005 

73-8 

1005 

74-8 

1005 

75-8 

1005 

76-8 

1005 

77-8 

1005 

78-8 

1006 

79-8 
I0C6 

80-8 

1C06 

81-7 

1006 

500 
IOC. 

62-7 

1004 

637 

1001 

64-7 

1004 

657 

1001 

66-7 

10)4 

67-6 

1004 

68-6 

1004 

696 

1004 

70-6 

1004 

71-6 

1004 

500 

IOC. 

72-6 

1004 

73-5 

1001 

74-5 

1005 

75-5 

1005 

76-5 

1005 

77-5 

1005 

78-5 

1005 

79-5 
1005 

80-5 
1005 

81-5 

1005 

51-8 

11  C. 

624 

1003 

634 

1003 

64  4 

1003 

65-4 

1003 

66-4 

1003 

67-3 

1003 

68-3 

1003 

09-3 
1004 

703 

1004 

713 

1004 

51-8 
11C. 

72-3 

1004 

73-2 

1004 

74-2 

1004 

75-2 
1004 

76-2 

1104 

77-2 

1004 

78-2 

1004 

79-2 

1004 

80-2 

1004 

81-2 

1004 

536 

12  C. 

62 

1002 

63 

1002 

64 
1002 

65 

1002 

66 

1002 

67 

1002 

68 
1003 

69 
1003 

70 

10C3 

71 

1003 

53-6 
12  c. 

72 

1003 

72-9 

1003 

739 

1003 

74-9 

1003 

75-9 

1003 

76-9 

1003 

77-9 

1003 

78-9 

1003 

79-9 
1003 

80-9 

1003 

554 
13  C. 

61-7 

I0O2 

62-7 

1002 

63-7 

1002 

64-7 
1002 

65-7 
1002 

66-7 

1002 

67-7 

1002 

68-7 
1002 

69-6 
1002 

70-6 
1002 

55-4 
13  C 

716 

1002 

72-6 

1002 

736 

1002 

74-6 

1002 

75-6 

1002 

76-6 

1002 

77-6 

1002 

78-6 

1002 

79-6 

1002 

80-6 

1002 

57  2 

14  C. 

61-3 

1001 

623 

1001 

633 

1001 

64-3 

1001 

65-3 

1001 

663 

1001 

67-3 

1001 

68-3 

lOOl 

69-3 
1001 

70-3 

1001 

57-2 

14  C 

71-3 

1001 

72-3 
1001 

73-3 

1001 

74-3 

1001 

75-3 

1001 

76-3 

1001 

77-3 

1001 

78-3 

1001 

79-3 

1001 

80-3 

1001 

590 

loC. 

61 

1000 

62 

1000 

63 
1000 

64 

1000 

65 

1000 

06 

1000 

67 

1000 

68 

11 100 

69 

1000 

70 

1000 

590 

15  C. 

71 

1000 

72 

1000 

73 

1000 

74 

1000 

75 

1000 

76 
1000 

77 
1000 

78 

KOO 

79 

1000 

80 
1000 

608 

.0  L. 

606 

939 

61-7 

9)9 

627 

999 

63  7 

999 

64-7 
999 

65-7 
999 

66-7 

999 

67-7 

999 

68-7 

999 

69-7 

Da!) 

60-8 

16  C. 

70-7 

999 

71-7 
999 

72-7 

999 

73-7 

999 

74-7 

999 

75-7 
999 

76-7 

999 

77'7 
999 

78-7 

999 

797 
999 

626 

17  C. 

603 

998 

61-3 

*93 

62-3 

633 

998 

64-3 

998 

65-3 

90S 

66-3 

938 

67-3 

998 

68-3 

998 

69-3 

998 

62-6 

17  C. 

70-3 

998 

71-3 

993 

72-3 

998 

73-3 

998 

74-3 

998 

75-4 

9  9b 

76-4 

998 

77-4 
998 

78-4 

998 

79-4 
998 

61-4 
lb  c. 

59-9 

Ol 

997 

62 

997 

63 

9a7 

64 

997 

65 

997 

66 
997 

67 
997 

68 

997 

69 

997 

61-4 
18  C. 

70 
997 

71 
997 

72 
997 

73 
997 

74 

997 

751 

997 

761 

997 

77-1 
997 

78-1 

997 

791 

997 

G6-2 
me. 

596 

997 

60-6 

997 

(il-6 

997 

62-7 
997 

637 

997 

64-7 
997 

65-7 

997 

66-7 
99: 

67-7 

99^ 

68-7 
996 

66-2 

19  C. 

69-7 

996 

70-7 
996 

71-7 
996 

72-7 

996 

78-7 

996 

74-7 

996 

75-8 

996 

76-8 

996 

77-8 
396 

78-8 
996 

680 

20  C. 

59-2 

996 

00-3 

Mo 

613 

996 

62-3 
996 

633 

996 

643 

996 

65-4 

996 

66-4 
996 

67-4 

996 

68'  1 

996 

680 

20  C. 

69-4 
996 

70-4 

996 

71-4 

995 

72-4 
995 

73-4 

995 

74-4 

995 

75-5 

995 

76-5 

99o 

77-5 
996 

78  5 

995 

69-8 

21  C. 

58-9 
995 

599 
995 

61 

995 

62 
995 

63 

995 

64 

995 

65 

995 

66 
996 

67 
995 

681 

995 

69-8 

21  C. 

691 

995 

701 

995 

711 

995 

721 
994 

731 

934 

741 

994 

75-2 
994 

76-2 

934 

77-2 
994 

78-2 

710 
22  C. 

58-5 

994 

59-5 

994 

606 
991 

616 

994 

62-7 

994 

637 

994 

61-7 

994 

65-7 
994 

66-7 
994 

67-8 

994 

71-6 

22  C. 

68-8 

994 

69-8 

994 

70-8 

994 

71-8 

994 

72-8 

993 

73-8 

993 

74-8 

993 

75-9 

993 

76-9 

993 

77-9 
993 

734 
23  C. 

581 

933 

592 
993 

602 
993 

61-3 

993 

623 

993 

63-3 

993 

61-3 

993 

65-4 

993 

66-4 
993 

67-4 

73-4 
23  C. 

68-4 

993 

69-4 
993 

70-5 

993 

71-5 

993 

72-5 

992 

73-5 
992 

74-5 
992 

75-5 

992 

76-6 
992 

77-6 

992  j 

752 

24  C. 

57-8 
992 

589 

992 

599 

992 

61 

992 

62 

992 

63 

992 

64 

992 

65 
992 

66 

992 

671 

992 

75-2 
24  C. 

68-1 

992 

691 

992 

701 

992 

71-2 

992 

72-2 

992 

73-2 

992 

74-2 
992 

75-2 

991 

76-3 

991 

77  3 

391 

770 
25  C. 

575 
992 

58-5 

992 

595 

992 

60-6 
991 

61-6 

991 

626 
991 

63-7 
991 

CI  -7 
991 

65-7 

991 

66-7 
991 

77-0 
25  C. 

67-8 

991 

68-8 

991 

09-8 
991 

70-8 

991 

71-8 

991 

72-8 

991 

73-9 
991 

74-9 
991 

76 

991 

77 
991 

78-8 

26  C. 

571 

991 

581 
991 

592 
991 

60-2 

991 

61-3 

990 

62-3 

990 

633 

990 

64-3 

990 

65-3 

990 

66-4 

990 

78-8 

26  C. 

67-4 

990 

68-4 

990 

69-5 
990 

70-5 

990 

715 
990 

72-5 

990 

73-6 
990 

74-0 
930 

75-6 
990 

76-1 

990 

806 
27  C. 

56-8 
99J 

57-8 
99) 

58-9 

990 

599 

990 

60-9 

990 

61-9 

990 

63 

989 

64 
989 

65 
989 

66 

989 

80-6 

27  C. 

67  1 
989 

681 

989 

69-2 

989 

70-2 

989 

71-2 

989 

72-2 
989 

73-3 
989 

74-3 

989 

75-3 

969 

76-3 

989 

82-4 

28  C. 

564 

989 

57-5 
989 

58-5 
989 

595 

989 

60-6 

989 

61-6 

989 

62-6 

989 

63-7 
889 

64-7 
989 

65-7 

988 

82-4 
28  C. 

66-8 
988 

67-8 
988 

68-8  69-9 

983      988 

70-9 
988 

71-9 

988 

73 

988 

74 

988 

75 

989 

76 

938 

84-2 
29  C. 

56 

988 

571 

688 

581 

988 

592 

988 

60-2 

988 

512 
988 

62-3  63-3 

988      988 

64-3 

988 

65-4 
983 

84-2 
29  C. 

66-4 
988 

67-4 

987 

68-5  69-5 

987      987 

70-6 

987 

71  6 

987 

72-6 

987 

73-7 

987 

74-7 

967 

75-7 

937 

86  0 
30  C. 

557 

988 

56-7 
9S7 

57-8 
987 

58-8 

987  1 

599 

967 

30-9 

987 

61-9 

937  | 

J3 

987 

64 

987 

65 

987 

86-0 
30  C.    | 

661 

987  I 

671 
987 

68-2 
986  I 

39-2 

986 

70-3 

986 

71-3 

986 

72-3 

986 

73-3 

986  1 

74-4 
986 

75  4 

986 

100 
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ALCOHOLOMETRY. 


Table  I. — Concluded. 


■ 

Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

Temp. 
Fahr. 

Observed  Percentage  of  the  Alcoholometer. 

81 

82 

83 

84 

85 

86 

87 

88 

69 

90 

91 

92  I  93 

94 

95 

96 

97 

98 

99 

100 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 
90-8 

1015 

p.  c. 
91-7 

1'  15 

p.  c. 

926 

1015 

p.  c. 
930 

1015 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

p.  c. 

320° 

0"C. 

85-2 

1014 

86-2 

1014 

37-1 

1014 

88 

1011 

88-9 

1014 

89-9 

1015 

32-0° 
0°  c. 

94-5 

1015 

953 

1015 

96-2 

1015 

971 

1015 

98 

1015 

98-8 

1015 

99-7 
1016 

33-8 
1C. 

85 
1013 

85-9 
1013 

86-8 

1013 

87-8 

1013 

88-7 

1013 

89-6 

1011 

905 

1014 

91*5 

1014 

92-4 

1014 

93-3 

1014 

338 
1  C. 

943 

1014 

951 

1014 

96 

1014 

96-9 

1014 

97-8 

1014 

98-6 

1014 

99-5 

1014 

356 

■ic. 

81-7 

1012 

85-6 

1012 

86  6 

10  1* 

87-5 

1012 

88-5 

1012 

S94 

1013 

9:>-3 

1013 

912 

1013 

92-2 

1013 

931 

1013 

356 

2C. 

94 

1013 

94-9 

1013 

95-8 

1013 

96-7 

1013 

97-6 

1013 

98-5 
1013 

99-3 

1014 

374 
3C. 

84-4 

1011 

8V4 

lull 

86-3 

1011 

87-3 

1011 

88-2 
ion 

89'2 

IU2 

90-1 
H  u 

91 
1012 

91-9 

1012 

92-9 

1012 

37-4 

3C. 

93-8 

1012 

94-7 

1012 

956 

1012 

965 

1012 

97-4 

1012 

98-3 

1012 

992 
1012 

1012 

392 

4C. 

81-2 

1011 

851 

Hill 

861 
1011 

S7 
1011 

87-9 

101 1 

88-9 

1011 

89-8 

ion 

90-8 

1011 

91-7 

1011 

92-7 

1011 

392 

4C. 

936 

1011 

91-5 

1011 

95-4 

1011 

96-3 

1011 

97-2 

1011 

98-1 
ion 

99 
1011 

999 

1011 

41  0 

5C. 

839 

10.0 

84-8 

1010 

85-8 

1010 

86-7 

1010 

87-7 

1010 

88-6 

1010 

896 

1010 

90-5 

1010 

91-5 

1010 

92-4 

1010 

410 

5C. 

934 
1010 

943 

1010 

952 
1010 

96-1 

1010 

97 

1010 

97-9 

1010 

98-8 

1010 

99-7 

1010 

42-8 
6C. 

83-6 

1U09 

84-5 
1009 

85-5 

1009 

86-5 

1009 

87-4 

1009 

8S-4 

1009 

89-3 

1009 

90-2 

1009 

91-2 

1009 

922 

1009 

42-8 
6C. 

931 

1009 

941 

1009 

95 

1009 

95-9 

1009 

96-8 

1009 

97-8 

1009 

98-7 

1009 

99-6 

1009 

44-6 
7C. 

83-3 

I0.JS 

84-2 

I00S 

85-2 

1008 

86-2 

I0J8 

87-2 
1008 

88-1 

IO03 

89-1 

1008 

90 

1008 

91 

1008 

919 

1008 

41-6 

7C. 

92-9 

1008 

93-9 

IO08 

94-8 

1008 

95-7 

1008 

96-6 

1008 

97-6 

1008 

98-5 

1008 

99-4 

1008 

46-4 
8C. 

83 

1007 

84 

1007 

85 

1007 

85-9 

1007 

86-9 

1007 

87-9 

1007 

ss-s 
1007 

89-8 

10J7 

907 

1007 

91-7 

1007 

464 
8C. 

92-7 

1007 

936 

1007 

94-6 

1007 

95-5 

1007 

96-4 

1007 

97-4 

1007 

98-3 

1007 

99-2 

1007 

1007 

48-2 
9C. 

82-7 

1006 

83-7 

1006 

84-7 

1006 

85-7 

1006 

86-6 

1006 

87-6 

1006 

88-6 
1006 

895 

I0J6 

905 

100b 

91-5 

1006 

48-2 

9C. 

92-5 

100b 

93-4 

1006 

94-4 

1006 

953 

1006 

962 

1006 

97-2 

1006 

98-1 

1006 

991 

1006 

100 

1C06 

500 

10  G. 

82-4 

1005 

83-4 

1005 

844 
1005 

85-4 

1005 

86-4 

1005 

87-4 

1005 

88-3 

1005 

89-3 

1005 

90-2 

1005 

91-2 

1005 

50  0 

IOC. 

92-2 

1005 

932 

1005 

94-2 

1005 

951 

1005 

96 

1005 

97 

1005 

98 

1005 

98-9 

1005 

99-9 

1005 

51-8 
11  c. 

82-2 

1001 

83-1 

1004 

81-1 

1004 

851 

1004 

86-1 

1004 

87-1 

1001 

88 
luOl 

89 

1001 

90 

1004 

91 

1004 

51-8 
11  c. 

92 

1004 

92-9 

1004 

93-9 

1004 

91-9 

1004 

95-8 

1004 

96-8 

1004 

97-8 

1004 

98-7 

1004 

99-7 

1004 

536 

12  C. 

81-9 

1003 

82-9 

1003 

839 

1003 

84-8 

100J 

85-8 

1003 

86-8 

1003 

87-8 

1003 

88-7 

1003 

89-7 

1013 

90-7 

1003 

536 

12  C. 

91-7 

1003 

92-7 
1003 

93  7 

1003 

94-7 

1003 

95-6 

1003 

96-6 

1003 

97-6 

1003 

98-5 

1003 

99-5 

IC03 

554 

13  C. 

81-6 

1002 

82-6 

1002 

83-6 

1002 

84-fi 

1002 

85-5 
1002 

86-5 

1002 

87-5 

1002 

88-5 

1002 

89'5 

1002 

90-5 

1002 

554 
13  C. 

915 

1002 

92-5 

1002 

93-5 

1002 

94-4 
1002 

95-4 

1002 

96-4 

1002 

97-4 
U02 

98-4 

1002 

99-3 

1002 

57  2 

14  C. 

81-3 

1001 

82-3 

1001 

83-3 

iooi 

843 

1001 

85-3 
1001 

86-3 
1001 

87-3 

1001 

88-2 

1001 

89-2 

1001 

90-2 

1001 

57-2 
14  C. 

91-2 

toot 

92-2 

1001 

93-2 

1001 

942 

1001 

95-2 

1001 

96-2 
1001 

97-2 

11)01 

98-2 

1001 

992 

1001 

590 
15  C. 

81 

1000 

82 
1000 

83 

1000 

84 

1000 

85 

1000 

86 

1000 

87 

1000 

88 

1000 

89 

1000 

90 

1000 

59-0 
15  C. 

91 
1000 

92 

1000 

93 

1000 

94 

1000 

95 
1000 

96 

1C00 

97 

1000 

98 

IU00 

99 

10CO 

100 

1000 

608 
16  C. 

80-7 

999 

81-7 

999 

82-7 

999 

837 

999 

84-7 

999 

85  7 
999 

867 

999 

87-7 

999 

88-7 

999 

89-7 

999 

60-8 
16  C. 

90-8 

999 

91  8 

999 

92-8 

999 

93-8 

999 

94-8 

999 

95-8 

999 

96-8 

999 

97-8 

999 

98-8 

999 

99-8 

999 

62-6 

17  C. 

80-4 
998 

81-4 

993 

82-4 

998 

83-4 

998 

84-4 

998 

85-4 
998 

86-4 

998 

87-4 

998 

88-4 
998 

89-5 

998 

62-6 
17  C. 

905 

99s 

915 

993 

92-6 
998 

93-6 

998 

94-6 

998 

95-6 

998 

966 

998 

97-6 
998 

98-7 
998 

99-7 

998 

044 
is  C. 

80-1 
997 

81-1 

s97 

82-1 

997 

83-1 

997 

84-1 

997 

85-2 
997 

86-2 

997 

87-2 

997 

88-2 

997 

89-2 

997 

64-4 

18  C. 

902 
997 

91-3 

997 

923 
997 

93-3 

997 

94-3 
997 

95-4 

997 

96-4 
997 

97-4 
997 

98-5 
997 

99-5 

997 

66-2 

19  C. 

79-8 
996 

80-8 

996 

81-9 

99o 

82-9 
99b 

839 

996 

84-9 
996 

85-9 

996 

86-9 

996 

87-9 

996 

88-9 

996 

66-2 

19  C. 

90 

996 

91-1 

996 

92-1 
996 

93-1 

996 

941 

996 

95-2 

996 

96-2 
996 

97-3 
996 

98-3 

996 

99-3 

t'96 

680 

20  C. 

795 

995 

80-5 

995 

81-6 

995 

82-6 

99'. 

836 

995 

84-6 

995 

85-6 
995 

86-6 
995 

87-7 
995 

88-7 

995 

680 

20  G. 

69-7 

993 

90-8 

995 

91-8 

993 

92-9 
995 

93-9 

995 

95 
895 

90 

995 

971 
995 

98-1 

995 

991 

996 

69-8 

21  C. 

79-2 

991 

80  2 

991 

81-3 

994 

82-3 

994 

83-3 

991 

843 

994 

853 

994 

86-4 

994 

87-4 
994 

88-4 

994 

69-8 

21  C. 

89-5 
994 

90-5 

994 

91-6 

991 

92-6 
994 

93-7 

994 

94-7 

994 

95-8 
994 

96-9 
991 

979 

994 

99 

b94 

71-6 

22  C. 

78-9 

993 

79-9 

993 

81 

993 

82 
993 

83 

993 

84 

993 

85 
993 

86-1 

993 

87-1 
993 

88-2 
993 

716 

22  C. 

89-2 
993 

90-2 

993 

913 

993 

92-4 
993 

934 

993 

94  5 
993 

95-6 

993 

96-7 
993 

97-7 

993 

98-8 

993 

734 
23  C. 

78-6 

992 

796 

992 

80-7 

992 

81-7 

992 

82-7 

932 

83-8 

992 

84-8 

992 

85-8 
992 

86-8 
992 

87-9 
992 

73-4 
23  C. 

89 

992 

90 

992 

911 

992 

92- 1 
992 

93-2 

992 

91-3 

992 

95-4 
992 

96-5 

992 

97-5 
992 

98-6 

992 

752 
24  C. 

78-3 

991 

793 
991 

80-4 

991 

81-4 

991 

82-4 

991 

83-5 

991 

84-5 
991 

85-5 
991 

86-5 
991 

87-6 
991 

752 
24  C. 

88-7 
991 

89-7 
991 

908 
991 

91-9 

991 

93 

991 

941 

991 

95-2 
991 

96-2 

991 

97-3 

9S1 

98-4 
991 

770 
25  C. 

78 
991 

79 
991 

80-1 

990 

81-1 

990 

82-1 

990 

83-2 

990 

84-2 

990 

85-2 
990 

86-3 

990 

87-4 

990 

770 
25  C. 

88-4 

990 

895 

990 

90  6 

990 

91-6 

990 

92-7 

990 

93-8 

690 

94-9 

990 

96 

990 

97-1 
990 

98-2 
990 

78-8 

26  C. 

77-7 

990 

78-7 
989 

79-8 

989 

80-8 

983 

81  8 

989 

82-9 

989 

83-9 
989 

849 

989 

86 

989 

87-1 

989 

78-8 
26  C. 

88-2 

989 

89-2 
989 

90-3 

989 

91-4 

989 

92-5 
9S9 

93-6 

989 

94-7 

989 

95-8 

989 

96-9 

989 

981 

989 

806 
2;c. 

774 
989 

78-4 
98* 

79-5 
98S 

80-5 
983 

81-5 

988 

82-6 
988 

83-6 

988 

84-7 

988 

85-7 
998 

86-8 

988 

806 

27  C. 

87-9 
968 

89 

988 

90-1 

9S8 

911 

933 

92-2 

938 

93-4 

988 

945 

£83 

95-6 

987 

96-7 

987 

97-9 

987 

82-4 

28  c. 

77-1 

9-8 

78-1 

983 

79-2 

987 

80-2 

987 

812 

987 

82-3 

987 

83-3 

987 

84-4 

9S7 

85-4 

987 

86-5 
987 

82-4 

28  C. 

87-6 

987 

88-7 

987 

89-8 

987 

90-9 

987 

92 

987 

93-1 

987 

94-3 

987 

95-4 

986 

96-5 

986 

97-7 

986 

81-2 

29  C. 

76-7 

987 

77-8 

987 

78-9 
987 

799 
986 

80-9 

986 

82 
986 

83 

986 

84-1 
986 

85-1 

986 

86-2 

986 

842 
29  C. 

87-3 

986 

88-4 

9»6 

89-5 
986 

90-6 

986 

91-7 

986 

92-9 

9bb 

941 

986 

952 

986 

96-3 

985 

97-5 

985 

860 

30  C. 

76-4 
986 

77-5 

986 

78-6 

986 

79-0 
9H6 

80-6 

985 

81-7 

985 

82-7 

985 

83-8 

985 

81-9 

9S5 

86 

985 

86-0 

1     30  C. 

87-1 
985 

88-2 

985 

89-3 

985 

90-4 

985 

915 

985 

92-7 

986 

93-8 

985 

95 

985 

96-1 

981 

97-3 
984  | 

l  2 
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ALCOHOLOMETRY. 

The  second  of  Gay-Lussac's  tables  corres- 
ponds to  Table  VII.  of  Tralles,  and  gives  di- 
rectly, but  less  accurately,  that  which  by  the 
former  table  is  only  obtained  by  a  calculation, 
viz.,  the  richness  or  the  per  cent,  by  volume  of 
the  liquid  at  any  temp,  at  which  it  is  tested, 
from  the  observed  per  cent.  Thus,  if,  as  in  the 
former  example,  the  alcoholom. indicated  59  per 


ALCOHOLOMETRY. 

cent,  in  the  liquid  at  77°,  the  observed  per  cent., 
59,is  sought  for  in  the  upper  horizontal  column, 
and  in  the  vertical  column  below  it  that  Dumber 
is  then  taken  which  is  in  the  same  horizontal 
column  with  the  observed  temp., 77°,  in  the  left- 
hand  column  of  temperatures.  The  number  in 
this  case  is  55,  or  the  liquid  at  the  observed 
temp,  of  77°  contains  55  vols,  of  anhyd.  alcoh. 


Table  II. 

Alcoholometric  Table  of  Gay-Lussac,  to  find  directly  the  Percentage  of  Absolute  Alcohol  of  a  Liquid  at 
any  Temperature  (its  Richness)  from  the  Observed  Percentage  at  the  same  Temperature. 


Temp. 

Observed  Percentage  of  the  Alcoholometer. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13      14 

15. 

16 

17 

18 

19 

20 

Fahr. 

VyCIll. 

p.  c. 

p.  c. 

p.c. 

p.c. 

p.  c. 

p.c 

p.c. 

p.c 

p.  c 

p.c. 

p.c. 
12-2 

p.c 

is- 

p.  c.  p. c 

p.c 
17-5 

p.c 
19 

p.c 

20-4 

p.c 
21  •" 

p.c 
23 

•  P.C.I 

320 

0 

1-3 

24 

3-4 

44 

54 

6-5 

7-5 

8-6 

9-7 

10-9 

14-' 

16- 

24-31 

338 

1 

— 

13 

14-' 

16 

17-3 

18-7 

201 

21  •< 

22-7  24    i 

356 

2 

— 

13- 

1  14-' 

16 

17-2 

18-6 

19-6 

21  S 

22-4  23-7: 

37  4 

3 

— 

].'). 

t  14( 

i  15< 

)  171 

18-3 

19-7 

20-i 

22- 

23-4 

392 

4 

— 

13. 

14-J 

15-i 

*  16  Q 

18-1 

194 

20' 

21-9  23-1 ' 

41-0 

5 

1-4 

2-5 

35 

4-5 

5-5 

6-6 

7-7 

8-7 

9-8 

10-9 

121 

13-i 

.  14-4 

15-' 

r  16  e 

18 

19-2 

20-J 

si -e 

22-81 

42-8 

6 

— 

is- 

14-; 

15f 

>  16-7 

17-8 

19 

20-: 

21-4 

22 -5 1 

44-6 

7 

— 

13 

14  S 

15^ 

16-6 

17-7 

18-8 

20 

21 

22-1 1 

464 

8 

— 

13 

14- 

15. 

!  16-4 

17-5 

18-C 

19-7 

20-7 

21  -8| 

48-2 

9 

— 

12' 

14 

15- 

16-2 

17-3 

18-4 

19  5 

20-£ 

21 -6| 

500 

10 

1-4 

2-4 

3-4 

4-5 

5-5 

6-5 

7-5 

8-5 

9-5 

10-6 

11-7 

IS- 

13-8 

14' 

)  16 

17 

18-1 

19-2 

20-2 

213 

51-8 

11 

1-3 

2-4 

3-4 

4-4 

5-4 

6-4 

7-4 

8-4 

9-4 

10-5 

116 

IS! 

13f 

14-" 

15-8 

Ki-8 

17-9 

19 

20 

21 

53-6 

13 

1-2 

23 

3-3 

4-3 

5-3 

6-3 

7-3 

8-3 

9-3 

104 

11-5 

12-: 

13-r 

14( 

>  15-6 

16-6 

17-b 

18-7 

19-71  20-7 

554 

13 

1-2 

22 

3-2 

4-2 

52 

6-2 

72 

8-2 

92 

10-3 

11-4 

12- 

13-4 

14-' 

15-4 

16-4 

17-4 

18-5 

19-5 

120-5 

572 

14 

11 

21 

31 

41 

51 

61 

71 

8-1 

91 

102 

11-2 

12-i 

13-5 

145 

!  15-2 

16-2 

17-2 

18-2 

19-2 

j20-2| 

590 

15 

1 

a 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20    1 

60  8 

16 

09 

1-9 

2-9 

3-9 

4-9 

5-9 

6-9 

7-9 

8-9 

9-9 

10-9 

111 

12-c 

13! 

14-9 

159 

16-9 

17-8 

18-7 

197 

62-6 

17 

0-8 

1-8 

2-8 

3-8 

4-8 

5-H 

6-8 

7-8 

8-8 

9-8 

10-8 

11  ■" 

12-7 

13" 

14-7 

15-6 

16-6 

17-5 

18-4'  19-41 

644 

18 

07 

1-7 

2-7 

37 

47 

5-7 

67 

7-7 

8-7 

97 

10-7 

111 

12-£ 

13-: 

14-5 

15-4 

16-3 

17-3 

18-2  191 

662 

19 

06 

1-6 

2-6 

3-6 

45 

5-5 

6-5 

7-5 

8-5 

9-5 

105 

11 

12-4 

13-: 

14-3 

15-2 

161 

17 

17-9, 18-8! 

680 

20 

05 

1-5 

2-4 

3-4 

4-4 

54 

6-4 

7-3 

8-3 

93 

10-3 

US 

12-5 

131 

14 

14-9 

15-8 

16  7 

17-6' I8-5I 

69-8 

21 

04 

14 

2-3 

3-3 

4-3 

5-2 

6-2 

71 

8-1 

91 

101 

11 

US 

12t 

13-7 

14-6 

15-5 

16-4 

17-3 

18-2i 

71-6 

22 

03 

1-3 

2-2 

3-2 

41 

51 

61 

7 

7-9 

8-9 

9-9 

mh 

11-7 

12f 

13-5 

14-4 

15-3 

16-2 

17 

17-91 

734 

23 

01 

11 

21 

31 

4 

4-9 

5-9 

6-8 

7-8 

8-7 

9-7 

lot 

US 

12-! 

13-3 

141 

15 

15  9 

16-7 

17  1 

752 

21 

00 

1 

1-9 

2-9 

3-8 

4-8 

5-8 

6-7 

7-6 

8-5 

95 

10-4 

113 

12-5 

131 

13-9 

14-8 

15  7 

16-5 

1M 

77-0 

25 

— 

0-8 

17 

2-7 

3-6 

4-6 

5-5 

6-5 

7-4 

8-3 

9-3 

10-3 

111 

12 

12-8 

136 

14-5 

15-4 

16-2 

17-1 

7S'8 

26 

— 

0-7 

1-6 

2-6 

3-5 

4-4 

5-4 

6-3 

7-2 

81 

9 

9-9 

10-8 

11-- 

12-6  13  4 

14-2 

151 

15-9 

16-7 

90-6 

27 

— 

05 

1-5 

2-4 

3-3 

4-3     52 

61 

7 

7-9 

8-8 

9-7 

10-6 

11-J 

12  3  13  1 

13-9 

14-8 

15-6 

10-1 

82-4 

28 

— 

03 

13 

2-2 

31 

41 

5 

5-9 

6-8 

7-7 

8-6 

95 

103 

11-5 

.  12     12  8 

13-6 

14-4 

15  2 

lb 

84-2 

29 

— 

01 

11 

2 

2-9 

39 

4-8 

57 

6-6 

75 

8-4 

9-2 

101 

11 

11-7  12-5 

133 

141 

149 

15-7 

86-0 

30 

— 

00 

0-9 

1-9 

2-8 

3-7 

46 

5-5 

6-4 

7-3 

8-1 

9 

9-8 

1  io-- 

11-5  12  3 

13 

13-8 

14-6 

15-4 

Temp. 
Fahr.      Cent. 

Observed  Percentage  of  the  Alcoholometer. 

21 

22  |  23 

24  |  25  1  26 

27 

28  |  29 

30 

31 

32  |  33 

34 

35     36 

37 

38 

39 

40 

p.  c. 

p.c.  p.c. 

p.  c.  p.  dp.  c. 

p.c. 

p.  c.  p.  c. 

p.c. 

p.c. 
37-6 

p.  dp.  c. 

p.c. 
40-6 

p.  c.  p.  c. 
41-5  42-5 

p.c. 
43-5 

p.c. 

44-4 

p.c. 
45-4 

p.c. 

II'  1 

320 

0 

257 

271  28  5 

299  31  1  32-3 

33  4 

34-5 

35-6 

36-6 

38r6 

39-6 

338 

1 

254 

26-8,28-1 

29-4  30-6  31-8 

32-9 

31 

351 

361 

37  1 

'is  1 

391 

401 

412  42-2 

431 

441 

45 

46 

356 

2 

25 

26-4  27-6 

28-9.  30-2!  31-4 

32-5 

33-5 

34  6 

35-6 

36-7 

n-'i 

38-7 

39-7 

407  41-7 

42-7 

43-7 

446 

455 

37-4 

3 

24  7 

26    1 27-3 

28  6  298' 31 

321 

33  1 

341 

35-2 

36-2  37-3 

38-3 

39-3 

403  41-3 

42-3 

43-2 

44  2 

45-2 

39-2 

4 

24-4 

25-7 1  26-9 

2811  29-3]  30-6 

31-6 

32-7 

33-7 

34-7 

35-71  36-7 

37-7 

38-8 

39-8  40-8 

41-8 

42-8 

43-8 

11  8 

410 

5 

241  25-3  26-5 

27-7  28-9,  301   312  32-3 

33-3 

343 

35-3  36-3 

37-3 

38-3 

39-3  40-3 

III 

42-4 

43-4 

11 :: 

428 

6 

237 

25      261 

27-3]  28-5i  29-7  i  30-8:  31-8 

32-8 

338 

349  35-9 

36-9 

379 

38-9  39-9 

409 

41-9 

429 

13-9 

446 

7 

234 

34-7,25-8 

27      281  29-3,30-3  31-3 

32-3 

33-3 

343 

15'  1 

36-4 

37-4 

38-4 

394 

40-4 

40 

39-6 

III 

42-4 

42 

41b 

43  1 

464 

8 

23 

24-2 1  25-4 

26-61  27  7!  28-9  29  9  309 

31-9 

32  9 

33  9 

34-9 

35-9 

36-9 

38 

39 

41 
406 

43 
42-6 

482 

9 

227 

23  9 1  25 

26-2 

27-3.28-5 

29-5 

30-5 

31-5 

32-5 
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Table  II 

. — Continued. 

Observed  Percentage  of  the  Alcoholometer. 
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586  59-t 

60-7  61-7 

62-7 

63' 

64-7 

65-7 

66-7 

67-7 

68-8  69-8 

70-8 

71-8| 72-8 

73-8 

74-8 

75-9 

80  6 

27 

56-2 

57-2 

58-3  59-: 

60-3i  61-3 

62-C 

63-.' 

64-3 

65-3 

66-3 

67-3 

68-4  69-4 

70-4 

714 

72-4 

73-4!  74-4 

75-5 

82-4 

28 

55-fi 

56-8 

57-8  58-J 

59-9!  60-8 

61-8 

62< 

638 

64-9 

66 

67 

68 

691 

701 

711 

721 

73-1  j  741 

751 

842 

29 

554 

564 

57-4  58-! 

59-5.60-5 

61-J 

62-: 

635 

64-5 

65-6 

66-6 

67-7 

68-7 

697 

TOT 

71-7 

72-71  73-7 

74-7 

860_ 

30 

55 

56 

57-l|  58-1 

591 '601 

61-1 

621 

631 

1 64-1 

65-2 

66-2  67-3 

68-3' 69-3  70-3 

71-3 

72-3  73-3 

74-3 

Temp. 

Observed  Percentage  of  the  Alcoholometer. 

81 

32  |  83 

34 

35 

86 

37 

38 

39 

)0      ' 

1  |  92 

93 

94  1  95 

96 

97 

98 

99 

100 

Fahr. 

Cent,  p 

.  c.  p 

c.  p.  c.  p 

.  c.  p 

.  c.  p 

.  c.  p 

c.  p 

c.  p 

c.  p 

c.  p 

c.  p.  c. 

p.c. 

p.  c.  p.  c. 

p.c.    J 

).  c. 

p.c. 

tl 

p.c. 

320 

0      I 

6-4  6 

7-4  88-3  t 

9-2  8 

02  I 

1-2  c 

12-2  8 

31   8 

4     9 

5      9 

5-9  96-8 

977 

98-6  99-5  100-3  1 

01-2 

338 

1      ( 

61  8 

7      88     « 

9     6 

9-9  < 

0-8  8 

1-8  8 

2-8  8 

3-7  9 

4-6   9 

5-6  96-5 

97-4 

98-3  99-2  100    ]l 

00-9 

356 

2      ( 

5-7  i 

6-6  87-6  t 

8-6  8 

9-6  < 

)0-5  8 

1-5  8 

2-4  C 

3-4  8 

4-3   9 

5-2  96-1 

97 

97-9.  93-9 

99-8  1 

00-7 

37  4 

3      i 

53  I 

6-3i  873  t 

8-3  I 

9-2  < 

10-2  ! 

1-2  8 

21   8 

3      8 

4      9 

4-9  95-8 

96-7 

97-7!  98-6 

99-5  1 

00-4 

392 

4      ! 

!5     t 

6     87     1 

38     t 

8-9  ( 

399  < 

0-8  t 

1-8  8 

2-7  £ 

37   9 

4  6  95-5 

96-4 

97-4] 98-3 

99-2  1 

00-1  1 

01 

41  0 

5      i 

34-7  t 

5-6  86-6  i 

7-6  I 

8-5 

39-5  < 

05  { 

1-4  S 

2-4  8 

3-3   9 

4-3  95-2 

96-2  97-li  9S 

98-9 

99-8 

00-7 

42-8 

6      i 

343  t 

5-3l  86-3  t 

37-3  t 

8-21 

39-2  < 

)01  < 

1      ( 

)2     8 

3       i 

39  94-9 

95-9  96-8'  97-7 

9S-7 

19-0 

00-5 

446 

7      f 

339  i 

34-91  859  1 

J6-9  ' 

)7-9| 

38-8,  f 

(l-N    ' 

0-7  ' 

)l-7  < 

2-6  1 8 

36  946 

95-6J96-5  97-4 

98-4 

99-3 

00-2 

46-4 

8      i 

336  i 

!4-6  85-6 

Mi:', 

37-5 

W-5 

39-4  l 

10-4: 

)l-3  8 

2-3  93-3  94-3 

95-3,96-2.  97-l|  931 

99 

999 

1  43-2 

9      < 

332  ( 

54-21  t 

s-a 

36-2. 

n-il 

5J8-11 1 

39-11' 

)0    1 

il    1' 

)2    1.9 

3    ,9 

1 

9 

> 

9. 

>-9  91 

)-8 

S 

7-8 

93-7 

997 

100 

i 
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Tabu  II.— Concluded. 


Ten 

ip. 

Observed  Percentage  of  the  Alcoholometer. 

2  1  83 

84 

8.'. 

80 

ss 

89 

90  ]    91 

92 

93 

94 

95 

98 

97 

98 

BO 

100 

i  Fihr. 

Cent. 

p.  c.  p.  c.  p.  c. 

p.  c. 

P.c. 

Mis 

88-7 

p.c. 

S97 

p.c. 

90-7 

p.  c.|  p.c. 

p.c 
93-7 

p.c. 

947 

p.  c. 
950 

« 

p.c. 
97-5 

98-5 

p.c. 

994 

p.c. 
100  1 

p.c. 

50-0 

10 

82-8 

51-8 

11 

82  S 

1   85  1 

8f,-4 

-M 

Rfl  1 

R9- 1 

;in  1 

91-4    92-4 

93-3 

94-3 

95-3 

96-2 

97-2 

99  1 

1001 

536 

12 

82  1 

831  841 

86 

87 

88 

Rfl 

90 

91       92 

93 

94 

05 

95-9 

96-9 

97-9 

(18-8 

99-8 

55- 1 

13 

82-8  B3-M 

-M 

H!  : 

ftfi-7 

877 

R8-7 

89-7 

90-7    91-7 

92-7 

93  -7 

94  0 

95-6 

96-fl 

97 -l> 

90-6 

99-5 

57-2 

14 

SI   I 

82-4  83'  1 

844 

65-4 

88-3 

89-3 

90'3    91-3 

92-3 

93-3 

94-3 

95-3 

96-8 

97  3 

98-3 

993 

590 

15 

81 

82     83      84 

85 

86 

R7 

88 

89 

90       91 

92 

93 

94 

95 

96 

97 

98 

99 

J  00 

60-8 

16 

mi; 

!  6  636 

M0 

r-.vo 

Rft-6 

R7'fi 

88-6 

89-6    90'7 

91-7 

927 

93-7 

94-7 

95-7 

(07 

H7-7 

9S7 

99-7 

62-6 

17 

R0-2 

812  82-2  832 

84-2 

Mi  2 

87-2 

88-2 

89-3    90'3 

91-3 

92  4 

93-4 

911 

95-4 

904 

97-4 

118-5 

995 

64-4 

18 

70 'i 

30  'i  81-9  82  9 

83-9 

84-9 

85-9 

86-9 

87-9 

88  9    89-9 

91 

92 

93 

94 

95- 1 

■->«.  1 

97 -J 

98-2 

99-2 

66-2 

19 

795 

805  81-6  '-'J  G 

83  6 

84  0 

85-0 

R6-g 

87-0 

.'•vi,    S9-6 

90-7 

91  7 

927 

93-7 

94  H 

95-8 

96-9 

97  9 

98-9 

680 

20 

791 

soi  lei-2 

S-2-2 

83-2 

84-2 

&<5-2 

86-2 

87-2 

88-2  1 89-2 

90-3 

91 '3 

92-4 

93-1 

91-5 

95-5 

96-6 

976 

986 

69-8 

21 

78-7 

791  80-8 

Sl-fl 

82-8 

83-a 

84-8 

85-0 

80-9 

87-91  88-9 
87-0    88-6 

90 

91 

92 

93"! 

94-1 

95-2 

96-3 

97-3 

98-4 

7i-o 

22 

7-  ; 

79  1  80-4 

81-4 

82-4 

83-4 

84-4 

85-5 

86-5 

89-6 

90-7 

91-8 

92-8 

93-9 

94  !) 

90 

97 

98-1 

::,'■  i 

23 

7* 

79     80-1 

81-1 

B2-1 

83-1 

84-1 

N.V1 

MM 

87-2 

88-3 

89'3 

9ill 

914 

92-4 

93'5 

'.!(, 

95-7 

907 

97  8 

752 

'J! 

77  0 

786  7 "J ■  7 

80-7 

81-7 

S3-7 

84-7 

B5-7 

86-8 

87-9 

88-9 

91) 

1)1-1 

92- 1 

93-2 

91-:; 

95-3 

90- 1 

97-5 

770 

25 

77-3 

80-3 

81  3 

82-3 

83-4 

84-4 

85-4 

86-5 

87-5 

88-6 

897 

90-7 

91-8 

92-9 

93-9 

95 

06-1 

97-2 

78  - 

20 

76-9 

77-9  78-9 

79!) 

80-9 

81!) 

82-9 

84 

85 

86-1 

187-2 

88-2 

89-3 

90-4 

91-5 

92-5 

93-0 

94-7 

9V8 

97 

800 

27 

70'.') 

77  ■;>  78-5 

79-5 

80-5 

81-6 

82-6 

83-0 

81-7 

85-7 

80'8 

87-9 

89 

90 

91  1 

92-2 

933 

'.)!    1 

95-5 

90-7 

82'  1 

28 

70-1 

77-1  78-2 

79-2 

802 

81-3 

82-3 

83-3 

84-3 

85-4 

86-5 

87-5 

88-0 

89-7 

90-8 

91-9 

93 

941 

95  a 

96  4 

84-2 

29 

757 

76-8  77-fi 

788 

79-8 

80-9 

81-9 

83 

84 

85 

861 

87-2 

88-2 

89-3 

9ill 

91-6 

927 

93  8 

(I4-9 

96-1 

800 

30 

753 

70-41 77-4 

78-4 

79-4 

80-5 

81-5 

826 

83-6 

84-7 

85-8 

869 

87-9 

89 

90-1 

91-2 

92  4 

93-5 

94-6 

95-8 

Tralles's  and  Gay-Lussac's  alcoholometers 


have  been  adopted  indifferent  countries:  the 
first  in  Prussia,  the  latter  in  France  and  Swe- 
den.    They  both  give  the  per  cent,  of  alcoh.  in 

Table  of  Comparison  between  the  Per  Cent,  of  Alcoh.  by  Vol.  at  60°  (Tralles's),  and  Per  Cent,  by  Weight. 


volume.     If  it  be  desired  to  know  the  per  cent. 


hy  weight,  it  may  be  ascertained  from  the  per- 
centage, in  volume  of  tlie  liquid  at  60°,  by  the  fol- 
lowing 


Per  Cent. 

Per  Cent. 

Per 

Cent. 

Per  Cent. 

By  Vol. 

By  Weight. 

j    By  Vol. 

By  Weight. 

By  Weight. 

By  Vol. 

By  Weight. 

By  Vol. 

0 

0- 

55 

47-29 

0 

0 

55 

63-97 

5 

4-00 

60 

52-20 

5 

6-25 

60 

68-97 

10 

8-05 

65 

57-25 

10 

12-42 

65 

73-79 

16 

12-15 

70 

62-51 

15 

18-52 

70 

78-40 

20 

16-28 

75 

67-93 

20 

24-57 

75 

82-80 

25 

20-46 

80 

73-59 

25 

30-55 

80 

86-97 

30 

24-69 

85 

79-50 

30 

36-45 

85 

90-88 

35 

28-99 

90 

85-75 

35 

42-25 

90 

94-46 

40 

33-39 

95 

92-46 

40 

47-92 

95 

97-61 

4.5 

37-90 

100 

100-00 

45 

53-43 

100 

100-00 

50 

42-52 

50 

58-79 

Or  it  may  be  ascertained  by  calculation  from 

the  percentage  by  volume  of  the  liquid  at  any  tem- 

t\  by  multiplying  the  percentage  by  vol. 

by  the  spec.  grav.  of  the  anhydrous  alcohol  of 


the  normal  temperature,  that  is,  0-7939,  when 
ascertained  by  Tralles's,  or  0-7947  by  Gay- 
Lussac's,  and  dividing  the  product  by  the  spec, 
grav.  of  the  liquid.     We  here  subjoin  a 


Tab 

le  by  Low'.'z 

giving  the  P 

er  Cent,  of  Absolute  Alcohol  by  Weigh 

,  from 

the  Spec.  Grav.  ai  6  8°. 

-"  i  S  x  S.  a\ 

-- 

c  —  ~ 
rf  "=  ~c 

-o  >>  ■ 

•s>l 

tj  ~r-  ~ 

71 

u  >  — 

aj  rt  ^ 
VI  IN" 

°  —  — ■ 

>-    C    - 

■c-PS 

c.2-1 
vi  tu K 1 

c  —  -: 
■^  -~  > 

0O 

'-  :'  " 

'-TOO 

i  --  ° 

a.  ■-  *- 

Per  ct.  of 
alcohol  by 

weight. 

Specific 

grarit  y 

at  I'- 

791 

87 

826 

74 

859 

61 

889 

48 

919 

35 

946 

23 

968 

ll 

986 

794 

86 

828 

73 

861 

60 

892 

47 

921 

34 

948  ! 

22 

970 

10 

987 

98 

797 

85 

831 

72 

863 

59 

894 

46 

923 

33 

950 

21 

971 

9 

988 

97 

800 

84 

834 

71 

866 

58 

896 

45 

925  ! 

32 

952 

20 

973 

8 

989 

96     803  1 

83 

836 

70 

868 

57 

899 

44 

927 

81 

954 

19 

974 

7 

991 

95 

15 

82 

839 

69 

870 

56 

901 

43 

930 

30 

956 

18 

976 

6 

992 

94 

808 

81 

842 

68 

872 

55 

903 

42 

932 

29 

957 

17 

977 

5 

994 

93 

811 

80 

844 

67 

875 

54 

905 

41 

934 

28 

959 

16 

978 

4 

995 

92     S13 

79 

847 

66 

877 

53 

907 

40 

936 

27 

961 

15 

980 

3 

997 

91     810 

78 

S49 

65 

880 

52 

909 

39 

938  i 

26 

963 

14 

981 

2 

998 

90     818 

77 

851 

64 

882 

51 

912 

38 

940 

25 

965 

13 

983 

1       999 

|    S9     821 
83     S23 

76 

853 

63 

885 

50 

914 

37 

912 

24 

966 

12 

985 

0     1000 

75 

856 

62 

887 

49 

917 

36 

944 

When  a  scale  of  per  cent,  by  weight  is  added  I  other  cases,  is  often  meant  only  per  cent,  by 
to  Tralles's  alcoholometer,  it  sometimes  bears    weight,  without  reference  to  his  original  alco- 
the  name  of  Richter's  scale,  in  which,  as  in    holometer,  and  which  is  less  accurate. 
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In  England,  the  strength  of  spirit,  for  the  col- 
lection of  revenue,  is  determined  by  Sikes's  hy- 
drometer, which  is  made  of  brass,  with  bal- 
last weights,  and  does  not  indicate  directly  the 
spec.  grav.  or  the  amount  of  absolute  alcohol, 
but  the  amount  of  spirit  of  a  certain  strength, 
which  is  called  proof  spirit.  The  term  proof 
spirit  originated  from  a  rude  method  formerly 
practised  of  ascertaining  the  strength  of  spirit 
by  pouring  it  into  a  dish  on  gunpowder  and  in- 
flaming it;  which  was  called  the  proof.  If,  at 
the  end  of  the  combustion,  the  gunpowder  took 
fire,  the  spirit  was  said  to  be  above  or  over  proof, 
if  not,  it  was  said  to  be  below  or  under  proof. 
But  as  this  is  a  very  uncertain  test,  since  the 
same  spirit,  which,  in  a  smaller  quantity,  may 
set  fire  to  the  gunpowder,  will,  when  used  in 
larger  quantity,  leave  so  much  water  behind  as 
to  prevent  the  ignition;  the  strength  of  proof 
spirit  has  been  fixed  by  act  of  parliament  to 
be  such,  that  at  51°  thirteen  vols,  of  it  should 
be  equal  in  weight  to  twelve  vols,  of  water. 
According  to  this  definition,  the  spec.  grav.  of 
proof  spirit  is  -9186  at  60°,  and  it  contains 
57-27  per  cent,  absolute  alcohol  by  vol.,  or  49-50 
by  weight.  The  strength  of  spirit  is  then  indi- 
cated by  a  certain  number  over  or  under  proof, 
indicating  the  number  of  vols,  which  are  to 
be  added  to  or  subtracted  from  100  vols,  of  the 
spirit,  in  order  to  render  it  proof  spirit;  thus 
by  the  expression  ten  over  proof  is  meant,  that 
100  galls,  of  the  spirit  would  stand  the  addition 
of  water  till  it  formed  110  galls.,  which  would 
have  the  strength  of  proof  spirit;  and  ten  below 
proof  means,  that  so  much  water  is  to  be  ab- 
stracted from  100  vols,  as  would  diminish  it  10 
vols,  in  order  to  render  it  proof  spirit;  or,  that 
100  galls,  of  it  contain  90  galls,  of  proof  spirit. 

The  following  table,  extracted  from  a  work 
by  Gutteridge,  gives  a  comparison  between  the 
indications  of  Sikes's  hydrometer  and  the  spec, 
gravs.  corresponding  to  them;  but  Pereira 
(Mat.  Med.  vol.  i.  p.  316)  expresses  doubts 
of  its  perfect  correctness. 

(Site's  Hydrometer. 

Sp  jr.  at 

60°  F. 

f70  per  ct... 0-8095 

64     0-8221 


63-1 0-3238 

62     0-8259 

61-1 0-8277 

60     0-8298 

59-1 0-8315 

58     0-8336 

57-1 0-8354 

56     0-8376 

55-9 0-8379 

55-7 0  8383 

55-0 0.8396 

54-1 0-8413 

50-1 0-8482 

43-1 0-8597 

25     0-8869 

.11-1 0-9060 


rs 


•Si/ccs's  Hydrometer. 

Sp.  pr.  at 
60°  F. 

f  Proof 0-9200 

5  per  ct... 0-9259 

10     0-9318 

11     0-9329 

15-3 0-9376 

17-1 0-9396 

20     0-9426 

22-3 0-9148 

23-1 0-9456 

25-1 0-9476 

30-1 0-9522 

40-1 0.9003 

50-3 0-9673 

60-4 0-9734 

70-1 0-9790 

80-4 0-9854 

90-2 0-9922 

L100  (water). 1-0000 


In  Pennsylvania,  "Dicas's  Liverpool  patent 
hydrometer"  is  adopted  by  act  of  15th  April, 
1835,  for  the  inspection  of  domestic  distilled 
liquors.  It  is  made  of  copper,  with  a  stem, 
pointed  on  its  summit  to  receive  brass  poises, 
and  is  accompanied  by  a  graduated  ivory  scale, 
14 


with  a  sliding  rule  and  thermometer  to  make 
the  correction  for  temperature.  By  aid  of  this, 
the  strength  of  the  spirit  is  indicated,  as  with 
Sikes's  hydrometer,  by  a  certain  number  above 
or  below  proof.  The  act  of  15th  April,  1835, 
determines  the  standard  of  proofs  to  be  as  fol- 
lows:  "If  the  liquor  shall  be  hydrometer 
proof,  or  100  (parts)  spirits  (spirit),  and  100 
parts  water,  it  shall  be  marked  as  liquor  of  the 
fourth  proof;  if  the  liquor  shall  be  5°  below 
hydrometer  proof,  it  shall  be  marked  as  liquor 
of  the  third  proof;  if  the  liquor  shall  be  10° 
below  hydrometer  proof,  it  shall  be  marked  as 
liquor  of  the  second  proof;  if  the  liquor  shall 
be  15°  below  hydrometer  proof,  it  shall  be 
marked  as  liquor  of  the  first  proof." 

In  regard  to  the  strength  of  proof  by  Dicas's 
hydrometer,  which,  in  the  above  act,  is  defined 
by  equal  parts  of  spirit  (abs.  alcohol)  and 
water;  Ure,  in  his  Dictionary,  gives  the  spec, 
gravs.  by  his  experiments  of  a  few  of  the  indi- 
cations of  Dicas's  hydrometer  at  60°,  as  follows : 

Sp.  Gr. 

10  over  proof  on  Dicas's  corresponds  to  0-9085 

3^  "         "  "  "  0-9169 

Proof , 0-9218 

Spirit  of  this  latter  spec.  grav.  at  60°  contains 
55-76  per  cent,  alcoh.  by  vol.  or  48-03  by  weight. 

We  pass  over  other  alcoholometers,  some  of 
which  have  been  constructed  with  a  view  to 
avoid  correction  by  table,  by  having  two  scales, 
the  one  movable,  sliding  over  the  other  accord- 
ing to  its  corrections  for  temperature,  but  are 
not  to  be  relied  on  with  the  same  certainty  as 
by  the  use  of  tables.  Others  have  been  con- 
structed with  a  view  to  improve  their  accu- 
racy by  always  immersing  them  to  the  same 
point  of  the  stem  (see  HrnnoMBTEus),  by 
different  weights  placed  on  a  dish  on  the  top 
of  the  stem;  but  the  inconvenience  of  their  use 
does  not  compensate  for  their  greater  accuracy. 

Whenever  the  per  cent,  of  alcohol  by  weight 
is  known,  the  quantity  of  water  by  weight  in 
the  liquid  is  of  course  obtained  by  subtracting 
the  percentage  of  alcohol  from  100.  Not  so 
with  per  cent,  by  vol.,  since  a  contraction 
takes  place  by  the  mixtures  of  alcohol  and 
water.  A  spirit  of  49  per  cent,  by  vol.  does 
not  therefore  contain  51  vols,  of  water,  but  so 
much  water  as  is  necessary  to  make,  with  the 
49  vols,  of  alcohol,  100  vols,  of  the  mixture, 
which  is  more  than  51  vols,  water.  The  fol- 
lowing table  shows  the  different  vols,  of  alco- 
hol and  water  in  100  vols,  of  the  mixture  at  59°. 


100  vols,  spirit  contain 

100  vols,  spirit  contain 

at  59°. 

at  5<P. 

Vol.  of  al- 

Vol. of  wa- 

Vol. of  al- 

Vol. of  wa- 

cohol 

ter. 

cohol. 

ter. 

100 

0-00 

45 

58-64 

95 

6-18 

40 

63-44 

90 

11-94 

35 

68-14 

85 

17-47 

30 

72-72 

80 

22-87 

25 

77-24 

75 

28-19 

20 

81-72 

70 

33-14 

15 

86-20 

65 

38-615 

10 

90-72 

60 

43-73 

5 

95-31 

55 

48-77 

0 

100-00 

50 

53-745 
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ALCOHOLOMETRY. 


ALCOHOLOMETRY. 


Table  of  Gay-Lussac  for  Procuring  a  Weaker  Alcohol  of  a  certain  Strength  from  a  Stronger. 


1000  vol.  of 

Desired  Strength  of  the  Spirit. 

alcohol  of 
per  cent. 

Percent,  by  Volume 

by  vol. 

30   31 

32 

33 

34 

35 

36  |  37 

38 

39 

40 

41 

42 

43 

44 

31 

33 

32 

67 

32 

33 

100 

65 

31 

34 

134 

97 

63 

30 

35 

167 

129 

94 

61 

30 

36 

201 

162 

126 

91 

59 

29 

37 

234 

194 

157 

122 

89 

58 

28 

38 

268 

227 

189 

153 

119 

86 

56 

27 

39 

302 

260 

220 

183 

148 

115 

84 

55 

27 

40 

335 

292 

252 

214 

178 

144 

112 

82 

53 

26 

41 

369 

325 

284 

245 

208 

173 

140 

109 

80 

52 

25 

42 

403 

358 

315 

275 

238 

202 

169 

137 

107 

78 

51 

25 

43 

437 

390 

347 

306 

268 

231 

197 

164 

134 

104 

76 

50 

24 

44 

471 

423 

379 

337 

298 

261 

225 

192 

160 

130 

102 

75 

49 

24 

45 

505 

456 

411 

368 

328 

290 

254 

220 

187 

157 

127 

99 

73 

47 

23 

46 

539 

489 

443 

399 

358 

319 

282 

247 

214 

183 

153 

124 

97 

71 

46 

47 

573 

522 

474 

430 

388 

348 

310 

275 

241 

209 

179 

149 

122 

95 

70 

48 

607 

555 

506 

461 

418 

377 

339 

303 

268 

235 

204 

174 

146 

119 

93 

49 

641 

588 

538 

492 

448 

407 

367 

330 

295 

262 

230 

200 

171 

143 

116 

50 

675 

621 

570 

523 

478 

436 

396 

358 

322 

288 

256 

225 

195 

167 

140 

51 

709 

654 

602 

554 

508 

465 

424 

386 

349 

314 

281 

250 

220 

191 

163 

52 

743 

687 

634 

585 

539 

495 

453 

414 

376 

341 

307 

275 

244 

215 

■  87 

53 

777 

720 

666 

616 

569 

524 

482 

442 

403 

367 

333 

300 

269 

239 

210 

54 

811 

753 

699 

647 

599 

553 

510 

469 

431 

394 

359 

325 

293 

263 

234 

55 

846 

786 

731 

679 

629 

583 

539 

497 

458 

420 

385 

350 

318 

287 

257 

56 

880 

820 

763 

700 

660 

613 

568 

525 

485 

447 

411 

376 

343 

311 

281 

57 

914 

853 

795 

741 

690 

642 

596 

553 

512 

473 

436 

401 

367 

335 

305 

58 

949 

886 

827 

772 

721 

672 

625 

581 

540 

500 

462 

426 

392 

359 

328 

59 

983 

919 

860 

804 

751 

701 

654 

609 

567 

527 

488 

452 

417 

384 

352 

60 

1017 

953 

892 

835 

781 

731 

683 

637 

594 

553 

514 

477 

442 

408 

375 

61 

1052 

986 

924 

867 

812 

760 

711 

665 

622 

580 

540 

503 

467 

432 

399 

62 

1086  1019 

957 

898 

842 

790 

740 

694 

649 

607 

566 

528 

491 

456 

423 

63 

1121 

1053 

989 

929 

873 

820 

769 

722 

676 

633 

593 

554 

516 

481 

447 

64 

1155 

1086 

1022 

961 

904 

850 

798 

750 

704 

660 

619 

579 

541 

505 

471 

65 

1190 

1120 

1054 

992 

934 

879 

827 

778 

731 

687 

645 

605 

566 

529 

494 

66 

1224 

1153 

1086 

1024 

965 

909 

856 

806 

759 

714 

671 

630 

591 

554 

518 

67 

1259 

1187 

1119 

1055 

995 

939 

885 

834 

786 

741 

697 

656 

616 

578 

542 

68 

1293 

1220 

1151 

1087 

1026 

969 

914 

863 

814 

767 

723 

681 

641 

603 

566 

69 

1328 

1254 

1184 

1118 

1056 

998 

943 

891 

841 

794 

750 

707 

666 

627 

590 

70 

1363 

1287 

1216 

1150 

1087 

1028 

972 

919 

869 

821 

776 

732 

691 

652 

614 

71 

1397 

1321 

1249 

1182 

1118 

1058 

1001 

948 

897 

848 

802 

758 

716 

676 

638 

72 

1432 

1354 

1282 

1213 

1149 

1088 

1030 

977 

924 

875 

828 

784 

741 

701 

662 

73 

1467 

1388 

1314 

1245 

1180 

1118 

1060 

1005 

952 

902 

855 

810 

767 

725 

686 

74 

1502 

1422 

1347 

1277 

1211 

1148 

1089 

1033 

980 

929 

881 

835 

792 

750 

710 

75 

1536 

1456 

1380 

1309 

1241 

1178 

1118 

1061 

1008 

956 

908 

861 

817 

775 

734 

76 

1571 

1489 

1413 

1340 

1272 

1208 

1147 

1089 

1035 

983 

934 

887 

842 

799 

758 

77 

1606 

1523 

1445 

1372 

1303 

1238 

1177 

1118 

1063 

1011 

961 

913 

867 

824 

782 

78 

1641 

1557 

1478 

1404 

1334 

1268 

1206 

1147 

1091 

1038 

987 

939 

893 

849 

807 

79 

1676 

1591 

1511 

1436 

1365 

1299 

1235 

1175 

1119 

1065 

1014 

965 

918 

873 

831 

80 

1711 

1625 

1544 

1468 

1396 

1329 

1265 

1204 

1147 

1092 

1040 

991 

943 

898 

855 

81 

1746 

1658 

1577 

1500 

1427 

1359 

1294 

1233 

1175 

1119 

1067 

1017 

969 

923 

879 

82 

1781 

1692 

1610 

1532 

1458 

1389 

1323 

1261 

1203 

1147 

1093 

1043 

994 

918 

904 

83 

1816 

1726 

1643 

1564 

1489 

1419 

1353 

1290 

1231 

1174 

1120 

1069 

1020 

973 

928 

84 

1851 

1760 

1676 

1596 

1521 

1450 

1382 

1319 

1259 

1201 

1147 

1095 

1045 

998 

952 

85 

1886 

1794 

1709 

1628 

1552 

1480 

1412 

1348 

1287 

1229 

1173 

1121 

1071 

1023 

977 

86 

1921 

1828 

1742 

1660 

1583 

1510 

1442 

1376 

1315 

1256 

1200 

1147 

1096 

1048 

1001 

87 

1956 

1803 

1775 

1692 

1614 

1541 

1471 

140511343 

1284 

1227 

1173 

1122 

1073 

1026 

88 

1992 

1897 

1808 

1724 

1645 

1571 

1501 

1434  11371 

1311 

1254 

1200 

1147 

1098 

1050 

89 

2027 

1931 

1841 

1757 

1677 

1602 

1531 

1163  1400 

1339 

1281 

1226 

1173 

1123 

1075 

90 

2062 

1966 

1875 

1789 

1708 

1633 

1561 

1492 

1428 

1367 

1308 

1252 

1199 

1148 

1100 
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ALCOHOLOMETRY.  ALCOHOLOMETRY. 

Table  of  Gay-Lussac  for  Procuring  a  Weaker  Alcohol  of  a  certain  Strength  from  a  Stronger. — Continued. 


1000  vol.  of 

Desired  Strength  of  the 

Spirit. 

alcohol  of 
per  cent. 

Percent,  by  Volume 

by  vol. 

45  |  46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

23 

47 

46 

22 

48 

68 

45 

22 

49 

91 

67 

44 

21 

50 

114 

89 

66 

43 

21 

51 

137 

112 

87 

64 

42 

21 

52 

160 

134 

110 

86 

63 

41 

20 

53 

183 

157 

132 

107 

84 

62 

41 

20 

54 

206 

179 

153 

129 

105 

83 

61 

40 

19 

55 

229 

202 

176 

151 

127 

103 

81 

60 

39 

19 

56 

252 

224 

198 

172 

148 

124 

102 

80 

59 

38 

19 

57 

275 

247 

220 

194 

169 

145 

122 

100 

78 

58 

38 

19 

58 

298 

269 

242 

216 

190 

166 

142 

120 

99 

77 

57 

37 

18 

59 

321 

292 

264 

237 

212 

187 

163 

140 

118 

96 

76 

56 

37 

18 

60 

345 

315 

286 

259 

233 

208 

183 

160 

137 

116 

95 

74 

55 

36 

18 

61 

368 

338 

309 

281 

254 

229 

204 

180 

157 

135 

114 

93 

73 

54 

35  ' 

62 

391  360 

331 

303 

276 

250 

225 

200 

177 

155 

133 

112 

92 

72 

53 

63 

414 

383 

353 

325 

297 

271 

245 

221 

197 

174 

152 

131 

110 

90 

71 

64 

438- 

406 

376 

346 

318 

292 

266 

241 

217 

194 

171 

150 

128 

109 

89 

65 

461 

429 

398 

368 

340 

313 

286 

261 

237 

213 

190 

168 

147 

127 

107 

66 

484 

451 

420 

390 

361 

334 

307 

281 

256 

233 

209 

187 

166 

145 

125 

1   67 

508 

474 

443 

412 

383 

355 

328 

301 

276 

252 

229 

206 

184 

163 

143 

68 

531 

497 

465 

434 

404 

376 

348 

322 

296 

272 

248 

225 

203 

181 

160 

69 

554 

520 

487 

456 

426 

397 

369 

342 

316 

291 

267 

244 

221 

200 

178 

70 

578 

543 

510 

478 

447 

418 

390 

362 

336 

311 

286 

263 

240 

218 

196 

71 

601 

566 

532 

500 

469 

439 

411 

383 

356 

331 

306 

282 

259 

236 

214 

72 

625 

589 

555 

522 

491 

460 

431 

403 

376 

350 

325 

301 

277 

255 

232 

73 

648 

612 

578 

544 

512 

482 

452 

424 

396 

370 

344 

320 

296 

273 

251 

74 

672 

635 

600 

567 

534 

503 

473 

444 

416 

390 

364 

339 

315 

291 

269 

75 

695 

658 

623 

589 

556 

524 

494 

465 

437 

409 

383 

358 

333 

310 

287 

76 

719 

681 

645 

611 

578 

546 

515 

485 

457 

429 

403 

377 

352 

328 

305 

77 

743 

705 

668 

633 

599 

567 

536 

506 

477 

449 

422 

396 

371 

347 

323 

78 

766 

728 

691 

655 

621 

588 

557 

527 

497 

469 

442 

415 

390 

365 

341 

79 

790 

751 

713 

678 

643 

610 

578 

547 

517 

489 

461 

434 

409 

384 

360 

80 

813 

774 

736 

700 

665 

631 

599 

568 

538 

509 

481 

454 

428 

402 

378 

81 

837 

797 

759 

722 

687 

653 

620 

588 

558 

529 

500 

473 

447 

421 

396 

82 

861 

821 

782 

745 

709 

674 

641 

609 

578 

549 

520 

492 

465 

440 

415 

83 

885 

844 

805 

767 

731 

696 

662 

630 

599 

569 

540 

512 

485 

458 

433 

84 

909 

867 

828 

789 

753 

717 

683 

651 

619 

589 

559 

531 

504 

477 

451 

85 

933 

891 

851 

812 

775 

739 

705 

671 

640 

609 

579 

550 

523 

496 

470 

86 

957 

914 

874 

834 

797 

761 

726 

692 

660 

629 

599 

570 

542 

515 

488 

87 

981 

938 

897 

857 

819 

782 

747 

713 

681 

649 

619 

589 

561 

534 

507 

88 

1005 

961 

920 

880 

841 

804 

769 

734 

701 

669 

639 

609 

580 

553 

526 

89 

1029 

985 

943 

902 

863 

826 

790 

755 

722 

690 

659 

629 

600 

572 

544 

90 

1053, 

1009 

966 

925 

886 

848  J 

812 

777 

743 

710 

679 

648  619 

591 

563 
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Table  of  Gay-Lussac  for  Procuring  a  Weaker  Alcohol  of  a  certain  Strength  from  a  Stronger. — Continued. 


1000  vol.  of 

alcohol  of 
per  cent. 

Desired  Strength  of  the  Sp 
Percent,  by  Volume. 

irit. 

by  VOl. 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

61 

17 

62 

35 

17 

63 

52 

34 

17 

64 

70 

52 

34 

17 

65 

88 

69 

51 

33 

16 

66 

105 

86 

68 

50 

33 

16 

67 

123 

104 

85 

67 

49 

32 

16 

68 

140 

121 

102 

84 

66 

49 

32 

16 

69 

158 

138 

119 

101 

82 

65 

48 

32 

16 

70 

176 

156 

136 

117 

99 

81 

64 

47 

31 

15 

71 

193 

173 

153 

134 

116 

98 

80 

63 

47 

31 

15 

72 

211 

191 

171 

151 

132 

114 

97 

79 

63 

46 

30 

15 

73 

229 

208 

188 

168 

149 

131 

113 

95 

78 

62 

46 

30 

15 

74 

247 

226 

205 

185 

166 

147 

129 

111 

94 

77 

61 

45 

30 

15 

75 

265 

243 

222 

202 

183 

164 

145 

127 

110 

93 

76 

60 

45 

29 

14 

76 

283 

261 

240 

219 

199 

180 

162 

143 

126 

109 

92 

75 

60 

44 

29 

77 

300 

278 

257 

236 

216 

197 

178 

159 

142 

124 

107 

91 

75 

59 

44 

78 

318 

296 

274 

253 

233 

213 

194 

176 

157 

140 

123 

106 

90 

74 

58 

79 

336 

314 

292 

271 

250 

230 

211 

192 

173 

155 

138 

121 

105 

88 

73 

80 

354 

331 

309 

288 

267 

247 

227 

208 

189 

171 

153 

136 

120 

103 

87 

81 

372 

349 

327 

305 

284 

263 

243 

224 

205 

187 

169 

152 

135 

118 

102 

82 

390 

367 

344 

322 

301 

280 

260 

240 

221 

203 

184 

167 

150 

133 

117 

83 

409 

385 

362 

339 

318 

297 

276 

256 

237 

218 

200 

182 

165 

148 

131 

84 

427 

403 

379 

357 

335 

313 

293 

273 

253 

234 

216 

198 

180 

163 

146 

85 

445 

421 

397 

374 

352 

330 

309 

289 

269 

250 

231 

213 

195 

178  ' 

161 

86 

463 

438 

415 

391 

369 

347 

326 

305 

285 

266 

247 

229 

211 

193 

176 

87 

481 

456 

432 

409 

386 

364 

343 

322 

302 

282 

263 

244 

226 

208 

191 

88 

500 

474 

450 

426 

403 

381 

359 

338 

318 

298 

279 

260 

241 

223 

206 

89 

518 

493 

468 

444 

421 

398 

376 

355 

334 

314 

295 

275 

257 

239 

221 

90 

537 

511 

486 

462 

438 

415 

393 

372 

351 

331 

311 

291 

273 

254 

236 

1000  vol.  of 
alcohol  of 
per  cent. 

Desire 
P 

d  Strer 
ercent 

gth  of 
by  Vo 

the  Sp 
ume. 

irit. 

by  vol. 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86  |  87 

88 

89 

76 

14 

77 

29 

14 

78 

43 

28 

14 

79 

57 

43 

28 

14 

80 

72 

57 

42 

28 

14 

81 

86 

71 

56 

42 

27 

14 

82 

101 

85 

70 

56 

41 

27 

13 

83 

116 

100 

85 

70 

55 

41 

27 

13 

84 

130 

114 

99 

84 

69 

55 

40 

27 

13 

85 

145 

129 

113 

98 

83 

68 

54 

40 

26 

13 

86 

159 

143 

127 

112 

97 

82 

68 

54 

40 

26 

13 

87 

174 

158 

142 

126 

111 

96 

81 

67 

53 

39 

26 

13 

88 

189 

172 

156 

140 

125 

110 

95 

81 

66 

53 

39 

26 

13 

89 

204 

187 

171 

155 

139 

124 

109 

94 

80 

66 

52 

39 

26 

13 

90 

219 

202 

185 

169 

153 

138 

123 

108 

94 

79 

66 

52 

39 

2d 

13 

The  problem  of  procuring  a  weaker  alcohol 
from  a  stronger,  depends  on  a  knowledge  of 
the  contraction  of  alcohol  by  its  mixture  with 
water.  The  foregoing  table  of  Gay-Lussac 
serves  for  this  purpose.  The  upper  horizontal 
column  indicates  the  percents.  by  vol.  of  the 
weaker  spirit,  which  we  desire  to  procure. 
The  vertical  columns  under  them  indicate  the 
number  of  vols,  of  water  which  are  to  be 
added  to  1000  vols,  of  alcohol  of  the  strength 
indicated  in  the  left-hand  vertical  column  in 
108 


order  to  produce  it.  Thus,  if  we  wish  to  pro- 
cure spirit  of  33  per  cent,  from  alcohol  of  85 
per  cent,  we  take  the  number  33  in  the  upper 
horizontal  column,  and  find,  in  the  vertical  co- 
lumn below  it,  the  number  1628  on  a  horizon- 
tal line  with  85,  in  the  left-hand  vertical  column. 
1000  vols,  of  alcohol  of  85  per  cent,  therefore, 
require  1628  vols,  of  water  to  produce  spirit 
of  33  per  cent. 

The  following  more  accurate  but  less  full 
table  serves  for  the  same  purpose.    The  upper 
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horizontal  column  contains  the  per  cent,  of  I  to  100  vols,  of  it,  in  order  to  produce  spirit  of 
the  stronger  alcohol,  and  the  vertical  columns  the  strength  indicated  in  the  left-hand  co- 
below  the  vols,  of  water  which  are  to  be  added   lumn. 


Desired 
strength 
inperct. 

90 

85 

100 
80 

vols,  of  All 
75 

ohol  of  Pei 

70 

Cent,  by  Vol. 
65                60 

55 

50 

85 

6-56 

80 

13-79 

6-83 

75 

21-89 

14-48 

7-20 

70 

31-05 

23-14 

15-35 

7-64 

65 

41-53 

3303 

24-66 

16-37 

8-15 

60 

5365 

44-48 

35-44 

26-47 

17-58 

8-76 

55 

67-87 

57-90 

48-07 

38-32 

28-63 

1902 

9-47 

50 

84-71 

73-90 

63-04 

52-43 

41-73 

31-25 

20-47 

10-35 

45 

105-34 

93-30 

81-38 

69-54 

57-78 

46-09 

34-46 

22-90 

11-41 

40 

130-80 

117-34 

104-01 

90-76 

77-58 

64-48 

51-43 

38  46 

25-55 

35 

163-28 

148-01 

132-88 

117-82 

102-84 

87-93 

73-08 

58-31 

43-59 

30 

206-22 

188-57 

171-05 

153-61 

136-04 

118-94 

101-71 

84-54 

67-45 

25 

266-12 

1   245-15 

224-30 

203-53 

182-83 

162-21 

141-65 

121-16 

100-73 

20 

355-80 

329-84 

304-01 

278-26 

252-58 

226-98 

201-43 

175-96 

150-55 

15 

505-27 

471-00 

436-85 

402-81 

368-83 

334-91 

301-07 

267-29 

233-64 

10 

804-54 

I    753-65 

702-89 

652-21 

601-60 

551-06 

1  500-59 

450-19 

399-85 

ALE.  Tech.  A  variety  of  beer  made  from 
pale  malted  barley.     See  Beer. 

ALEMBIC.  Chem.  The  term  alembicus 
was  formerly  used  for  the  capital  of  a  still ; 
subsequently,  alambic  or  alembic  was  applied 
to  a  glass  still  consisting  of  a  flask  with  a 
capital  from  which  passes  a  tube.  It  is  now 
very  rarely  employed. 

ALEMBROTH,  SALT  OF.  Chem.  A  dou- 
ble salt  of  chloride  of  mercury  with  chloride 
of  ammonium  (NH4  Cl-f-  HgCl  +  HO),  long 
since  known,  has  latterly  been  recognised  as 
one  of  a  class  of  haloid  salts,  in  which,  accord- 
ing to  BonsdorfT,  the  chloride  of  mercury  acts 
the  part  of  an  acid  to  the  chlorides  of  more 
electropositive  metals.    See  Sails  of  Mercury. 

ALGAROTH,  POWDER  OF.  Chem.  Oxy- 
chloride  of  antimony;  according  to  Berzelius, 
SbClg-f-  3Sb03+  3HO;  according  to  Mala- 
guti  and  Johnstone,  2SbCl3+ 9Sb03.  See 
Salts  of  Antimony. 

ALGJE.     Bot.     See  Sea-weed. 

ALIMENTARY  PRINCIPLES.  The  fol- 
lowing extracts  from  Pereira's  Materia  Medica 
convey  a  sufficiently  extended  view  of  the  sub- 
ject. For  details  respecting  the  several  sub- 
stances, see  the  articles  on  them  in  the  present 
work. 

Dr.  Prout  has  divided  the  alimentary  prin- 
ciples into  three  great  classes  or  groups — the 
saccharine,  the  oleaginous,  and  the  albuminous,  to 
which  he  has  latterly  added  a  fourth,  the  aque- 
ous. He  was  led  to  this  division  by  observing 
that  milk,  the  only  article  actually  furnished 
and  intended  by  nature  as  food,  always  con- 
tains a  saccharine  principle,  a  butyraceous  or 
oily  principle,  and  a  caseous,  or,  more  correct- 
ly speaking,  an  albuminous  principle. 

Class  1.  Saccharine  Principles.  The  prin- 
ciples contained  in  this  class  are  Sugar,  Gum, 
Vegetable  Jelly,  Starch,  and  Lignin.  These 
agree  in  being  of  vegetable  origin,  and  in  con- 
sisting of  carbon,  hydrogen,  and  oxygen.  With 
the  exception  of  pectin  or  vegetable  jelly,  they 
contain  oxygen  and  hydrogen  in  the  ratio  to 
form  water;  and  might,  therefore,  be  termed 
hydrates  of  carbon. 


Those  varieties  of  each  principle  which 
contain  the  smallest  quantity  of  water,  Dr. 
Prout  terms  strong  or  high;  while  those  con- 
taining the  largest  proportion  of  water,  he  de- 
nominates weak  or  low.  Thus,  sugar-candy  is 
a  high  or  strong  sugar, — sugar  of  starch,  a 
weak  or  low  one. 

1.  Saccharine  Substances.  Under  this  head 
are  placed  several  sweet  organic  principles, 
capable,  for  the  most  part,  of  undergoing 
vinous  fermentation  when  mixed  with  yeast 
and  a  due  proportion  of  water. 

a.  Sugars  susceptible  of  Vinous  Fer- 
mentation. 

1.  Crystallisable.    This  division  includes 

common  sugars  (viz.  cane,  maple,  and 
beet-root  sugars),  granular  sugars  (viz. 
grape,  honey,  starch,  and  diabetic  su- 
gars), and  sugar  of  milk. 

2.  Uncrystallisablc,      Called   liquid  or  mu- 

cous sugurs,  as  treacle. 

b.  Sugars  unsusceptible  or  Vinous  Fer- 
mentation. 

1.  Crystallisable.     Mannite. 

2.  Uncrystallisable.    Glycyrrhizin,  Glycerin, 

and  Sarcocollin. 
Sugar  is  a  highly  nutritious  substance,  and 
by  the  healthy  stomach  is  readily  digested.  It 
appears  to  be  especially  adapted  for  the  food 
of  young  plants ;  hence  we  find  it  generated 
in  many  seeds  (as  peas,  barley,  &c.)  during 
germination.  It  is  nutritive  to  animals.  Thus 
it  is  an  important  constituent  of  milk ;  a  liquid 
intended  for  the  nourishment  of  mammals 
during  the  first  period  of  their  existence.  It 
is  employed  by  man  on  account  of  its  agree- 
able taste,  rather  than  as  a  direct  source  of 
nourishment ;  yet,  of  its  nutritive  qualities 
few  entertain  any  doubt.  The  injurious  effects 
which  have  been  ascribed  to  it  are  more  ima- 
ginary than  real.  Some  individuals  have 
consumed  large  quantities  of  it,  for  a  long 
series  of  years,  without  suffering  any  ill  con- 
sequences. 

2.  Mucilaginous  Substances.  The  gummy  prin- 
ciples, called  Arabin,  Tragacanthin  or  Adra- 
ganthin,  Cerasin  or  Prunin,  Cydonin,  and  Bas 
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sorin,  belong  to  this  group.  They  possess  nu- 
tritive properties,  but  are  somewhat  difficult  of 
digestion. 

Hasselquist  (Voyages  and  Travels  in  the  Le- 
vant, p.  298,  Lond.  1766)  tells  us,  that  a  cara- 
van of  more  than  a  thousand  persons,  travel- 
ling from  Abyssinia  to  Cairo,  and  whose  pro- 
visions were  exhausted,  supported  themselves 
for  two  months  on  the  gum  they  were  carrying 
as  merchandise.  The  Moors  and  the  Negroes 
near  the  Niger  employ  it  as  a  common  kind 
of  food.  The  Hottentots  also  are  well  aware 
of  its  nutritive  properties. 

3.  Vegetable  Jelly.  To  this  head  are  referred 
Pectin  or  Groussulin,  and  Carrageenin.  These 
are  nutritive  and  digestible. 

4.  Amylaceous,  farinaceous,  or  starchy  sub- 
stances. Under  this  division  are  included 
Wheat-starch,  Sago,  Tapioca,  Arrow-root,  Po- 
tato-starch, Salop,  &c.  Amylaceous  matter  is 
found  in  various  parts  of  plants. 

When  cooked,  amylaceous  matter  is  a  nutri- 
tious and  easily  digestible  substance.  Directly 
or  indirectly,  observes  Dr.  Prout,  "  it  forms  a 
constituent  of  the  food  of  most  of  the  higher 
animals,  as  well  as  of  man.  It  differs,  there- 
fore, from  sugar,  in  being  a  necessary  article  of 
food,  without  which  animals  could  not  exist ; 
while  sugar  is  not.  Hence  a  much  larger 
quantity  of  amylaceous  matter  than  of  sugar 
can  be  taken;  and  what  is  a  still  more  decisive 
fact,  the  use  of  this  larger  quantity  of  amy- 
laceous matter  may  be  persisted  in  for  an 
unlimited  period,  which,  it  appears,  is  not  the 
case  with  a  large  proportion  of  sugar." 

5.  Lignin  or  Woody  Fibre.  It  "forms  the 
appropriate  food  of  numerous  insects  and  of 
some  of  the  lower  animals,  but  of  few  of  the 
higher  classes  of  animals.  The  reason  of  this 
is  probably  to  be  sought  for  in  their  not  being 
furnished  with  organs  proper  for  comminuting 
and  reducing  it;  for  when  lignin  is  commi- 
nuted and  reduced  by  artificial  processes,  it  is 
said  to  form  a  substance  analogous  to  the  amy- 
laceous principle,  and  to  be  highly  nutritious." 
(Prout.) 

The  Laplanders,  according  to  Linnasus,  eat 
bark-bread  (barkbrod)  during  a  great  part  of 
the  winter,  and  sometimes  even  during  the 
whole  year.  It  is  prepared  from  the  inner  bark 
of  the  Pinus  sylvestris. 

Class  2.  Oleaginous  Alimentary  Princi- 
ples. This  class  comprehends  the  substances 
denominated  Fats,  Fixed  Oils,  and  Butter. 

Oleaginous  aliments  are  highly  nutritious, 
but  exceedingly  difficult  and  slow  of  digestion. 

Sir  John  Ross  considers  (and  his  opinion  is 
probably  correct)  that  the  natives  of  cold 
countries  seem  to  require  a  more  fatty  diet 
than  the  inhabitants  of  tropical  regions,  in 
order  to  promote  the  production  of  animal  heat. 

Class  3.  Nitrogenous  Alimentary  Princi- 
ples. The  most  important  alimentary  princi- 
ples, containing  nitrogen,  are  Fibrines,  Albu- 
men, Caseum,  Gelatine,  and  Gluten.  The  ani- 
mal extract,  called  Osmazome,  is  also  a  nitro- 
genous- principle.  With  one  exception  (Glu- 
ten), these  principles  are  obtained  from  the 
animal  kingdom,  and  they  have,  in  conse- 
quence, been  frequently  denominated  animal 
aliments. 
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Fibrine  is  eminently  nutritious,  and  easy  of 
digestion. 

Albumen  is  highly  nutritious,  and  when  either 
raw  or  lightly  boiled,  is  easy  of  digestion  ;  but 
when  boiled  hard,  or  especially  when  fried,  its 
capability  of  being  digested  is  considerably 
impaired. 

Caseum  is  nutritious,  and  moderately  easy 
of  digestion. 

Gelatine.  Animal  Jelly  is  an  exceedingly 
nutritive  principle,  though  probably  somewhat 
less  so  than  fibrine  and  albumen. 

Gelatine  from  Bones  is  employed  in  Paris  for 
the  preparation  of  a  nutritious  soup  for  hospi- 
tals and  other  pauper  habitations. 

Confectioner's  Jelly  is  made  from  isinglass, 
calves'  feet,  and  patent  gelatine. 

Soups  and  Broths  owe  their  nutritive  proper- 
ties principally  to  gelatine. 

Young  meats  yield  more  gelatine  than  old 
ones. 

Osmazome.  To  this  principle  broths  and 
soups  owe  their  flavour,  smell,  and  part  of 
their  nutritive  qualities. 

Gluten  is  believed  to  be  highly  nutritious,  and 
to  confer  on  wheat  flour  its  well-known  supe- 
rior alimentary  qualities.  "  Its  viscidity  or 
tenacity  confers  upon  that  species  of  flour  its 
peculiar  excellence  for  the  manufacture  of 
macaroni,  vermicelli,  and  similar  pastes,  which 
are  made  by  a  kind  of  wire-drawing,  and  for 
which  the  wheat  of  the  south  of  Europe  (more 
abundant  in  gluten  than  our  own)  is  particu- 
larly adapted."     (Brande.) 

ALIXIA-CAMPHOR.  Chem.  Nees  v.  Esen- 
beck,  Jr.,  describes  it  as  sometimes  occurring 
on  the  inner  side  of  the  bark  of  Alixia  aroma- 
tica.  White,  capillary  crystals,  of  a  feeble 
aromatic  and  agreeable  odor.  Sublime  at  140° 
to  160°,  undecomposed  without  fusion,  at  a 
high  temperature  fuse  and  change  into  a  brown 
substance.  Soluble  in  warm,  not  in  cold  wa- 
ter; the  solution  does  not  affect  litmus,  nor 
neutralize  alkalies,  and  deposits  by  evap.  at 
95°  to  105°,  the  crystals  unaltered ;  the  liquor 
distilled  acts  similarly.  Alcohol  (of  80  per 
cent.),  ether,  oil  of  turpentine,  acetic  acid, 
caustic  and  carbonated  potassa  and  am- 
monia dissolve  it  readily  ;  nitric  acid  (1-2  sp. 
gr.)  colors  it  yellow  without  dissolving  it. 
(Handwort.  d.  Chem.i.  191.) 

ALIZARIN.  Chem.  A  crystallised  red  co- 
loring substance,  obtained  by  sublimation  from 
madder,  by  Robiquet  and  Colin. 

Prep.  Moisten  1  pt.  ground  madder  with 
I  to  1  pt.  sulphuric  acid,  adding  gradually  to 
prevent  the  heat  rising  above  160°.  After  2  or 
3  days  nearly  every  thing  in  the  madder  is 
charred  except  alizarin ;  wash  out  the  acid 
from  the  black  mass,  digest  with  a  little  cold 
alcohol,  dissolve  the  A.  with  boiling  alcohol, 
distil  off  and  collect  the  A.  on  a  filter;  or  heat 
the  washed  and  dried  black  mass  gently,  when 
silky,  red  tufts  of  crystals  sublime.  (Rob.  and 
Col.)  Extract  madder  with  ether,  distil  and 
sublime  the  residue. 

Prop.  Alizarin  forms  transparent  red  or  yel- 
lowish-red, 4-sided,  silky  needles  or  lamina, 
slightly  soluble  in  water  with  a  red  color, 
readily  in  210  pts.  alcohol  or  160  pts.  ether,  at 
54°  with  a  golden  yellow  color;  the  solutions 
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have  an  acid  reaction  (Zenneck)  ;  alkalies  dis- 
solve it  with  a  violet  color,  which  when  di- 
luted is  red.  Cotton  based  with  acetate  of 
iron  or  alumina,  and  dipped  into  its  solution 
in  a  little  alcohol  and  much  water,  assumes 
the  tints  and  fastness  of  the  best  madder-dyed 
goods. 

Madder  has  been  examined  by  several  others, 
and  the  experiments  of  Runge  especially  show 
that  alizarin  is  not  a  simple  color,  and  that 
madder  contains  several  others.     See  Madder. 

ALKAHEST.  The  alchemists  applied  this 
term  to  a  supposed  universal  solvent. 

ALKALI.  Chem.  Derived  from  the  article 
(al)  and  (kali)  the  name  of  a  plant  in  the  Ara- 
bic. It  was  formerly  applied  to  the  ashes  of 
plants,  latterly  to  designate  the  vegetable,  mi- 
neral, and  volatile  alkalies  potassa,  soda,  and 
ammonia.     See  Alkalies. 

ALKALIES.  Chem.  Tech.  Syn.  Ger.  Alka- 
lien.  Fr.  Alcalis.  The  general  characteristics 
of  alkalies  are,  their  ready  solubility  in  water, 
power  of  neutralizing  the  strongest  acids, 
which  is  also  a  test  of  their  purity  and  strength, 
their  capability  of  changing  many  vegetable 
blue  colors  to  green,  and  some  yellows  to 
brown,  or  of  restoring  the  colors  of  those  which 
have  been  changed  by  acids :  among  these  the 
yellow  of  turmeric  and  reddened  litmus  are 
exceedingly  delicate  tests  of  the  presence  of 
an  alkali. 

The  alkalies  are  potassa,  soda,  and  lithia, 
formed  by  the  union  of  oxygen  with  their  me- 
tallic bases.  Their  affinity  for  oxygen  is  so 
powerful  as  to  enable  them  to  decompose  the 
coldest  water  and  even  ice  instantaneously, 
with  the  disengagement  of  hydrogen. 

To  these  might  be  added  baryta,  strontia, 
lime,  and  magnesia,  which  have  certain  pro- 
perties in  common  with  the  alkalies  proper, 
and  on  this  account  are  sometimes  classed 
with  them.  See  Alkaline  Earths.  The  chief 
mode  of  distinguishing  between  the  alkalies 
and  alkaline  earths  is,  in  the  solubility  of  the 
carbonated  alkalies  and  their  power  of  chang- 
ing blue  and  yellow  colors,  which  do  not  belong 
to  the  carbonates  of  the  alkaline  earths. 

Ammonia  must  also  be  considered  as  an 
alkali,  having  similar  properties,  although  dif- 
fering from  them  in  its  organic  constitution, 
for  it  is  of  great  importance  both  in  elementary 
chemistry  and  to  the  arts. 

Sources.  Potassa  is  generally  obtained  as  a 
carbonate  from  the  ashes  of  plants  growing  at 
a  distance  from  the  sea,  and  extensively  from 
the  vast  forests  common  to  new  countries.  It 
exists  abundantly  in  the  mineral  kingdom, 
particularly  in  felspar  and  clays. 

Soda  exists  in  great  quantities  as  chloride 
of  sodium  (common  salt)  in  sea-water,  and  in 
extensive  natural  formations.  It  is  procured 
from  salt  and  the  ashes  of  marine  plants. 

Lithia  occurs  in  a  few  rare  minerals.  Am- 
monia occurs  massive  in  the  state  of  muriate, 
in  the  vicinity  and  craters  of  volcanoes.  But 
its  most  common  source  is  the  decomposition 
of  vegetable  and  animal  matter. 

Uses.  The  alkalies  potassa  and  soda  are 
extensively  employed  in  chemistry  and  the 
cnemical   arts.     Their  use  depends  on  their 


strong  basic  properties,  and  on  their  faculty  of 
forming  fusible  compounds  with  silicic  acid. 
Being  strong  bases,  they  are  frequently  em- 
ployed by  the  chemist  to  effect  the  decomposi- 
tions of  salts  by  abstracting  their  acid,  and  to 
form  soluble  combinations  ;  they  are  farther 
used  for  the  same  reasons  to  combine  with  the 
acids  in  fats,  with  which  they  form  soluble 
soaps.  From  their  forming  fusible  compounds 
with  silica,  they  are  used  extensively  in  flux- 
ing, as  in  the  manufacture  of  glass,  &c.  Am- 
monia is  employed  by  the  chemist  from  its 
strong  basic  properties,  its  volatility,  and  the 
solubility  of  its  salts.  In  the  arts  it  has  a 
limited  application.  See  Potassa,  Soda, 
Lithia,  Ammonia. 

ALKALIMETER.  Tech.  An  apparatus  for 
determining  the  quantity  of  pure  or  real  potassa 
or  soda,  or  pure  carbonate,  in  a  commercial  car- 
bonate. Its  use  depends  on  the  quantity  of 
acid  required  to  neutralize  a  given  quantity  of 
the  carbonate. 

ALKALIMETRY.  Tech.  The  process  of 
ascertaining  the  quantity  of  pure  carbonated 
alkali  in  a  commercial  carbonate,  by  means  of 
the  alkalimeter.  The  simplest  method  is  to 
determine  how  many  measures  of  a  dilute  sul- 
phuric acid  are  required  to  neutralize  IOC 
grains  of  the  carbonate.  Suppose  we  wish  tc 
test  the  (carbonate  of)  soda  of  commerce. 

1.  Prepare  the  alkalimeter,  a  glass  tube  14 
inches  high  and  f  inch  wide,  fig. «,  with  a  foot 


or  stand,  capable  of  holding  a  little  more  than 
1000  grains  of  water.  Graduate  it  into  100 
parts,  each  of  which  contains  10  grs.  water. 
It  is  better  to  divide  it  by  mercury,  135"68  grs. 
of  which  =  the  bulk  of  10  grs.  water.  Take  a 
glass  tube,  b  in  the  figure,  of  proper  size,  pour 
into  it  678-40  grs.  mercury  =  50  grs.  water 
by  volume,  closing  the  lower  orifice  by  the 
finger,  and  mark  the  height  of  the  mercury  by 
a  scratch  on  the  tube.  Twice  that  volume  of 
mercury  may  also  be  marked.  Pour  the  6784 
grains  of  mercury  into  the  alkalimeter,  and 
mark  its  height  by  a  scratch,  which  will  be  5 
of  the  10-grain  measures  of  water.  Another 
measure  is  added  to  the  preceding,  and  its 
height  marked,  and  thus  20  such  measures  will 
mark  the  50  grains -f- 20=  1000  grains  water. 
Make  the  subdivisions  of  each  of  the  20  spaces 
between  the  marks  by  the  eye,  and  mark  them 
also  on  the  alkalimeter.    Number  the  divisior  s 
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from  the  top  0,  5,  10,  &c.  to  the  bottom,  which 
=  100.  The  French  alkalimeter,  d,  is  more 
convenient,  but  the  small  tube  is  too  liable  to 
fracture. 

2.  The  sulphuric  acid  is  of  such  a  strength 
that  1  measure  of  it  in  the  alkalimeter  (10  grs. 
water  measure)  will  exactly  neutralize  1  gr. 
pure  soda.  Weigh  out  170-6  grs.  pure  car- 
bonate of  soda,  which  contain  100  grs.  soda, 
dissolve  it  in  4  or  5  ounces  of  hot  water.  Mix 
1  pt.  by  weight  of  oil  of  vitriol  with  5  pts.  of 
water,  and  fill  the  alkalimeter  with  it  up  to  0. 
Pour  the  acid  into  the  soda-solution  until  it 
ceases  to  act  alkaline  on  reddened  litmus  paper, 
and  is  distinctly  acid,  and  note  the  measures 
of  acid  used,  suppose  it  to  be  90  measures. 
Then  add  10  more  measures  of  water,  so  that 
the  real  acid  formerly  in  90  will  now  be  in  100 
measures,  and  will  neutralize  100  grs.  soda,  or 
each  measure  1  gr.  soda.  This  acid  has  a 
density  of  1-0995  to  1-0998,  or  practically  1-1. 
Concentrated  sulphuric  acid  happens  to  have 
this  density  when  mixed  with  11  times  its 
weight  of  water.  The  mixture  is  conveniently 
made  in  a  graduated  vessel,  c. 

3.  To  test  the  commercial  soda,  dissolve  100 
grains  of  it  in  2  or  3  ounces  of  hot  water; 
pour  the  acid  into  the  solution  until  alkaline 
reaction  ceases,  and  observe  the  number  of 
measures  used.  Every  measure  of  acid  is 
equivalent  to  1  gr.  or  1  per  cent,  of  pure  soda. 
If  the  crude  soda  contain  insoluble  matter,  its 
solution  should  be  filtered  previous  to  testing. 
Where  it  contains  sulphite  and  sulphuret  of 
sodium,  mix  the  filtered  solution  with  a  little 
chlorate  of  potassa,  evaporate  to  dryness,  heat 
the  residue  to  redness,  which  converts  those 
salts  into  sulphates;  then  test  as  above.  Or, 
find  the  whole  amount  of  alkali  by  the  test, 
add  an  excess  of  chloride  of  calcium  to  a 
fresh  portion  of  100  grs.,  filter  off  and  test  the 
liquid  by  the  alkalimeter;  this  shows  the  alkali 
in  the  sulphuret,  and,  substracted  from  the 
whole  amount,  gives  the  real  soda,  which  exists 
as  carbonate  in  the  crude  soda. 

When  carbonate  of  potassa  (pearlash,  pot- 
ash, ashes)  is  to  be  tested,  the  equivalent  of 
potassa  being  higher,  requires  less  acid,  and 
where  the  measures  of  acid  used  in  a  soda  and 
potash  test  are  equal,  it  indicates  more  potassa 
in  the  ratio  of  their  equivalents,  47-26  potassa 
to  31-31  soda,  or  about  6  to  4.  Hence,  to  test 
potash,  pursue  the  course  pointed  out  for  soda, 
then  multiply  the  number  of  measures  used 
by  6  and  divide  by  4 ;  the  quotient  is  the  per 
cent,  potassa. 

ALKALINE  EARTHS.  Chem.  Syn.  Ger. 
AlkalischeErden.  Ft:  Terres  alcalines,  or  Alca- 
lis.  These  are  the  results  of  the  union  of  oxy- 
gen and  the  metallic  bases  barium,  strontium, 
calcium,  anu  magnesium,  all  of  which,  with  the 


ALKALOIDS. 

exception  of  the  last,  decompose  water  rapidly 
at  common  temperatures.  The  term  alkaline 
earths  is  derived  from  the  properties  possessed 
by  them  in  common  with  the  alkalies  proper, 
while  in  other  respects  they  resemble  the  earths. 
Baryta,  strontia,  and  lime  are  strongly  caustic, 
magnesia  less  so.  The  two  former  are  rather 
soluble  in  water,  lime  less  so,  and  magnesia 
requires  a  very  large  quantity  of  water  for  solu- 
tion.   See  Baryta,  Strontia,  Magnesia,  Limb. 

ALKALOIDS.  Chcm.  Syn.  Similar  in  Ger. 
and  Ft:  These  substances  are  peculiar  to  ve- 
getables and  exist  as  salts  in  the  juices  of  the 
plants.  Most  of  the  organic  bases  are  ready 
formed  in  plants  and  are  termed  vegetable 
bases,  others  are  formed  during  decomposition. 
The  name  alkaloids  or  vegetable  alkalies  is 
applied  to  those  which  in  solution  restore  the 
blue  of  reddened  litmus.  Sertuerner,  in  1804, 
discovered  the  first  base,  since  which  time 
many  additions  have  been  made. 

Prep.  The  manner  of  their  extraction  from 
plants  varies  of  course  with  their  several  pro- 
perties. They  may  for  the  most  part  be  ob- 
tained by  boiling  in  water  acidulated  with  sul- 
phuric or  muriatic  acids,  and  neutralizing  the 
filtered  solution  by  means  of  ammonia,  lime, 
or  magnesia.  We  thus  obtain  the  organic 
alkali  as  a  precipitate  to  be  subsequently  puri- 
fied and  crystallised  from  their  alcoholic  solu- 
tions. 

Properties.  Most  of  them  are  solid,  inodor- 
ous, crystallisable ;  some  are  pulverulent, liquid 
or  volatile;  and  some  even  highly  odorous  ;  all 
are  combustible,  having  an  alkaline  action 
upon  vegetable  coloring  matters,  and  forming 
salts  with  acids.  Such  as  are  known  are  but 
little  soluble  in  water;  they  may,  however,  be 
easily  dissolved  in  boiling  alcohol. 

The  constituents  of  all  the  alkaloids  are 
carbon,  hydrogen,  and  nitrogen :  oxygen  is 
common  to  most,  yet  there  are  many  destitute 
of  this  element;  such  are  very  strong  bases. 
It  has  been  found  that  those  containing  oxygen 
neutralize  more  acid  the  less  their  content  of 
oxygen,  thus  differing  very  materially  from  the 
inorganic  alkalies. 

Most  of  the  alkaloids  contain  but  one  equi- 
valent of  nitrogen,  some,  however,  contain  2  or 
more  equivalents.  This  nitrogen,  it  will  be 
observed,  does  not  exist  in  the  alkalies  in  the 
form  of  ammonia,  though  generally  in  such  a 
stale  as  to  form  ammonia  as  a  product  of  de- 
composition. The  vegetable  bases  have  been 
found  to  possess  properties  highly  medicinal 
or  poisonous,  proportionate  to  the  quantities 
administered.  The  principal  substances  of  the 
class  of  alkaloids,  together  with  the  plants 
from  which  they  are  obtained,  their  formula, 
and  the  names  of  their  discoverers,  are  the 
following — 


Name. 

Whence  obtained. 

Formula. 

Authority. 

1.  Volatile 

Indigo 

Tobacco  plant 
Conium  maculatum 

Bases. 

C12H6N 
C10HSN 
0)C12HHNO 

Unverdorben  §  Fritzsche 
Reimann  (f  Posselt 
Gieseke  fy  Geiger 
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ALKANET. 


Name. 


Thiosinnamine. 

Sinnamine 

Sinapoline 


Aricine 

Quinine 

Cinchonine . . . 
Chinoidine  (?) 


Morphia 

Codeine 

Thebaine 

Pseudomorphine 

Narceine 

Narcotine 

Chelidonine 

Glaucine , 

Glaucopicrine.. . 


Hyoscyamine 

Daturine 

Stramonine 

i  Atropine 

Solanine 

Veratrine 

Jervine 

Sabadilline 

Strychnine 

Brucine 

Delphine 

Staphysine 

Aconitine 

Picrotoxine 

Menispermine 

Paramenispermine . 

Emetine , 

Harmaline 

Piperine , 

Berberine 

Corydaline 

Caffeine 


Whence  obtained. 


Theobromine Theobroma  cacao 


2.  Bases  from 

Oil  of  mustard 
Ditto 
Ditto 

3.  Bases  from 
Aricas  bark 
Cinchonia  regia  vera 
Cinchonia  oblongifolia 
Mother  liquors  of  Quinine 

4.  Bases  of  the 
Opium 
Opium 
Opium 
Opium 
Mother  liquor  of  Morphia 
Opium 
Chelidonium  majus 

£  Glaucium  luteum 

5.  Bases  in  Solanacea, 
Hyoscyamus  niger 
Datura  Stramonium 
Daturine  liquor 
Atropa  Belladonna 
Solanium  nigrum 
Veratrum  Sabadilla 

Ditto 

Ditto 
Nux  vomica 
Brucia  antidysinterica 
Delphinium  staphysagria 

Ditto 

Aconitum  Napellus 
Cocculus  Indicus 

Ditto 

Ditto 
Cephoelis  ipecacuanha 
Peganum  Harmala 
Pepper 

Berberis  vulgaris 
Corydalis  bulbosa 
Coffee  and  tea  bohea 


Formula. 


Oil  of  Mustard. 

C8H8N2S2 
0)C8H6N2 
C14H12N202 

Cinchona  Bark. 
C20H12NO3 
C20H12NO2 
C20H12NO 

Not  determined 

Papavcraccce. 

C35H20NO6 
«35H20NO5 
C25H14N03 
0)C27H18NOU 
(?)C32H24NOI6 
C40H20NO12 

C40H20N3O6 

Not  determined 


Authority. 


Strychnacece,  fyc. 

Not  determined 
Ditto 
Ditto 
0)C34H23NO6 
Cs4H68N028 
C6aH45N20ls 
C60H45N2O6 
(?)C40H25N2O1( 
C44H23N208 
C44H25N207 
(?)C27HI9N02 
0)C32H23NO2 
Not  determined 
Ditto 
0)C]8HI2NO2 
Ditto 
C37H27NO10 
C24H13N20 
C34H19N06 
C33H18N012 
C34H22NO10; 
C8H5N202 
CJLNaO„ 


Varrentrapp  §•  Will 

Do. 
Simon 


Pelletier 

Pelletier  fy  Caventou, 

Liebig 


Sertuerner 

Robiquct 

Thiboumery 

Pelletier 

Pelletier  fy  Couerbe 

Derosne 

Godefroy 

Probst 


Gciger  <Sr  Hesse 

Do. 
Trommsdorff 
Mein,  Geiger,  fy  Hesse 
Blanchet  4}  Otto 
Couerbe 
Simon 
Couerbe 

Pelletier  $■  Caventou 
Regnault 
Couerbe 

Do. 
Geiger  fy  Hesse 
Boullay 
Pelletier  8f  Couerbe 

Do. 
Pelletier 

Varrentrapp  fy  Will 
Regnault 
Buchner 
F.  Dabereiner 

Pf«ff 
Woskresensky 


ALKALOIMETER.  Phar.  An  instrument 
far  ascertaining  the  quantity  of  real  vegetable 
alkali  in  the  commercial  article.  O.  Henry 
endeavored  to  do  this  in  a  small  alkalimeter, 
using  a  strong  solution  of  tannin  (prepared  by 
displacement),  instead  of  dilute  acid.  To  a 
strong  solution  of  the  alkaloidal  sulphate,  the 
tannic  acid  solution  is  added  as  long  as  a  pre- 
cipitate occurs.  The  precipitate  is  a  bitannate 
(Henry)  of  the  alkaloid,  not  wholly  insoluble. 
To  be  sensible,  the  liquid  should  contain  at 
least  2  An  of  quinin,cinchonin,  narcotin,  strych- 
nin, or  brucin,  and  ^-1^  o.  morphia  or  codein. 
Henry  used  a  test  fluid,  containing  5  per  cent, 
tannin,  which  should  always  be  fresh,  as  it 
spoils  by  keeping.  He  determined  by  it  quinin 
and  cinchonin,  the  former  requiring  2-5,  the 
latter  2-71  pts.  tannin.  This  mode  of  testing 
the  alkaloids  is  of  doubtful  utility. 

ALKANA.  Tech.  The  true  or  oriental  al- 
kanet  is  the  root  and  leaves  of  the  Lawsonia 
15 


inermis,  or  Henna  plant,  which  are  employed  in 
the  East  chiefly  to  dye  the  nails,  teeth,  gar- 
ments, &c,  of  a  pink  color.  The  leaves,  with 
lime  and  water,  are  also  used  for  dyeing  the 
tails  and  manes  of  horses,  in  Persia,  &c. 

ALKANET.  Tech.  The  root  of  the  Anchusa 
tinctoria,  a  species  of  bugloss,  containing  a.  red 
coloring  matter,  and  hence  employed  in  dyeing 
and  coloring.  The  bark  of  the  root,  analyzed 
by  John,  gave  5-5  coloring  matter,  6-5  gum,  1-0 
soluble  extractive  matter,  65-0  extractive  de- 
posit soluble  in  potassa  (loss  4-25).  The  root- 
wood  consisted  mainly  of  woody  matter.  The 
coloring  matter  is  the  only  important  principle. 

Alkanet,   Red.      Syn.    Anchusine,   anchusic 
acid.    Ger.  Alkannaroth.    Formula,  according 
to  Pelletier,  C17H10O4. 
Experiment. 

Carbon....  71-178 

Hydrogen..    6-826 

Oxygen 21-996 
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culation. 

Equiv 

71-23 

17 

6-84 

10 

21-91 

4 

ALLANTOIC  FLUID. 


ALLANTOINE. 


Prep.  Extract  the  root  by  ether  (John),  by 
boiling  absolute  alcohol  (Pclletier),  evaporate 
to  dryness;  and  when  alcohol  is  used,  extract 
the  residue  by  ether,  and  again  evaporate  ;  or, 
according  to  Berzelius,  extract  other  matters  by 
water,  then  the  color  by  water  containing  a 
little  carbonate  of  potassa  or  soda,  and  pre- 
cipitate the  color  by  an  acid. 

Prop.  A  dark-red  body  of  a  resinous  lustre, 
belonging  rather  to  the  electro-negative  or  acid 
resins ;  insoluble  in  water,  readily  in  ether, 
alcohol,  and  in  the  fixed  and  volatile  oils,  with 
a  red  color  ;  in  sulphuric,  with  amethyst  color, 
precipitated  again  by  water;  cold  nitric  attacks 
it  slightly.  Excess  of  alkali  dissolves  it  with 
a  blue  color;  the  compounds,  with  the  alkaline 
earths,  are  blue,  and  less  soluble.  When  dis- 
solved in  alcohol,  an  aqueous  solution  of  pro- 
tochloride  of  tin  precipitates  it  carmine-red; 
basic  acetate  of  lead,  a  beautiful  blue;  iron 
salts,  a  dark  violet,  and  chloride  of  mercury,  a 
flesh-red.  Its  compounds  with  the  alkalies  and 
alkaline  earths  are  soluble  in  ether  and  alcohol, 
and  hence  Pelletier  classes  it  with  the  fat  acids  ; 
but  Berzelius  does  not  admit  this. 

Uses.  Employed  to  a  limited  extent  in  dye- 
ing, for  a  beautiful  purple  or  violet.  For  this 
purpose  common  alcohol  is  poured  over  the 
root  until  it  covers  it,  and  after  12  hours  de- 
canted on  a  2d  portion  of  root,  while  fresh 
alcohol  is  poured  on  the  1st;  it  should  thus 
pass  through  several  vessels  until  the  alcohol 
is  not  quite  saturated.  It  is  then  mingled  with 
pure  water,  and  the  goods  based  with  acetate 
of  alumina  (red  liquor)  passed  into  it,  and 
dyed  by  a  slowly  increasing  heat,  to  boiling. 
It  constitutes  an  extremely  fast  color,  not  being 
altered  by  lime-water,  ammonia,  acetic,  or  citric 
acids,  tin  salts,  or  chloride  of  lime.  Potash 
and  soda  produce  blue  spots  on  the  goods, 
which  vinegar  restores  even  after  24  hours. 

l. 

Silica 35-4 

Alumina 4-1 

Protoxide  of  cerium 31-5 

Protoxide  of  iron 22-8 

Protoxide  of  manganese — 

Lime 9-2 

Water — 

Volatile  matter 4-0 

107-0 


Berzelius  constructs  from  Stromeyer's  ana- 
lysis the  formula  (3  FeO,  Si03+3  CeO,  Si03) 
+  (3  CaO,  Si03  +  2  Al203,  Si03).  The  for- 
mula of  cerine  is  less  certain,  and  indeed  the 
discoveries  by  Mosander  of  lanthanum  and 
didymium,  require  that  these  minerals  should 
be  tested  for  those  metals. 

ALLANTOIC  FLUID.  Anat.  The  space 
between  the  allantb'is  and  amnium  of  most 
mammalia  contains  the  urine  of  the  fetus, 
called  the  allantoic  fluid.  The  A.  fluid  of  the 
cow  contains  allantoine,  albumen,  lactate  of 
alkali,  ammonia,  phosphates,  and  common  salt. 
Alcohol  extracts  allantoine  and  a  yellowish 
brown  substance,  the  former  is  obtained  by 
evaporation  and  crystallisation.  It  has  not 
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Soap-water  brightens  it.     Light  alone  affects  K 
and  that  to  a  limited  extent. 

It  is  farther  used  for  coloring  tinctures, 
spurious  port  wine,  for  giving  a  fine  rose-color 
to  lip-salve,  pomatum,  and  other  ointments; 
and  its  alcoholic  solution  communicates  a 
pleasing  slain  to  marble. 

ALLAGITE.  Min.     See  Manganf.sk  Spar. 

ALLANITE  (Allanite  and  Cerine).  Phys. 
Char.  Cryst.  Doubly  oblique  rhombic  sys- 
tem, M  predominating.  Cleav.  imperfect  pa- 
rallel to  M  and  T.  Occurs  also  acicular,  and 
finely  granular. — H  =  6.  Spec.  grav.  4,  when 
pure.  Color,  brownish  or  greenish  black; 
lustre,  sub-metallic,  shining;  sub-translucent 
to  opake ;  brittle ;  fracture  uneven,  passing 
into  small  conchoidal. 

Chem.  Char.  Greenland  allanite  fuses  easily 
betore  the  blowpipe  to  a  brownish  or  black 
ish  magnetic  glass.  (V.  Kobell.)  Cerine  from 
Bastniisgrube  yields  water  in  a  bulb;  fuses 
before  the  blowpipe  to  a  black  glassy  bead, 
dissolves  easily  in  borax,  the  glass  is  black, 
opake,  becomes  in  the  exterior  flame  blood-red 
when  hot,  more  or  less  yellow  on  cooling;  in 
the  inner  flame,  green  ;  mic.  salt  dissolves  it, 
leaving  a  skeleton  of  silica;  the  bead  show? 
an  iron  color  when  hot,  colorless  and  opales- 
cent when  cold;  soda  dissolves  it  to  a  black 
glass.     (Berzelius.) 

The  Greenland  A.  gelatinizes  with  nitric  and 
muriatic  acids  ;  the  Swedish  C.  is  imperfectly 
attacked  by  acids. 

Analysis.  1.  By  Thomson,  from  Alluk  in 
Greenland  (Trans.  P.  Soc.  Edinb.  vi.  371);  2, 
by  Stromeyer  from  Iglorsoit,  Greenl.  (Pogg.  An. 
xxxii.  288) ;  3,  by  Wollaston  from  Mysore 
(Liebig  and  Pogg.  Worterb.  1-265)  ;  and,  4,  of 
cerine  by  Hisinger  from  Bastniisgrube  at 
Riddarhyttan,  Sweden.  (Afhandl.  i  Fisik,  iv. 
327.) 


2. 

3. 

4. 

33-021 

34-0 

30-17 

15-226 

90 

11-31 

21-600 

19-8 

28-19 

15-101 

(Fe 

*O0 

=  320 

20-72 

0-404 

— 

— 

11-080 

— 

9-12 

3-000 

— 

(CuO) 

=  0-87 

99-432 

94-8 

100-38 

been  examined  for  urea.  (Vauquelin  and  Bit- 
niva.) 

ALLANTOINE.  Chem.  Syn.  Allantoic  acid, 
Amniotic  acid.  Discovered  by  Vauquelin  and 
Buniva  in  the  allantoic  fluid  of  the  cow. 
Formed  when  uric  acid  is  boiled  with  peroxide 
of  lead  in  water.     (  Wiihler  and  Liebig.) 

Prep.  One  part  of  uric  acid  is  boiled  in  20 
parts  of  water,  and  recently  prepared  and  well- 
washed  peroxide  of  lead  is  added  in  successive 
portions  to  the  boiling  liquid  as  long  as  its  co- 
lor is  observed  to  change.  The  hot  liquid 
should  be  filtered,  and  evaporated  until  crys- 
tals are  observed  to  form  upon  its  surface. 
The  crystals  which  have  deposited  when  the 
solution  has  become    uite  cold  are  purified  by 


ALLANTUTtIC  ACID. 

recrystallisation.  Or,  the  allantoic  fluid  of  the 
cow  may  be  evaporated  to  $  its  volume,  and 
the  crystals  formed  on  cooling  and  long  stand- 
ing are  purified  by  animal  charcoal. 

Prop.  Small  transparent  and  colorless 
prisms  of  the  right  rhombic  system,  which 
have  a  glassy  lustre,  are  tasteless,  have  no 
action  on  vegetable  colors,  and  are  soluble  in 
160  parts  of  cold,  but  more  freely  in  hot  water. 
It  is  soluble  in  nitric  acid,  and  is  decomposed 
by  it  when  the  solution  is  boiled  without  the 
evolution  of  nitrous  fumes.  See  Allantuiuc 
Acid,  below.  Its  composition  is  such  that  it 
contains  the  elements  of  anhydrous  oxalate  of 
ammonia  minus  3  eq.  water;  this  explains  its 
decomposition  by  the  alkalies,  by  which  it  is 
reduced  at  the  boiling  heat  into  an  oxalate  and 
ammonia.  Gently  heated  in  concentrated  sul- 
phuric acid,  it  is  decomposed   into  carbonic 


oxide,  carbonic  acid,  and  sulphate  of  ammonia; 

Formula  of  allantoine,  C4H3N203  or  2Cy+3HO 

Composition.                       H=l  0=100 

4  eq.  carbon 24-03  300-48 

3    "    hydrogen 3-00  37-50 

2  "    nitrogen 28-38  354-07 

3  "    oxygen 24-03  300-00 


ALLOPHANE. 

but  if  a  strong  heat  be  rapidly  applied,  the  acid 
is  blackened.  It  is  soluble  in  caustic  and  car- 
bonated alkalies  by  the  aid  of  a  gentle  heat, 
and  maybe  again  obtained  unchanged  by  crys- 
tallisation. A  solution  of  allantoine  in  hot  wa- 
ter, to  which  a  little  ammonia  has  been  added, 
produces,  with  the  nitrate  of  silver,  a  white 
precipitate,  which  contains  43-56  per  cent,  of 
oxide  of  silver,  and  is  composed  as  represent- 
ed by  the  formula  C8N4Hs05+AgO;  it  conse- 
quently contains  2  eq.  allantoine,  C8N4H606 — 
1  eq.  water  (HO)+l  eq.  oxide  of  silver.  (Lie- 
big's  Turner.) 

Water  at  a  high  temperature  converts  allan- 
toine into  ammonia,  carbonic  and  allanturic 
acids,  no  urea  being  formed,  as  it  is  easily  con- 
verted at  a  little  above  212°  into  carbonate  of 
ammonia.  These  2  decomp.  were  effected  in 
closed  tubes  in  an  oil  bath  at  279°  to  347° 
Fahr.    (Pelouze.) 


In  100  parts. 

30-29 

3-78 

35-69 

30-24 


1    "    allantoine 79-44 

Formation.    After  the   separation   of  allan- 
toine in  the  above  method  of  prep,  from  uric 
acid,  the  residue  evaporated  yields  urea,  with 
some  allantoine,  and  the  brown  oxide  of  lead 
Before  decomposition. 

4  eq.  uric  acid =C20H8  N8012 

6    "   water H6      06 

4   "   oxygen  from  4(Pb02)=  04 


992-05 


100-00 


has  changed  to  oxalate  of  lead.  The  following 
diagram  illustrates  the  formation  of  these  seve- 
ral compounds : 

After  decomposition. 

2  eq.  urea =C4  H8  N404 

2   "   allantoine =C8  H6  N406 

4   "    oxalic  acid =C„  O., 


C20H14N8O22 


C20H14N8O22 


ALLANTURIC  ACID.  Chem.  Pelouze  (An. 
de  Chim.  et  Phys.  Sept.  1842)  heated  uric  acid 
gently  with  nitric  acid  (of  spec.  grav.  1-2  to 
1-4),  when  it  dissolved,  and  on  cooling,  fine 
crystals  of  nitrate  of  urea  separated.  The  same 
action  takes  place  with  hydrochloric  acid,  no 
gas  in  either  case  being  generated.  When  the 
nitric  solution,  evap.  and  dried  at  80°,  is  treat- 
ed with  a  little  water  and  ammonia,  a  white, 
viscid  matter  is  precip.  by  alcohol,  which,  re- 
dissolved  in  water  and  again  precip.  by  alco- 
hol, to  free  it  from  nitrate  of  ammonia  and 
urea,  constitutes  a  new  nitrogenous  acid  with 
a  formula  C10H7N4O9. 

It  is  uric  acid  -f-  3  eq.  water.    It  is  white, 

slightly  acid,  deliquescent,  nearly  insoluble  in 

alcohol.     Distilled,  it  yields  a  product  strongly 

3  eq.  allantoine C 


prussic,  and  leaves  a  voluminous  charcoal. 
Acetate  of  lead  and  nitrate  of  silver  afford  vo- 
luminous white  precipitates,  soluble  in  excess 
of  the  salts  and  of  acid. 

The  new  acid  is  generated  under  several 
other  circumstances.  It  is  always  formed  on 
decomposing  uric  acid  and  allantoine  by  per- 
oxide of  lead.  Without  doubt  many  oxidizing 
bodies  form  it  from  uric  acid.  Pelouze  believes 
that  the  urea  is  the  result  of  the  decomp.  of 
allantoine,  which  is  formed  without  urea  in  the 
first  stage  of  the  decom.  of  the  uric  acid. 

This  acid  is  termed  allanturic  acid  from  its 
analogy  with  uric  acid  and  its  derivation  from 
allantoine;  and  is  solely  formed  with  urea  by 
the  action  of  hydrated  acids  on  allantoine. 
Thus,  by  subtracting  from 


urea C„H.N00 


2^2 


2   "    water. 


CJ0H6N4O7  and  add  to  the  remainder 
H,     O,  we  have 


1    "   hydrat.  allanturic  acid C10H7N4O9 


See  Chemical  Gazette,  i.  30. 


ALLOCHROITE.  Min.  AvarietyofGAnjrET. 
ALLOPHANE.    Min.    Syn.  Riemannite,  Si- 
liciferous  hydrate  of  alumina.     (Phillips.) 
Phys.  Char.    Reniform  and  massive,  some- 


times traces  of  crystallisation,  occasionally 
cleaved  into  apparently  rectangular  prisms. 
H=3.  Spec.  grav.  1-852—1-889.  Pale  blue, 
green,  or  brown;   somewhat  vitreous  lustre; 
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ALLOPHANE. 


ALLOXAN. 


translucent;  streak  white;  fracture  conchoidal, 
shining;  very  brittle. 

Chem.  Char.  Behavior.  Yields  water  in  the 
bulb,  and  burns  black  in  spots;  the  water 
slightly  reddens  litmus  ;  swells  on  charcoal  or 
in  forceps  without  fusing,  falls  to  powder  and 
tinges  the  flame  copper-green.  Dissolves  diffi- 
cultly in  borax  to  an  almost  colorless  glass, 
which,  with  tin  in  the  inner  flame,  becomes 
red  from  suboxide  of  copper.  Easily  dissolved 
in  mic.  salt,  leaving  a  skeleton  of  silica;  both 
in  it  and  in  soda  exhibits  a  copper  reaction. 
Gelatinizes  with  acids. 

l. 

Silica 24-109 

Alumina 38*763 

Water 35-754 

Oxide  of  copper 2-328 

100-954 


Analysis.  Allophane  1,  from  Gersbach,  in 
the  Schwarzwalde,  by  Walchner,  (Sclur.  Jour, 
xlix.  154);  2,  from  Fermi,  France,  by  Guille- 
min  (An.  Ch.  Ph.  xlii.  260);  3  and  4,  from 
Beauvais,  France,  by  Berthier  {Jin.  d.  Minu, 
3meSer.  ix.498) ;  5,  from  Griifenthal,  near  Saal- 
feld,  by  Stromeyer  (Examinations,  :i()S) ;  (I,  from 
Schneeberg,  by  Ficinus  (Schw.  Jour.  xxvi.  277); 
7,  from  Bleiberg,  in  the  Eifel,  by  Bergemann 
(Ch.  Exam,  of  Min.  from  Bl.  1830,  194)  ;  8,  from 
Friesdorf,  near  Bonn,  by  Bunsen  (Pogg.  An. 
xxxi.  53). 


2. 
23-76 
39-68 
35-74 

0-65 

99-83 


3.  Cryst. 
21-9 
29-2 
44-2 

Clay=4-7 


5.  6. 

Silica 30-0  21-992 

Alumina 16-7  32-202 

Water 29-9  41-301 

Oxide  of  copper 19-2  (CuO+CO2=3-058) 

Sesquiox.  of  iron —  (Hydrate  0-270) 

Sesquiox.  of  mangan.     1-8  —     (MgO+C02 

Carbonate  of  lime...     2-7  (Lime=0-730) 

—  (Gypsum  0-577) 


1000 


7. 
21-05 
30-37 
40-23 


4.  Pulverulent. 

26-3 

34-2 

38-0 

1-5 

100-0 


8. 

19-350 

32-725 

40-225 

2-575 

0-300 


2-74 
=2-06) 
2-39  2-825 

—  (Gypsum=0-700) 

—  (Quartz=0-175) 


100-3 


99-879 


98-84 


The  true  composition  of  allophane  cannot 
well  be  determined,  as  many  of  the  above  sub- 
stances are  probably  mixtures.  According 
to  Gerhardt,  Nos.  1  and  2  have  the  formula 
3A1203,  2Si03+15HO;  No.  3  =3AI203,  2Si03 
+20HO ;  and  No.  4  is  the  same  as  1  and  2, 
mingled  with  3CuO,  2Si03+6HO.  Berthier 
regards  A.  as  a  compound  of  A1203,  Si03, 
with  2  or  3  HO  and  A1203,  3HO.  Walchner 
regards  A.  as  A1203,  Si03+5HO,  and  Guille- 
min  assumes  the  same  with  hydrate  of  alu- 
mina. 

Opalin-allophane,  allied  to  allophane,  from 
Freienstein,  in  Styria,  has  the  following  be- 
havior and  composition,  according  to  Schrotter 
(Erdm.  Journ.  xi.  380). 

Behaves  like  allophane  before  the  B.  P.,  but 
burns  white;  decomp.  by  acids.  Two  analyses 
gave 

Formula,  CgH4N2O10 
H=l 

8  eq.  carbon 48 

4  "    hydrogen 4 

2  "    nitrogen 28-4 

10  "    oxygen 80 


Silica 11-950 

Alumina 46-300 

Water 36-200 

Perox.  of  iron  . . .   2-950 
Lime 1-298 


Ox.  of  copper. . 
Sulphuric  acid. 


0-250 
0-780 


99-729 


98-875 

11-935 
46-284 
35-504 
2-656 
1-029 
0-250 
0-482 

98-140 


For  which  he  establishes  the  formula  4  A1203, 
Si03-f  18HO,  but  Rammelsberg  thinks  it  should 
be   (2  A1203,  Si03  +  12HO)  +2  A1203,  3H0. 

ALLOXAN.  Chem.  Syn.  Erythric  acid,  so 
called  by  its  first  observer,  Brugnatelli,  redis- 
covered by  Wohler  and  Liebig,  by  the  action 
of  nitric  on  uric  acid. 


160-4 

It  is  best  prepared,  according  to  Gregory,  by 
the  following  method,  which  is  a  modification 
cf  the  original  process  of  Wohler  and  Liebig: 
— Uric  acid  is  gradually  added  to  nitric  acid, 
spec.  grav.  1-35,  by  which  it  is  dissolved  with 
effervescence.  The  action  must  be  gentle,  and, 
it  heat  be  applied,  it  must  be  done  cautiously. 
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O=100 

Calculated. 

Found. 

600-96 

30-34 

30-38 

50-00 

2-47 

2-57 

354-08 

17-55 

17-96 

1000-00 

49-64 

49-09 

2005-04 

10000 

100-00 

As  soon  as  crystals  begin  to  appear  in  the 
warm  liquid,  no  more  uric  acid  is  added  for 
the  present,  and  the  whole  is  allowed  to  cool, 
when  it  becomes  semi-solid  from  the  separa- 
tion of  the  crystals  of  alloxan.  The  mass  is 
thrown  on  a  funnel,  stopped  with  a  little  as- 
bestus,  and,  when  it  has  ceased  to  drop,  the 


ALLOXANATES. 

acid  liquor  remaining  in  the  crystals  is  care- 
fully displaced  by  a  little  ice-cold  water.  The 
crystals  are  purified  by  solution  in  water, 
avoiding  a  strong  heat,  and  recrystallisation. 
The  acid  liquid  which  has  drained  from  the 
first  crystals  is  again  treated  as  above  with 
uric  acid,  and  in  this  way  one  portion  of  nitric 
acid  may  be  made  to  yield  4  or  5  crops  of 
crystals  of  alloxan.  The  mother-liquid  finally 
left  is  not  lost,  but  yields  a  large  quantity  of 
parabanic  acid,  oxalurate  of  ammonia,  or 
murexide,  if  properly  treated.  (See  those 
compounds.)  By  this  process,  Gregory  ob- 
tains from  100  parts  of  uric  acid,  65  parts  of 
anhydrous  alloxan,  equal  to  at  least  90  of  the 
hydrated  crystals. 

Prop.  On  the  cooling  of  a  warm  but  not 
perfectly  saturated  solution  of  alloxan,  it  is 
obtained  in  large  colorless  and  transparent 
crystals  of  the  right  prismatic  system,  and  of  a 
strong  adamantine  lustre;  these  crystals  efflo 
resce  rapidly,  losing  25  per  cent.=6  eq.  water, 
and  are  converted  when  gently  warmed,  with 
the  loss  of  water,  into  anhydrous  alloxan.  If  a 
hot  saturated  solution  be  allowed  to  crystallise 
in  a  warm  place,  anhydrous  alloxan  is  depo- 
sited directly  from  the  solution  in  oblique 
prisms,  on  the  extremities  of  which  truncated 
rhomboidal  octohedrons  are  seen.  It  is  very 
soluble  in  water,  has  a  disagreeable  odor,  and 
a  slightly  saline  astringent  taste,  reddens  vege- 
table colors,  and  causes  a  purple  stain  on  the 
skin.  Treated  with  alkalies,  alloxanic  acid  is 
formed ;  but  on  boiling  it  is  decomposed  into 
urea  and  mesoxalic  acid.      Heated  with  per- 

Cyanoxalic  acid=C8N2      04 
4  eq.  water  H404 

2  eq.  oxygen  02 

1  eq.    alloxan  =  C8N2H4O10 
Urea  =         C2N2H402 

Nitrous  acid=  N      0, 


ALLOXANATES. 

oxide  of  lead,  it  is  decomposed  into  urea  and 
carbonate  of  lead,  with  which  a  few  traces  of 
oxalate  of  lead  are  mixed.  When  brought 
into  contact  with  zinc  and  hydrochloric  acid, 
with  chloride  of  zinc  or  sulphuretted  hydrogen, 
alloxantine  is  produced;  it  is  decomposed  by 
free  ammonia  into  mykomelinic  acid,  by  nitric 
acid  into  parabanic  acid,  by  sulphuric  and  hy- 
drochloric acids  into  alloxantine,  by  sulphurous 
acid  and  ammonia  into  thionurate  of  ammo- 
nia, with  alloxantine  and  ammonia  into  mu- 
rexide. With  a  protosalt  of  iron  and  an  alkali, 
it  forms  an  indigo-blue  solution.  Does  not 
unite  without  decomposition  with  the  metallic 
oxides.  Alloxan  is  formed  from  alloxantine 
by  oxidizing  substances,  and  alloxantine  is 
formed  from  alloxan^  by  deoxidizing  sub- 
stances. 

Formation.  The  formation  of  alloxan  and 
the  other  products  which  arise  at  the  same 
time,  is  dependent  upon  two  perfectly  inde- 
pendent decompositions;  namely,  upon  the 
conversion  of  cyanoxalic  acid  into  alloxan,  and 
upon  the  mutual  decomposition  of  urea  and 
nitrous  acid.  To  1  eq.  of  cyanoxalic  acid  are 
added  the  elements  of  4  eq.  water,  and  2  eq. 
oxygen  from  1  eq.  nitric  acid,  by  which  1  eq. 
alloxan  and  1  eq.  nitrous  acid  are  formed. 
The  latter  combines  with  the  ammonia  of  the 
urea,  and  liberates  cyanic  acid;  the  nitrite  of 
ammonia  is  decomposed  by  heat  into  nitro- 
gen and  water,  and  the  cyanic  acid  with  water 
is  resolved  into  carbonic  acid  and  ammonia, 
which  unites  with  the  free  nitric  acid. 


C2N3H405=NH3+ 

N03+ 

C2N04- 

HO 

Ammo- 

Nitrous 

Cyanic 

Water 

nia. 

acid. 

acid. 

The  nitrite  of  ammonia  NH3,  N03  =  N2 
-)-4  HO ;  and  the  cyanic  acid  C2NO,  with 
3  eq.  water,  3  HO,  yields  2  eq.  carbonic  acid, 
2  C02,  and  I  eq.  ammonia,  NH3.  If  to  the  pro- 
ducts above  mentioned  we  add  alloxantine  and 
parabanic  acid,  which  may  be  formed  by  the 
action  of  nitric  acid  on  alloxan,  the  results  of 
this  complicated  reaction  are  all  clearly  ac- 
counted for.  They  are  alloxan,  alloxantine, 
parabanic  acid,  nitrate  of  ammonia,  carbonic 
acid,  and  nitrogen.  Under  certain  circum- 
stances nitrate  of  urea  is  also  formed. 

It  frequently  happens  that  on  dissolving  the 
impure  alloxan  for  the  purpose  of  purifying  by 
a  second  crystallisation,  a  portion  of  alloxan- 
tine is  obtained;  it  may  be  easily  separated 
from  the  alloxan  by  cold  water.  See  Alloxan- 
tine.    (Liebiv's  Turner.) 

ALLOXANATES.  Chem.  Alloxanic  acid 
neutralizes  the  alkalies  perfectly,  decomposes 
the  carbonates,  and  forms,  when  neutralized  by 
ammonia,  with  the  salts  of  silver,  a  white  pre- 
cipitate, which,  by  boiling,  becomes  first  yellow 
and  then  black,  the  change  being  accompanied 
by  a  rapid  effervescence  ;  treated  with  ammo- 


nia in  excess,  it  produces  white  gelatinous 
precipitates  with  the  salts  of  lime,  strontia,  and 
baryta;  but  the  precipitate  is  redissolved  by  a 
large  excess  of  water,  and  readily  by  an  acid. 
The  solutions  of  the  neutral  alloxanate  of  lime, 
strontia,  and  baryta,  become  turbid  when 
boiled,  the  bases  are  precipitated,  and  urea 
and  mesoxalic  acid  are  formed. 

Alloxanate  of  Baryta.  Formula,  C8N2H208, 
2  BaO-|-8  aq.  Prepared  by  adding  barytic  wa- 
ter to  an  aqueous  solution  of  alloxan  at  the 
temperature  of  140°  ;  on  each  addition  a  white 
precipitate  is  formed,  but  it  is  redissolved  by 
stirring;  the  barytic  water  is  added  in  succes- 
sive portions  till  the  precipitate  is  permanent, 
when  the  solution  is  allowed  to  cool.  The 
mother-liquor  separated  from  the  crystals  is 
again  to  be  heated  and  treated  with  barytic 
water  as  before,  and  this  should  be  repeated  as 
long  as  crystals  are  obtained. 

Short  transparent  needles,  or  mother-of-pearl 
scales,  which  at  212°  become  milk-white  and 
lose  3  eq.  water;  at  300°  they  are  anhydrous  ; 
they  are  sparingly  soluble  in  cold,  but  more 
freely  in  hot  water ;  exposed  to  a  red  heat  they 
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ALLOXANIC  ACID. 


ALLOXANTINE. 


leave  a  mixture  of  carbonate  of  baryta   and 
cyanide  of  barium. 

Mloxanate  of  SUver.  Formula,  C8N2H209 
+2  AgO.  A  white  insoluble  powder,  which 
produces  a  slight  explosion  when  heated; 
the  residue  after  being  heated  to  redness  yields 
cyanic  acid  and  metallic  silver.  (Liebig's 
Turner.) 

ALLOXANIC  ACID.  Chem.  Discovered 
by  Wohler  and  Liebig,  in  decomposing  alloxan 
by  alkalies. 

Formula,  C8H2N208+2  HO. 

It  is  prepared  by  decomposing  alloxanate  of 
baryta  by  sulphuric  acid.  A  strongly  acid 
fluid  is  obtained,  which  by  gentle  evaporation 

Formula,  C8H5N2O10 

rl  = 

8  eq.  carbon 48 

5    "    hydrogen 


crystallises  in  radiated  groups  of  acicular 
crystals  ;  it  is  a  bibasic  acid,  dissolves  zinc, 
with  the  evolution  of  hydrogen,  is  unchanged 
by  sulphuretted  hydrogen,  and  precipitates  the 
salts  of  silver,  baryta,  and  lime.  The  an- 
hydrous alloxanic  acid  contains  the  consti- 
tuents of  alloxan  minus  2  eq.  water;  and  the 
hydrated  acid  has  the  same  composition  as 
anhydrous  alloxan.     (Liebig's  Turner.') 

ALLOXANTINE.  Chem.  First  observed 
by  Prout  as  a  product  of  decomposition  of  uric 
by  nitric  acid ;  also  formed  by  the  action  of 
chlorine  on  uric  acid,  and  by  the  action  of 
deoxidizing  substances  on  alloxan. 


10 


nitrogen, 
oxygen  . 


H  =  l 

0  =  100 

Calculated. 

Found. 

48 

600-90 

30-16 

30-339 

5 

62-50 

3-06 

3-200 

28-4 

354  08 

17-46 

17-669 

80 

1000-00 

49-32 

48-792 

161-4 

2017-54 

100-00 

100-000 

Prep.  From  uric  acid:  one  part  of  uric  acid 
is  added  to  32  parts  of  water,  which  is  brought 
to  the  boiling  point,  and  then  treated  with  di- 
lute nitric  acid  in  successive  portions  till  a  per- 
fect solution  is  obtained;  it  should  then  be  eva- 
porated to  two-thirds  of  its  volume,  when,  after 
standing  for  some  hours,  or  a  day,  crystals  of 
alloxanline  will  be  deposited,  which  should  be 
purified  by  recrystallisation. — From  alloxan: 
it  is  obtained  in  large  quantity  by  transmitting 
a  stream  of  hydrosulphuric  acid  gas  through  a 
solution  of  alloxan,  when  first  sulphur,  and 
then  a  crystalline  mass  of  alloxantine  is  de- 
posited; it  is  separated  from  the  sulphur  by 
solution  in  hot  water,  which  yields  by  evapo- 
ration and  cooling  pure  crystals  of  alloxantine. 
It  may  also  be  formed  by  adding  zinc  and  hy- 
drochloric acid  to  a  solution  of  alloxan,  but 
here  an  excess  of  acid  must  be  carefully 
avoided  ;  or  by  boiling  alloxan  in  moderately 
strong  sulphuric  acid,  when  it  is  deposited  as 
the  solution  cools.  Diluted  hydrochloric  acid, 
and  even  diluted  nitric  acid,  produce  the  same 
effect.  The  latter  fact  is  curious,  because 
stronger  nitric  acid  reconverts  alloxantine  into 
alloxan ;  and  also  because  the  conversion  of 
alloxan  into  alloxantine  is  a  process  of  deoxi- 
dation.  The  reaction,  in  this  mode  of  prepa- 
ration, however,  is  different  from  that  which 
occurs  when  sulphuretted  hydrogen  is  em- 
ployed. It  is  explained  below  for  sulphuric 
acid,  and  the  explanation  applies  to  nitric  and 
hydrochloric  acids.  (Gregory.)  If  a  solution 
of  alloxan  be  exposed  to  the  action  of  a  gal- 
vanic battery,  oxygen  is  evolved  at  the  positive 
electrode,  while  the  negative  is  covered  with  a 
crystalline  crust  of  alloxantine. 

Prop.  Short,  oblique,  four-sided  prisms  of 
the  oblique  prismatic  system,  the  obtuse  angle 
of  the  prism  being  105°.  The  crystals  are 
colorless,  or  have  a  slightly  yellow  tint;  in 
an  ammoniacal  atmosphere  they  become  red, 
acquire  a  greenish  metallic  lustre,  and  are 
readily  reduced  to  powder;  exposed  to  212° 
they  undergo  no  change  of  weight,  but  at  300° 
lose  15-4  per  cent.=3  eq.  water;  sparingly 
118 


soluble  in  cold,  more  freely  in  boiling  water. 
The  solution  reddens  litmus  ;  is  converted  into 
alloxan  by  being  warmed  with  strong  nitric 
acid,  or  by  a  solution  of  chlorine;  forms  with 
the  salts  of  silver  a  black  precipitate  of  me- 
tallic silver;  it  is  decomposed  by  alkalies; 
barytic  water  causes  a  violet-blue  precipitate, 
which  is  first  rendered  colorless  by  heat  and 
then  disappears  ;  by  adding  an  excess  of  bary- 
ta to  this  solution,  a  brilliant  white  precipitate 
is  formed. 

Formation.  By  the  action  of  dilute  nitric 
acid  upon  uric  acid,  only  1  eq.  of  oxygen  is 
taken  up  by  the  cyanoxalic  acid,  and  there  is 
formed  by  the  addition  of  the  elements  of  5 
eq.  of  water,  1  eq.  alloxantine  and  nitrous 
acid,  which  is  decomposed  by  the  water  into 
£  eq.  of  nitrous  acid,  and  ^  eq.  nitric  acid;  the 
former  reacts  as  described  in  alloxan  upon 
half  of  the  urea  liberated,  causing  their  mu- 
tual decomposition,  while  the  other  half  of  the 
urea  combines  with  the  nitric  acid  to  nitrate 
of  urea.  In  its  preparation  from  alloxan  1  eq. 
oxygen  of  the  latter  is  converted,  by  the  hydro- 
gen of  the  sulphuretted  hydrogen,  into  water, 
which  remains  in  combination  with  the  other 
elements.  On  boiling  alloxan  with  sulphuric 
acid,2  eq.  are  decomposed  into  1  eq.  alloxantine, 
3  eq.  oxalic  acid,  1  eq.  ammonia,  and  1  eq. 
cyanic  acid  ;  the  latter  being  decomposed,  to- 
gether with  3  eq.  water,  into  carbonic  acid  and 
ammonia.  If  a  solution  of  alloxan,  instead  of 
being  left  in  contact  with  zinc  and  hydrochloric 
acid  at  common  temperature,  be  heated  to  the 
boiling  point,  and  kept  at  that  temperature  for 
some  time,  it  deposits,  on  cooling,  yellow 
granular  crystals,  of  a  brilliant  lustre  and 
sparing  solubility  in  boiling  water,  and  of  cha- 
racters essentially  different  from  alloxantine. 

Products  of  the  Decomposition  of  Alloxantine. 
If  a  stream  of  sulphuretted  hydrogen  gas  be 
passed  through  a  boiling  solution  of  alloxantine, 
a  further  precipitation  of  sulphur  ensues,  and 
the  solution  acquires  a  strongly  acid  reaction ; 
if  neutralized  by  carbonate  of  ammonia,  it 
deposits  on  cooling  an  abundant  crop  of  white 
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silky  acicular  crystals  of  an  ammoniacal  salt, 
which,  when  heated  to  212°  in  the  air,  becomes 
of  a  blood-red  color  ;  its  composition  is  re- 
presented by  the  formula  C8N3H708,  and  it  may 
therefore  be  considered  to  be  a  compound  of 
cyanoxalic  acid  with  1  eq.  ammonia  and  4  eq. 
water.  The  acid  in  this  salt,  when  we  attempt 
to  separate  it  from  the  ammonia  with  which  it 
is  combined,  appears  to  be  decomposed  into  a 
variety  of  new  products.  It  is  proposed  to 
call  this  acid  the  Dialuric  acid,  since  its  pro- 
perties appear  to  differ  from  those  of  the  cyan- 
oxalic.  It  is  probable  that  the  dialurate  of  am- 
monia may  be  C8N2H307+  NH40.  If  this 
be  so,  the  anhydrous  dialuric  a^.id  will  be 
C8N2H307  =  C8N204  +  3HO  ;  that  is,  con- 
taining the  elements  of  1  eq.  cyanoxalic  acid 
and  3  eq.  water.  One  of  the  products  of  its 
decomposition  is  obtained  by  dissolving  the 
ammoniacal  salt  in  dilute  sulphuric  or  hydro- 
chloric acid,  and  exposing  it  to  the  air  for 
some  time  ;  it  crystallises  from  this  solution  in 
hard  colorless  crystals,  which  in  their  chemi- 
cal properties  entirely  coincide  with  alloxan- 
tine,  but  differ  from  it  in  their  crystalline  form; 
it  may  be  called  dimorphous  alloxantine.  The 
same  substance  is  formed  when  uramile  or 
uramilic  acid  is  heated  with  dilute  sulphuric 
or  hydrochloric  acid  until  perfectly  decom- 
posed. 

If  a  hot  saturated  solution  of  alloxantine  be 
treated  with  a  solution  of  sal-ammoniac,  it  in- 
stantly acquires  a  purple-red  color,  which 
disappears  after  a  few  moments,  while  the 
solution  becomes  turbid,  and  deposits  brilliant 
white  scales  of  uramile,  which  are  pink  when 
dried ;  the  same  occurs  with  the  acetate,  the 
oxalate,  and  other  ammoniacal  salts  ;  the  solu- 
tion contains,  after  the  decomposition,  alloxan 
and  free  hydrochloric  acid.  Two  eq.  alloxan- 
tine and  1  eq.  ammonia  contain  the  elements 
of  1  eq.  uramile,  1  eq.  alloxan,  and  4  eq.  water. 
By  heating  a  solution  of  alloxantine  in  pure 
ammonia,  the  products  first  formed  are  uramile 
and  mykomelinate  of  ammonia,  both  of  which 
suffer  further  changes  by  the  continued  action 
of  ammonia  and  the  atmospheric  air.  If  a 
solution  of  alloxantine  in  ammonia,  which 
has  been  prepared  in  the  cold,  be  spontaneous- 
ly evaporated  by  exposure  to  the  air,  oxygen  is 
absorbed,  and  crystals  of  the  oxalurate  of  am- 
monia are  obtained;  3  eq.  alloxantine,  7  eq. 
oxygen,  and  6  eq.  ammonia,  contain  the  ele- 
ments of  4  eq.  oxalurate  of  ammonia  and  5 
eq.  water.  , 

If  pxide  of  silver  be  heated  in  a  solution  of 
alloxantine,  a  portion  of  the  former  is  reduced 
with  effervescence,  and  the  solution  contains 
pure  oxalurate  of  silver.  In  this  reaction  3  eq. 
oxygen  from  the  oxide  of  silver  decompose  1 
eq.  alloxantine  into  1  eq.  water,  2  eq.  carbonic 
acid,  and  1  eq.  oxaluric  acid,  which  last  unites 
with  some  undecomposed  oxide  of  silver.  Per- 
oxide of  mercury  is  dissolved  by  alloxantine 
without  effervesence,  and  the  solution  appears 
to  contain  alloxanate  of  the  protoxide  of  mer- 
cury. A  solution  of  alloxantine  by  boiling 
with  peroxide  of  lead  is  decomposed  into  urea 
and  carbonate  of  lead.     (Liebig's  Turner.) 

ALLOY.  Tech.  Syn.  Ger.  Legirung.  Fr. 
Alliage.     Alloys  are  combinations  of  metals 


with  each  other,  formed  by  fusion.  Those  of 
mercury  are  called  amalgams,  some  of  which 
are  formed  at  ordinary  temperatures. 

We  shall  1st  present  a  theoretic  view  of  their 
nature ;  2d,  the  composition  of  the  most  im- 
portant; 3d,  their  general  properties;  4th,  their 
chemical  behavior;  and,  lastly,  their  prepara- 
tion and  uses. 

1.  Chemical  nature  of  alloys.  From  the  homo- 
geneous character  of  alloys  containing  very 
different  proportions  of  the  metals,  such  as 
tin  and  lead,  as  well  as  from  the  slight  change 
of  properties  often  observable,  we  might  con- 
clude that  they  were  capable  of  mingling 
together  in  all  proportions,  like  alcohol  and 
water,  but  a  closer  examination  shows  that,  in 
many  cases  at  least,'they  are  united  in  equiva- 
lent quantities.  Thus,  the  crystallised  native 
amalgam  of  silver  is  found  to  consist  of  2  eq. 
of  mercury,  and  1  eq.  of  silver.  Now,  when 
silver  is  amalgamated  with  mercury,  there 
appears  to  be  no  limit  to  the  number  of  amal- 
gams formed,  but  by  pressing  them  through 
leather,  there  always  remains  a  solid  amalgam, 
which  was  disseminated  through,  or  dissolved 
in  the  liquid  mercury.  We  may  compare 
it  to  the  slacking  of  lime,  in  which  an  eq.  of 
water  unites  with  the  lime,  and  all  the  excess 
of  water  serves  to  dissolve  the  hydrate. 

There  is  an  amalgam  of  lead,  which  is  like- 
wise capable  of  crystallising,  and  which  ap- 
pears under  favorable  circumstances,  as  when 
a  solid  syphon  of  lead  is  employed  to  extract 
mercury  from  a  vessel,  there  is  finally  left  a 
crystalline  aggregation  of  the  amalgam.  (/. 
Henry.) 

The  experiments  of  Rudberg,  to  determine 
the  latent  heat  of  some  metals,  from  their  times 
of  cooling,  when  heated,  led  him  to  a  remarka- 
ble result  with  certain  alloys.  (An.  de  Ch.et 
Ph.  xlviii.  363 — 371.)  In  whatever  proportion 
the  2  metals,  lead  and  tin,  were  mingled,  there 
was  always  one  point  where  the  thermometer 
remained  stationary  for  a  time,  at  368-6°  ;  while 
in  all  but  one  alloy,  there  was  another  sta- 
tionary point,  which  varied  with  the  proportion 
of  the  metals,  and  was  near  the  fusing  point 
of  the  predominating  metal.  The  latter  point 
is  caused  by  the  congelation  of  the  predomi- 
nating metal;  the  former  constant  point  is  the 
temperature  at  which  an  alloy  congeals  of  defi- 
nite composition.  This  alloy  is  composed  of 
1  eq.  lead-f-  3  eq.  tin  (PbSn3).  The  constant 
point  with  alloys  of  bismuth  and  tin  was 
289-4°,  the  crystallising  point  of  an  alloy  Bi2 
Sn3,  or  perhaps  BiSn  ;  of  the  alloys  of  zinc 
and  tin  399-2°,  indicating  an  alloy  ZnSn6 ;  for 
alloys  of  lead  and  bismuth,  the  point  was 
264;2°,  indicating  between  PbBi  and  PbBi2, 
or  probably  Pb3Bi4.  From  which  it  appears 
that  there  is  a  chemical  alloy,  and  that  all 
others  are  mixtures  of  it  with  one  of  the  metals. 

The  same  facts  were  observed  in  relation  to 
three  metals,  indicating  their  chemical  union ; 
thus,  with  bismuth,  lead,  and  tin,  in  any  pro- 
portion, this  point  is  208°,  but  instead  of  one 
there  are  two  variable  points. 

The  Svanbergs  continued  Rudberg's  experi- 
ments with  3  metals,  zinc,  lead,  and  tin,  and 
found  the  constant  point  at  334-4°,  which  be- 
longed to  a  compound  of  1  eq.  zinc.  2  eq.  lead 
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and  9  eq.  tin;   it  may  be  represented  by  the 
formula  ZnSn3  +  2PbSn3. 

The  greater  fusibility  of  alloys  in  certain 
proportions,  points  out  chemical  union ;  thus, 
the  alloy  of  BiSn,  just  mentioned,  fuses  at 
289-4°,  the  most  fusible  of  all  alloys  of  bismuth 
and  tin  ;  1  eq.  lead+  1  eq.  tin,  fuses  even  at  a 
lower  temperature  than  tin  itself,  as  indeed 
many  of  these  alloys.  Kupfer  determined  the 
fusing  points  of  different  atomic  mixtures  of 
tin  and  lead,  which  were  as  follows:  PbSn3 
at  381-2°.  PbSn4,  372-2°,  PbSn3,  366-6°,  PbSn2, 
384-8°,  PbSn,  465-8°,  Pb3Sn,  552-2° ;  from  which 
it  appears  that  PbSn3,  the  most  fusible,  is  the 
chemical  alloy  found  by  Rudberg.  (See  above.) 
Experiments  made  at  the  United  States  mint, 
by  Mr.  J.  K.  Eckfeldt,  on  the  progressive  alloys 
of  gold  and  copper,  from  1000  milliemes  to  pure 
copper,  exhibited  a  superior  brittleness,  and  a 
marked  crystalline  structure,  when  the  alloy 
contained  760  milliemes  gold  (76  per  cent.), 
and  that  it  became  more  malleable  and  less 
crystalline,  as  it  contained  more  gold  or  copper. 
Now,  the  proportions,  76  to  24,  are  in  the  ratio 
of  199-2  (1  eq.)  gold  to  62-45  (2  eq.)  copper, 
for  2  eq.  copper  are  exactly  63-42.  The 
chemical  alloy  of  gold  and  copper  is  therefore 
Cu2Au. 

If  there  be  a  chemical  union  in  certain 
alloys,  they  should  evince  the  ordinary  phe- 
nomena of  affinity.  Thus,  they  should  some- 
times give  off  heat  by  union,  which  is  observed 
in  alloying  zinc  and  copper  to  form  brass,  and 
in  many  other  cases.  A  few  cases  are  cited 
where  the  temperature  falls,  as  when  21  lead, 
12  tin,  28  bismuth,  and  161  mercury  were  min- 
gled at  57°,  the  temperature  fell  to  16°,  but  this 
may  be  explained  on  the  union  of  a  part  of  the 
mercury  with  the  others,  producing  heat,  and 
forming  a  solution  of  these  chemical  amalgams 
so  as  to  neutralize  the  heat,  and  even  produce 
the  cold  of  solution.  Manganese  and  copper 
unite,  forming  a  ductile  alloy,  but  we  cannot 
readily  reduce  the  oxide  of  manganese  alone 
by  carbon ;  when,  however,  their  oxides  are 
mingled  with  charcoal,  and  heated,  the  reduc- 
tion of  the  copper  induces  that  of  the  manga- 
nese by  virtue  of  the  affinity  of  the  two  metals. 
(See  circumstances,  &c,  of  combination  under  Af- 
finity.) Where  one  of  the  metals  in  an  alloy 
is  volatile,  and  the  other  much  more  fixed,  heat 
may  expel  a  part  of  the  volatile  metal,  but  not 
the  whole  of  it,  showing  that  there  is  a  sufficient 
force  of  affinity  to  resist  the  rending  force  of 
heat.  Copper  in  brass  retains  as  much  as  16 
per  cent,  zinc  at  a  white  heat. 

Mloys  of  Precious  Metals 


We  have  presented  some  6  or  7  alloys  of  a 
decided  chemical  character,  and  might  mention 
others  from  which  we  could  infer  a  chemical 
union.  We  cannot,  however,  determine  with 
certainty,  whether  all  metals  are  capable  of 
forming  alloys,  since  the  combinations  of 
metals  with  each  other  have  received  too  little 
attention  from  chemists;  but  as  some  are  un- 
doubted chemical  combinations,  we  may  infer 
that  all  may  unite  chemically,  and  even  in  dif- 
ferent proportions.  There  is  no  doubt  that 
metals  have  different  affinities  for  each  other, 
some  being  strong,  others  very  feeble.  In  the 
former  we  shall  be  able  to  determine  the 
chemical  alloy  or  alloys  without  much  diffi- 
culty, while  the  latter  will  appear  rather  like 
mixtures  of  2  metals,  like  alcohol  and  water. 

There  are  a  few  alloys  where  one  metal  so 
greatly  predominates  over  the  other,  that  we 
might  regard  the  latter  as  an  accidental  con- 
stituent, remaining  in  the  other  by  adhesive 
force  (Eenhicr),  but  the  properties  of  the  domi- 
nant metal  are  so  much  altered,  that  we  must 
infer  a  chemical  union.  Thus,  3-5  per  cent, 
carbon  alters  the  malleability  of  iron,  although 
in  the  ratio  of  6  eq.  iron  to  1  eq.  carbon,  and 
the  presence  of  magnesium  and  calcium  in  cast 
iron  produces  a  very  brittle  metal.  Karsten 
says,  that  only  the  T'±s  of  1  per  cent,  calcium 
imparts  bad  qualities  to  iron.  Iron  containing 
7  per  cent,  manganese  is  very  brittle,  large 
lamellar,  white  and  brilliant.  Copper,  with  8 
or  10  per  cent,  tin  (bronze),  is  heavier  and 
more  fusible  than  copper,  much  more  hard  and 
tough,  and  very  slightly  malleable.  We  may 
then  draw  the  conclusion  that,  even  when 
small  quantities  of  one  metal  are  in  alloy,  there 
is  a  chemical  combination,  and  consequently 
in  definite  proportions. 

2.  Composition  of  useful  alloys.  Of  more  than 
40  metals,  we  employ  but  11,  two  or  more  of 
which  united,  constitute  a  much  greater  num- 
ber of  useful  alloys.  These  metals  are,  iron, 
zinc,  nickel,  bismuth,  antimony,  lead,  copper, 
tin,  mercury,  silver,  and  gold.  The  following 
tables  comprise  most  of  the  useful  alloys,  with 
their  composition  expressed  in  100  parts.  We 
have  preferred  throwing  them  into  several 
classes,  according  to  their  prevailing  character 
or  constituent.  It  must  be  observed  that  the 
proportions  of  most  of  them  vary,  since  this 
may  be  often  done  without  materially  affecting 
their  external  and  useful  properties,  and  indeed 
the  proportions  are  varied  to  adapt  them  better 
to  special  purposes. 


Gold. 

Silver. 

Copper. 

Other  Metals. 

Spec.  Grav. 

Name  of  Alloy. 

90 

— 

10 



17-20 

Coin. 

90 

2-5 

7-5 

— 

17-40 

Coin  of  United  States. 

91-6 

— 

8-4 

— 

17-41 

Medals. 

75 

— 

25 

(Silver) 

14-78 

Trinket  gold. 

66-6 
1 

16-7 

16-7 

— 

12-40 

Solder    for  18  carats  gold,  in 
which  the  66-6  is  18  car. 

90 

10 

— 

10-24 

Coin. 

95 

5 

— 

10-31 

Medals  and  finest  silver  plate. 
Solder  for  silver  of  95  pr.ct.pure. 
Silver  solder. 

66-6 

23-4 

10-0  zinc 

9-84 

66-6 

30 

3-4  brass 

9-87 

120 
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Mercury. 

Tin. 

Bismuth. 

Other  Metals. 

Name  of  Alloy. 

90 

— 

— 

10  gold 

Amalg.  for  gilders. 

85 

— 

— 

15  silver 

Amalg.  for  silvering. 

80 

— 

20 

— 

1     Silvering  glass-globes. 

50 

25 

— 

25  zinc 

Amalg.  for  electric  machines. 

30 

70 





Amalg.  on  mirrors. 

9 

17 

45-5 

28-5  lead 

I     Alloy  for  plugging  teeth  ;  fuses  at  149°. 

Alloys 

of  Copper,  Zinc,  Tin,  c/c. 

Copper. 

Zinc. 

Tin. 

Lead. 

Other  Metals. 

Spec.  Grav. 

Name  of  Alloy. 

85 

15 





— 

Tombac. 

75 

25 

— 



— 

Prince's  metal. 

70 

30 

. 

— 



8-443 

Brass  adapted  to  hammering. 

66 

32 



2 

— 

8-5  (?) 

Brass  adapted  to  the  lathe. 

67 

33 



— 

(or  more  copp.) 

— 

For  brazing  iron. 

50 

50 



— 

— 

— 

Brass  solder. 

60 

25 



— 

15  nickel 

8-48 

Argentan  or  German  silver. 

50 

25 



— 

25  nickel 

8  57 

Fine  quality  argentan. 

55 

17 

— 

— 

C  23  nickel  ? 
1   3  iron     5 

8-56 

Chinese  packfong  (argentan). 

78 

17 

2-5 

2-5 

— 

— 

Ordinary  bronze  (brass). 

80 

6 

10 

4 

— 

— 

English  bells. 

71 

2 

26 

— 

1  iron 

— 

Silver  bell  at  Rouen,  France. 

75 



25 

— 

— 

8-83 

Good  average  bell  composition. 

90-5 

3 

6-5 

— 

— 

— 

Imitation  of  gold. 

91-4 

5-5 

1-7 

1-4 

— 

8-482 

Bronze  statue  of  Louis  XIV. 

80 



20 

— 

— 

8-8 

Statue  bronze. 

80 



20 

— 

— 

8-94 

Gong,  cymbals. 

92 



8 

— 

— 

8-6205 

Bronze  medals. 

90 



10 

— 

— 

8-78 

Cannon  metal. 

89-3 

2-2 

6-8 

— 

1-2  iron 

8-60 

ditto.  (J.  C.  B.) 

85 

— 

14 

— 

1  iron 

— 

Ancient  Egyptian  sword. 

62 



32 

6 

— 

— 

Ancient  mirror. 

66-5 

— 

335 

— 

— 

8-8  (?) 

Speculum  metal. 

Alloys  of  Lead,  Tin,  fyr 

Lead. 

Tin. 

Bismuth. 

Antimony. 

Other  Metals. 

Spec.  Grav. 

Name  of  Alloy. 

80 

— 



20 



9-854 

Type  metal. 

77 

— 

8 

15 

— 

— 

ditto. 

67 

33 

— 

— 

— 

9-5535 

Soft  solder. 

33 

67 

— 

— 

— 

8-2669 

ditto. 

31 

19 

50 

— 

— 

— 

Fusible  metal;  fuses  at  203°. 

34 

19 

47 

— 

— 

— 

ditto. 

9 

75 

8 

8 

— 

— 

Queen's  metal. 

Cop.  2 

89 

Iron  1 

6 

2  brass 

— 

Britannia  metal. 

89 

2 

7 

2  copp. 

— 

Plate  pewter. 

80 

— 

20 

7-1 

Music  metal. 

26 

62-8 

— 

8 

3-2  iron 

— 

ditto.                 (J.  C.  B.) 

50 

— 

— 

50  zinc 

— 

Spurious  silver  leaf. 

3.  Properties  of  Alloys. — They  resemble  me- 
tals in  their  general  physical  properties,  being 
opake,  possessing  metallic  lustre,  various  co- 
lors, and  conducting  heat  and  electricity ; 
they  are  solid,  with  the  exception  of  some  amal- 
gams ;  and  some  are  characterized  by  a  peculiar 
odor  and  taste.  They  are  often  different  in 
some  of  their  properties  from  their  constituent 
metals  :  thus  the  color  of  brass  is  different  from 
copper  or  zinc,  speculum  metal  from  copper 
and  tin.  They  farther  differ  in  the  following 
important  properties  : 

Hardness.  An  extremely  small  amount  of 
silver  imparts  greater  hardness  to  steel.  A 
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few  per  cent,  tin  renders  copper  very  hard,  as  in 
cannon  metal,  and  such  alloys  were  anciently 
employed  as  weapons  and  tools  in  place  of  steel ; 
silver  with  20  per  cent,  of  tin  is  nearly  as  hard 
as  cannon  metal.  With  hardness  they  often 
gain  important  additions  in  sonorousness,  as 
bell  metal,  the  Chinese  gong.  60  iron  and  40 
chrome  form  an  alloy  of  such  hardness  as  to 
cut  glass  as  deeply  as  a  diamond. 

Tenacity.  The  malleability  of  metals  is  ge- 
nerally impaired  by  alloying,  and  usually  in 
proportion  to  the  increase  in  hardness.  Alloys 
of  2  brittle  metals  are  always  brittle,  as  bismuth 
with  tungsten  and  manganese.  Those  of  a 
L  121 


ALLOY 


ALLOY. 


brittle  and  a  ductile  metal  are  generally  brittle 
if  the  former  metal  predominate ;  1  lead  and  1 
antimony  is  brittle;  bismuth  with  less  silver 
forms  a  brittle  alloy;  on  the  other  hand,  cop- 
per and  manganese  form  ductile  alloys,  even 
with  40  per  cent,  mangan. ;  87  copper  -f-  13 
molybdena  is  ductile. 

Two  ductile  metals  sometimes  form  a  brittle 
alloy :  thus  76  gold-}- 24  copper  is  rather  brittle ; 
gold  with  T!2  of  lead  and  lead  with  platinum 
are  very  brittle ;  they  are  usually  ductile,  as 
gold  and  silver  coin,  copper  and  zinc  in  brass, 
tin  and  lead  in  soft  solder,  copper,  zinc,  and 
nickel  in  German  silver. 

Alloys  are  often  less  ductile  at  a  high  than 
a  low  temperature:  thus,  iron  containing  a 
little  copper  is  malleable  when  cold,  but  brittle 
at  a  red  heat,  and  is  called  hot-short.  Brass 
(copper  and  zinc)  becomes  brittle  at  a  some- 
what elevated  temperature,  and  the  effect  in 
this  case  seems  due  to  the  fusibility  of  the 
zinc  and  its  consequent  tendency  to  separate, 
or  to  a  common  effect  of  heat  to  impair  che- 
mical affinity. 

Density.  The  spec.  grav.  of  an  alloy  is  usu- 
ally either  greater  or  less  than  the  mean  density 
of  its  constituents,  that  is,  there  is  either  con- 
traction or  expansion,  a  common  effect  of  che- 
mical union.  Gellert  and  Kraft  give  as  the 
results  of  some  of  their  experiments  the  fol- 
lowing contractions  and  expansions. 

Jllloys  of  greater  Spec.  Grav.      (Contraction.) 


Gold 
with 

Silver 
with 

Copper 
with 

Lead 
with 

Silver 
Lead 
Bismuth 
Zinc 

Copper 

Lead 

Tin 

Bismuth 

Zinc 

Antimony 

Tin 

Zinc 

Antimony 

Zinc 

Bismuth 

Antimony 

Mercury 
with 

Bismuth 
with 

Tin 

Antimony 

Antimony 

Alloys  of  less  Spec.  Grav.     (Expansion.) 


Gold 
with 

Copper 

Iron 

Tin 

Tin                  Iron 
with               with 

Platinum 
with 

Zinc            Antimony 
Lead           Bismuth 
Antimony  Zinc 

Copper 

Copper  and 
Bismuth 
neither 
contract 
nor  expand. 

Copper 
with 

Zinc       |     Mercury 
with               with 

Lead 

Antimony  ■  Bismuth 

It  will  be  obvious  from  this  table  that  the 
density  of  an  alloy  cannot  be  relied  on  to  de- 
termine its  constituents. 

Fusibility.  The  fusibility  of  an  alloy  is  some- 
times less  than  that  of  the  most  fusible  metal 
which  it  contains ;  sometimes  it  is  more.  It 
is  almost  always  more  fusible  than  the  mean 
fusibility  of  its  constituents.  Thus,  fusible 
metal  (see  the  above  tables  of  alloys)  melts 
below  212°,  while  the  mean  of  the  melting 
points  of  the  3  metals  is  510°;  and  tin,  which 
has  the  lowest  point  of  fusion,  melts  at  442°. 
Alloys  of  copper  and  zinc  (brass)  fuse  at  a 
lower  point  than  copper. 
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The  union  of  2  pieces  of  metal  by  solder- 
ing depends  in  part  on  the  differing  fusibilities 
of  the  metal  and  solder,  the  latter  requiring  a 
lower  temperature  for  fusion. 

4.  Chemical  behavior  of  Jllloys.  Eliquation. 
Alloys  composed  of  2  unequally  fusible  metals 
are  either  wholly  or  partially  separated  by  a 
heat  sufficient  to  melt  the  most  fusible,  which 
process  is  termed  eliquation.  Thus,  tin  may 
be  separated  from  copper,  and  in  casting  this 
alloy,  there  is  often  separated  a  more  fusible 
alloy  with  a  large  proportion  of  tin.  Lead  is 
thus  separated  from  copper  on  a  large  scale, 
carrying  with  it  a  little  copper,  while  the  latter 
retains  a  little  lead.  Silver  is  separated  from 
copper  by  adding  a  large  proportion  of  lead  to 
the  alloy,  which,  acting  by  its  superior  affinity 
for  the  silver,  flows  out  with  the  latter. 

Where  a  volatile  and  fixed  metal  are  al- 
loyed, eliquation  takes  place  by  volatilization ; 
thus  mercury  is  wholly  separated  from  gold  by 
distilling  the  amalgam.  Brass  heated  in  close 
vessels  yields  up  a  portion  of  zinc,  but  at  a 
strong  white  heat  it  still  retains  16  percent., 
and  at  a  still  higher  heat  there  remains  3  or  4 
per  cent,  with  the  copper. 

Oxidation.  Where  an  alloy  is  calcined  in 
the  air,  the  more  oxidable  metal  oxidizes  first. 
Tin  and  lead  may  thus  be  separated  more  per- 
fectly from  copper,  their  oxides  carrying  off  a 
portion  of  oxidized  copper,  but  the  latter  me- 
tal finally  remains  pure.  The  alloy  of  lead 
and  silver  (see  Eliquation,  above)  is  rendered 
absolutely  free  from  lead  by  cupellation,  in 
which  the  lead,  oxidized  by  heating  in  the  air, 
is  partly  volatilized  and  partly  absorbed  by  the 
cupel. 

In  most  cases  alloys  are  less  oxidable  than, 
the  separate  metals.  Cannon  metal,  90  copper 
•4-10  tin,  is  less  oxidable  than  copper,  but  by 
keeping  it  fused  in  contact  with  the  air,  the  tin 
will  oxidize  much  more  rapidly  than  the  cop- 
per. On  the  other  hand,  soft  solder,  2  lead+l 
tin,  or,  better,  the  alloy  3  lead-fl  tin,  when  heat- 
ed to  a  low  red  heat  in  the  air,  burns  like  a 
pyrophorus,  the  oxidation  of  the  two  being 
much  more  rapid  than  that  of  either  alone, 
partly  due  to  the  effect  of  contact  and  partly  to 
the  attraction  of  their  resulting  oxides.  By  the 
union  of  an  acidifiable  metal  with  one  more 
positive,  the  latter  is  rendered  more  oxidable. 
Thus,  chrome  and  lead  exhibit  fire  under  the 
action  of  a  file ;  antimony  and  iron  take  fire 
sometimes  spontaneously,  and  always  by  the 
assistance  of  a  little  heat;  a  finely  divided  al- 
loy of  antimony  and  potassium  burns  in  the 
air  with  a  kind  of  explosion.  (Dumas.)  But 
in  the  alloy  of  60  chrome  -f-  40  iron,  the 
change  effected  by  their  chemical  union  is 
such  that  it  is  not  readily  oxidized  even  by 
nitro-muriatic  acid. 

When  metals  are  kept  in  a  slate  of  fusion  in 
the  air,  and  stirred,  the  oxidation  is  often  very 
rapid,  from  the  large  number  of  particles  of 
the  oxidable  metal  simultaneously  brought  in 
contact  with  the  air.  We  can  thus  explain  the 
tarnishing  of  mercury  containing  small  quan- 
tities of  lead,  &c,  for  the  latter  metal  is  ex- 
posed in  a  truly  melted  state  to  the  action  of 
the  air,  and  hence  oxidizes  with  some  rapidity 
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Action  of  Chem.  Agents.  In  general  we  may 
infer  the  action  of  chemical  reagents  from  a 
knowledge  of  the  composition  of  alloys,  but 
there  appear  to  be  cases  of  such  intimate  che- 
mical union  that  the  result  differs  from  antici- 
pation. Sulphur  acts  generally  on  one  metal 
before  another,  nearly  according  to  the  order 
of  its  affinities.  Nitro-muriatic  acid  acts  on 
nearly  all  alloys,  but  we  cannot  always  infer 
its  action  from  their  composition;  thus,  the 
alloy  of  chrome  and  iron  (see  above)  is  slight- 
ly attacked  by  it.  German  silver,  containing 
25  per  cent,  nickel  and  50  copper,  is  as  little 
subject  to  the  action  of  acetic  acid  as  silver 
with  20  per  cent,  copper.  Boiling  concentrated 
chlorohydric  acid  attacks  copper  containing  at 
least  20  per  cent,  tin,  evolving  hydrogen,  dis- 
solving the  greater  part  of  the  tin,  and  finally 
a  little  copper;  nitric  acid  dissolves  the  copper 
and  peroxidizes  the  tin. 

Testing  Jllloys.  We  may  readily  subject  al- 
loys to  ordinary  chemical  analysis  by  solution 
and  separation,  but  the  dry  assay  is  sometimes 
more  convenient,  and  sufficiently  exact.  Chau- 
det,  "Vart  de  Vessayeur,"  has  given  some  exam- 
ples of  the  latter  method  by  the  different  ap- 
pearances of  alloys  and  the  pure  metals  on  the 
cupel. 

Pure  Melals.  Tin  on  the  cupel  fuses,  is  co- 
vered by  a  nearly  black  layer  of  protoxide, 
which  by  peroxidation  becomes  white,  gives 
off  a  light  vapor,  exhibits  points  of  incandes- 
cence, and  the  oxide  covering  the  surface  is 
red  in  the  muffel,  on  cooling  lemon-yellow,  and 
white  when  perfectly  cool.  Antimony  fuses  in  a 
moderately  hot  cupel,  remains  brilliant,  evolves 
dense  white  vapors,  dissipates  entirely,  leaving 
the  cupel  coated  with  a  lemon-yellow,  which 
disappears,  excepting  the  reddish  tint  where 
the  metal  lay.  Zinc  fuses  pastily,  suddenly 
inflames  with  greenish  white  flame,  evolving 
thick  white  vapors,  forms  a  cone  of  oxide 
around  the  flame,  which  is  greenish  when  hot, 
while  and  very  light  when  cold.  Bismuth 
fuses  in  a  warm  cupel,  is  coated  with  oxide, 
which  also  melts,  partly  vaporizes  in  thick 
vapors,  partly  enters  the  cupel,  which  when 
cold  has  an  orange-yellow  color  in  some  parts 
and  greenish  in  others.  Lead  melts  in  a  hot 
cupel,  is  coated  with  oxide,  which  fuses  and 
leaves  the  surface  very  brilliant,  vaporizes  until 
the  rest  enters  the  cupel;  when  nearly  cool  the 
cupel  has  a  fine  lemon-yellow  color,  which  is 
very  pale  after  some  hours,  when  the  metal  is 
pure,  but  if  copper  be  present,  there  are  green- 
ish zones. 

Alloys.  An  alloy  of  tin  and  antimony  sub- 
milted  to  the  cupel  is  coated  with  black  oxide, 
which  when  cold  is  blackish  gray,  unlike  pure 
tin.  Tin  with  5  per  cent,  antimony  still  exhi- 
bits a  gray  instead  of  white  like  pure  tin;  and 
antimony  with  1  per  cent,  tin  leaves  a  visible 
quantity  of  oxide  of  tin.  Tin  and  zinc,  with  20 
per  cent,  of  the  latter,  exhibits  the  inflammation 
of  zinc,  particularly  when  the  alloy  is  rolled 
thin,  and  stirred  on  the  cupel ;  it  gives  a  light 
greenish  oxide  whilewarm,butwhite whencold; 
less  than  5  per  cent  zinc  may  be  detected; 
with  1  per  cent,  zinc  the  incandescence  of  pure 
tin  is  not  observed.  Tin  with  25  per  cent,  bis- 
muth exhibits  incandescence,  and  the  oxide 


when  cold  is  somewhat  yellow;  with  5  per 
cent,  it  was  grayish.  Tin  with  10  per  cent, 
lead  resembles  tin  on  the  cupel,  but  the  latter 
is  soon  thrown  on  the  sides  of  the  cupel,  and 
the  lead  remains  brilliant ;  it  is  absorbed,  and 
oxide  of  tin  remains,  of  a  yellowish  and  brown- 
ish color  when  cold;  lead  with  1  per  cent,  tin 
is  not  so  brilliant  as  lead,  but  shows  a  coat- 
ing of  oxide  of  tin. 

Chaudet  believes  that  the  color  of  alloys, 
their  ductility,  sonorousness,  spec,  grav.,  their 
behavior  on  the  cupel,  and  the  color  of  their 
oxides,  are  important  means  of  determining  the 
nature  of  the  metals  they  contain.  There  is  no 
doubt  of  their  value  in  assisting  in  qualitative 
analysis,  where  experience  has  been  already 
attained ;  but  there  are  so  many  chemical 
means,  particularly  in  the  liquid  way,  of  test- 
ing the  nature  of  metals  and  determining  their 
quantities  in  alloys,  that  we  are  inclined  to  at- 
tribute a  much  higher  value  to  them.  More- 
over, in  many  cases  these  tests  are  more  easily 
and  quickly  applied,  and  their  cost  is  so  trifling 
that  it  is  generally  better  to  resort  to  them. 
Many  blowpipe  tests  are  most  readily  used, 
and  sometimes  more  satisfactorily  than  any 
others,  in  qualitative  examinations. 

5.  Preparation.  Alloys  are  formed  by  fusing 
the  metals  together,  or  at  least  by  having  one 
in  a  liquid  state.  Where  one  of  them  is  vola- 
tile and  oxidable,  some  care  is  requisite  to  pre- 
vent its  loss;  thus,  in  making  brass,  slips  of 
copper  are  introduced  into  zinc  at  a  lower 
heat;  the  copper  tending  to  detain  the  latter 
metal,  the  heat  is  raised  and  more  copper 
added.  When  a  metal  tends  to  oxidize,  it 
should  be  covered  with  carbonaceous  matter 
to  prevent  this  result,  as,  in  fusing  alloys  of 
tin  and  lead,  grease  or  rosin  is  melted  on  the 
surface;  or  on  a  large  scale,  as  in  melting 
bronze,  the  surface  of  the  metal  is  strewed  with 
small  charcoal  or  coke,  and  the  zinc  and  tin 
put  in  last  and  thrust  beneath  the  copper. 

Where  the  metals  are  of  different  specific 
gravities,  or  where  a  larger  quantity  of  one  is 
employed  than  the  other  has  a  marked  affinity 
for,  there  is  a  tendency  in  the  two  to  separate 
into  two  alloys,  the  heavier  sinking  below  the 
other.  Thus  gold  tends  to  separate  from  silver. 
Even  when  cast,  if  the  mass  be  large  and  the 
cooling  too  slow,  the  same  tendency  is  observ- 
able, especially  where  they  are  cast  upright. 
In  casting  cannon,  a  lighter  alloy,  containing  a 
larger  percentage  of  tin,  is  often  ejected  during 
the  congelation  of  the  mass.  In  cases  where 
a  separation  takes  place,  in  order  to  obtain  a 
more  homogeneous  alloy,  it  is  necessary  to 
break  up  the  mass,  remelt  and  recast  it. 

If  one  metal  be  volatile,  the  other  may  be 
alloyed  with  it  by  exposure  to  its  vapors ; 
plates  and  rods  of  copper  may  be  thus  coated 
with  a  true  brass  and  of  fine  quality  by  ex- 
posing them  to  vapors  of  zinc  ;  and  these  may 
be  rolled,  beaten,  or  drawn  into  foil  or  wire. 
Vapors  of  mercury  attack  gold  with  facility. 

Alloys  may  also  be  formed  by  using  one  or 
both  metals  in  the  state  of  oxide.  Brass  was 
formerly  made  exclusively  from  metallic  cop- 
per and  the  oxide  or  carbonate  of  zinc  (cala- 
mine), by  mingling  charcoal  with  the  oxide, 
which  reduced  it  to  the  metallic  state.    Man 
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ganese  is  often  obtained  alloyed  with  iron,  in 
the  reduction  of  iron  ores,  and  the  reduction 
of  the  iron  facilitates  that  of  manganese,  which 
is  very  difficult  of  reduction  alone. 

A  few  alloys  are  made  in  the  moist  way. 
Copper  may  be  brassed  externally  by  boiling 
it  in  muriatic  acid  containing  argal  and  zinc- 
amalgam. 

6.  Uses.  Every  alloy,  as  far  as  regards  its 
utility,  may  be  regarded  as  a  new  metal,  since 
alloys  possess  the  usual  external  properties  of 
metals,  beside  many  others  which  do  not  be- 
long to  the  simple  metals.  By  the  addition  of 
different  quantities  of  zinc  to  copper,  we  obtain 
several  different  alloys,  which  vary  from  a 
light  to  a  dark  yellow  in  color,  varying  in  other 
properties  also  ;  by  a  small  quantity  of  lead, 
brass  is  better  adapted  to  the  lathe  than  with- 
out it.  A  small  proportion  of  the  soft  metal, 
tin,  imparts  an  unlooked-for  degree  of  hardness 
to  another  soft  metal,  copper,  while  the  alloy 
possesses  a  high  degree  of  toughness,  as  in 
cannon;  a  little  more  tin,  with  or  without 
zinc,  affords  a  metal  of  unusual  clearness  of 
tone,  as  in  bells,  while  copper  has  little,  and 
tin  no  sonorousness.  A  small  proportion  of  mer- 
cury renders  gold,  the  most  ductile  of  metals, 
brittle.  The  red  color  of  copper  is  whitened 
by  the  addition  of  silver,  zinc,  or  tin.  Silver, 
which  is  rather  too  soft  for  constant  usage,  is 
rendered  harder  by  the  addition  of  copper. 
Lead  was  first  employed  for  type,  being  econo- 
mical and  readily  fused,  but  the  types  could 
not  take  the  exact  form  of  the  mould,  and  were 
too  easily  abraded ;  by  the  addition  of  anti- 
mony it  is  easily  fused,  takes  an  accurate  im- 
pression from  the  matrix,  is  rendered  harder, 
and  wears  a  much  longer  time.  Bismuth,  lead, 
and  tin,  the  latter  of  which  is  the  most  fusible 
and  melts  at  442°,  form  an  alloy  which  fuses 
in  boiling  water.  Copper,  which  is  easily 
oxidized  in  the  air  in  contact  with  weak  acids, 
loses  a  great  part  of  this  property  when  alloyed 
with  zinc  and  nickel,  as  in  German  silver. 

The  practice  of  soldering  depends  on  the 
greater  fusibility  of  some  alloys.  The  solder 
is  sometimes  of  the  same  composition  as  the 
metal  to  be  united,  but  more  fusible.  Thus, 
if  two  pieces  of  brass  are  to  be  soldered,  brass 
is  used,  that  is,  a  brass  containing  more  zinc. 
Silver  plate  is  united  by  a  similar  alloy  of  silver 
and  copper,but  containing  zinc.  Sometimes  the 
solder  has  a  different  composition, as  when  pieces 
of  iron  are  united  by  a  brass  rich  in  copper. 

By  examining  the  alloys  in  the  above  tables 
and  comparing  their  properties  with  those  of 
the  metals  generally,  it  will  be  seen  how  much 
we  have  gained  by  the  union  of  metals  with 
each  other,  how  many  new  metals  endowed 
with  new  properties.  When  we  remember 
that  out  of  11  metals  there  are  formed  some 
30  or  more  alloys,  what  may  we  not  hope  for 
when  this  subject  shall  have  received  its  due 
attention  at  the  hands  of  the  chemist;  when 
the  alloys  of  some  30  or  40  metals  with  each 
other  shall  have  been  investigated,  not  only  the 
results  produced  by  the  union  of  2  metals  with 
each  other,  and  that  in  every  varying  propor- 
tion, but  the  character  of  alloys  of  3  or  more 
metals    in  differing  ratios.      See    the  articles 
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Coin,  Fusible  Metal,  German  Silver,  Music 
Metal,  Pewter,  Solmb,  Type,  and  the  va- 
rious metals  for  less  useful  alloys. 

ALLSPICE.  Ger.  Nelkenpfeffer.  Fr.Girofle. 
The  dried  green  fruit  or  berry  of  the  Eugenia 
pimento.  (Z>e  Cand.),  growing  and  cultivated  in 
the  West  Indies.  The  following  analyses  arc 
by  Bonastre  and  Braconnot. 


Bonastre. 


Volatile  oil  

Green  soft  resin 

Solid  fat  oil 

Astringent  extract 

Gum  

Coloring  matter 

Resinous  matter 

Uncrystallisable  sugar. 
Malic  or  gallic  acid  ... 

Lignin,  &c 

Saline  ashes 

Water 

Loss 


Total 


Husks. 
10-0 

Kernels. 

5-0 

8-4 

2-5 

0-9 

1-2 

11-4 

39-8 

3-0 

7-2 

4-0 

8-8 

1-2 

3-2 

3-0 

8-0 

0-6 

1-6 

500 

16-0 

2-8 

1-9 

3-5 

3-0 

1-6 

100.0 

1-8 

100-0 

Volatile  oil 

Amylum 

Wax,  Avith  red  coloring  matter 

Gum 

Nitrogenous  matter 

Citrate  of  potash  

Phosphate  of  potash  and  loss.. 
Insoluble  matter 


1-9 
9-0 
0-9 
6-0 
5-0 
G-0 
3-4 
67-8 


Total 100-0 


Berzelius  notices  evident  errors  in  Bonas- 
tre's  analysis,  that  what  he  terms  green  oil  is  a 
mixture  of  fixed  oil,  resin,  and  chlorophyle. 
The  astringent  matter  or  pimento-tannin  is 
soluble  in  alcohol,  strikes  a  green  color  with 
the  salts  of  iron,  and  precipitates  tartar  emetic. 

The  volatile  oil  is  obtained  by  distilling  the 
bruised  allspice  with  water;  8  cwt.  yielded  41 
lbs.  oil,  or  nearly  6  per  cent.  It  is  composed 
of  2  oils,  the  light  and  heavy,  the  former 
coming  over  first.  The  common  oil  of  pi- 
mento is  a  mixture  of  them.  Excepting  in  its 
odor,  its  properties  are  almost  identical  with 
those  of  oil  of  cloves.  By  distilling  with  caus- 
tic potassa,  the  light  oil  passes  over,  and  by 
distilling  the  residue  with  sulphuric  acid,  the 
heavy  is  obtained. 

Light  Oil.  (Pimento  Hydro-carbon.)  Simi- 
lar to  light  oil  of  cloves ;  floats  on  water  and 
solution  of  potassa,  and  is  slightly  reddened 
by  nitric  acid.  Potassium  sinks  in  it  and  is 
not  acted  on  by  it. 

Heavy  Oil.  (Pimentic  acid.)  Very  similar 
to  caryophyllic  acid ;  forms  crystalline  com- 
pounds with  alkalies,  which  become  blue  or 
greenish  on  the  addition  of  tincture  of  chloride 
of  iron.  Nitric  acid  acts  violently  on  and 
reddens  it.     (Pereira.) 

Allspice  is  used  to  flavor  and  to  assist  in 
preserving  food  and  liquids. 


The  oil  is  rarely 
_    employed  in  medicine,  its  action  being  similar 
Amalgam,  Brass,  Britannia  Metal,  Bronze,    to  that  of  cloves. 
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ALMANDINE. 


ALOES. 


ALMANDINE.    Mm.    See  Garnet. 

ALMANDINE  RUBY.     Mm.     See  Spinel. 

ALMOND.  Syn.  Ger.  Mandel;  Fr.  Amande. 
The  drupe  (nut)  of  the  Amygdalus  communis, 
from  Barbary  and  Syria,  and  cultivated  in  the 
south  of  Europe,  of  which  there  are  5  varieties. 
(De  Cand.)  They  are  usually  distinguished  as 
sweet  and  bitter  almonds  {Ger.  Bittermandel, 
Fr.  Amandes  ameres). 

Sweet  almonds  were  analyzed  by  Boullay 
and  others,  the  bitter  by  Vogel  (Berz.  Lehrb. 
vii.  513.) 

Sweet  Almonds  by  Boullay. 

Fixed  oil 54-0 

Emulsin 24-0 

Uncryst.  sugar 6-0 

Gum 3-0 

Woody  fibre 4-0 

Seed  pellicles 5-0 

Water 3-5 

Acetic  acid 0-5 


100-0 

Bitter  jllmonds  by  Vogel. 

Fixed  oil,  by  pressure 28*0 

Emulsin 30-0 

Uncryst.  sugar 6*5 

Gum 3-0 

Woody  fibre 5-0 

Seed  pellicles 8-5 

Loss  in  water,                       ~)  .q„ 
Fixed  and  volatile  oil,  &c.  5  '  " 


100-0 


The  important  constituents  are  fixed  oil  and 
emulsin  in  both  varieties,  and  amygdalin  and 
volatile  oil  in  the  bitter  almond. 

Fixed  Oil.  Obtained  by  expressing  both 
sweet  and  bitter  almonds,  usually  the  former, 
from  the  greater  value  of  the  residual  cake ; 
they  yield  on  an  average  50  per  cent.  oil.  It 
has  a  slightly  yellowish  tint,  becoming  paler  in 
sun  light;  is  inodorous,  and  has  a  mild,  oily 
taste ;  congeals  at  a  lower  temperature  than 
olive  oil;  spec.  grav.  0-911  to  0-920.  It  con- 
sists of  76  oleine  and  24  margarine.  (Bracon- 
not.)  It  is  soluble  in  ether,  in  6  boiling,  and 
25  cold  alcohol. 

Emulsin  is  an  albuminous  substance.  Amyg- 
dalin is  a  crystallizable  constituent  of  the  bitter 
almond  (discovered  subsequent  to  the  above 
analyses)  which  is  converted  by  the  presence 
of  emulsin  and  water  into  the  volatile  oil  and 
hydrocyanic  acid.  See  Amygdalin andExuLsiN. 

Volatile  Oil  of  Bitter  Almonds.  {Ger.  Bitter- 
mandelol.)  Obtained  by  distilling  with  water, 
or  water  and  salt,  the  residual  cake  of  bitter 
almonds,  after  expressing  the  fixed  oil.  It  is 
highly  poisonous,  has  a  golden  yellow  color,  an 


agreeable  odor,  an  acrid,  bitter  taste ;  burns 
with  a  white  flame ;  spec.grav.  1-0836;  soluble 
in  ether  and  alcohol.  Sulphuric  acid  forms 
with  it  a  thick  crimson-red  liquid,  which  by 
dilution  with  water  gives  a  yellow  emulsion. 

Pereira  notices  3  kinds  of  crystalline  depo- 
sits in  this  oil,  which  become  severally  eme- 
rald-green, cherry-red,  and  lemon-yellow,  when 
dropped  into  sulphuric  acid. 

Uses  of  Almonds,  fyc.  The  sweet  are  employ- 
ed alone  as  food,  or  to  impart  an  agreeable 
taste  to  cakes,  &c,  or  by  the  confectioner. 
They  are  also  employed  medicinally,  in  an 
emulsion,  or  the  fixed  oil  is  used.  The  blanched 
are  preferable,  from  the  irritating  action  of  the 
pellicles  or  husks.  They  are  blanched  by 
steeping  the  kernels  in  warm  water  and  re- 
moving the  pellicle. 

The  bitter  almonds  are  more  or  less  poison- 
ous, probably  in  consequence  of  the  formation 
of  hydrocyanic  (prussic)  acid.  Their  emul- 
sion, distilled  water  and  tincture  act  similarly, 
and  hence  cordials  (noyau)  flavored  with  bitter 
almonds  may  act  injuriously.  The  volatile 
oil  is  highly  poisonous.  Their  principal  uses 
are  for  pressing  to  obtain  the  fixed  oil,  and 
subsequently  the  volatile  oil,  and  for  flavoring 
food.  The  volatile  oil  is  also  employed  for  the 
latter  purpose,  and  by  the  perfumer  for  toilet 
soaps,  &c.  The  essence  of  bitter  almonds  is 
applied  both  to  the  volatile  oil  and  its  solution 
in  alcohol,  1  measure  oil  to  3  meas.  alcohol  is 
a  good  essence.  See  Gmelin,  Berzelius,  and 
Pereira  on  Almonds.  See  also  the  articles 
Amygdalin,  Benzule,  and  Emulsin,  in  the 
present  work. 

ALOES.  Bot.  Chem.  Phar.  The  inspissated 
juice  of  many  species  of  aloe,  the  3  principal 
being  A.  vulgaris,  A.  socotrina,  A.  spicata.  The 
finest  kind  is  obtained  from  the  juice  flowing 
spontaneously  from  the  leaves  cut  trans- 
versely, after  dipping  the  leaves  in  hot  water; 
an  inferior  kind  by  pressure,  which  contains 
also  mucilaginous  matter;  and  one  still  in- 
ferior by  boiling  with  water  the  leaves  from 
which  the  greater  part  had  previously  exuded. 

Aloes  has  a  very  bitter  taste,  is  almost 
wholly  soluble  in  hot  water  and  alcohol;  on 
cooling  the  infusion,  resin  (?)  is  deposited. 
The  clear  solution  has  an  acid  reaction,  strikes 
a  deep  olive  brown  color  with  perchloride  of 
iron,  is  deepened  in  color  by  alkalies,  un- 
changed by  gelatine.  Subacetate  of  lead  forms 
a  copious  yellow  precipitate. 

The  proximate  composition  of  aloes  has 
occupied  many  chemists  unsuccessfully,  but 
they  generally  agree  in  the  existence  of  a  resin, 
the  quantity  of  which  usually  varies  from  25 
to  50  per  cent.,  and  in  albumen,  but  the  chief 
constituent  is  variously  designated,  as  shown 
in  the  following  tables. 


Trommsdorf. 


Soc.l    Bar. 
Saponaceous  principle  75  81-25 

Resin.. 25     6-25 

Vegetable  albumen...     0   12-50 

Gallic  acid trace]  trace 

Aloes 100  100 


Bouillon-Lagrange, 
and  Vogel. 


Soc.lBar. 
Extractive     68    52 

Resin 32J  42 

Veg.  album.     0',     6 


100100 


Braconnot. 


Soc. 
Bitter  princ.  73 
Puce-colored  26 
Impurities..      1 


100 
l  2 


Winkler. 


Soc. 
Bitter  matter      50 

Resin 50 

Albumen 0 


Bar. 
60 
35 

5 


100  100 
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ALOERESINIC  ACID. 


ALUM. 


Moesin  (see  below).  The  resin  is  the  sub- 
stance deposited  from  a  cooling  solution. 
When  dry  it  is  brown,  transparent,  fusible, 
soluble  in  alcohol,  ether,  and  alkaline  solutions. 
Berzelius  regards  it  as  apothome  with  unalter- 
ed extract;  Braconnot  as  a  mixture  of  aloesin 
with  his  puce-colored  principle.  The  latter  is 
a  combustible,  odorless,  and  tasteless  powder, 
obtained  by  digesting  litharge  with  aloes  and 
water,  and  decomposing  its  combination  with 
lead  by  a  weak  nitric  acid.  It  is  probable  that 
this  puce-colored  body  contains  chrysammic 
acid  or  a  compound  of  it.  The  albumen  is  a 
substance  insoluble  both  in  water  and  alcohol. 

Aloes  is  characterized  by  its  oxidation  by 
nitric  acid,  which  was  observed  by  Chevreul 
and  Braconnot,  and  more  recently  by  Boutin 
and  Schunck.  The  residual  substance  of  the 
oxidation  was  termed  artificial  aloebitter,  alo- 
etic  acid,  and  polychronic  acid.  Schunck  re- 
gards it  as  a  mixture  of  2  acids,  the  aloetic 
and  aloeresinic  acid.  (See  these  acids  below.) 
By  the  action  of  boiling  nitric  acid,  spec.grav. 
1-37,  on  aloes  for  several  days,  Schunck  ob- 
tained 2  other  acids,  the  Chrysammic  and 
Chrysolepic,  to  which  refer. 

Uses.  Chiefly  in  medicine.  Fabroni  obtain- 
ed a  fine  violet  color  from  the  fresh  juice  of 
the  aloe,  which  has  been  proposed  as  a  dye  for 
silk ;  it  is  formed  by  the  action  of  the  oxygen 
of  the  air  on  the  juice.     (Pereira.~) 

ALOERESINIC  ACID.  Chem.  One  of  the 
acids,  according  to  Schunck,  formed  by  the  ac- 
tion of  nitric  acid  on  aloes.  It  is  soluble  in 
water;  its  potassa  salt  is  uncrystallizable ;  it 
forms  with  most  bases  brownish  red  insoluble 
salts.     See  Aloetic  Acid. 

ALOESIN.  Chem.  Syn.  Saponaceous  mat- 
ter, Extractive,  Bitter  principle.  The  princi- 
pal constituent  of  aloes,  obtained  by  evapo- 
rating the  aqueous  solution  of  aloes  after  sepa- 
rating the  resin.  It  is  a  brown,  bitter  mass, 
readily  soluble  in  water,  with  difficulty  in  com- 
mon alcohol;  nearly  insoluble  in  absolute  al- 
cohol and  ether.  Its  composition  is  unknown, 
but  it  evidently  contains  nitrogen  from  the  ap- 
pearance of  ammonia  among  the  products  of 
its  distillation.  It  is  probably  a  mixture  of 
several  principles. 

ALOETIC  ACID.  Chem.  Syn.  Polychro- 
mic  acid,  Artificial  bitter  principle  of  aloes. 
Prep.  Heat  1  pt.  aloes  with  8  pis.  nitric  acid, 
spec.  grav.  1'25.  When  the  reaction  ceases, 
evaporate  to  the  consistence  of  syrup,  add 
cold  water,  which  precipitates  impure  aloetic 
acid.  Purified  by  washing  with  water  until  it 
passes  through  the  filter  of  a  purple  color. 
Prop.  When  pure,  it  is  a  yellow  or  brown 
powder,  of  a  bitter  and  astringent  taste  ;  solu- 
ble in  800  pts.  cold,  much  more  in  warm  water, 
with  a  purple  color;  the  solution  has  an  acid 
reaction,  and  is  changed  to  yellow  by  acids ; 
when  heated  the  powder  explodes.  According 
to  Schunck  its  salts  are  generally  soluble ;  the 
aloetate  of  potassa,  when  crystallized  rapidly, 
forms  small  blood-red  prisms  ;  by  spontaneous 
evaporation,  long  ruby-red  needles. 

The  boiling  solution  imparts  a  deep  purple 
color  to  silk,  and  by  the  use  of  different  mor- 
dants,  various   hues  of   brown,  violet,  blue, 
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green,  and  yellow  are  obtained.  See  Aloes 
and  the  other  products  of  oxidation  by  nitric 
acid. 

ALOIN.  Chem.  A  name  given  by  Meissner 
to  a  supposed  alkali  in  aloes.  Its  solution  was 
brown,  changed  reddened  litmus,  and  formed 
a  crystalline  salt  with  sulphuric  acid. 

ALTHEIN.  Clem.  A  principle  obtained 
from  JUlhaa  officinalis,  and  identical  with  Aspa- 
ragin.     See  this  and  Mallow. 

ALTHIONIC  ACID.  Chem.  An  acid  found 
in  the  residue  after  preparing  ether  or  olefiant 
gas.  (Regnaull.)  Prep.  When  the  mixture 
of  sulphuric  acid  and  alcohol,  in  preparing 
ether,  turns  black  and  begins  to  froth,  neutral- 
ize it  with  milk  of  lime,  filter  and  evaporate 
the  salt  of  lime  to  crystallize  ;  precipitate  with 
oxalic  acid,  which  leaves  althionic  acid  in  solu- 
tion. Prop.  When  the  acid  solution  is  boiled,  it 
yields  alcohol  and  sulphuric  acid,  in  which  it 
resembles  sulphovinic  acid,  with  which  it  is 
isomeric.  They  were  supposed  to  be  the  same, 
but  there  is  a  difference  in  the  crystalline  form 
and  solubility  of  corresponding  salts  of  the 
two  acids.  Salts.  Althionates  of  potassa, 
lime,  and  baryta  crystallize  with  difficulty. 
(The  salt  of  lime  does  not  crystallize.  Kane.) 
Althionate  of  baryta  forms  fine  needles  instead 
of  the  large  plates  of  sulphovinate;  when 
boiled  for  a  long  time,  it  deposits  sulphate  of 
baryta,  and  if  now  neutralized  with  carbonate 
of  baryta,  more  sulphate  is  formed,  and  there 
remains  a  small  quantity  of  a  soluble  salt  of 
baryta  not  farther  examined.  Althionate  of 
copper  crystallizes  in  long,  thin,  rhombic  plates, 
of  a  pale  green  color,  with  an  acute  angle  of 
60°.  See  Sulphovinic  Acid  for  the  composi- 
tion Althionic  Acid. 

ALUDEL.  Tech.  A  pear-shaped  vessel  of 
stoneware,  like  the  Adopter,  fig.  7,  a  series 
of  which,  joined  together  and  luted  by  clay, 
constitute  the  aludel  system  for  condensing 
mercurial  vapors,  employed  at  the  mines  of 
Almaden,  in  Spain,  and  formerly  used  in  Idria. 

ALUM.  Min.  Common  alum  is  a  sulphate 
of  alumina  and  potassa,  but  the  potassa  may 
wholly  or  in  part  be  replaced  by  other  bases, 
such  as  soda,  ammonia,  &c,  which  give  rise 
to  several  kinds  of  alum  which  have  been 
found  native. 

1.  Potassa  alum.  Syn.  Octahedral  alum  salt 
Ger.  Alaun.     Fr.  Alumine  sulphatee  alcaline. 

Descrip.  Crystal,  in  the  regular  system,  but 
is  usually  found  fibrous  and  as  an  efflorescence. 
H  =  2 — 2-5 ;  spec.  gTav.  l-75 ;  color  and  streak 
white  ;  lustre  vitreous,  sometimes  dull ;  opake, 
translucent;  taste  sweet,  astringent  and  acid. 

Behavior.  Fuses  in  the  bulb,  swells,  gives 
off"  much  water;  at  ignition  gives  off  sulphu- 
rous acid  ;  the  residue  gives  a  pure  blue,  with 
cobalt  solution.  Soluble  in  10  to  11  pts.  cold 
and  1  pt.  boiling  water. 

Analysis.  Shows  that  it  is  composed  as 
common  alum  (see  this),  but  it  is  always 
mixed  with  sulphate  of  alumina  and  other 
foreign  ingredients. 

Locality.  On  alum-slate,  alum-stone,  &c; 
Whitby,  in  Yorkshire ;  Christiania,  Norway; 
Tschermig, Bohemia;  at  volcanoes,  Lipari  isles 
«fec;  on  sandstone,  Kentucky,  near  the  Ohio. 


ALUM. 


ALUM. 


2.  Soda-alum.  Syn.  Solfatante.  Ger.  Na- 
tronalaun. 

Descrip.  Occurs  in  fibrous  masses  or  crusts 
resembling  gypsum.  H  =  2;  spec.  grav.  = 
1-88.  Color  and  streak  white  ;  lustre  pearly — 
silky  internally  and  translucent,  but  opake  ex- 
ternally from  efflorescence ;  tastes  like  potassa- 
alum. 

Behavior  similar  to  potassa-alum. 
dialysis  by  Thomson,  from  Mendoza,  South 
America.  Sulphuric  acid  37-7,  alumina  12-4, 
soda  7-5,  water  42-4  =  100.  Gruner's  analysis 
of  one  from  South  America  gives  ammonia 
and  no  soda. 

Locality.    Mendoza,  South  America. 
3.  Ammonia-alum.      Descrip.     H  =  2  ;  spec, 
grav.  =1-56.   Fibrous;  color  and  streak  nearly 
while;   lustre  shining,  resinous;  translucent; 
taste,  &c,  similar  to  the  above. 

Behavior,  similar  to  potassa-alum,  but  it 
yields  in  the  matrass  a  sublimate  of  sulphate 
of  ammonia ;  heated  with  soda  or  potassa, 
gives  off  ammoniacal  gas. 

Analysis  of  am.  al.  from  Tschermig,  Bohe- 
mia, by  Pfaff,  Lampadius,  Stromeyer,  from  S. 
America,  by  Gruner. 

Pfaff.  Lampad.  Strom.  Gruner. 

Sulphuric  acid  36-00  38-58  36-065  33-682 

Alumina 12-13  12-34  11-602  10-750 

Ammonia....     6-58  4-12  3-721  3-619 

Magnesia 0-28  —  0-115        — 

Water 45-00  44-96  48-390  51-000 


100-00     10000     99-893     99051 


Locality.  It  occurs  chiefly  at  Tschermig, 
Bohemia,  in  lignite. 

4.  Manganous  Magnesia-alum.  Descrip.  Fi- 
brous, compact ;  streak  and  color  white  ;  lus- 
tre shining ;  taste  similar  to  the  preceding ; 
more  soluble. 

Analysis,  by  Apjohn  and  Stromeyer. 

Potassa  alum 

Soda  "    

Ammonia  "    


Apjohn.  Stromeyer. 

Sulphuric  acid 32-79  36-770 

Alumina 10-65  11-515 

Magnesia (sulphate  =  1-08)  3-690 

Oxide  of  manganese 7-33  2-617 

Water 48-15  45-739 

Chloride  of  potassium —  0-205 


100-00       100-086 


Locality.  Covering  the  floor  of  a  cave  6 
inches  deep,  near  Cape  Verd,  South  Africa; 
the  roof  is  a  conglomerate  containing  manga- 
nese and  pyrites ;  it  rests  on  a  bed  of  Epsom 
salt  lj  inch  thick.     {Dana.) 

5.  Ferrous-alum.  Syn.  Iron-alum.   Ger.  Feder- 
alaun,  Haarsalz,  in  part.     Fr.  Alun  de  plume. 
Descrip.    Fine  fibrous,  yellowish  white,  shin- 
ing, silky  lustre. 

Analysis,  by  Berthier ;  from  Hurlet,  by  Phillips ; 

from  the  quicksilver  mine  of  Zweibrticken,  by 

Rammelsberg ;  the  last  see  in  Pogg.  An. 43,  p.  399. 

Rammelsb.    Berthier.  Phillips. 

Sulphuric  acid 36-025         34-4         30-9 

Alumina 10-914  8-8  5-2 

Protoxide  of  iron..     9-367         12-0         20-7 

Magnesia 0-235  0-8  — 

Potassa 0-434  —  — 

Water 43-025         44-0         43-2 

100-000       100-0       100-0 


Manganous  magnesia 
Ferrous 


Now  we  know  that  alum  is  made  containing 
sesquioxide  of  iron  in  place  of  alumina,  and 
hence  we  may  find  a  native  alum  of  such  a 
composition.  The  general  formula,  therefore, 
for  alums  is,  representing  the  metals  by  R 
(radical)  =  RO,S03  +R203,  3  S03  +24  aqua. 

ALUM.  Tech.  Chem.  A  most  important  salt 
for  the  arts,  especially  used  in  dyeing  and  color 
printing,  as  the  chief  basis  for  light  and  bright 
colors.  We  propose  presenting  under  this 
head  the  manufacture,  properties,  and  uses  of 
common  alum,  whether  containing  potassa  or 
ammonia;  and  of  sulphate  of  alumina,  which 
is  superior  to  alum  in  many  respects,  and  may 
be  substituted  for  it. 

I.  Sulphate  of  Alcmixa. 

Syn.  Ger.  Schwefelsaure  Thonerde.  It  is 
procured  by  the  direct  action  of  sulphuric  acid 
on  clay,  or  by  the  calcination  of  pyrites  in  con- 


Locality.  Hurlet,  Zweibriicken,  Artern,  in 
Thuringen;  the  mountain  butter  (Bergbu(ter) 
is  of  the  same  nature,  such  as  that  from  Wetz- 
elstein. 

General  observations.  Although  some  of  these 
analyses  of  native  alums  do  not  exactly  agree 
with  the  true  composition  of  all  such  salts  from 
the  admixture  of  foreign  materials,  yet  there  is 
no  doubt  that  they  contain  them  in  due  equiva- 
lent proportions.  Their  composition  may  be 
represented  by  the  following  formulae. 

KO£03  +  A1203, 3  S03  +24  HO 

. . .  .NaO,S03  +  A1203, 3  S03  +24  HO 
.  ..NH40,S03  +A1203,  3  S03  +24  HO 

JK|S°3+A1A.3S03+24H0 

....  FeO,S03  +  A1203,  3  S03  +24  HO 

tact  with  clay  slate ;  the  latter  is  generally  the 
first  step  in  the  preparation  of  alum. 

By  direct  action.  Chaptal  and  Alban  were 
the  first  to  employ  this  process. 

Calcination.  The  purest  clay  is  chosen,  as 
free  as  possible  from  lime  and  oxide  of  iron, 
which  waste  the  acid.  It  is  calcined  in  a  re- 
verberatory,  to  expel  water  and  thus  render  the 
clay  more  porous,  and  more  absorbent  for  sul- 
phuric acid  by  adhesive  attraction,  to  peroxi-' 
dize  the  iron  and  render  it  less  soluble  in  acid, 
and  lastly  to  impair  the  attraction  between  the 
silica  and  alumina  in  the  clay,  and  thus  favor 
the  action  of  the  acid.  If  the  heat  of  calcina- 
tion be  too  high,  the  silica  and  alumina  begin 
to  cement  together,  especially  where  oxide  of 
iron  is  present,  and  oppose  a  stronger  resist- 
ance to  the  action  of  sulphuric  acid.  The 
waste  heat  of  evaporation  may  be  employed. 
The  burned  clay  is  powdered  and   sifted  or 
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washed  over  to  obtain  it  in  a  finely  divided 
state. 

Solution.  The  powdered  and  calcined  clay 
is  put  into  leaden  vessels  or  stone  vats,  and 
for  every  100  pts.  of  it,  45  pts.  sulphuric  acid 
of  45°  Beaume  is  poured  over  it  (some  use  it 
of  66°  B.),  and  the  whole  covered.  It  may  be 
warmed  by  steam  in  lead  vessels,  or  by  the  hot 
vapors  and  smoke  of  the  reverberatory,  which 
heats  the  pasty  mass  to  about  150° — 160.  It  is 
frequently  stirred,  and  after  some  days  taken 
out  and  exposed  in  a  warm  and  moist  situation 
for  a  month  or  more.  With  a  stronger  acid 
than  45°  B.  less  time  is  required,  but  there  is 
apt  to  be  an  excess  of  acid.  The  mass  is  next 
mingled  with  water  in  vats  and  suffered  to  set- 
tle; the  clear  liquor  drawn  off"  is  from  15° 
to  18°  B.  The  residue  is  again  treated  with 
water  and  the  weak  liquids  employed  to  lixi- 
viate fresh  material. 

The  stronger  solutions  marking  15 — 18°  B., 
are  evaporated  to  20°  B.,  drawn  off  into  ves- 
sels to  cool  and  settle,  when  the  clear  liquor  is 
again  evaporated  to  40°  B.,  when  potassa-alum 
is  to  be  made  ;  or  to  25°  only,  when  sulphate 
of  ammonia  is  to  be  added  for  ammonia- 
alum. 

If  the  object  be  to  form  crystallized  sulphate 
of  alumina  and  not  alum,  the  strong  liquors 
are  simply  evaporated  to  20°  B.,  drawn  off, 
settled,  and  the  clear  liquor  evaporated  till  a 
pellicle  forms  on  the  surface,  when  it  is  drawn 
off  into  the  crystallizers.  See  the  Uses  of  alum 
for  those  of  sulphate  of  alumina. 

This  salt  is  also  made  indirectly  in  the  pro- 
cess of  making  alum,  by  the  oxidation  of  sul- 
phuret  of  iron  in  contact  with  slates  and  clays. 

II.    Manufacture  of  Alum. 
Syn.  Sulphate  of  alumina  and  potassa.    Ger. 
Alaun.     Fr.  Alun. 

1.  From  alum-lavas.  An  impure  alum  is  ob- 
tained at  Solfatara,  Italy,  by  collecting  an 
elllorescence  of  this  salt  on  the  surface  of  the 
ground,  dissolving  in  water,  suffering  it  to 
settle,  evaporating  the  clear  liquor  in  lead  pans 
placed  in  the  ground,  the  temperature  of  which 
is  104°,  and  crystallizing.  By  recrystallization 
it  becomes  somewhat  purer,  but  is  still  an  im- 
pure salt,  and  much  material  is  lost,  as  the  in- 
soluble residue  contains  basic  salts  which 
might  be  partly  converted  into  alum  by  sul- 
phuric acid. 

2.  From  alum-stone.  (See  this  article  for  com- 
position and  localities).  The  broken  stone  is 
calcined  in  heaps,  in  a  furnace  like  a  lime-kiln, 
or  in  a  reverberatory.  It  is  then  exposed  in 
heaps  or  wooden  vats  to  effloresce,  and  daily 
moistened  with  water  for  several  months;  the 
mass  gradually  sinks  and  is  converted  into  a 
paste,  above  which,  is  a  liquid  containing  a 
basic  alum.  This  is  heated  for  several  hours 
in  copper  or  lead  vessels,  and  when  cooled 
and  settled  the  clear  liquor  is  drawn  off  into 
the  crystallizers.  It  crystallizes  first  in  octa- 
hedra,  and  lastly  in  the  cube.  Re-cryst.  puri- 
fies it. 

Water  is  without  action  on  the  uncalcined 

stone,  as  the  alum  probably  exists  in  it  in  a 

very   basic   and  insoluble   state.      Now,  at  a 

temp,  below  redness,  the  stone  loses  its  water- 
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at  a  red  heat  the  sulphate  of  alumina  is  de- 
composed, and  at  a  white  heat  the  sulphate  of 
potassa  (?).  Hence,  when  not  heated  sufficiently 
high  to  expel  water  and  render  a  portion  of 
alumina  insoluble  leaving  a  basic  soluble  salt, 
water  will  not  extract  all  of  the  alum ;  when 
too  highly  heated  a  portion  of  sulphuric  acid 
is  lost,  and  the  potassa  combines  with  silica 
and  alumina  to  an  insoluble  compound,  so 
that  water  will  then  abstract  little  or  nothing. 
Where  calcined  in  heaps  or  a  kiln,  it  is  diffi- 
cult so  to  regulate  the  heat  as  to  avoid  the  de- 
comp.  of  a  portion  of  the  salt,  and  therefore  a 
reverberatory  is  preferable ;  in  the  use  of  the 
last,  the  stone  should  be  very  finely  broken. 

The  salt  thus  obtained  is  termed  Roman  alum, 
occurring  in  small  pieces  of  a  flesh  color,  from 
the  mixture  of  a  little  oxide  of  iron.  Dissolved 
in  water  and  heated  below  105°,  or  by  sponta- 
neous evaporation,  it  yields  cubic  alum ;  but 
when  heated  to  110°  or  above,  a  very  basic 
alum  is  precipitated,  and  common  alum  re- 
mains, which  crystallizes  in  octahedra  from  the 
filtered  solution;  but  in  cubes,  if  the  solution 
be  cooled  by  contact  with  the  precipitate.  It 
would  appear  therefore  that  Roman  alum  is  a 
basic  alum,  i.  e.  contains  basic  sulphate  of 
alumina  -{-neutral  sulphate  of  potassa. 

Uses.  It  is  one  of  the  purest  alums  of  com- 
merce, often  containing  but  *05  of  1  per  cent, 
oxide  of  iron.  On  this  account,  and  from  its 
greater  content  of  alumina  it  is  preferred  in 
many  operations  of  the  calico  printer.  The 
cubic  or  neutral  alum,  (see  below,)  is  a  good 
substitute  for  it.  At  Tolfa,  in  the  Papal  terri- 
tory there  is  an  annual  produce  of  5000  tons. 
It  is  further  procured  in  Hungary,  Auvergne, 
France,  &c. 

3.  From  alum-slate  and  alum-earth.  In  the 
preceding  processes  the  salt  was  found  ready 
formed;  but  in  the  present,  which  are  the 
usual  processes,  the  whole  or  the  greater  part 
of  it  is  produced  by  the  oxidation  of  sulphuret 
of  iron  into  sulphate  of  iron,  which  is  con- 
verted into  sulphate  of  alumina  by  the  pre- 
sence of  alumina,  and  a  salt  of  potassa  or  am- 
monia added  to  form  the  alum.  Its  manufac- 
ture, therefore,  falls  into  a,  the  oxidation  of  the 
sulphuret;  b,  the  lixiviation ;  c,  the  evapora- 
tion ;  d,  the  formation  of  alum ;  e,  the  crystal- 
lization. 

a.  Oxidation.  The  alum-earth  usually  con- 
tains a  little  sulphate  of  alumina,  iron,  and 
potassa.  When  friable,  porous,  not  bitumi- 
nous, and  containing  little  sulphuret,  the  earthy 
slate  is  exposed  to  the  action  of  the  air  without 
previous  calcination.  It  is  thrown  into  heaps, 
under  cover  or  not,  and  in  a  dry  season  moist- 
ened with  water.  The  process  requires  ac- 
cording to  the  character  of  the  earth  from  1  to 
2  years ;  and  its  completion  is  known  by  the 
strength  of  lye  yielded  by  a  small  test  portion. 
This  alum-earth  evidently  contains  that  variety 
of  pyrites  which  changes  spontaneously  in 
moist  air  into  protosulphate  of  iron,  consisting 
of  1  equiv.  iron  +  1  equiv.  sulphur,  or  the 
magnetic  pyrites  6  or  7  iron +7  or  8  sulphur, 
which  suffers  the  same  change  more  slowly. 
There  is  formed  a  mixed  proto-  and  sesqui 
sulphate  of  iron,  which  is  decomposed  by  alu- 
mina, forming  sulphate  of  alumina  and  leaving 
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either  sesquioxide  or  a  basic   sesquisulphate 
of  iron. 

Some  alum-earth  and  the  slates  contain  bitu- 
minous matter  (coal)  and  sesqui-or  bisulphuret 
of  iron  ;  the  latter  of  which  by  calcination 
loses  sulphur,  and  passes  into  the  oxidable 
protosulphuret;  while  the  former  assists  com- 
bustion, and  being  burned  off,  leaves  the  mass 
more  porous  and  more  pervious  to  the  action 
of  the  air.  A  bed  of  brushwood  or  coal  is 
laid  on  a  slightly  inclined  and  packed  ground, 
with  a  gutter  running  around  it,  and  the  broken 
slate  piled  several  feet  thick  upon  it  and  fired. 
The  best  method  is  to  give  the  bed  great  length, 
100  to  150  feet,  and  a  breadth  of  6  to  8  feet. 
At  Hurlet,  England,  when  4  feet  of  stone  is 
piled  on  it  is  fired,  and  when  ignited,  more 
rock  thrown  on.  At  Whitby,  England,  the 
piling  is  continued  till  the  heap  rises  nearly  to 
100  feet,  and  its  breadth  increases  to  some  200 
feet  square.  The  violence  of  the  combustion 
is  diminished  by  stopping  up  the  crevices  with 
moistened  slate  or  earth.  Where  the  slates 
contain  sufficient  bituminous  matter,  the  lower 
bed  of  wood  or  coal  is  all  that  will  be  requisite ; 
where  otherwise,  it  may  be  necessary  to  inter- 
stratify  fuel  with  the  slates.  The  object  of  the 
gutter  is  to  collect  the  liquid  in  case  of  rain. 

Since  pyrites  and  alumina  are  the  only  re- 
quisites, the  sulphate  of  alumina  is  also  ma- 
nufactured from  pyrites,  and  clay  or  slate.  It 
is  thus  made  at  coal  mines  in  the  stone-coal 
formation,  at  several  places  in  Poland.  The 
fine  coal  or  culm,  mingled  with  slate  or  clay 
and  pyrites,  is  thrown  into  heaps  of  some  60 
feet  length,  by  10  breadth  and  7  height,  and 
fired ;  as  the  combustion  progresses  slowly  in- 
ward, the  ashes  on  the  outside  are  removed  to 
favor  the  access  of  air.  When  too  windy,  the 
side  exposed  to  the  wind  is  to  be  covered  with 
lixiviated  earth;  and  in  a  dry  summer,  the  heap 
is  moistened  with  water.  7  tons  produce  1  ton 
ashes,  from  which  are  derived  12  lb.  alum. 

By  calcining  common  pyrites  carefully  at  a 
moderate  heat,  it  first  loses  sulphur,  partly  as 
such,  and  partly  as  sulphurous  acid,  and  then 
the  oxidation  immediately  or  simultaneously 
commences,  converting  the  protosulphuret  into 
sulphate ;  but  where  the  heat  is  too  high,  a 
large  proportion  of  sulphur  is  lost,  and  even 
of  sulphuric  acid,  which  has  been  generated. 
Now,  where  the  mass  is  too  great,  the  heat  can- 
not be  regulated  with  the  same  care,  and  hence 
the  process  at  Whitby  is  less  economical  than 
it  might  be,  if  otherwise  conducted.  Again, 
some  slates  contain  more  carbonaceous  matter 
than  others,  and  by  their  ignition  too  high  a 
heat  might  easily  be  produced.  To  favor  the 
action  of  the  air  in  low  piles,  openings  may  be 
now  and  then  made  into  the  heap;  in  larger 
heaps  this  would  be  inadvisable,  since  the 
combustion  might  become  too  violent. 

According  to  the  extent  of  the  heaps,  weeks 
or  months  may  elapse  before  the  calcination  is 
finished;  it  is  diminished  to  one-half  its  origi- 
nal bulk,  and  is  covered  with  a  light  reddish 
ash.  The  oxidation  is  known  to  be  complete 
from  the  taste  of  the  ashes,  from  the  efflo- 
resced salt,  or,  still  better,  by  the  quantity  of 
alum  its  lixivium  yields  with  sulphate  of  po- 
tassa. 
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The  theory  of  this  process  is  the  same  as 
the  preceding,  after  a  part  of  the  sulphur  is 
removed  by  calcination,  viz.,  that  protosulphu- 
ret oxidizes  into  proto-  and  sesquisulphate  of 
iron,  which  by  contact  with  the  alumina  of  the 
slate  form  the  sulphate  of  the  latter.  When 
the  heap  is  fired  with  brushwood,  the  theory  is 
a  little  more  complicated,  for  its  ashes,  yielding 
potassa,  give  rise  to  the  formation  of  small 
quantities  of  alum.  One  point  deserves  par- 
ticular notice,  viz.:  the  formation  of  sulphuric 
from  a  part  of  the  sulphurous  acid.  In  con- 
tact with  bases,  alumina,  sesquioxide  of  iron, 
potassa,  &c,  the  latter  may  readily  change  by 
oxidation  into  sulphuric,  and  this  result  is  un- 
doubtedly hastened  by  the  porous  character  of 
the  slate,  which  acts  similarly  to  platinum 
sponge.  See  Sulphuric  Acid.  The  products 
of  calcination  are,  among  other  substances, 
basic  sulphates  of  alumina  and  sesquioxide  of 
iron,  which  are  insoluble,  and  the  sulphates  of 
alumina,  proto-  and  sesquioxide  of  iron,  with 
and  without  sulphates  of  potassa  and  ammo- 
nia, which  are  soluble.  The  ammonia  arises 
from  the  combustion  of  coal. 

b.  Lixiviation.  The  calcined  slate  is  thrown 
into  a  stone  or  wooden  cistern,  the  former  be- 
ing preferable ;  water  is  run  on  it,  and  after 
remaining  some  time  run  off  into  a  second 
cistern  on  a  lower  level.  The  stone  in  the  first 
is  again  lixiviated,  and  the  liquor  either  run 
into  the  second  or  a  separate  cistern.  The 
water  of  the  third  or  fourth  lixiviation  is  em- 
ployed to  lixiviate  fresh  portions  of  calcined 
mineral.  The  liquor  is  thus  obtained  of  spec, 
grav.  1-08  to  1-15  (10°  to  19°  B.). 

By  running  off  the  liquor  immediately  from 
the  second  tank  to  evaporate,  the  alum  is  apt 
to  contain  more  oxide  of  iron;  it  is  therefore 
advisable  to  suffer  it  to  remain  exposed  for 
some  time,  in  order  that  all  the  protosulphate 
may  become  a  basic  sesquisulphate,  and  depo- 
sit, together  with  other  insoluble  impurities. 

c.  Evaporation.  The  clear  liquid  from  the 
vat  or  cistern  is  either  evaporated  in  a  stone 
cistern  with  a  fire  built  at  one  end,  from  which 
the  hot  air  and  smoke,  driving  across  the  sur- 
face of  the  liquid,  keep  it  in  ebullition  and  con- 
centrate it;  or  in  leaden  pans  over  a  moderate 
fire.  When  thus  concentrated  and  suffered  to 
stand,  it  deposits  more  sulphate  of  lime  and 
basic  sesquisulphate  of  iron  ;  the  latter  being 
formed  during  ebullition,  from  the  protosul- 
phate. The  degree  of  concentration  must  vary 
with  the  content  of  iron,  which  should  be  re- 

'moved,  as  it  deteriorates  the  quality  of  alum ; 
it  is  separated  partly  as  an  insoluble  sesqui- 
sulphate, by  boiling,  and  partly  as  protosul- 
phate, by  crystallization.  Thus,  it  may  evapo- 
rate to  spec.  grav.  1*33  (36°  B.),  to  deposit  in- 
soluble salts  ;  then  run  into  the  crystallizers  to 
obtain  the  alum  ready  formed,  and  again  con- 
centrated to  1-4  (42°  B.),  to  remove  a  portion 
of  copperas;  it  is  again  concentrated  and 
crystallized  to  remove  more  oxide  of  iron  ;  if 
thus  treated  a  third  and  fourth  time,  the  alum 
will  be  nearly  (ree  from  iron. 

Where  the  content  of  iron  is  small,  the 
liquid  may  be  evaporated  to  a  syrupy  consist- 
ence, from  the  great  solubility  of  sulphate  of 
alumina,  and  is  then  prepared  for  the  forma- 
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tion  of  alum.  But  if  it  be  desired  to  obtain 
the  sulphate  of  alumina  alone,  it  should  be  still 
farther  evaporated  until  the  cooling  liquid  will 
solidify. 

(/.  Precipitation.  Alum  is  formed  by  adding 
sulphate  of  potassa  or  ammonia  to  the  preced- 
ing solution.  Although  alum  is  soluble  in 
water,  it  is  not  extremely  so,  and  hence  the  ad- 
dition of  a  hot  saturated  solution  of  sulphated 
alkali  to  the  above  concentrated  liquid  precipi- 
tates alum  in  fine  mealy  crystals,  leaving  the 
greater  part  of  the  salts  of  iron  in  solution. 

The  clear  concentrated  liquid  is  run  off  into 
the  precipitating  vat,  and  a  due  proportion  of 
carbonate,  sulphate,  or  muriate  of  potassa,  or 
sulphate  or  carbonate  of  ammonia  is  added  to 
it,  with  constant  stirring,  the  object  of  which  is 
to  produce  powdery  crystals,  containing  but 
little  of  the  mother  iiquor,  and  therefore  fewer 
impurities.  The  due  quantity  of  salt  is  ascer- 
tained by  testing  a  small  quantity  of  the  liquid. 

The  choice  of  a  precipitant  depends  upon 
the  prices  of  the  several  articles  named,  and 
upon  the  impurities  of  the  aluminous  solution. 
Carbonated  alkali  may  be  used  when  there  is 
an  excess  of  sulphuric  acid;  for  otherwise  it 
would  precipitate  oxide  of  iron  and  alumina 
with  alum ;  it  would  not,  however,  be  very  ob- 
jectionable, even  in  the  latter  case;  for,  upon 
the  resolution  of  the  alum-meal,  they  would 
mostly  remain  undissolved.  Sulphated  alkali 
is  usually  preferred,  and  is  superior  to  other 
salts,  where  the  aluminous  liquor  contains  little 
oxide  of  iron.  When  the  sulphate  of  iron  is 
somewhat  abundant  in  the  liquor,  chloride  of 
potassium  (muriate  of  potash)  is  preferable, 
since  the  two  are  mutually  decomposed  into 
sulphate  of  potassa  and  chloride  of  iron  ;  the 
latter  being  very  soluble,  is  easily  washed  from 
the  alum. 

Among  the  cheaper  precipitants,  are  soaper's 
salt,  containing  sulphate  of  potassa,  chloride 
of  sodium,  &c. ;  putrefied  urine,  which  is  rich 
in  carbonate  of  ammonia,  and  the  ammoniacal 
liquor  of  gas-works.  It  is  an  immaterial  point 
for  the  quality  and  properties  of  alum,  whether 
the  alkaline  base  be  potassa,  ammonia,  or  a 
mixture  of  the  two. 

After  precipitation,  the  drained  alum-meal  is 
washed  with  a  little  water,  or  better  with  a  sa- 
turated solution  of  alum,  by  stirring  it  well 
with  the  solution,  and  running  off  the  settled 
liquid.  A  second  solution  of  pure  alum  will 
remove  the  last  portions  of  foreign  matter  ad- 
hering to  the  alum ;  and  this  second  solution 
may  then  be  used  for  the  first  washing  of  a 
new  portion  of  alum-meal. 

e.  Crystallization.  The  washed  alum  is  dis- 
solved in  a  lead  pan  in  a  small  quantity  of 
water,  at  a  boiling  heat;  and  when  saturated, 
the  solution  is  run  off  into  the  crystallizers. 
These  are  casks,  somewhat  tapering  below, 
consisting  of  staves  bound  with  iron  hoops,  so 
arranged  that  they  may  be  removed,  when  the 
solution  has  fully  crystallized.  A  dense  mass 
of  crystals  of  alum  line  the  sides  and  bottom, 
and  project  from  the  top  of  the  liquid  down- 
ward. The  hoops  and  staves  are  removed;  the 
bottom  pierced,  to  run  off  the  mother  liquor; 
the  alum  is  broken  up,  and  dried  for  the 
market.  The  mother  liquors  are  either  further 
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crystallized  alone,  or  added  to  the  more  crude 
lyes. 

Properties  of  Commercial  Mum.  We  distin- 
guish four  kinds  of  alum,  and  the  sulphate  of 
alumina,  which  are  similarly  employed  in  the 
arts.  These  are  the  potassa  and  ammonia- 
alums;  Roman  alum,  alluded  to  above;  and 
neutral  alum,  made  by  adding  some  carbo- 
nated alkali  to  common  alum.  The  two 
former  are  really  neutral ;  the  two  latter  basic. 
See  Neutral  A.  under  Sulphates  (/Alumina, and 
see  this  article  for  the  properties  and  composi- 
tion of  these  sulphates.  They  may  all  con- 
tain oxide  of  iron,  some  in  notable  quantity, 
Roman  alum  the  least,  and,  therefore,  for  many 
purposes  the  best  kind.  To  ascertain  the  pre- 
sence of  this  oxide,  pour  a  very  dilute  solution 
of  ferrocyanide  of  potassium  (yellow  prussiate 
of  potash)  over  a  solid  piece  of  alum,  and 
if,  in  the  course  of  15  to  20  minutes  or  less 
time,  it  exhibit  blue  spots,  it  contains  too  much 
iron  for  some  delicate  colors  in  dyeing,  &c. : 
the  blue  which  appears  after  that  time,  arises 
from  the  decomposition  of  the  prussiate.  To 
obtain  it  very  pure,  dissolve  2  pts.  alum  in  3 
pts.  boiling  water,  and  run  it  off  into  3  pts.  of 
cold  water,  and  stir  till  cold;  the  alum-meal 
which  falls  is  very  pure,  and  by  washing  and 
repeating  the  operation  may  be  obtained  abso- 
lutely pure. 

Potassa  and  ammonia  alums  resemble  each 
other  in  their  general  properties;  the  former 
containing  10-8  and  the  latter  11-3  per  cent. 
alumina.  The  Roman  and  neutral  alums  are 
also  allied,  and  contain  a  larger  percentage  of 
alumina;  sulphate  of  alumina  still  more,  = 
15-4  per  cent.  Common  alum  requires  about 
12  pts.  of  water  at  60°  for  solution,  basic 
alums  less,  and  sulphate  of  alumina  only  2 
parts. 

Uses.  Alum  is  extensively  employed  in  the 
arts,  chiefly  in  consequence  of  the  affinity  of 
alumina  for  many  coloring  and  other  vegeta- 
ble matters,  for  gelatin,  &c.  Cotton  and  other 
fibre  has  such  an  attraction  for  alumina,  or  a 
basic  salt  of  it,  that  when  dipped  in  alum  and 
dried,  a  basic  salt  adheres  to  the  cloth,  which 
cannot  be  removed  by  washing.  It  therefore 
sets  free  a  portion  of  sulphuric  acid,  and  hence, 
without  due  care,  cotton  may  be  injured  by  it. 
Cotton  impregnated  with  alum  and  heated  in  a 
decoction  of  madder,  quercitron,  logwood,  &c, 
takes  up  a  certain  portion  of  the  color,  which 
combines  with  the  alumina  or  its  basic  salt, 
and  is  thus  fastened  upon  the  fibre.  Such 
colors  being  bright,  and  their  corresponding 
compounds  with  oxide  of  iron  dark,  it  is  evi- 
dent that  a  small  percentage  of  this  oxide  in 
alum  must  diminish  the  brilliancy  of  alum 
colors. 

Since  the  depth  of  color  depends,  more  or 
less,  on  the  quantity  of  alumina  which  cotton 
can  affix,  and  since  fibre  can  decompose  only 
a  small  amount  of  alum,  methods  have  been 
devised  to  obviate  this  difficulty.  Thus,  the 
acetate  of  alumina,  which  is  easily  decom- 
posed by  fibre,  is  made  by  adding  acetate  of 
lead  or  lime  to  alum  (see  Acetatk  of  Mutnina). 
The  little  solubility  of  alum,  pnly  i  in  12 
water,  at  common  temperatures,  likewise  pre- 
vents fibre  from   decomposing  much  of  the 
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salt;  and  hence  it  is  often  converted  into  neu- 
tral alum  by  adding  carbonate  of  soda  to  neu- 
tralize a  portion  of  sulphuric  acid.  The  solu- 
tion then  contains  a  basic  sulphate  of  alumina, 
and  may  be  concentrated  so  as  to  contain 
much  more  alumina  in  the  same  bulk  of  solu- 
tion. Fibre  affixes  more  alumina  from  neutral 
alum,  which  is  therefore  used  for  deep  and  bril- 
liant colors. 

Alum  is  farther  used  in  the  preparation  of 
lakes,  which  are  insoluble  precipitates  of 
alumina  with  vegetable  colors  ;  in  tawing  or 
preparing  white  skins,  from  its  action  on  ge- 
latin ;  for  clarifying  water,  &c,  by  union  with 
foreign  matter  in  liquids  to  an  insoluble  com- 
pound; as  an  addition  to  paste,  by  bookbind- 
ers, to  improve  it  and  prevent  the  depredations 
of  insects  ;  rarely  used  to  cover  or  impregnate 
paper  and  other  combustibles,  to  render  them 
fire-proof. 

ALUM-EARTH.  Geol.  A  blackish  brown, 
earthy,  sub-slaty  mass,  constituting  subordi- 
nate beds  in  the  brown  coal  formation  of  Ger- 
many, in  France,  Hungary,  &c.  It  is  the  brown 
coal  itself,  in  an  impure  state,  highly  charged 
with  clay  and  pyrites,  and  therefore  well 
adapted  to  the  manufacture  of  alum.  Klaproth 
obtained  from  1000  pts.  alum-earth  from  Freien- 
alde,  and  Bergemann  from  that  of  Putzberg — 
Klaproth.    Bergemann. 

Coal 196-5  59-5 

Sulphur 28-5  39-4 

Alumina 160  108 

Protoxide  of  iron 64  55 

Protosulphate  of  iron. . . .   18  57-29 

Sulphate  of  alumina —  12 

Sulphate  of  lime 15  17-1 

Sulphate  of  polassa 15  17-49 

Chloride  of  potassium  ...     5  3-51 

Water 107-5         165 

Sulphuric  acid —  4-74 

Klaproth  supposed  that  the  sulphur  was 
combined  with  iron,  but  there  is  no  doubt  that 
it  exists  in  it  as  pyrites.  Alum-earth  contains 
a  very  small  amount  of  alum  and  other  salts 

l.  2. 

Silica 24-00  56-5 

Sulphuric  acid 25  16-5 

Alumina 43-92  19 

Potassa 3-08  4 

Water 4  3 

Sesquioxide  of  iron —  — 


ready  formed  ;  but  by  exposure  to  the  air,  with 
or  without  calcination,  sulphate  of  alumina  is 
produced,  as  described  under  Alum. 

ALUM-SLATE.  Geol.  A  grayish  or  bluish 
black  slaty  formation,  dull,  earthy;  spec.  grav. 
2-3  to  2-4 ;  often  with  petrifactions,  and  gene- 
rally containing  a  little  bituminous  matter, 
which  assists  in  its  calcination  for  making 
alum;  it  always  contains  pyrites.  It  is  not 
very  abundant,  occurring  at  Whitby  and 
Hurlett,  England;  in  the  Netherlands;  near 
Diisseldorf,  Prussia  ;  in  Sweden,  Norway,  Sax- 
ony, Bohemia,  &c.  The  difference  between 
alum-slate  and  alum-earth  in  the  manufacture 
of  alum,  consists  in  the  invariable  calcination 
of  the  alum-slate.     See  Alum. 

ALUM-STONE.  Mm.  Syn.  Alunite.  Ger, 
Alaunstein. 

Description.  Cryst.  hexagonal,  an  obtuse 
rhomb  of  =  92°  50'  and  89°  10',  sometimes  with 
flatter  rhombs  and  terminal  plane  of  main  axis ; 
cleavage  perfect  parallel  to  this  term,  plane, 
less  so  parallel  to  planes  of  rhomb;  occurs 
also  crystalline  and  massive.  H  =  5  ;  G  =  2-6 
to  2-75 ;  color  white,  reddish ;  lustre  vitreous, 
pearly  on  term,  plane ;  transparent,  subtrans- 
lucent;  brittle;  fracture  of  the  massive,  splin- 
tery; often  earthy. 

Behavior.  In  matrass  gives  water,  then  a 
minute  sublimate  of  sulphate  of  ammonia; 
the  crystalline  decrepitates  violently,  falling 
to  a  fine  powder;  shrinks  on  charcoal  without 
fusion ;  melts  in  borax  and  mic.  salt  to  a  co- 
lorless glass,  leaving  silica  in  the  latter;  does 
not  fuse  with  soda,  but  gives  a  sulphuret;  so- 
lution of  cobalt  gives  with  it  blue.  Dissolves 
in  sulphuric  acid,  in  powder;  very  little  in 
chlorohydric;  after  gently  heating,  water  dis- 
solves out  alum,  and  it  is  then  nearly  all  solu- 
ble in  chlorohydric  acid. 

Analysis  of  amorphous,  1.  from  Tolfa,  by  Vau- 
quelin,  and  2.  Klaproth;  3.  from  Hungary,  by 
Klaproth ;  4.  from  Mont  Dore,  by  Cordier ; 
5.  of  a  more  perfect  variety  from  Montione,  by 
Descotils ;  and  6.  of  crystallized,  from  Tolfa, 
by  Cordier. 


100-00 


99-0 


3. 

4. 

5. 

6. 

62-25 

28-40 

12-50 

27 

35-6 

35-495 

17-50 

31-80 

40-0 

39-654 

1 

5-80 

13-8 

10-021 

5 

3-72 
1-44 

10-6 

and 

loss 

I  14-830 

98-25 

98-16 

100-00 

100000 

Formula  not  definitely  determined,  but  the 
sixth  analysis  of  the  crystallized  leads  rather 
to  the  formula  (KO,S03  -f  Al203,  3  S03)  + 
3  (A1203,  3  HO),  which  is  1  equiv.  anhydrous 
alum  -)-  3  equiv.  hydrate  of  alumina. 

Locality.  Formed  in  lavas  and  trachytic 
rocks  by  the  rise  of  sulphurous  vapors.  At 
Tolfa,  near  Rome  ;  in  Beregh,  Hungary,  where 
the  amorphous  rock  is  so  hard  as  to  be  em- 
ployed for  mill-stones  ;  in  Auvergne,  France  ; 
on  some  of  the  Grecian  Islands.  See  its  use 
in  the  manufacture  of  Alum. 

ALLOTROPISM,  from  axx^^,  having  dif- 


ferent properties.  This  word  is  used  by  Ber- 
zelius  to  designate  the  different  chemical  con- 
ditions or  states  in  which  the  same  elementary 
body,  as  sulphur,  phosphorus,  carbon,  silicon, 
and  perhaps  others,  may  occur.  Diamond, 
graphite  and  charcoal  are  thus  the  different 
aUoiropk  modifications  of  carbon.  Some  of 
them,  as  phosphorus,  have  lately  been  shown 
by  him  to  retain  their  allotropic  conditions  in 
their  combinations  with  other  elementary 
bodies,  as  oxygen,  hydrogen,  nitrogen,  and 
sulphur.  See  Phosphorus  and  its  combina- 
tions.   Allotropism  is  therefore  a  new  source  of 
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isomerism,  since  the  same  number  of  ele- 
mentary atoms,  even  by  the  same  arrangement 
or  position,  may  form  different  isomeric  com- 
pounds, according  to  their  different  allotropic 
conditions.     See  Isomerism. 

ALUMINA.  Chan.  The  oxide  of  aluminum, 
classed  among  earthy  bodies.  See  under  Alu- 
minum. 

ALUMINITE.  Min.  Syn.  Websterite,  Hal- 
lite,  Sub-  and  Tris-sulphate  of  alumina. 

Description.  Reniform,  botryoidal,  massive, 
earthy.    H  =  1-5,  yielding  to  the  nail;   G  = 

1. 

Sulphuric  acid 23*365 

Alumina 30-263 

Water 46-372 

Other  substances — 


100-000 
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1-66  to  1-7.     "White;  opakc,  translucent ;  lus- 
tre and  fracture  earthy;  adheres  to  the 
and  is  meagre  to  the  touch. 

Behavior.  Heated  in  matrass,  gives  much 
water;  when  ignited,  sulphurous  acid;  the  re- 
sidue infusible,  and  behaves  like  alumina; 
with  soda,  forms  sulphuret.  Easily  soluble  in 
chlorohydric  acid  without  effervescence. 

Analysis.  From  Halle,  1  ;  Mori,  2;  and  New- 
haven,  3,  by  Stromeyer;  4,  from  Halle,  by 
Simon,  and  5,  by  Bucholz. 


2. 

3. 

4. 

5. 

23-685 

23-370 

19-25 

21-5 

30-980 

29-868 

32-50 

31-0 

45-335 

46-762 

47-00 

45-0 

— 

— 

1-25 

2-0 

100-000 

100-000 

100-00 

99-5 

It  is  therefore  5  basic  sulphate  of  alumina, 
and  its  formula  A1203,  S03  -f-  9  HO,  which  pre- 
cisely agrees  with  the  specimen  from  New- 
haven. 

Locality.  At  Newhaven  in  ferruginous  clay ; 
in  the  same  at  Epernay, France;  and  in  plastic 
clay  at  Halle,  Prussia. 

ALUMINUM.  Chem.  The  metallic  basis 
of  the  earth  alumina.  Alum  was  known  to 
the  ancients:  Geoffroy  proved  the  presence  of 
alumina  in  clay;  Wohler  first  obtained  the 
metal,  aluminum.  It  is  the  most  abundant 
earthy  element,  being  contained  in  clays, 
felspar,  and  many  other  silicates. 

I.  Aluminum   and    its    Metaeeoidal    Com- 
pounds. 

1.  Aluminum.  Equiv.  Al.  =  13-72  or  171-17. 
Always  combines  in  double  equivs. 

Prep.  Lay  some  clean  pieces  of  pure  potas- 
sium on  the  bottom  of  a  porcelain  or  platinum 
crucible,  and  over  them  about  an  equal  volume 
of  pieces  of  dry  chloride  of  aluminum ;  bind 
the  crucible  and  cover  with  wire;  heat  at  first 
gently  with  spirit  lamp,  and  increase  the  heat 
till  a  sudden  ignition  of  the  crucible  indicates 
complete  decomposition.  When  cold,  throw 
the  crucible  into  a  large  glass  of  water ;  the 
gray  powder  of  aluminum  subsides,  which  is 
washed  and  dried.  Liebig  puts  the  chloride 
of  al.  in  the  bent  and  closed  part  of  a  narrow 
and  thin  tube,  thrusts  2  or  3  small  pieces  of 
potassium  along  the  horizontal  part  of  the  tube 
till  near  the  bend,  and  gently  heats  the  chlo- 
ride, which,  passing  in  vapor  through  the  po- 
tassium, is  robbed  of  its  chlorine;  more  potas- 
sium is  pushed  in  until  the  chlor.  of  al.  is  all 
volatilized;  the  tube  is  broken,  thrown  in  cold 
water,  washed  with  cold  water,  then  with  strong 
alcohol. 

Prop.  A  gray  powder  similar  to  powdered 
platinum,  with  a  few  tin-white  scales.  Rubbed 
in  an  agate  mortar,  it  may  be  easily  pressed 
together  into  larger  scales  of  a  perfectly  tin- 
white  lustre,  and  apparently  somewhat  malle- 
able. In  its  powdered  state  does  not  conduct 
electricity.  Infusible  at  the  melting  heat  of 
cast-iron,  excluded  from  air. 

Heated  to  ignition  in  the  air,  it  burns  with 
jrilliancy  to  white  alumina ;  heated  in  oxygen, 
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burns  with  a  light  which  the  eye  can  scarcely 
support,  and  with  such  heat  as  to  fuse  in  part, 
when  it  easily  cuts  glass.  In  cold  and  warm 
water  remains  untarnished,  but  heated  near  to 
boiling  it  slowly  decomposes  it,  evolving  hy- 
drogen. Dissolves  readily  in  dilute  caustic 
alkali,  ammonia,  and  dilute  sulphuric  or  chlo- 
rohydric acids.  Not  attacked  by  cold  sulphuric 
or  nitric  acids,  easily  when  they  are  heated. 

2.  Alumina.  Syn.  Oxide  of  aluminum,  Alu- 
mine.  Ger.  Thonerde,  Alaunerde.  Occurs 
nearly  pure  in  nature  in  the  corundum  and 
ruby ;  impure,  abundant  in  clays  and  numerous 
silicates. 

Prep.  1.  Precipitate  a  solution  of  alum,  free 
from  iron,  by  an  excess  of  carb.  soda  or 
potassa,  and  digest  the  precip.  some  time  with 
the  same ;  wash  well,  dissolve  in  muriatic  acid, 
filter,  precip.  by  ammonia,  and  ignite  the  pre- 
cipitate, which  is  hydrate  of  alumina.  (Ber- 
zelius.)  2.  Precipitate  an  alum-solution  by  an 
excess  of  chloride  of  barium,  evaporate  to  dry- 
ness, ignite  the  remainder,  and  extract  chlo- 
rides of  barium  and  potassium  by  water,  acidu- 
lated with  chlorohydric  acid.  (Lubig.)  3.  Ignite 
pure  ammoniacal  alum. 

Prop.  The  properties  of  native  and  pre- 
cipitated alumina  necessarily  vary.  For  the 
former  see  Corundum.  As  above  prepared,  it 
is  a  white  powder,  light  and  loose  when  gently 
ignited,  but  denser  and  giving  sparks  with 
steel  after  strong  ignition.  In  the  latter  case, 
its  spec.  grav.  =  4-152.  Native  and  precip. 
alumina  fuse  by  the  oxyhydrogen  blowpipe 
more  easily  than  silica.  Gaudin  fused  the 
precip.  alumina  to  a  bead  of  a  hazelnut  size, 
with  a  cavity  containing  crystals  of  corundum. 
That  fused  by  igniting  aluminum  in  oxygen  is 
yellowish.  Alumina  is  odorless  and  tasteless, 
wholly  insoluble  in  water,  although  it  has  a 
strong  affinity  for  it,  forming  2  hydrates.  Ignited 
dry  alumina  attracts  moisture  from  the  air 
powerfully,  which  may  amount  to  15  per  cent. 
Hydrates.  A  tribasic  hydrate  of  al.  is  found 
as  Diaspore  =  A1203,  aq.  Another  hydrate  is 
Gibbsite  =  A1203,  3  aq.,  which  is  the  same  as 
precipitated  al.  The  latter  hydrate  is  prepared 
by  precipitating  chloride  of  aluminum  by  an 
excess  of  ammonia,  and  washing  the  precip. 
well  with  hot  water.    Thus  made,  it  is  either 
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white,  opake,  pulverulent,  or  cohering,  trans- 
lucent, adhesive  to  the  tongue.  It  loses  its 
water  by  ignition,  and  shrinks  to  a  small  bulk. 

Combinations.  The  hydrated  al.  dissolves 
readily  even  in  dilute  acids;  the  ignited  does 
not,  but  by  digestion  with  strong  chlorohydric, 
or  when  heated  with  sulphuric,  with  an  equal 
weight  of  water,  it  becomes  soluble.  It  is 
readily  soluble  in  caustic  alkalies,  to  a  very 
small  amount  in  ammonia,  much  more  in 
barytic  or  strontian  waters.  It  is,  in  general,  a 
feeble  base,  and  with  alkalies,  and  some  other 
metallic  oxides,  seems  to  act,  as  an  acid,  as 
with  magnesia  and  oxides  of  zinc  and  iron  in 
the  minerals  gahnite  and  spinell.  Such  com- 
binations are  sometimes  termed  aluminates. 

Tests.  Al.  is  usually  separated  from  oxide 
of  iron  by  solution  in  caustic  potassa,  and  after 
neutralization  is  precip.  by  carb.  ammonia. 
When  alone  or  in  many  minerals,  it  is  recog- 
nised by  the  blowpipe  by  a  drop  of  a  solution 
of  nitrate  of  cobalt,  which,  when  strongly 
ignited  with  it,  appears  when  cold  of  a  blue 
color. 

Uses.  Al.  is  employed  in  the  arts  from  the 
affinity  of  the  earth  or  its  basic  salts  both  for 
fibre  and  most  organic  colors,  producing  beau- 
tifully colored  compounds,  insoluble  in  water. 
See  Acetate  of  Alumina  and  Dfeing.  Mingled 
with  silica,  as  in  clays,  it  is  also  the  basis  of 
bricks,  pottery  and  porcelain. 


2A1 
30 
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3.  Sulphuret  of  Aluminum.  Formed  by  throwing 
sulphur  on  ignited  aluminum,  when  they  unite, 
evolving  light  and  heat;  but  sulphur  may  be 
distilled  off  from  the  metal  without  combina- 
tion. It  is  a  black,  semifused  mass,  of  sub- 
metallic  lustre,  tasting  and  smelling  of  sul- 
phuretted hydrogen,  which  it  gradually  gives 
off,  falling  to  a  gray  powder  in  the  air,  but 
rapidly  changing  in  water  into  the  same  gas 
and  gray  alumina.  Form.,  A12S3.  A  very 
feeble  sulpho-base. 

4.  Phosphurel  of  Al.  The  metal  heated  to  igni- 
tion in  vapor  of  phosphorus  or  in  phosphuretted 
hydrogen,  combines  with  P.  with  a  lively  com- 
bustion, forming  a  blackish  gray,  pulverulent 
mass,  which  exhibits  a  dark-gray  color  and 
metallic  lustre  by  friction,  smells  of  phosphur. 
hydrogen,  and  evolves  the  same  non-inflamma- 
ble gas  slowly  in  cold,  rapidly  in  hot  water. 

5.  Seleniuret  of  Al.  Selenium  and  al.,  by  fusion 
together,  unite  with  combustion  to  a  black  pul- 
verulent mass,  dark  metallic  by  friction,  which 
evolves  selenuretted  hydrogen  slowly  in  the 
air,  rapidly  in  water;  the  water  appears  red 
from  the  precip.  of  selenium. 

6.  Tellurct  of  Al.  By  fusing  tellurium  and  al. 
together,  the  union  is  so  rapid  that  when  in  a 
powdered  state  they  are  violently  ejected  from 
the  vessel.  It  is  a  black,  semifused,  metallic, 
brittle  mass,  smells  of  telluretted  hydrogen, 
evolves  the  same  rapidly  in  water. 

Allots.  Arsenic  and  Al.  unite  with  combus- 
tion, by  heating  them  to  ignition ;  it  is  dark  gray, 


pulverulent,  metallic  by  friction ;  evolves 
arseniuretted  hydrogen  very  slowly  in  air, 
slowly  in  cold,  rapidly  in  warm  water. 

Iron  and  al.  unite,  for  we  generally  find  traces 
of  al.  in  cast-iron,  alumina  in  the  ore  having 
been  reduced  by  the  imparted  affinity  of  the 
iron. 

II.  Salts. 

Aluminous  salts  are  colorless  with  a  color- 
less acid,  generally  soluble,  and  often  crystal- 
lizable,  the  basic  often  insoluble.  They  are 
decomposed  by  ignition,  leaving  alumina,  if  the 
acid  be  volatile.  They  have  an  acidulate, 
astringent,  and  sweetish  taste,  and  redden 
litmus.  Strongly  ignited  with  a  little  nitrate 
of  cobalt,  they  give  a  beautiful  blue  color, 
unless  some  other  oxides  be  present.  The 
alkalies  precipitate  hydrate  of  alumina,  but 
an  excess  of  potassa  or  soda  redissolves  it; 
sal-ammoniac  added  to  the  last  again  precipi- 
tates alumina ;  ammonia  redissolves  very  little. 
Neutral  and  bicarbonates  and  sulpho-hydrates 
of  ammonia,  soda,  or  potassa,  and  even  carb. 
lime  precip.  hydrate  of  alumina,  evolving  car- 
bonic or  sulpho-hydric  acid;  dilute  solutions 
in  excess  redissolve  a  mere  trace.  Concen- 
trated solutions  of  aluminous  salts  mixed  with 
sulphuric  acid  in  excess,  and  ammonia  or 
potassa,  yield  a  precip.  of  alum-crystals.  Fer- 
rocyanide  of  potassium  precip.  slowly  in  the 
cold,  rapidly  by  heating,  hydrate  of  alumina, 
evolving  prussic  acid;  if  iron  be  present,  the 
alumina  is  greenish  or  bluish.  Tincture  of 
galls  throws  down  yellow  flocculse.  Al.  salts 
are  not  precip.  by  sulphuretted  hydrogen,  fluo- 
silicic  or  oxalic  acids,  oxalated  or  tartrated 
alkalies. 

There  being  3  eq.  oxygen  in  alumina,  its 
neutral  salts  contain  3  eq.  acid;  their  formula 
is  therefore  A1203-|-  3R„,On.  It  has,  however, 
a  tendency  to  form  basic  salts,  few  of  which 
have  been  investigated;  their  formula  is  proba- 
bly A1203+  2RmOn  or  RmOn. 

Haloid  Salts. 
A.  Chlorine.  1.  Chloride  of  Aluminum,  Dry. — 
Prep.  Chlorine  passed  over  ignited  aluminum, 
unites  with  combustion  to  the  chloride,  which 
sublimes.  Pass  dry  chlorine  over  a  mixture 
of  charcoal  and  alumina  in  an  ignited  porce- 
lain tube.  The  latter  process  of  Oersted  is 
thus  executed  by  Liebig.  Add  to  a  pure  alum 
solution  an  excess  of  chloride  of  barium ;  evap. 
the  nitrate  to  a  syrupy  consistence,  and  let  the 
chlorides  of  barium  and  potassium  crystallize 
out ;  evap.  the  decanted  liquid  to  dryness, 
mixing  it  with  }  sugar  or  starch,  and  strongly 
ignite  in  a  covered  crucible,  which  gives  an 
intimate  mixture  of  pure  alumina  and  char- 
coal; put  it  into  a  green  glass  tube,  2  to  2A  ft. 
long,  J  inch  diameter;  connect  one  end  with 
one  opening  of  a  balloon,  in  the  other  opening 
of  which  is  a  narrow  glass  tube  thrust  through 
a  cork  to  allow  of  the  escape  of  carbonic  oxide. 
Chlorine  enters  the  other  end  of  the  ignition- 
tube.  Liebig  dries  his  chlorine  by  passing  it 
through  a  Woulfe's  bottle  containing  concent, 
sulphuric  acid,  which  allows  the  rapidity  of  the 
operation  to  be  observed.  When  the  whole 
apparatus  is  filled  with  chlorine,  the  tube  is 
heated  to  ignition,  and  the  balloon  attached  as 
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soon  as  moisture  ceases  to  appear.  Most  of 
the  chloride  of  aluminum  collects  at  the  end 
of  the  tube  in  dark  yellow  drops,  which  con- 
geal, the  rest  as  a  loose  powder  in  the  balloon. 
That  in  the  tube  is  drawn  out  by  a  strong  wire, 
and  with  the  powder  is  distilled  in  a  retort,  in 
the  neck  of  which  the  pure  salt  collects. 

Prop.  Citron-yellow,  translucent,  of  waxy 
lustre,  talcose  crystalline  texture;  fusible  in 
larger  masses,  in  smaller  instantly  volatilizing ; 
boils  at  356°  to  365°  ;  fumes  slightly  in  the  air, 
smelling  of  chlorohydric  acid  ;  very  soluble  in 
alcohol.  Decomposed  by  potassium.  (See  Prep, 
of  Aluminum.)  When  distilled  with  dry  sulphuric 
acid,  sulphurous  acid  and  chlorine  pass  off  and 
leave  sulphate  of  alumina.  (H.Rose.)  A12C13 
+  6S03  =  A1203  +3S03  +  3S02  +  3C1. 

Composition.  H=l        0=100    InlOOpts. 
2A1  274  242-33         20-46 

3  CI  106-5  1331-25         79-54 


ALCL       133-9 


1573-58       100-00 


It  appears  to  combine  with  other  chlorides, 
as  an  electro-negative  body ;  and  the  com- 
pounds thus  formed  may  be  termed  double 
chlorides,  or  chloro-aluminates,  or  alumino- 
chlorides. 

Hydrated  Chloride  of  Al.  The  dry  chloride 
deliquesces  in  the  air,  dissolves  rapidly  in 
water  with  the  evolution  of  heat.  It  is  pre- 
pared by  precip.  sulphate  of  alumina  by  chlo- 
ride of  barium,  or  by  dissolving  hydrous 
alumina  in  chlorohydric  acid.  The  solution 
evaporates  spontaneously  in  a  warm  room  and 
dry  air,  yielding  crystals  of  the  hexagonal 
system,  usually  the  6-sided  prism,  with  rhombic 
terminations,  with  angles  of  138°  ;  as  ordinarily 
formed,  it  is  a  deliquescent  saline  mass.  The 
crystals  very  soluble  in  water  and  alcohol, 
very  deliquescent,  when  heated  lose,  without  fu- 
sion, both  water  and  chlorohydric  acid,  leaving 
alumina  in  the  form  of  the  crystals.     Bonsdorff. 

2.  Oxychloride  of  Aluminum.  By  adding  an 
insufficient  quantity  of  ammonia  to  a  solution 
of  chloride  of  aluminum,  this  compound  pre- 
cips.,  and  by  washing  on  the  filter  becomes 
translucent;  is  slightly  soluble  in  water.  Berz. 

Comp.of thecryst.  H=l  O=100  InlOOpts. 

2A1                    27-4  242-33  11-32 

3  CI  106-5  1331-25  44-02 

12  HO  108-0  1230-00  44-66 


241-9     2803-58       100-00 


3.  Chloride  of  Aland Sulpho-hydric  Acid.  When 
chloride  of  ai.  is  sublimed  in  a  rapid  stream 
of  dry  sulphuretted  hydrogen,  this  compound 
sublimes  in  the  neck  of  the  retort,  partly  as 
clear,  pearly  laminae,  partly  as  a  fused,  white, 
brittle  mass.  Sublimed  in  a  glass  tube,  it 
loses  part  of  its  sulphuretted  hydrogen  ;  in  air 
it  is  deliquescent,  evolving  sulph.  hydrogen; 
evolves  the  same  rapidly  in  water,  leaving  a 
solution  of  chloride  of  al.,  clouded  with  sul- 
phur.    Wbhler. 

4.  Chloride  of  Al.  and  Plwsphurctted  Hydrogen. 
Chlor.  of  al.  slowly  absorbs  phosphur. hydrogen 
in  the  cold ;  when  heated  in  a  stream  of  it 
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nearly  to  sublimation,  they  unite,  ami  the 
pound  sublimes   in    crystals.      It   evolves    in 
water  phosphuretted  hydrogen,  not  self-inflam- 
mable;  ammonia  evolves  the  self-inflammable 
only.     Form.,  3  (A12C13)  +  PH8. 

5.  Chloride  of  Al.  and  Ammonia.  Chloride 
of  al.  absorbs  dry  ammonia  slowly  at  first,  then 
suddenly  in  such  quantity  that  the  compound 
is  fused  by  the  heat  evolved.  By  distilling  this 
compound,  another  passes  over,  and  by  distill. 
in  an  atmosphere  of  hydrogen,  a  third  com- 
pound is  produced.     Rose,  Pcrsoz. 

The  1st  is  3NH3+A12C13;  the  3d  NII3-(- 
A12C13;  the  2d  doubtful. 

6.  Alumino-Chloride  of  Potassium.  In  the  prep. 
of  chloride  of  al.  by  alumina  and  charcoal,  if 
the  former  contain  potassa,  pure  chloride  of 
al.  first  passes  over ;  subsequently  there  are  de- 
posited, near  the  mixture  in  the  tube,  colorless 
drops,  which  congeal  to  a  white,  translucent, 
crystalline  mass.  Deliquescent  in  air,  very 
soluble  in  water,  leaves  by  ignition  64-48  per 
cent.  of  a  mixture  of  26-67  alumina  and  3781 
chloride  of  potassium.  Degcn.  It  is  probably 
KC1+  A12C13. 

7.  Alumino-Chloride  of  Sodium.  Chloride  of 
sodium  heated  in  chloride  of  al.  unites  with  it 
to  a  yellow  compound,  which  may  be  heated 
to  strong  ignition  without  losing  chloride  of 
al.;  is  soluble  in  water,  evolving  heat,  and  then 
by  evap.  yields  chloride  of  sodium. 

B.  Bromine.  Dry  Bromide  of  Aluminum  is 
formed  similarly  to  the  chloride.  The  hydrated, 
formed  by  solution  of  hydrate  of  alumina  in 
bromohydric  acid,  separates  from  a  concent, 
solution  in  groups  of  fine,  short  needles,  very 
deliquescent,  very  soluble  in  alcohol  and  water, 
of  a  styptic  taste  and  acid  reaction.  Lowig, 
Berthemot. 

C.  Fluorine.  1.  Fluoride  of  Aluminum.  Un- 
known in  a  dry  state.  The  hydrated  made  by 
dissolving  hydrate  of  alumina  in  fluohydric 
acid,  evaporating  to  a  syrup,  drying  to  a  yel- 
lowish, translucent,  fissured,  gum-like  mass ; 
easily  removable  from  the  vessel.  Tasteless, 
at  first  insoluble,  afterwards  wholly  soluble  in 
water;  the  solution  attacks  glass.  Form.  Al, 
F3.  It  is  contained  in  Ptcsite,  combined  with 
silicate  of  alumina.     Berz. 

2.  Oxyfluoride  of  Al.  Formed  by  ignition  of 
the  preceding,  with  loss  of  fluohydric  acid; 
the  hydrated  by  digesting  the  solution  of  1. 
with  alumina,  forms  a  semitranslucent  jelly, 
drying  to  a  yellowish  gummy  mass.  This 
oxyfluoride  is  combined  with  silicate  of  alu- 
mina in  Topaz.     Berz. 

3.  Aluminqfluoride  of  Potassium,  a.  Drop  a 
solution  of  fluoride  of  al.  into  a  solution  of 
fluoride  of  potassium,  the  latter  being  still  in 
excess;  the  gelatinous  precip.  after  washing 
and  drying  is  white  and  powdery.  Form.,  3  KF 
+  A12F3.     Berz. 

b.  By  adding  fluoride  of  potassium  to  fluoride 
of  al.  with  the  latter  in  excess,  the  precip. 
appears  similar  to  the  preceding,  but  its  formula 
is  2  KF  +  A12F3.  By  digesting  hydrate  of 
alumina  with  bifluoride  of  potassium,  the  first 
portions  of  alumina  are  dissolved,  but  by 
adding  more,  the  double  fluoride  h  is  precip.; 
3  KF,  3  HF  +  A1203  =  2  KF,  A!,F3  +  KF  -f 
3  HO;  while  neutral  fluoride  of  potassium  re- 
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mains  in  solution.  If  this  precip.  be  boiled 
with  the  supernatant  liquid,  the  equiv.  of  KF 
is  again  taken  up,  and  the  double  fluoride  a  is 
produced;  2  KF,  A12F3+ KF  =  3  KF,  A12F3. 
When  the  hydrate  of  alumina  is  in  excess  and 
the  liquid  is  boiled  to  concentration,  an  alumino- 
oxyfluoride  is  produced  with  such  force  that 
the  liquid  contains  free  potassa. 

Both  a  and  6  are  gelatinous,  drying  to  white 
powders,  difficultly  soluble  in  dilute  acids,  with 
more  difficulty  in  water;  evolve  fluohydric 
acid,  when  heated  with  a  mixture  of  equal 
parts  sulphuric  acid  and  water;  and  when 
thus  fully  decomposed,  ammonia  precips.  pure 
alumina. 

4.  Alumino-fluoride  of  Sodium.  Add  hydrate  of 
alumina  to  bifluoride  of  sodium  portionwise, 
until  acid  reaction  ceases;  gelatinous,  drying 
to  a  white  powder,  less  soluble  than  the  same 
compound  of  potassium,  by  long-continued 
fusion  in  the  air  loses  fluohydric  acid  and  its 
fusibility,  becoming  probably  an  oxyfluoride  ; 
heated  with  sulphuric  acid,  loses  fluohydric 
acid.  By  digesting  neutral  fluoride  of  sodium 
with  hydrate  of  alumina,  it  is  more  easily 
rendered  caustic  than  the  salt  of  potassium. 
Form.  3NaF,  A12F3.  The  same  compound  is 
found  native,  the  Cryolite,  which  see. 

5.  Mumino-fluoride  of  Lithium.  A  similar  in- 
soluble salt. 

6.  Mumino-fluoride  of  Ammonium.  By  digest- 
ing hydrous  alumina  with  fluoride  of  ammo- 
nium, some  ammonia  is  evolved,  and  the  double 
salt  remains;  gelatinous,  translucent,  drying  to 
a  white  powder,  not  soluble  in  either  of  its 
constituents,  somewhat  soluble  in  water,  from 
which  it  is  precip.  by  ammonia;  heated,  it 
evolves  ammonia,  then  bifluoride  of  ammo- 
nium, and  leaves  a  basic  fluoride  of  aluminum. 
Berz. 

7.  Borofluoride  of  Al.  Crystallizes  from  an 
acid  solution  by  slow  evaporation.  When 
borofluoride  of  sodium  is  mixed  with  chloride 
of  ah,  a  basic  compound  precips.,  the  liquid 
contains  free  acid,  which  holds  a  portion  of  the 
precip.  in  solution.  The  precip.  fuses  by  igni- 
tion, evolves  fluoboric  acid  and  water,  leaving 
fused  borate  of  alumina. 

8.  Silicofluoride  of  Aluminum.  Very  soluble 
in  water;  by  evaporation  yields  a  clear,  color- 
less jelly,  becoming  yellowish  and  translucent 
by  drying;  it  is  then  slowly  but  perfectly  solu- 
ble in  water.     Berz. 

Oxt-Salts. 
1.  Sulphate  of  Alumina,  a.  Neutral.  Formed 
by  dissolving  hydrous  alumina  or  calcined  clay 
in  dilute  sulphuric  acid  (see  under  Alum);  is 
found  native  and  cryst,  see  Alunogex.  Cryst. 
artificially  in  thin,  flexible,  pearly  leaves  and 
needles,  from  a  solution  in  chlorohydric  acid 
in  beautiful  tables. 


0=100 

589-9 

642-3 

2004-6 

2700-0 

5936-8 


Cryst. 

H=l 

KO 

47-2 

A1203 

51-4 

4S03 

160-0 

24  HO 

216-0 

Potassa  alum 

474-6 

Prop.  It  has  a  sweetish,  styptic  taste  ;  solu- 
ble in  2  pts.  cold  water,  scarcely  in  alcohol; 
heated,  it  fuses  in  its  crystal-water,  and  loses 
it,  puffing  up,  leaving  the  dry,  spongy  salt;  at 
ignition  loses  its  acid.  It  contains  48-59  per 
cent.  =  18  eq.  water.  Form.  A1203,  3S03-|- 
18  aq.     Berz.     See  its  uses  under  Alum. 

b.  5  basic  Sulphate  of  Al.  Formed  by  digest- 
ing a  with  hydrous  alumina  or  carbonate  of 
lime;  or  by  warming  for  some  time  a  concen- 
trated solution  of  a  with  c,  filtering  hot  and 
evap.  gently  to  dryness.  A  gummy  mass,  be- 
coming opake  in  the  air  and  decomposing  by 
much  water  into  a  in  solution,  while  c  precipi- 
tates. Form.  A1203,  2S03.  The  water  not 
ascertained. 

c.  %  basic  Sulphate  of  Al.  Formed  by  precip. 
a  with  ammonia.  When  dry,  a  white  powder, 
insoluble  in  water.  Found  native  in  Alumi- 
nite.     Form.  A1203,  S03  +  9  aq. 

d.  %  basic  Sulphate  of  Al.  Rammelsberg  ob- 
served a  crystalline  deposit  on  the  sides  of  a 
glass,  after  several  years'  standing,  contain- 
ing dilute  sulphuric  acid  fully  saturated  with 
alumina;  under  the  microscope  they  appear 
as  small  transparent  needles;  lose  water  at  a 
gentle  heat,  acid  by  ignition ;  very  soluble  in 
nitric  or  chlorohydric  acids,  in  144  cold  and 
30-8  boiling  water.  Form.  3  A1203,  4S03-j- 
30  aq. 

e.  The  mineral  Pissopiiane,  according  to  Erd- 
man,  is  composed  of  5  A1203,  2  S03  -\-  30  aq. 

2.  Sulphate  of  Alumina  and  Potassa.  a.  Neutral. 
See  Alum  for  its  manufacture,  synonyms,  &c. 
It  crystallizes  in  the  regular  system,  usually 
an  octahedron,  combined  with  the  cube  and 
12-hedron,  its  edges  and  pyramids  being  re- 
placed by  planes  ;  it  is  sometimes  in  the  form 
of  the  cube,  the  4  X  6-planer,  and  the  24-planer. 

Translucent,  colorless  ;  fracture  conchoidal; 
taste  acidulate,  sweetish  astringent;  reddens 
litmus;  spec.  grav.  1-724. 

It  is  soluble  in  13-3  pts.  water  at  56°.  in  8-2 
at  70°,  in  4-5  at  77°,  in  2-2  at  100°,  in  2  at  122°, 
in  0-4  at  145°,  in  0-1  at  167°,  in  0-06  at  190°; 
spec.  grav.  of  the  saturated  solut.  at  16°=l-045. 
Almost  insoluble  in  neutral  sulphate  of  alumina. 
It  loses  at  142°  18eq.  water;  when  slowly  heated 
to  a  point  below  ignition  it  loses  its  water  with 
much  puffing  and  foaming,  and  becomes  dried 
or  burned  alum,  a  loose,  friable  mass,  which  is  at 
first  insoluble  in  water,  but  gradually  dissolves. 
At  a  white  heat,  burned  alum  loses  the  sul- 
phuric acid  of  the  alumina,  partly  as  such  and 
partly  as  sulphurous  acid  and  oxygen,  while 
alumina  and  sulphate  of  potassa  remain.  Ig- 
nited with  charcoal  it  forms  Romberg's  Pyno- 
phobus.  Cryst.  alum  heated  with  chloride  of 
potassium,  evolves  chlorohydric  acid;  its  con- 
centrated solution,  boiled  with  the  same  salt, 
gives  off  the  same  acid,  and  deposits  a  basic 
alum  of  difficult  solubility. 


In  100  pts. 

9-95 

1 0-83 

33-71 

45-51 

100-00 


100-00 


Graham. 

54-11 

45-89 

100-00 


135 


ALUMINUM. 


ALUMINUM. 


Formula,  KO,  S03  4-  A1„03,  SSO.-f  24 HO; 
(KO,  S03  -f  6  HO)  4-  (A1203,  3  S03  +  18  HO) 
Kane;  KO,  S03  4-  (A)203,  3S03+Gaq.+  IS 
aq.)      Graham. 

b.  3  Basic  Sulphate  of  M.  and  Sulph.  of  Potassa. 
Syn.  Basic  or  cubical  alum.  Ger.  Neutraler 
oder  kubischer  Alaun.  Frequently  prepared 
for  dyeing  and  calico-printing,  by  adding  potash 
to  a  solution  of  common  alum  as  long  as  the 
precipitate  redissolves  by  agitation  ;  or  boil  12 
alum  and  1  slacked  lime  in  water.  By  evapo- 
ration it  crystallizes  in  cubes.  Taste  sweetish, 
styptic;  has  not  an  acid  reaction;  fuses  by 
heat  in  its  crystal-water,  puffs  up  and  becomes 
a  porous  white  mass.  Probable  formula,  KO, 
S03  +  A1203,  2SO?. 

Uses.  The  solution  of  this  salt,  or  rather  a 
mixed  solution  containing  this  salt,  is  largely 
employed  in  dyeing,  &c,  for  which  purposes  it 
has  manifest  advantages  over  common  alum, 
since  the  latter  by  its  acid  reaction  is  apt  to 
change  the  tone  of  colors,  and  because  the 
acetic  alum  base  (red  liquor)  prepared  from 
cubical  alum  is  richer  in  alumina;  as  a  mor- 


dant it  is  also  more  easily  decomposed  than 
common  alum.  In  adding  potash,  soda,  or 
ammonia,  an  excess  is  apt  to  produce  an  in- 
soluble, more  basic  alum,  c,  which  would  be  a 
loss  in  dyeing  and  printing  operations. 

c.  A  still  more  basic  alvm  may  be  mad''  by 
precip.  alum-solution  by  a  quantity  of  potassa 
insufficient  to  combine  with  all  the  acid  of  the 
alumina;  or  by  boiling  alum-solution  with 
hydrate  of  alumina.  A  white,  tasteless  p 
insoluble  in  water,  soluble  in  acids,  and  then 
forming  common  alum.  By  gently  hi 
water  is  expelled,  part  of  the  alumina  is  ren- 
dered insoluble,  and  water  then  dissolves  out 
common  or  3  basic,  alum.  This  alum  is  found 
native;  see  Alum-stone.  Probable  formula, 
KO,  S03  4-  3  (A1203,  S03)  4  9  aq. 

3.  Ainnioiiia-.'Hinn.  See  Alum  manufacture. 
Resembles  the  preceding, '.-,  closely  in  nearly  all 
its  external  characters,  crystalline  form,  taste, 
fracture,  &c. ;  spec.  grav.  1-626. 

Its  solubility  is  similar  to  that  of  potassa- 
alum,  which  it  also  resembles  in  a  gentle  heat, 
but  when  strongly  heated  leaves  pure  alumina. 


Cryst. 

H  =  l 

0=100 

In  100  pts. 

Jliffault. 

Forch.ho.mini  r 

NH3 

17 

214-5 

3-75 

ai2o3 

514 

642-3 

11-34 

11-906 

11-24 

4S03 

160 

2004-6 

35-29 

36042 

35-90 

25  HO 

225 

2812-5 

49-62 



— 

453-4 

5673-9 

100-00 

Formula,  NH40,  SO„ 4  A1203,  3 S034-  24 aq.; 
or,  (HO,  S03H  Ad  4-  6  aq.)  4-  (  A1203,  3  S03  4- 
18  aq.). 

b  andr.  Basic  Ammonia-Alums.  Formed  simi- 
larly to  the  corresponding  potassa-alums,  by 
adding  ammonia  to  ammonia-alum.  Properties 
similar,  except  that  b  has  not  been  well  crys- 
tallized. Formula  for  6  is  probably  NH40, 
S03  +  A1203, 2  S03, 4-  and  for  c,  NH40,  S03  4 
3  (A1203,  S03)  4- 9  aq. 


4.  Sulphate  of  Al.  and  Soda.  Syn.  Soda-alum. 
Found  native,  see  Alum.  Min.  Made  by  suf- 
fering the  mixed  solutions  of  sulphates  of  soda 
and  alumina  to  evaporate  spontaneously. 
Cryst.  octahedron,  similar  to  potassa-alum, 
brittle,  spec.  grav.  1-6.  The  crystals  effloresce 
in  dry  air,  falling  to  a  white  flour;  insoluble 
in  absolute  alcohol;  soluble  in  2-14  pts.  water 
at  55-4°,  in  1  pt.  boiling;  the  latter  solution 
congeals  to  a  soft  crystalline  mass. 


H=l 

O  =  100 

In  100  pts. 

Wcllner. 

Zettner. 

Graham. 

NaO 

31-3 

290-9 

6-80 

6-29 

6-67} 

A1203 

51-4 

642-3 

11-21 

10-19 

11-00  C 

52-53 

4S03 

1G0 

2004-6 

34-89 

35-10 

34-32  3 

24  HO 

216-0 

2700-0 

47-10 

48-22 

48-01 

47-47 

458-7 

5637-8 

100-00 

99-80 

100-00 

100-00 

5.  Sulphate  of  AL  and  Lithia.  Syn.  Lithia- 
alum.  A  mixed  solution  of  the  two  sulphates, 
evap.  below  52°,  yields  the  salt  in  octahedra 
and  12-hedra;  soluble  in  24  cold,  in  0-87  hot 
water.  Form.,  LO,S034- A!203,  3S034-24 
HO.  Kralovanszky  found  50-61  per  cent,  water: 
by  the  form,  there  should  be  48-89  per  cent. 

6.  Sulphate  of  Al.  and  Magnesia,  a.  Syn.  Mag- 
nesia-alum. Occurs  native,  see  Alum.  Min. 
There  are  49-3  per  cent.,  or  25  eq.  water  in  this 
salt,  and  Kane  gives  the  formula,  MgO,  HO, 
S034-  A1203,  3  S03  4-  24  HO,  regarding  MgO, 
HO  as  isomorphic  with  KO. 

b.  Another  compound  is  obtained  in  fine 
needles,  from  a  very  acid  solution  of  sulphates 
of  magnesia  and  alumina  in  a  rough-surfaced 
porcelain  cup.  (Khmer.)  According  to  his 
analysis  its  formula  is  3  (MgO,  S03)  4  A1203, 
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3  S03  4-  36  aq.  More  probably  magnesia- 
alum,  =  MgO,  S03  4-  A1203,  3  S03  4  24  aq., 
with  2  eq.  sulphate  of  magnesia  =  2  (MgO,  S03 
+  6  aq.) 

7.  Sulphate  of  Al.  and  protoxide  of  Iron.  Syn. 
Ferrous  alum.  Formed  by  mixing  copperas 
and  neutral  sulphate  of  alumina,  in  solution, 
with  sulphuric  acid.  Spontaneous  evap.  pro- 
duces long  acicular  crystals,  with  the  formula, 
FeO,  S03  +  AI203,  3  S03 4-  24  aq.  The  crys- 
tallization not  being  in  the  regular  system,  it 
can  be  regarded  as  an  alum  only  in  reference 
to  atomic  composition. 

8.  Sulph.  of  j&l.  and  protox.  of  Manganese.  Syn. 
j  Manganous  alum.  A  compound  similar  to  the 
I  preceding  has  been  found  native.  See  both 
j  under  Alum,  Min. 

9.  Hyposulphate  of  Alumina.    Precipitate  neu- 


ALUMINUM. 


ALUMINUM. 


tral  sulphate  of  alumina  by  hyposulphate  of 
baryta,  and  filter;  by  spontan.  evaporation 
small  crystals  are  formed  ;  easily  decomposed 
and  difficult  to  crystallize. 

10.  Sulphite  of  Alumina,  a.  Neutral  (1).  Pass 
sulphurous  acid  through  freshly  precipitated 
hydrate  of  alumina.  A  clear  solution,  which, 
by  evap.  in  vacuo,  leaves  a  gummy  mass  ;  oxi- 
dizes in  the  air  to  sulphate  ;  heated  to  165° 
gives  oft"  much  sulphurous  acid,  b.  precips., 
and  sulphurous  acid,  but  no  alumina  remains 
in  the  liquid.  Gougginsperg,  An.  der  Chcm. 
xlv.  132. 

b.  Obtained  by  heating  solution  of  a.  to  165°. 
A  white  powder,  of  sulphurous  taste,  evolves 
sulphurous  acid  at  212°,  and  by  continued  ig- 
nition leaves  pure  alumina;  soluble  in  sul- 
phurous acid,  not  in  water;  oxidizes  to  sul- 
phate of  alumina.  (Jomp.  by  analysis,  alumina 
43-10,  sulphurous  acid 27-04,  water  29-86  =  100, 
corresponding  to  the  formula  A1203,  S02 -|- 4 
aq.     Goitgn.  as  above. 

Nitrate  of  Alumina.  Saturate  nitric  acid  with 
hydrate  of  alumina,  evaporate  to  a  syrup  ;  crys- 
tallizes in  thin  radiated  lamina;,  by  a  rapid 
evap.  forms  a  gummy  mass.  Taste  acid, 
styptic,  has  acid  reaction;  very  soluble  in  al- 
cohol and  water,  deliquescent;  easily  decom- 
posed by  heat.  Form.,  Al203-|-  NO.,  containing 
24  per  cent,  alumina  -f-  76  acid.  Ammonia 
throws  down  a  pasty  precip.,  a  basic  salt,  which 
is  not  robbed  of  acid  by  an  excess  of  am- 
monia.    Bci'Z. 

1.  Phosphate  of  Alumina,  a.  Neutral.  Add 
phosphate  of  soda  to  a  solution  of  alum ;  a 
gelatinous  precip.,  drying  to  a  white  and  taste- 
less powder,  which  is  insoluble  in  water,  solu- 
ble in  acids  and  caustic  potassa ;  fuses  by  heat 
to  a  white  enamel.  Form.,  2  A1203  -f-  3  P05. 
The  acid  phosphate,  made  by  dissolving  a.  or 
other  phosphates  in  aqueous  phosphoric  acid, 
by  evaporation,  yields  a  gummy  mass,  which 
is  deliquescent,  and  fuses  by  heat  to  a  transpa- 
rent glass.  Pyrophosphate  of  Al.  is  insoluble  in 
acetic  acid. 

b.  2  Basic  phosphate  of  Al.  Formed  by  pre- 
cipitating an  acid  solution  of  a.  by  an  excess 
of  ammonia.  A  white,  subtranslucent  precip., 
soluble  in  potassa  and  reprecipitated  by  salam- 
moniac  or  acids.  Form.,  4  A1203  -f-  3  P05. 
Wayellite  consists  chiefly  of  this  salt. 

c.  $  Basic  phosphate  of  Al.  Apparently  the 
TuuauoisE.     Doubtful. 

It  is  somewhat  difficult  to  separate  phos- 
phoric acid  and  alumina.  Add  to  a  solution 
of  phosphate  of  al.  in  chlorohydric  acid,  tar- 


taric acid,  then  ammonia,  and  lastly  chloride 
of  magnesium,  as  long  as  the  phosphate  of  am- 
monia and  magnesia  precips.     Otto. 

2.  Phosphate  of  Al.  and  Lilhia.  Precip.  a  satu- 
rated solution  of  phosphate  of  al.  in  potassa  by 
a  salt  of  lithia.  Occurs  native  in  Ambltgo- 
nite.  {Berz.)  Form.,  2LO,  P0.+  4A1203, 
3  POs. 

3.  Phosphate  of  Al.  and  Magnesia.  Occurs  in 
the  mineral  Lazilite. 

4.  Phosphite  of  Alumina.  To  a  solution  of 
alum  add  a  solution  terchloride  of  phosphorus, 
saturated  by  ammonia.  The  precip.  at  first 
disappears,  then  remains;  by  boiling  a  new 
quantity  precips.;  a  white  powder,  little  soluble 
in  water;  heated  in  a  retort  yields  hydrogen  and 
vapor  of  phosphorus,  with  a  white  residue. 
Rose.     Form.,  2  A1203  +  3  P03. 

5.  Hypophosphite  of  Alumina.  Hypophorous 
acid  saturated  with  hydrous  alumina  in  the 
cold,  and  evap.  in  vacuo,  leaves  a  thick  paste, 
which  dries  in  cold  dry  air  to  a  gum-like, 
shining,  brittle  mass,  not  deliquescent;  heated 
in  a  retort,  yields  first  self-inflammable,  then 
non-self-infl.  phosphu retted  hydrogen,  with  a 
reddish  residue.     Rose. 

1.  Perchlorate  of  Alumina.  Hydrous  alumina 
dissolved  in  perchloric  acid,  dries  to  a  gummy, 
deliquescent  mass,  with  acid  reaction,  soluble 
in  water  and  alcohol.     Serullas. 

2.  Chlorate  of  Alumina.  Precip.  a  solution  of 
silico-fluoride  of  aluminum  by  a  saturated 
boiling  solution  of  chlorate  of  potassa,  filter 
and  evaporate.  Deliquescent,  deflagrates  on 
ignited  coal  with  violet  flame.     Berz. 

1.  Carbonate  of  Alumina.  Alumina  has  a 
very  feeble  attraction  for  carbonic  acid,  and 
this  salt  exists  only  a  short  time  in  so- 
lution. 

2.  Double  carbonates  with  alkalies,  are  rather 
more  permanent.  When  aluminous  solutions 
are  precip.  by  an  excess  of  carbonated  alkali, 
the  precip.  always  contains  carbonic  acid, 
alkali,  and  alumina. 

Borate  of  Alumina.  Precip.  alum-solution  by 
borax;  white,  pearly  scales,  very  slightly  solu- 
ble in  water.  With  excess  of  acid,  deliques- 
cent, styptic,  fusing  to  a  clear  glass. 

Silicates  of  Alumina.  There  are  a  few  simple 
and  numerous  double  silicates  of  alumina  in 
the  mineral  kingdom,  and  among  the  pro- 
ducts of  art.  The  following  general  view 
embraces  a  large  number  of  them,  the  details 
of  which  will  be  presented  under  separate 
articles. 


1.  Neutral  silicate  of  alumina. 

2.  -a*  ditto.  ditto. 

3.  ditto.  ditto. 

4.  f  ditto.  ditto. 

5.  ditto.  ditto. 

6.  ^  ditto.  ditto. 

7.  Neutral  silic.  and  hydrate  of  alumina 

Halloysite  = 


A. — Simple  Silicates. 
Cimolite  ==    A1203,  3  Si03  -f  3  aq. 

Razoumoffskin  =    A1203.  2  Si03  -j-  3  aq. 

=    A1203,  2Si03-f  6aq. 

=  2(Al203,Si03)-|-3aq. 

=       A1203,  Si03  +  2aq. 

=   3  A1203,  Si03-f  15  aq. 


Bole 
Kaolin 
Pholerite 
Kolhjrite 


See  also  Clai 


8. 

9. 

10. 


i  silicate  of  al.,  anhydrous. 
£  ditto.  ditto. 

I  ditto.  ditto. 

*  18 


A1203,  3Si03-f  Al203,3aq. 
Ditto.     =  2  (A103,  2  Si03)  +  A1203,  2  aq. 
Bucholzite=     A1203,  Si03. 
Andalusitc—  4  Al  ~03,  3  Si03. 
Kyanite     =  2  A1203,  Si03  or  3  A1203,  2  Si03 

M  2 


Bcrthicr. 
Boussingault. 
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B. — Double  Silicates. 

1.  Neutral  silicate  of  al.  and  alkali.     Felspar  and  Jlbite  =  RO,  Si03  +  A1203,  3  Si03,  the  RO 

expressing  potassa  or  soda. 

2.  Persilicate  of  al.,  lithia  and  soda. 

Petalite  and  ?  3  R0  4  Si0  +  4  (A]  0    4  Si0  )# 
Spodumen,     3  2    3  2 

3.  -f  silic.  of  al.  -f-  neutral  silic.  of  soda.     Soda-spodwnen  =  NaO,  Si03  +  A1203,  2  Si03. 

4.  |  silic.  of  al.  and  potassa.     Leucite  =  3  KO,  2  Si03  +  3  (A1203,  2  Si03). 

See  also  Labrador,  Scapolite,  Sodalite,  &C. 

5.  The  Micas  belong  likewise  to  double  silicates,  but  some  of  their  formula?  are  too  complex  to 

be  introduced  here.     Refer  to  them. 

6.  The  Zeolites  are  hydrous  silicates  of  al.  and  alkalies  or  alkaline  earths,  such  as  jSnakime, 

a  -f  silicate  of  al.  and  soda  =  3  Na,  2  Si03  +  3  (A1203,  2  Si03)  +  6  aq.,  and  Stilbite,  a  neu- 
tral silic.  of  al.  and  lime  =  CaO,  Si03  +  A1203,  3  Si03  -f  6  aq. 
See  also  Chabasic,  Mesotype,  Heulandite,  Laumonite,  &c. 

7.  J  silicate  of  al.  and  a  protoxide  =  3  RO,  Si03+  2  (A1203,  Si03)  in  which  the  RO  is  lime,  mag- 

nesia, protoxides  of  iron  or  manganese,  and  the  alumina  is  sometimes  replaced  by  sesqui- 
oxide  of  iron.     Garnet. 

8.  £  silicate  of  al.  and  a  protoxide  =  3  RO,  Si03  +  A1203,  Si03,  in  the  same  bases  RO  occur 

as  in  the  preceding,  and  A1203  may  be  Fe203. 
See  also  Idocrase,  Gchlenite,  Dichroite,  &c. 

9.  There  are  some  minerals  in  which  alumina  appears  to  act  the  part  of  an  acid,  such  as 

Staurotide,  which  may  be  viewed  as  silicate  of  alumina  and  aluminate  of  sesquioxide  of 
iron,  =  3  (A1203,  Si03)  +  Fe203,  2  A1203. 


The  above  shows  the  varying  proportions  in 
which  silica  and  alumina  unite,  from  which  we 
might  infer,  what  is  in  truth  the  fact,  that  arti- 
ficial silicates  of  alumina  must  also  vary  ma- 
terially in  composition.  All  the  varieties  of  the 
clay-manufactures  and  many  slags  or  cinders 
in  furnace  operations  are  double  silicates  of 
alumina,  and  alkalies  or  alkaline  earths.  Now, 
of  the  simple  silicates  of  alumina,  none  are 
known  to  fuse  in  the  highest  temperatures  of 
our  furnaces,  but  the  neutral  or  §  silicate  of  al. 
when  exposed  to  a  very  intense  heat  softens, 
so  that  it  bends,  and  when  cold  agglomerates, 
becoming  somewhat  hard  and  stony.  When 
an  alkali  or  alkaline  earth  is  added,  even  in 
small  quantity,  it  renders  the  mass  more  fusible 
by  the  formation  of  double  silicates.  Of  such 
a  composition  are  most  of  the  clays  employed 
in  the  making  of  brick  or  common  earthen- 
ware, while  kaolin  and  some  other  clays, being 
nearly  pure  and  infusible,  require  the  addition 
of  a  little  alkaline  matter,  such  as  felspar  and 
lime,  for  the  manufacture  of  porcelain  and  the 
finer  kinds  of  pottery.  See  farther  under  Pot- 
tery, Iron,  &c. 

For  the  compounds  of  alumina  with  the  acids 
of  Selenium,  Tellurium,  Arsenic,  and  other 
metals,  see  those  metals.  For  the  uses  of  the 
salts  of  alumina  in  dyeing  operations,  consult 
Acetate  of  alumina,  Alum,  and  Dtking. 


ALUMOCALCITE.  Mm.  Massive;  maybe 
crushed  between  the  fingers  ;  G==  2-174.  Color 
and  streak  milk-white,  inclining  to  blue;  frac- 
ture conchoidal ;  adheres  strongly  to  the  moist- 
ened lip.  Yields  water  in  matrass ;  flies  in 
pieces,  in  platin.-forceps,  becoming  opake, 
gray,  and  at  length  white,  without  fusion; 
borax  and  mic.  salt  dissolve  it  to  a  clear  glass, 
leaving  a  skeleton  of  silica  in  the  latter;  with 
nitrate  of  cobalt  gives  a  dirty  grayish  blue. 
The  greater  part  is  decomposed  by  chloro- 
hydric  acid,  forming  a  jelly.  Composed  of 
silica  86-60,  lime  6-25,  alumina  2-23,  water  4.= 
99-08.  Occurs  at  Milchschachen,  near  Eiben- 
stock,  Erzgebirg.  Separated  from  opal  and 
described  by  Breithaupt,  and  analyzed  by 
Kersten. 

ALUMS.  Chem.  There  are  various  com- 
pounds, resembling  common  alum  in  their 
atomic  composition,  in  which  the  potassa  may 
be  replaced  by  another  protoxide,  and  the 
alumina  by  another  sesquioxide,  and  yet  they 
all  crystallize  in  the  same  system  with  common 
alum.  As  they  illustrate  the  theory  of  isomor- 
phism, they  are  here  presented  in  a  tabular 
form,  with  their  names  and  formulae.  The  5th 
and  6th  have  not  been  observed  crystallized  in 
the  regular  system,  and  are  not,  therefore,  true 
alums,  but  are  merely  introduced  from  their 


similarity  of  composition. 
Table  of  the  Formula  of  Alwms. 

Common  or  Potassa  Alum KO,  S03  +  A1203,  3  SO  -f  24  aq. 

Soda 

Lithia 

Ammonia 


See  Aluminum. 
ditto, 
ditto, 
ditto. 


Manganous-magnesia 

Ferrous 

Ferric-potassa 

Ferric-ammonia 

Manganic 

Chromic 


.NaO,  S03  +  A1203,  3  S03+  24  aq. 

LO,  S03  +  A1203,  3  S03  -f  24  aq. 

. .  NH3,  HO,  S03  +  A1203,  3  S03  +  24  aq. 

.  jjj)°  ^  HO,  S03  +  A1203,  3  S03  4-  24  aq.  See  Alum,  Mm. 

. . .  . . . .  FeO,  S03  4-  AU03,  3  S03  +  24  aq.  ditto. 

KO,  S03  4-  Fe203,  3  S03  +  24  aq.  See  Iron. 

. .  NH3,  HO,  S03  4-  Fe203,  3  S03  4-  24  aq.  ditto. 

KO,  S03  4-Mn„03, 3  S03  +  24  aq.  See  Manganese. 

.KO,  S034-  Cr203,  3S034-24aq.  See  Chbome. 


The  general  formula  is RO,  S03  +    R203,  3  S03  4-  24  aq., 

And  it  is  probable  that  others  may  be  discover- 1  lents,  but  different  proto-  and  sesqui-bases  ;  or 
ed  having  the  same  composition  by  equiva- '  even  the  sulphuric  acid  may  be  replaced  by 
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selenic  or  chromic  acid,  so  that  we  can  imagine 
an  alum  to  be  formed  that  will  contain  not  one 
of  the  constituents  of  common  alum  excepting 
the  water.     See  Isomorphism. 

ALUNITE.  Min.    See  Alum-stone. 

ALUNOGEN.  Min.  Syn.  Sulphate  of  alu- 
mina. Ger.  Haarsalz,  Federalaun  (in  part). 
Fr.  Alunogene,  Beudant. 

Dcscrip.  Very  soft.  G=l-66.  Efflorescence, 
fibrous,  or  fine-grained  crystalline ;  color  white, 


sometimes  yellowish  or  grayish  ;  lustre  silky  ; 
translucent;  soluble  in  water;  taste  and  beha- 
vior before  the  blowpipe  similar  to  alum. 

Analysis  of  Alunogen  from  the  crater  of  Pasto, 
and  from  Saldana  in  Colombia  by  Boussingault ; 
from  Coquimbo,  Chili,  by  H.  Rose;  from  the 
brown  coal  of  Kolosoruk,  near  Bilin,  of  Fries- 
dorf,  near  Bonn,  from  the  alum-slate  of  Pots- 
chappel,  near  Dresden,  and  from  the  alum-earth 
of  Freienwalde,  by  Rammelsberg. 


Freienw. 

Sulphuric  acid 35-637 

Alumina 11-227 

Water  (and  loss) . .  48-847 

Protox.  of  Iron 0-718 

Protox.  of  Mangan.    0-307 

Magnesia 1-912 

Lime 0-449 

Potassa 0-473 

Silica 0-530 


35-710 
12778 
47-022 
0-667 
1-018 
0-273 
0-640 
0-324 


•"riesdorf. 

Saldana. 

Chili. 

Pasto. 

Kolosor 

37-380 

36-4 

36-97 

35-68 

35-82 

14-867 

16-0 

14-63 

14-98 

15-57 

45-164 

46-6 

44-64 

49-34 

48-61 

2-463 

Te,0,: 

=  0-004 

2-58) 

— 

— 

— 

(SiO,= 

=   — 

1-37) 

— 

— 

— 

0-004 

0-14 

— 

— 

0-149 

0-002 

— 

— 

— 

0-215 

— 

— 

— 

— 

100 


98-432       100-238 


99-010  100-33       100-00       100-00 


The  formula  is  therefore  A1203,  3S03+  18 
aq.,  which  is  the  same  as  the  artificial  salt,  or 
hydrous  neutral  sulphate  of  alumina. 

Gobel  describes  a  white  efflorescence  from 
Ararat,  which,  according  to  his  analysis,  con- 
sists of  alumina  38-75,  sulphuric  acid  58-58, 
protosulphate  of  iron  2-78=  100-11,  and  cor- 
responds to  the  formula  A1203,  2  S03,  which  is 
■?  sulphate  of  alumina.  The  water  was  not  de- 
termined. 

Berthier  describes  another  salt  from  Huel- 
goeth  in  Bretagne,  for  which  he  gives  the 
formula,  2  A1203,  S03-f-  12  aq.,  but  it  does  not 
exactly  accord  with  his  analysis.    Rammelsberg. 

AMALGAM.  Chem.  An  alloy  of  mercury 
Mrith  another  metal.  Mercury  unites  with  many 
metals  at  ordinary  temperatures,  for  others  it 
has  a  feeble  affinity.  Morveau  attempted  to 
measure  the  force  of  adhesion  by  suspending 
plates  of  different  metals  from  one  of  the  arms 
of  a  balance  to  the  surface  of  mercury,  and 
observing  the  weights  required  to  separate 
them:  but  such  a  method  cannot  be  regarded 
as  accurate,  since  an  amalgam  may  be  formed, 
which  would  vary  the  result.  See  Amalgams 
under  Mercurt  ;  refer  also  to  Allot. 

AMALGAM.  Min.  Syn.  Dodecahedral  mer- 
cury.    Fr.  Mercure  argental. 

Descrip.  Cryst.  in  the  regular  system,  the 
dodecahedron  predominates,  sometimes  com- 
bined with  the  cube,  8-hedron,  24-hedron, 
43-hedron,  and  4  X  6-hedron.  Also  massive. 
H  =  1-— 3-5.  G  =  10-— 14.  Color  grayish  or 
silver-white  ;  lustre  metallic  ;  fracture  flat,  con- 
choidal ;  brittle  ;  sectile,  with  a  grating  noise. 

Analysis  of  Am.  from  Moschellandsberg,  Rhe- 
nish Bavaria,  by  Heyer  and  Klaproth,  and  from 
another  locality  by  Cordier. 


Klaproth. 

Heyer. 

Cordier 

....36 

25-0 

27-5 

....  64 

73-3 

72-5 

100 

98-3 

100-0 

The  1st  is  nearly  AgHg2;  the  two  last  AgHg3. 
Behavior.     Boils  and  spirts  in  the  matrass ; 


sublimes  mercury,  leaving  a  porous  mass  of 
silver.     Soluble  in  nitric  acid. 

AMALGAMATION.  Met.  The  metallurgic 
process  by  which  gold  and  silver  are  separated 
from  their  ores,  is  termed  amalgamation,  from 
the  employment  of  mercury,  which  unites  with 
those  metals,  collecting  them  in  a  small  com- 
pass as  an  amalgam.  The  metal  is  obtained 
by  subjecting  the  amalgam  to  heat.  See  Gold 
and  Silver. 

AMANITIN.  Chem.  The  poisonous  prin- 
ciple in  certain  species  of  the  mushroom  tribe. 
See  Mushroom. 

AMARYTHRIN.    Chem.     See  Lichexs. 

AMAZON-STONE.   Min.     See  Felspar. 

AMBER.  Tech.  Syn.  Lat.  Succinum  (from 
Succum,  juice),  Electrum  (from  JiAstT^v).  Ger. 
Bernstein.     Fr.  Succin. 

It  is  frequently  included  among  minerals, 
with  which,  however,  it  can  no  more  be  classed 
than  the  resin  copal,  found  in  the  sands  of 
Africa.  It  is  a  substance  of  vegetable  origin, 
resembling  copal  and  some  other  resins  in  ap- 
pearance, and  in  some  of  its  physical  and 
chemical  properties,  and  like  them  is  employed 
for  varnishes.  The  variation  of  its  properties 
from  those  of  resins  is  not  perhaps  greater 
than  is  to  be  found  among  the  different  resins, 
or  may  be  in  part  attributed  to  a  slight  and 
gradual  alteration  due  to  the  time  of  its  expo- 
sure to  the  various  natural  agents.  From 
some  of  its  chemical  and  physical  properties, 
its  occurrence  in  or  near  coal,  its  enclosing 
insects  like  cherry-tree  gum,  &c,  it  is  usually 
supposed  to  be  a  resin  derived  from  trees  of 
the  same  geological  age  with  the  Upper  Se- 
condary or  Tertiary  strata;  but  from  the  forma- 
tion of  succinic  acid  from  fat,  as  well  as  from 
amber,  we  might  suppose  it  to  have  been  a 
species  of  wax,  or  of  a  fatty  nature.  Its  bal- 
samic or  resinous  origin  is  more  probable  than 
the  latter  view. 

It  is  most  abundantly  found  on  the  Prussian 
coast  of  the  Baltic,  Courland,  Livonia,  Pome- 
rania,  and  in  Denmark,  where  it  is  often  washed 
up  on  the  shore  by  the  waves,  after  the  autumnal 
storms ;  or  it  is  dragged  up  by  a  net ;  or  ob- 
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tained  by  mining.  In  the  latter  case  a  stratum 
of  sand,  then  of  loam,  are  pierced,  neither  con- 
taining amber,  but  below  the  latter  occurs  a 
bed  of  lignite,  in  and  near  which  it  is  obtained. 
From  the  cones  found  near  it,  we  may  attribute 
the  amber  to  the  balsam  of  certain  extinct  spe- 
cies of  Conifene,  which  has  hardened  by  the 
loss  of  its  volatile  oil.  It  frequently  contains 
insects  of  various  genera  and  species;  among 
them  several  genera  of  spiders,  no  species  of 
which  is  now  in  existence.  Some  genera  of 
these  insects  are  still  found  in  South  America 
and  New  Holland,  but  the  species  are  extinct; 
and  but  a  single  living  insect,  found  in  America, 
has  been  observed  in  amber,  viz.  Lepisma  sac- 
charinum.  It  is  sometimes,  but  rarely,  found  on 
the  Scandinavian  coast ;  other  localities  are 
Hasen  Island,  Greenland,  near  London  in  sand, 
and  Paris  in  clay,  in  Italy,  on  the  Sicilian  coast, 
in  Spain,  Siberia,  China,  United  States.  In  the 
United  States  it  occurs  in  the  (red)  clay  forma- 
tion subjacent  to  the  green  sand,  and  some- 
times in  the  green  sand  itself.  In  the  clay 
formation  in  the  United  States,  it  is  frequently 
associated  with  lignite,  occurring  on  Martha's 
Vineyard;  from  Amboy  to  below  Camden,  New 
Jersey;  in  the  clays  and  sands  of  the  Deep  Cut 
on  the  Delaware  and  Chesapeake  canal,  and 
in  the  green  sand  in  Delaware;  farther  at  Cape 
Sable,  Maryland.  It  is  said  that  Prussia  draws 
an  annual  revenue  of  17,000  rixdollars  from 
this  substance. 

It  is  found  of  variable  sizes ;  a  specimen  in 
the  Royal  collection  at  Berlin  weighing  18  lbs. 
Colors,  usually  some  shade  of  yellow,  color- 
less, light  and  brownish  yellow,  reddish  orange, 
brownish  black;  transparent,  translucent,  opake, 
sometimes  milk-white  and  opake,  different 
colors  and  degrees  of  transparency  occurring 
in  the  same  piece;  lustre  resinous;  rather 
brittle,  with  conchoidal  fracture,  and  a  soft 
feeling,  shining  surface ;  receives  a  good  polish, 
and  hence  carved  into  ornaments.  H  =  2 — 2-5, 
being  harder  than  most  resins.  Spec.  grav. 
1-065 — 1-075.  By  friction  on  woollen  cloth 
becomes  strongly  negative  electric. 

Heated  in  the  air,  it  fuses  at  about  549°, 
evolving  an  agreeable  aromatic  odor,  and  burns 
with  a  clear  flame.  By  fusion  it  is  decomposed 
and  its  properties  altered,  giving  off*  volatile 
matter  and  leaving  a  clear,  brownish,  translu- 
cent resin,  which  is  almost  insoluble  in  alcohol, 
partially  soluble  in  ether,  and  most  perfectly  in 
fixed  and  volatile  oils,  with  a  brownish  yellow 
color.  Slowly  heated  in  linseed  oil  to  boiling, 
it  is  soft  and  flexible,  without  fusing  or  decom- 
posing, and  unless  cooled  slowly  in  the  oil,  is 
as  brittle  as  glass  ;  opake  spots  are  thus  often 
rendered  translucent.     Berz. 

Amber  is  wholly  insoluble  in  water ;  abso- 
lute alcohol  and  ether  become  yellow  in  con- 
tact with  it  powdered,  extracting  succinic  acid 
and  resin.  It  is  soluble  with  a  brown  color  in 
oil  of  vitriol,  from  which  water  precipitates 
the  greater  part  of  a  yellow  color,  which  retains 
a  little  of  the  acid ;  by  boiling  with  sulphuric 
acid,  tannin  and  charcoal  are  produced.  Nitric 
acid  changes  it  to  a  yellow  resin,  which  gradu- 
ally dissolves  in  the  acid.  Finely  powdered, 
and  boiled  with  solutions  of  caustic  or  car- 
bonated alkali,  much  succinic  acid  is  extracted; 
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and  pure  water  extracts  resinated  alkali  from 
the  residue,  leaving  amber  bitumen.      B 

Amber  contains  a  volatile  oil.  succinii 
2  resins  soluble  in  alcohol  and  ether,  and  a 
peculiar  bituminous  substance,  insoluble  in  all 
solvents,  and  constituting  the  greater  part  of 
the  amber.  "When  finely  powdered,  and  di- 
gested with  ether  in  a  stoppered  vessel,  renew- 
ingthe  solvent  as  long  as  any  thing  is  dis 
10 — 12  per  cent,  are  extracted.  By  distilling 
off  the  ether  from  water  the  residue  isab 
probably  that  which  originally  exuded  from  the 
tree;  and  by  distilling  the  balsam  with  the 
water,  the  volatile  oil  passes  over,  while  suc- 
cinic  acid  is  dissolved  in  the  water  and  the  2 
resins  float  on  the  solution.  Sec  Scccisic 
Acin.  The  oil  is  rather  soluble  in  water,  has 
a  strong  odor  of  pepper  and  rosemary,  tastes 
at  first  cooling,  then  warm,  aromatic,  finally 
biting. 

The  two  resins  are  separated  by  cold  alcohol 
of  0-84,  which  dissolves  one,  leaving  the  greater 
part  of  the  other;  or  better  by  heating  the  al- 
cohol, when  the  2d  separates  on  cooling  as  a 
powder ;  by  spontaneous  evaporation  still  more 
is  deposited.  The  1st  or  soluble  resin  obtained 
by  evap.  the  alcohol,  is  clear,  soft,  and  smells 
of  vol.  oil  of  amber,  fuses  perfectly  at  212°,  is 
very  soluble  in  alcohol  and  ether,  and  in  alkali 
with  a  yellow  color,  and  after  drying  the  latter, 
it  is  soluble  in  water.  The  second  or  powdery 
resin  is  soluble  in  abs.  alcohol,  and  by  spontan. 
evaporation,  remains  as  a  light,  voluminous, 
snow-white  powder.  It  fuses  with  difficulty, 
forms  a  colorless  solution  with  alkali,  which, 
after  evap.  to  dryness,  swells  in  water,  and  but 
partially  dissolves  ;  acids  precip.  from  this  so- 
lution the  hydrated  resin. 

The  amber-bitumen  insoluble  in  menstrua, 
forms  a  light,  yellow  powder,  which,  healed  in 
air,  becomes  brown,  without  fusing ;  by  dry  dis- 
tillation it  yields  a  colorless,  empyreumatic  oil, 
fuses  and  then  gives  a  yellowish  empyr.  oil, 
leaving  but  little  charcoal.  If  the  process  be 
stopped,  when  the  mass  is  fully  fused,  the  resi- 
nous mass  remaining  is  the  chief  constituent 
of  amber-varnish.  Alcohol  extracts  a  minute 
quantity  of  resin  from  this  residue  ;  then  ether 
extracts  more,  and  subsequently  oil  of  turpen- 
tine or  naphtha  extract  more  still,  leaving  a 
light-yellow,  transparent,  elastic  substance. 
Spt.  turpentine  and  fixed  oils  readily  dissolve 
the  fused  bitumen  by  the  aid  of  heat,  leaving 
the  same  elastic  substance.  By  fusing  the 
bitumen  with  caustic  potassa,  an  empyreum. 
oil  passes  off,  and  the  alkaline  resinate  dis- 
solves in  warm  water  with  a  brown  color,  from 
which  chlorohydric  acid  throws  down  a 
whitish  gray  hydrate.  The  latter  fuses,  giving 
off  water,  to  a  hard,  transparent,  dark-yellow 
resin,  slightly  soluble  in  absol.  alcohol,  much 
more  in  ether,  and  wholly  in  spt.  of  turpentine. 

The  analysis  of  amber  by  Drapiez,  gives  the 
following  composition :  carbon  80-59,  hydro- 
gen 7-31,  oxygen  6-73,  ashes  3-27,  loss  2-1 ;  the 
ashes  consisted  of  silica  0-63,  alumina  1-1, 
lime  1-54.  An  analysis  of  this  substance  from 
one  locality  is  of  little  value. 

Dry  distillation  of  Amber.  The  products  of 
its  dry  distillation  are  employed  in  pharmacy 
and  for  a  varnish. 
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This  distillation  is  performed  in  a  retort,  a 
copper  or  iron  still,  £  filled  with  amber,  and 
slowly  heated.  The  products  are  first  acid 
water,  then  succinic  acid  and  a  colorless  oil, 
then  a  brown  and  viscid  oil,  and  when  the  acid 
ceases  to  pass  over,  a  yellowish,  wax-like  sub- 
stance, a  pyro-resin,  called  volatile  amber-resin 
or  camphor.  The  acid  water  contains  succinic 
and  acetic  acids. 

The  empyreum.  oil  is  brownish  yellow  and 
thick,  the  latter  portions  dark  brown,  viscid 
and  tough ;  a  strong,  disagreeable  odor ;  dis- 
tilled with  fresh  charcoal,  it  is  nearly  colorless 
or  pale  yellow,  thin,  of  a  penetrating  odor,  a 
sharp,  empyreum.  taste,  called  Rectified  Oil  of 
Amber ;  it  has  an  acid  reaction,  is  apt  to  become 
browner  and  more  viscid.  1  rectif.  oil  dis- 
solved in  24  alcohol  (of  0-83)  and  mixed  with 
96  caustic  ammonia  (of  0-916),  forms  a  kind  of 
emulsion,  the  Eau  de  Luce.  The  oil  is  em- 
ployed in  medicine  internally  and  externally, 
and  is  a  powerful  local  irritant. 

Drapiez  extracted  a  pyro-resin  and  pyro-oil 
from  the  empyr.  oil,  and  subjected  it  to  analysis, 
a;  the  insoluble  part  b  yielded  to  ether  a  pyro- 
resin  c,  while  an  insoluble,  opake,  yellow, 
shining  crystalline  mass  d  remained.  By  an- 
alysis they  consist  of 

a.  b.  c.  d. 

Carbon 75-53     81-08     78-80     79-87 

Hydrogen....  14-04     12-87     12  82     14-92 

Oxygen 10-63       6-05       8-58       5-21 

The  wax-like  pyro-resin  at  the  close  of  the  dis- 
tillation is  probably  the  preceding  cryst.  sub- 
stance d.  It  is  purified  by  boiling  with  water 
to  remove  the  oil,  then  melted  alone,  powdered 
and  extracted  by  ether.  A  yellow  substance, 
fusible  between  176°  and  212°,  sublimes  entire 
at  212°,  forming  yellow,  shining,  micaceous 
scales,  without  odor  or  taste,  insoluble  in  water 
and  cold  alcohol,  very  slightly  in  boiling  al- 
cohol, rather  more  in  cold  and  hot  ether,  in 
volatile  and  fixed  oils ;  heated  in  the  air,  it  in- 
flames at  about  212°. 

Eisner  re-examined  the  oil  of  amber,  which, 
after  being  well  rectified,  had  a  spec.  grav.  = 
0-8795  at  61°,  and  contained  in  100  parts, 

Carbon 84-00 

Hydrogen 8-60 

Oxygen 7-40 


100-00 


When  heated  by  a  lamp  in  a  glass  retort,  it 
boiled  at  266°  and  violently  at  284°,  while  a 
colorless  oil  passed  over  and  the  boiling  point 
rose;  even  at  500°  the  colorless  oil  passed 
over,  while  the  residue  was  brown  and  te- 
nacious. 

The  oil  of  amber  mixed  with  16 — 20  times 
its  vol.  of  oil  of  vitriol,  separated  into  2  fluids, 
the  lower  brown,  and  the  upper  a  clear  oil. 

Experim.  Equiv 

Carbon 32-41  15 

Hydrogen 2-90  8 

Nitrogen 4-43  1 

Oxygen 20-62  7 

Oxide  of  lead 39-64  1 


The  clear  oil  washed  with  water  again  parted 
into  a  light  oil  above  and  a  milky  opake  liquid. 
The  milky  liquid  evaporated  gave  a  whitish 
gray  substance,  fusible  at  104°,  at  a  higher  heat 
burned  with  a  strong  sooty  flame,  insoluble  in 
hot  and  cold  alcohol,  unchanged  by  warming 
with  caustic  potassa  or  oil  of  vitriol.  It,  there- 
fore, bears  some  analogy  to  Paraffine  or  allied 
substances. 

The  light  oil,  after  contact  with  dry  chloride 
of  calcium,  by  distillation  yielded  a  limpid  oil, 
the  first  portions  pure,  the  latter  impure,  while 
the  boiling  point  of  the  residue  rose  above  500°. 
The  clear  oil  dissolved  iodine  with  a  red  color 
without  fulminating ;  potassium  was  unchanged 
in  it  even  by  warming,  made  grease  spots  on 
paper,  disappearing  by  heat,  soluble  in  alcohol 
of  0-810,  in  ether,  volatile  and  fixed  oils. 
Treated  with  fuming  nitric  acid  it  yielded  arti- 
ficial musk  of  very  decided  properties. 

Eisner  terms  this  oil  Succin-eupione.  It 
consists  of 

Experiment.       Equiv.  Calcul. 

Carbon 84-548  32  84-58 

Hydrogen 11-983  27  11-89 

Oxygen 3-469  1  3-53 

If  we  suppose  it  to  consist  of  an  anoxyge- 
nons  carbo-hydrogen,  the  formula  might  be 
C3.H290,-  and  the  rational  formula,  7  (CrH.) 
-f  HO. 

Action  of  Nitric  Acid  on  Oil  of  Amber.  When  1 
part  oil  of  amber  is  gradually  added  to  3  pts. 
fuming  nitric  acid,  a  resinous  substance  is 
formed,  which  has  been  long  known  and  termed 
artificial  musk.  Eisner  has  rendered  it  very 
probable  that  it  is  due  to  the  oxidation  and 
nitrozation  of  his  succin-eupione,  and  hence 
terms  it  succin-eupione  resin.  He  prepared  it  in 
the  above  manner,  taking  care  to  avoid  the 
evolution  of  heat.  The  resin  is  edulcorated 
with  water  to  remove  the  acid  and  evaporated 
to  a  thick  syrup  ;  color  dark  reddish  brown,  in 
fine  threads  transparent,  hyacinth-red,  very 
soluble  in  ether,  alcohol,  and  volatile  oils  ;  its 
odor,  especially  in  solution  and  in  small  quan- 
tities, very  like  musk;  taste,  burning,  bitter, 
aromatic.  The  alcoholic  solution,  decolorized 
by  chlorine  or  sulphurous  acid  and  treated  with 
water,  gives  a  white  precipitate  of  the  odor  of 
musk;  its  tincture  gives  with  the  tinctures  of 
chlorides  of  copper  or  mercury  or  of  nitrate 
of  silver,  no  change,  with  the  alcoholic  solution 
of  acetate  of  lead,  a  pulverulent  yellowish 
brown  precip.,  wholly  soluble  in  an  excess  of 
the  lead-salt,  but  not  in  an  excess  of  the  re- 
sinous tincture;  the  lead  precip. is  edulcorated 
with  alcohol,  suspended  in  water,  sulphuretted 
hydrogen  passed  through  the  mixture,  the  resin 
extracted  from  sulphuret  of  lead  by  alcohol, 
and  evaporated  to  dryness.  It  is  the  pure  resin, 
without  a  trace  of  crystalline  structure  ;  sub- 
jected to  analysis  it  yielded 

H  =  l.  O=I00.  Calculated. 

90  H25  32-15 

8  100  2-86 

14-16  177  5-06 

56  700  20-01 

111-73  1394-5  39-92 


100-00 


279-89 


3496-5 


100-00 
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The  resin,  therefore,  contains  in  100  pts.  cal- 
culated from  the  lead-salt 

Carbon 53-52 

Hydrogen 4*76 

Nitrogen 8-42 

Oxygen 33-30 

100-00 


Formula,  CI5H8N07. 

According  to  Setterberg,  it  contains  at  least 
3  resins,  2  of  which  are  soluble  in  boiling  oil 
of  turpentine,  one  precipitates  on  cooling,  and 
the  other  is  obtained  by  evaporating  the  oil  of 
turpentine.  All  3  form  soluble  resinates  with 
the  alkalies  of  a  bitter  taste;  1  pt.  artificial 
musk  dissolved  in  8  alcohol  is  a  medicinal 
tincture  rarely  employed.  (Eisner  in  Jour.f.pr. 
Chan.  xxvi.  97.) 

From  the  value  of  amber,  it  is  sometimes 
adulterated  by  copal  and  other  resins;  these, 
however,  do  not  yield  succinic  acid.  Where 
the  chief  object  is  to  obtain  the  oil,  the  adulte- 
ration is  less  injurious,  since  copal  forms  an 
oil  of  allied  properties. 

To  work  amber  ornamentally,  it  is  split  on  a 
leaden  plate  at  the  lathe,  and  ground  more 
nicely  by  a  whetstone;  it  is  polished  on  the 
lathe  by  chalk  and  oil,  and  smoothed  by  flannel. 
As  it  tends  to  become  heated  and  brittle  by  fric- 
tion, different  pieces  are  alternately  worked. 
Pieces  are  joined  by  putting  linseed  oil  on  the 
edges,  and  exposing  them  to  heat,  while  tightly 
compressed.  See  farther  Succinic  Acid  and 
Varnish. 

AMBERGRISE.  Syn.  Ger.  Arabia.  Fr. 
Ambre  gris.  Its  origin  is  uncertain,  but  it  is 
most  probably  a  product  of  disease  of  the  sper- 
maceti whale  (Physeter  macrocephalus),  and  is 
rather  analogous  in  properties  to  cholesterin. 
It  is  found  floating  on  the  sea,  especially  on  the 
coasts  of  Madagascar,  Coromandel,  the  Moluc- 
cas, and  Japan.  It  is  an  opake  solid,  of  a  gray 
color  externally,  internally  lighter  gray,  with 
reddish,  yellowish,  and  dark  streaks.  Spec, 
grav.  =  0-908 — 0-92.  By  warmth  or  friction, 
gives  a  rather  agreeable  odor;  the  warmth  of 
the  hand  softens  it  like  wax.  Its  chief  con- 
stituent is  ambrein ;  a  volatile  oil,  benzoic 
acid,  and  often  excrementitious  matter  of  the 
whale  are  also  present.  John's  analysis 
of  ambergrise  gives  85  ambrein,  2-5  alco- 
holic extract,  1-5  aqueous  extract,  containing 
benzoic  acid  and  chloride  of  sodium,  11  loss 
=  100. 

AMBREIN.  Syn.  Ger.  Ambrafett,  Amber- 
stoflT.  By  saturating  boiling  alcohol  of  0-833 
with  ambergrise,  ambrein  crystallizes  out  on 
cooling,  in  delicate,  colorless  needles,  grouped 
together,  from  which  the  liquor  is  pressed  out; 
more  is  obtained  by  evap.,  but  must  be  purified 
by  recrystallization.  Ambrein  is  tasteless,  has 
an  agreeable  odor,  which  does  not  appear  to 
belong  to  it,  being  removed  by  being  kept  in 
fusion;  fuses  between  86°  and  104°, nearly  all 
distils  over  unaltered;  equally  soluble  in  cold 
and  warm  alcohol  (more  in  hot,  Liebig),  retain- 
ing a  portion  after  evaporation ;  very  soluble  in 
ether,  and  fixed  and  volatile  oils;  not  saponifi- 
able  bv  alkalies.  Nitric  acid  converts  it  into 
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ambreic  acid.  Pelletier  found  it  to  consist  of 
carbon  83-37,  hydrogen  13'32,  oxygen  3-31, 
which  agrees  with  C33H3,0. 

AMBREIC  ACID.  Syn.  Ger.  Amberfelt- 
saure,  Ambrasiiure.  Act  upon  ambrein  by 
boiling  nitric  acid,  adding  the  acid  until  nitrous 
vapors  cease,  evaporate  to  dryness,  wash 
several  times  with  cold  water,  boil  the  residue 
with  water  and  white  lead  to  remove  nitric  acid, 
till  acid  reaction  nearly  ceases,  wash  out  nitrate 
of  lead  with  water,  and  dissolve  the  residue  in 
boiling  alcohol.  This  clear  solution  deposits 
ambreic  acid  by  cooling  and  evaporation  in 
small,  slightly  yellowish  laminae,  tasteless,  with 
a  peculiar  odor,  fuses  above  212°,  has  a  slight 
acid  reaction,  scarcely  soluble  in  cold  or  boil- 
ing water,  very  soluble  in  ether  and  alcohol. 
Part  of  the  constituents  of  the  nitric  acid  have 
combined  with  the  ambrein,  but  Pelletier's 
analysis  is  probably  incorrect,  giving  the 
formula  C13H10N|O6. 

The  salts  of  ambreic  acid  are  yellowish. 
Ambreate  of  potassa  is  very  soluble;  biamhre- 
ate  insoluble  in  water,  soluble  in  alcohol.  The 
acid  dissolved  in  potassa  and  neutralized  with 
acetic  acid,  produces  yellow  precipitates  with 
baryta,  lime,  protox.  of  iron,  oxide  of  lead, 
protox.  of  tin,  oxide  of  copper,  oxide  and  sub- 
oxide of  mercury,  oxide  of  silver,  and  from 
chloride  of  gold,  but  the  last  is  soon  reduced 
to  the  metallic  state. 

Uses.  Ambergrise  is  rarely  employed  in 
medicine,  its  effects  being  analogous  to  musk. 
It  is  chiefly  used  as  a  perfume,  dissolved  in 
alcohol. 

AMBLYGONITE.  Min.  Syn.  Amblygonic 
Augite  Spar,  from  ay.&KvyLiin(,  obtuse-angled. 

Descrip.  Cryst.  apparently  right  rhombic 
system,  occurring  in  prisms  of  106°  10'  and  73° 
50',  with  rough  surfaces;  cleavage  parallel 
to  planes  of  prism,  with  brilliant  surfaces. 
Occurs  also  massive.  H  =  6-5.  G  =  2-3 — 3-0. 
Color,  greenish  white,  sea-green  ;  lustre  vitre- 
ous, nearly  pearly  on  planes  of  cleavage;  in 
thin  laminae  translucent,  transparent;  uneven 
fracture. 

Behavior.  In  matrass  gives  moisture,  which, 
with  strong  heat,  is  acid,  and  attacks  the  glass; 
fuses  on  charcoal,  even  in  a  candle,  to  a  clear 
glass,  which  clouds  on  cooling;  dissolves  in 
borax  and  mic.  salt  to  a  clear  glass;  fuses  with 
little  soda,  with  more  it  swells  and  is  infusible  ; 
moistened  with  sulphuric  acid,  colors  the  flame 
bluish  green;  when  alone  or  mingled  with 
fluorspar  and  bisulphate  of  potassa,  gives  a 
more  yellow  than  red  flame. 

Analysis.  Composition  doubtful ;  Berzelius 
found  about  11  per  cent,  lithia  in  it,  and  gives 
the  formula,  2  LO,  P05+  4  A1203, 3  P05,  which 
is  neutral  phosphate  of  lithia  and  basic  phos- 
phate of  alumina.  The  yellow  soda-flame 
shows  that  it  requires  re-examination.  Bert. 
and  Rammelsberg. 

Locality.  Only  at  Chursdorf,  near  Penig, 
Saxony,  associated  with  turmaline  and  garnet. 

AMETHYST.   Min.     See  Quartz. 

AMIANTHOIDE,  AMIANTHUS.  Min.  See 
Hornblende,  JlclynoHte,  Jshestus. 

AMIDE,  AMIDOGEN.  Chem.  A  com- 
pound of  nitrogen  and  hydrogen,  generally  ad- 
mitted, although  not  isolated.     It  is  known  in 
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combination  with  a  few  metals  and  organic 
substances,  and  seems  to  be  a  salt-radical,  like 
oxygen,  chlorine,  sulphur,  &c. 

When  potassium  is  heated  in  ammoniacal 
gas,  it  decomposes  the  gas,  liberating  a  little 
more  than  3  of  the  hydrogen,  and  combining 
with  the  remainder.  K  and  NH3=K,  NH2 
and  H.  This  compound  is  olive-green,  fusible, 
and  although  not  obtained  perfectly  pure,  is  be- 
lieved to  contain  the  above  compound.  The 
compound  NH2  is  called  amidogen  or  amide, 
from  Dumas's  researches  on  oxamide. 

When  oxalate  of  ammonia  (NH3,HO,  0203) 
is  distilled,  a  white  compound  sublimes,  which 
is  termed  oxamide,  and  may  be  regarded  as  a 
compound  of  carbonic  oxide  and  amide;  it  is 
formed  by  the  removal  of  two  equivs.  of  water. 
NH3.  HO,  C203=NH2,  C202  and  2  HO. 

Kane  regards  amide  as  the  radical  of  all  the 
compounds  of  ammonia,  as  well  as  of  those 
bodies  usually  termed  amides.  Without  adopt- 
ing this  view,  although  it  may  be  defended,  we 
must  believe  amide  to  be  a  radical  which  exists 
in  a  few  compounds.  Its  symbol  is  NH2  or 
Ad,  and  its  equiv.  16-19  (H=l)  or  202  (0=100). 
The  following  table  comprises  some  of  its  com- 
pounds : 


NH2      =Ad  Amide. 

NH2,  H  =  Ad,H(?)  Ammonia 
NH2,H2=  Ad,  H2  (?)  Ammonium 


Kane. 


NH2,  K  =  Ad,K 
NH2,  K  =  Ad,Na 
Ad,  S02 
Ad,  CO 
Ad,  C202 
HgAd,  H9C1 


Amide  of  potassium. 
Amide  of  sodium. 
Sulphamide  ?  „  ,, 

Carbamide  3      s 
Oxamide.     Dumas. 
White  precip.,  or  chlor 
amide  of  mercury. 

Bucholz 

Resin 72-0 

Gum 22-4 

Gluten  (Bassorin  ?) 1-6 


See  Sulphamide  and  Carbamide,  under  Sul- 
phuric and  Carbonic  Acids  ;  Oxamide,  Benza- 
mide,  &c,  under  Oxalic,  Benzoic,  &c.  acids; 
White  precipitate,  &c,  under  Mercury;  see 
also  under  Ammonium. 

AMIDES,  AMIDIDES,  AMIDURETS.  Chem. 
Compounds  of  amide  (amidogen).  The  first 
term  is  more  generally  employed. 

AMIDEN.  Chem.  Syn.  Amidin.  The  inner 
portion  of  the  grains  of  starch,  constituting  99£ 
per  cent,  of  the  whole.  See  Starch. 
AMILEN.  Chcm.  See  Amulk. 
AMMELID,  AMMELIN.  Chem.  Both  de- 
rived from  Melam,  which  is  a  product  of  decom- 
position of  sulphocyanide  of  ammonium.  See 
Cyanogen. 

AMMONIA.  Clicm.  A  compound,  consist- 
ing of  nitrogen  and  hydrogen,  NH3,  which  acts 
like  the  alkalies,  potassa  and  soda,  and  hence 
it  may  be  regarded  as  the  oxide  of  a  metal. 
See  Ammonium. 

AMMONIAC.  Thar.  A  gum-resin,  the  hard- 
ened milky  juice  of  the  Dorema  Ammoniacum 
(Armeniacum),  obtained  in  Persia.  It  occurs  in 
tears  (grains)  or  massive;  externally  yellowish 
or  reddish,  internally  milk-white,  often  contain- 
ing sand,  twigs,  &c. ;  when  cold,  it  is  brittle 
and  pulverizable  ;  softens  in  the  hand,  but  does 
not  fuse  even  with  a  higher  heat.  Spec.  grav. 
1-207.  Its  odor  is  disagreeable,  arising  from 
volatile  oil ;  its  taste  at  first  sweetish,  then 
nauseous,  acrid. 

By  distillation  with  water  it  loses  its  odor 
and  volatile  oil ;  distilled  alone,  it  yields  22  acid 
water,  containing  ammonia,  12  of  a  thin,  and 
19  of  a  thick  empyreum.  oil,  and  leaves  32  char- 
coal, which  contains  1-1  ashes.  It  has  been 
analyzed  by  Bucholz,  Braconnot  and  Hagen. 


Vol.  oil,  water,  and  loss 4-0 


Braconnot. 

Ilagen 

70-0 

68-6 

18-4 

19-3 

4-4 

54 

loss  1-2 

extractive  1-6 

ater  6-0 

2-8 

sand  2-3 

The  resin,  separated  by  alcohol,  is  reddish, 
transparent,  tasteless,  has  the  odor  of  the  gum- 
resin;  softens  in  the  hand,  melts  at  130°;  very 
soluble  in  alcohol ;  ether  separates  it  into  two 
resins, one  insoluble;  soluble  in  fixed  and  vola- 
tile oils  and  sulphuric  acid  ;  nitric  acid  converts 
it  into  a  bitter  substance  ;  alkalies  form  a  cloudy 
solution. 

The  gum  is  reddish  yellow,  somewhat  bitter, 
changed  by  nitric  acid  into  mucic,  malic,  oxalic 
acids,  &c.  Its  aqueous  solution  precipitated 
by  subacetate  of  lead.  The  oil  is  transparent, 
colorless,  lighter  than  water. 

Use.  In  medicine  externally  and  internally, 
resembling  asafoetida. 

AMMONIUM.  Chem.  Syn.  Subamide  of 
hydrogen.  Kane.  The  hypothetical  metallic 
basis  of  ammonia  and  its  salts.  The  following 
theories  show  the  different  views  entertained 
of  the  nature  of  ammonia. 

1.  Former  view.  Ammonia,  NH3,  is  an  alkali, 
forming  salts  with  oxy-  and  hydracids  without 
alteration.  With  chlorohydric  acid  it  forms 
(sal-ammoniac)  chlorohydrate  of  ammonia, 
NH3,  HC1 ;   it  unites  with  the  hydrate  of  an 


oxyacid,  thus  suiphate  of  ammonia  =  NH„, 
HO,  S03. 

2.  Berzelius'  Ammonium  Theory.  When  am- 
monia, NH3,  unites  with  a  hydracid  (chloro- 
hydric), it  takes  the  hydrogen  of  the  acid  and 
forms  ammonium  NH4,  which  then  unites  with 
the  radical  of  the  acid,  forming  a  haloid  salt; 
thus,  sal-ammoniac  =  NH4,  CI.  With  an  oxy- 
acid it  forms  a  salt  of  the  oxide  of  ammonium  ; 
thus  sulphate  of  ammonia  =  NH40,  S03.  By 
the  old  theory  the  equivalent  of  water  is  sepa- 
rate. Ammonium  is  therefore  a  compound 
metal  or  a  compound  acting  like  a  metal,  and 
hydrated  ammonia  is  the  oxide,  NH3,  HO  = 
NH„  O. 

This  theory  has  the  advantage  of  explaining; 
the  similarity  of  the  salts  of  ammonia,  with  1 
equiv.  water,  with  corresponding  salts  of  po- 
tassa, with  which  hydrate  of  ammonia  is 
isomorphic;  of  explaining  the  similarity  of 
sal-ammoniac  with  metallic  chlorides,  &c. ;  of 
removing  the  only  objection  to  the  theory  of 
chlorides  not  being  chiorohydrates  :  of  explain- 
ing the  formation  of  the  ammoniacal  amalgam 
(see  below).     The  objections  to  this  theory  are 
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not  very  strong,  the  best  being  that  we  must 
suppose  a  very  strong  affinity  of  chlorine  to 
ammonium  to  believe  that  ammonia  can  re- 
move hydrogen  from  chlorohydric  acid :  that 
phosphuretted  hydrogen  PH3,  similar  to  am- 
monia NH3,  forms  similar  compounds  with 
iodo-  and  bromohydric  acids,  which  by  the 
older  view  would  be  PH3,  HI ;  but  by  reasoning 
from  the  ammonium  theory  should  be  PH4, 1, 
thus  obliging  us  to  suppose  a  metal  PH4. 

3.  Kane's  Amide-Theory.  Amide  NH2  is  a 
feeble  salt-radical,  and  with  1  eq.  hydrogen, 
forms  ammonia  or  amide  of  hydrogen,  H,  NH2 
or  H,  Ad,  which  is  a  base,  resembling  water 
HO,  and  both  belong  to  Graham's  mngnesian 
family  of  isomorphic  bodies.  It  thus  unites  with 
hydracids  as  chlorohydric,  forming  chloramide 
of  hydrogen,  HAd,  HCI  (sal-ammoniac).  It 
combines  also  with  a  few  dry  oxyacids:  thus  sul- 
phate of  ammone,HAd,S03,is  like  oil  of  vitriol, 
HO,  S03.  Ammonium,  NH4,  is  subamide  of 
hydrogen,  H2Ad,  and  the  oxide  of  ammonium, 
NH4,  O,  is  a  double  base,  the  oxyamide  of  hy- 
drogen, HAd,  HO.  In  the  common  oxysalts 
of  ammonia,  1  eq.  acid  is  united  with  2  eq.  base  : 
thus  sulphate  of  ammonia  =  HAd,  HO,  S03. 
While  HAd  is  isomorphic  with  the  magnesian 
family,  HAd,  HO  is  isomorphic  with  potassa 
and  soda :  it  would  hence  appear  that  two 
equivs.  of  base  of  the  magnesian  family  may 
replace  potassa  or  soda. 

Much  may  be  said  in  favor  of  each  of  these 
theories,  but  perhaps  no  one  of  them  will  apply 
to  all  cases,  for  each  may  be  correct  to  a  limited 
extent.  Thus  we  may  hold  that  amide  NH2 
is  a  compound  body  analogous  to  chlorine, 
oxygen,  &c,  entering  into  some  combinations, 
without  applying  it  to  the  ordinary  salts,  and 
many  other  compounds  of  ammonia.  NH3  may 
be  viewed  as  a  salt-radical,  without  regarding 
it  as  oxide  of  ammonium  or  amide  of  hydrogen, 
and  it  is  probably  isomorphic  with  the  bases 
of  the  magnesian  class.  NH4  acts  like  a  metal 
in  the  ordinary  salts  of  ammonia  and  some 
other  ammoniacal  compounds,  and  may  be 
viewed  either  as  such  or  as  a  base  like  ethule, 
benzule,&c,  in  which  case  it  should  be  termed 
Ammonide.  NH40  or  NH3,  HO  is  another  sa- 
line base,  isomorphic  with  potassa  and  soda, 
and  may  be  regarded  either  as  oxide  of  ammo- 
nium, or  as  ammonia  and  1  eq.  water. 

Ammonium,  Ammonia,  ash  CoMPouNns. 

1.  Ammonium.  NH4  not  isolated  ;  if  it  exist 
in  a  nearly  free  state,  it  is  in  the  ammoniacal 
amalgam,  which,  however,  may  be  viewed  as 
an  amalgam  of  hydrogen.    See  Mercuuy. 

2.  Ammonia,  Gaseous.  NH3.  Syn.  Volatile 
alkali,  Alkaline  air.  Gcr.  Ammoniak,  Fliich- 
tiges  Alkali  oder  Laugensalz,  Alkalische  Luft. 
Fr.  Ammoniaque ;  by  Kane  Hydramide,  Amide 
of  Hydrogen.  Sal-ammoniac  was  formerly 
prepared  in  the  province  Ammonia  in  Lybia, 
whence  the  name. 

Locality.  Occurs  in  the  air,  and  consequently 
in  rain  or  snow  and  river  water,  as  carbonate 
or  nitrate  ;  in  sea-water,  in  rock-salt  rarely,  in 
many  mineral  waters  combined  with  sulphuric, 
muriatic  acids,  &c. ;  in  iron  rust  and  many 
native  oxides  of  iron,  sometimes  at  great 
depths,  in  most  clays;  in  the  juices  of  many 
144 


plants,  in  most  animal  fluids;  in  vegetable 
mould,  and  where  animal  and  some  vegetable 
matters  are  decomposing. 

Formation.  From  inorganic  substances.  When 
hydrogen  in  excess  is  burned  in  the  air,  the 
nitrate  of  ammonia  is  formed.  Hydrogen,  in 
its  nascent  state,  in  contact  with  nitrogen  or 
atmospheric  air,  often  forms  ammonia;  when 
iron  rusts  in  the  air,  from  the  decomposition  of 
water,  a  mixture  of  iron-filings  and  water,  or 
moistened  iron-filings  and  sulphur;  when  hy- 
drates of  potassa,  soda,  baryta,  or  lime  are 
heated  in  air  or  in  hydrogen  with  potassium, 
iron,  zinc,  lead,  tin,  or  arsenic.  Its  formation 
in  hydrogen  is  shown  by  Reiset  to  proceed 
from  nitric  oxide,  derived  from  the  sulpl 
acid  used  to  prepare  the  hydrogen;  for  when 
iron-filings  are  heated  in  a  strong  solution  of 
caustic  potassa  to  206°,  it  evolves  hydrogen  and 
ammonia,  both  in  air  and  in  hydrogen  contain- 
ing nitric  oxide,  but  not  in  pure  hydrogen. 

It  is  also  formed  when  nitrogen  is  in  its 
nascent  state;  thus,  when  nitric  oxide  and  hy- 
drogen are  passed  over  warmed  platinum- 
sponge  (Hare),  or  passed  through  an  ignited 
tube  containing  porous  substances,  such  as 
powdered  pumice,  oxide  of  iron,  &c,  the  alter- 
nate reduction  and  oxidation  of  the  metal  un- 
doubtedly assisting.  Pcisct.  Nitrous  oxide 
and  an  excess  of  hydrogen  passed  over  cold 
platinum  black  or  sponge  are  unaltered,  over 
heated,  yield  much  ammonia.  Cold  platinum 
black  or  sponge  does  not  act  on  hydrogen 
charged  with  nitric  acid;  when  heated,  all  the 
nitrogen  is  converted  into  ammonia, the  sponge 
becoming  ignited.     Kuhlmann. 

Ammonia  is  farther  formed  when  both  nitro- 
gen and  hydrogen  are  rising  from  combination, 
in  the  nascent  state.  Thus,  when  iron  and  zinc 
decompose  water  with  the  presence  of  nitric 
or  hyponitric  acids  or  nitric  oxide,  it  is  always 
formed,  whether  by  heat  or  in  the  cold.  Cadmi- 
um and  tin  dissolved  in  nitric  acid,  take  oxygen 
not  only  from  the  acid,  but  also  from  the  water, 
and  thus  hydrogen  being  set  free,  ammonia  is 
generated.  A  mixture  of  100  vols,  water  with 
4-5  vols,  sulphuric  and  4  vols,  nitric  acid,  dis- 
solve iron,  zinc,  or  tin,  evolving  neither  nitric 
oxide  nor  hydrogen,  the  latter  uniting  with  the 
nitrogen  of  the  former  to  form  ammonia. 

It  is  formed  from  organic  substances,  even 
when  they  contain  no  nitrogen,  as  when  sugar, 
linen,  oxalates,  &c,  are  heated  with  hydrated 
potassa,  soda,  or  lime,  in  a  vessel  to  which  the 
air  has  access  ;  or  when  some  organic  bodies 
are  heated  with  nitric  acid  or  oxide,  or  a 
nitrate.  It  is,  however,  chiefly  produced  by  the 
decomposition  of  nitrogenous  organic  sub- 
stances, as  by  their  dry  distillation,  or  heating 
them  with  potassa,  by  fermentation,  putre- 
faction,  &c.  See  Will  and  Varrentrapp's 
method  of  determining  nitrogen  in  an  organic 
Analysis. 

Preparation.  By  gradually  heating  a  mixture 
of  dry  and  powdered  chloride  of  ammonium 
(sal-ammoniac)  and  lime,  and  receiving  the  gas 
over  mercury. 

Properties.  Gaseous,  colorless ;  its  odor  ex- 
tremely pungent,  revivifying,  irrespirable  when 
pure,  but  may  be  breathed  when  diluted  with 
air;  taste  strongly  alkaline ;  browns  turmeric 
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even  when  dry,  changes  reddened  litmus  to 
blue ;  very  slightly  combustible,  and  extin- 
guishes burning  bodies  ;  a  small  jet  passed 
into  oxygen  burns  with  a  small  yellow  flame. 
Calculated  spec.  grav.  =  589-3. 

When  subjected  to  a  pressure  of  6-5  atmo- 
spheres at  the  temperature  of  50°,  or  at  com- 
mon pressure  and  the  temperature  of — 40°,  it  is 
liquefied.  A  very  thin,  colorless  liquid,  of  spec, 
grav.  0-76,  refracts  light  more  than  water. 

Ammonia  is  decomposed  by  passing  a  suc- 
cession of  electric  sparks  through  it,  or  by 
passing  it  through  a  red-hot  porcelain  tube 
containing  pieces  of  porcelain,  platinum,  gold 
or  silver-wire;  200  vols,  become  400  vols.;  if 
copper  or  iron-wire  be  employed,  they  absorb 
nitrogen.  By  exploding  ammonia  with  oxygen 
it  is  resolved  into  nitrogen,  hydrogen,  and 
water,  when  the  oxygen  is  insufficient  to  com- 
bine with  all  the  hydrogen,  or  into  nitrogen, 
water,  and  nitrate  of  ammonia,  when  the  oxygen 
is  in  excess.  It  is  also  decomposed  by  other 
gases  which  readily  yield  oxygen,  either  in  the 
cold,  by  heat,  or  by  the  electric  spark,  generally 
forming  other  compounds  of  nitrogen  and 
water;  thus,  with  nitrous  oxide  in  excess,  it 
yields  nitrogen,  oxygen,  water,  and  hyponitric 
acid.  With  many  metallic  oxides  it  yields 
water,  nitrogen,  &c.  Its  most  interesting  de- 
composition is  when  passed  over  heated  char- 
coal, forming  cyanide  of  ammonium  (prussiate 
of  ammonia)  and  hydrogen,  2NH3-f2C  = 
NH4,  NC2+2H.  See  Ctanogex.  Chlorine 
and  iodine  decompose  its  aqueous  solution, 
forming,  among  other  products,  the  explosive 
chloride  or  iodide  of  nitrogen. 

3.  Liquid  ammonia.  Syn.  Aqua  ammonias, 
Caustic  Ammonia,  Spirit  of  Hartshorn.  Ger. 
Salmiakgeist.     Fr.  Esprit  de  sel  ammoniac. 

Ammoniacal  gas  is  absorbed  rapidly  and  in 
large  quantity  by  water,  with  the  evolution  of 
heat;  ice  is  melted  by  the  gas  and  the  tempera- 
ture lowered.  One  vol.  water  absorbs  60  vols. 
gas  at  50°  temp,  and  29-8  inches  bar.,  and  by 
expansion,  not  due  to  the  heat  evolved,  its 
spec.  grav.  =  0-875;  the  water,  therefore,  ab- 
sorbs nearly  §  its  weight;  by  increased  pres- 
sure or  lower  temperature,  it  absorbs  more 
than  2  its  weight,  and  in  the  latter  case  its 
spec.  grav.  =  0-850.  A  mixture  of  equal  vols, 
concentrated  ammonia  and  water  appears  to 
expand. 

Preparation,  Technic.  Caustic  ammonia  is 
prepared  on  a  large  scale,  by  mixing  1  pt.  sal- 
ammoniac  in  pieces,  or  gently  calcined  sul- 
phate of  ammonia,  with  1  pt.  dry  caustic  lime, 
slacked  with  3  or  4  pts.  water,  or  so  much  as 
to  make  a  cream,  introduced  into  an  iron  retort, 
which  is  connected  with  a  series  of  stone  jars 
(Woulfe's  apparatus),  a  balloon  intervening 
between  the  retort  and  1st  jar  to  catch  any 
unchanged  salt  that  may  distil  over.  (See  the 
apparatus  under  Muriatic  Acid.)  Heat  is  ap- 
plied until  all  of  the  ammonia  is  expelled. 
The  residue  is  chloride  of  calcium. 

The  lime  maybe  previously  slacked  to  a  dry 
powder,  or  broken  into  small  pieces,  and  then 
mingled  with  the  sal-ammoniac,  and  more 
water  subsequently  added;  the  heat  of  slacking 
in  the  latter  case  economizes  fuel.  When  too 
little  water  is  added,  the  materials  are  apt  to 
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adhere  to  the  bottom  of  the  retort,  which  may 
be  obviated  by  adding  a  little  common  salt  to 
the  mixture.  The  above  method  with  cream 
of  lime  is  probably  the  best. 

The  following  tables,  by  Davy  and  Ure,  show 
the  quantity  of  dry  ammonia  in  100  pts.  of  the 
liquid  by  weight.  Those  marked  with  a  *  in 
Davy's  table  were  determined  by  experiment, 
the  rest  by  calculation. 


Table  of  the  Strength 

of  Caustic  Ammonia. 

Davy. 

Ure. 

Spec.  grav. 

Percent. 
Ammonia. 

Spec.  grav. 

Per  rent. 
Ammonia. 

0-8750 

*  32-30 

0-8914 

27-940 

•8857 

29-25 

•8937 

27-633 

•8967 

27-038 

•8983 

26-751 

•9000 

26-00 

•9000 

26-500 

•9054 

*  25-37 

•9045 

25-175 

•9090 

23-850 

•91G6 

22-07 

•9133 

22-525 

•9177 

21-200 

•9255 

19-54 

•9227 

19-875 

•9275 

18-550 

•9326 

17-52 

•9320 

17-225 

•9385 

15-88 

•9363 

15-900 

•9435 

14-53 

•9410 

14-575 

•9476 

13-46 

•9455 

13-250 

•9513 

12-40 

•9510 

11  925 

•9545 

11-56 

•9573 

10-82 

•9564 

10-600 

•9597 

10-17 

•9616 

9-60 

•9614 

9-275 

•9692 

*  9-50 

•9662 

7-950 

•9716 

6-625 

•9768 

5-500 

•9828 

3-975 

•9887 

2-650 

•9945 

1-325 

Properties.  A  colorless  liquid,  possessing 
most  of  the  properties  of  gaseous  ammonia, 
loses  the  greater  part  of  the  gas  below  200°, 
solidifies  at  — 36°4  to—  41°8, in  shining,flexible 
needles,  at  — 56°  2,  to  a  gray  gelatinous  mass, 
with  scarcely  any  odor.  The  very  strong 
caustic  ammonia  has  a  spec.  grav.  =  0-88,  and 
1  meas.  of  this  and  3  meas.  water  yield  a  strong 
aqua-ammonia  of  0-960.  To  prevent  loss  of 
ammonia  and  absorption  of  carbonic  acid  from 
the  air,  it  should  be  kept  in  well  stoppered 
bottles.  Ammonia  is  a  strong  alkaline  base, 
neutralizing  acids  perfectly,  often  abstracting 
them  from  other  combinations,  and  forming 
crystallizable  salts.  See  its  uses  and  combina- 
tions below. 

Impurities.  It  may  contain  sulphate  or  mu- 
riate of  ammonia,  carried  over  mechanically, 
which  are  tested  by  neutralizing  with  pure 
nitric  acid,  and  adding  chloride  of  barium  for 
the  former  and  nitrate  of  silver  for  the  latter; 
if  lime  or  chloride  of  calcium  be  carried  over, 
test  them  by  evaporating  to  dryness  ;  it  usually 
contains  empyreum.  oil,  which  colors  it  yellow 
when  this  was  present  in  the  ammoniacal  salt; 
by  standing  in  the  air,  or  from  the  presence  of 
carbonate  of  lime  in  the  caustic  lime  used,  it 
may  contain  carbonate  of  ammonia. 

N  145 


AMMONIUM. 


AMMONIUM. 


To  obtain  it  pure,  mix  1  freshly  slacked  lime 
with  5  caustic  ammonia,  distil  at  a  gentle  heat  $; 
or  prepare  from  good  sal-ammoniac  and  lime 
with  glass  Woulfe's  bottles,  rejecting  the  con- 
tents of  the  1st,  which  should  contain  but  little 
water. 

Uses.  Largely  employed  as  an  agent  by  the 
theoretic  and  manufacturing  chemist,  to  a 
limited  extent  in  dyeing  and  other  arts,  and 
in  medicine.  It  is  invaluable  to  the  analytic 
chemist,  from  its  strong  alkaline  character  and 
the  volatility  of  its  salts. 

Combinations.  It  combines  with  acids,  form- 
ing salts;  with  many  salts,  oxides,  and  metal- 
loidal  compounds,both  in  its  gaseous  and  liquid 
state,  and  generally  by  bringing  it  in  contact 
with  them. 

Salts. 

The  salts  with  the  hydracids  are  viewed, 
according  to  the  old  theory,  as  direct  com- 
pounds: thus,  ammonia  and  muriatic  acid  = 
NH3,  HCI ;  by  Kane's  theory  as  double  amides : 
thus,  NH3,  HC1=  HAd,  HCI,  a  chloramide  of 
hydrogen ;  by  the  ammonium  theory,  as  am- 
monium with  a  halogen:  thus  NH3,HCl  =  NH4, 
CI.  According  to  the  last,  sal-ammoniac  is 
chloride  of  ammonium,  and  corresponds  to 
chlorides  of  potassium  and  sodium,  with  which 
indeed  it  possesses  the  same  crystalline  form  ; 
when  a  metallic  chloride  is  precipitated  by 
ammonia,  water  is  decomposed;  thus,  with 
protochloride  of  iron  in  solution,  FeCl,  HO-[- 
NH3  =  NH4,  Cl  +  FeO. 

The  oxyacids  usually  combine  with  am- 
monia only  when  water  is  present,  forming 
with  1  eq.  HO  the  ordinary  oxysalts  of  am- 
monia; dry  ammonia  and  dry  oxyacids  unite, 
forming  another  class  of  compounds,  which 
Rose  terms  salts  of  Ammone ;  the  former  may 
be  viewed  as  salts  of  oxides  of  ammonium,  the 
latter  as  true  salts  of  ammonia.  In  the  com- 
mon oxysalts,  the  hydrogen  of  the  equiv.  of 
water  is  supposed  to  unite  with  the  metal  am- 
monium, while  the  oxygen  makes  it  oxide  of 
ammonium.  Thus  sulphate  of  ammonia,  NH3. 
HO  +  S03  =  NH4,  0  +  S03,  or  sulphate  of 
oxide  of  ammonium.  We  shall  designate  them 
all  as  salts  of  ammonia,  giving  among  the 
synonymes  their  theoretic  appellations. 

The  ammoniacal  salts  are  all  colorless  with 
colorless  acids  and  other  salts;  have  a  biting, 
saline  taste ;  are  nearly  all  readily  soluble  in 
water ;  are  easily  decomposed  or  volatilized  by 
heat,  the  haloid  salts  and  carbonate  volatilizing 
without  decomposition;  the  others  leaving  the 
acid,  if  it  be  fixed  (phosphoric  acid),  or  de- 
composing it  (sulphuric  acid).  Many  of  them 
lose  a  portion  of  ammonia  by  keeping,  and  then 
test  acid.  When  rubbed  dry,  or  moistened  with 
caustic  alkali  and  some  other  oxides,  they 
evolve  ammoniacal  gas,  recognised  by  its  odor; 
or  if,  in  dilute  solution,  the  odor  is  too  feeble,  a 
glass  rod,  dipped  in  muriatic  acid,  and  held 
over  it  after  potassa  is  added,  produces  a  white 
cloud  of  ammoniacal  salt.  It  is  precip.  from  a 
solution  not  too  dilute  by  bichloride  of  pla- 
tinum, giving  chloride  of  platinum  and  ammo- 
nium, or  by  a  concentrated  solution  of  sulphate 
of  alumina,  yielding  ammonia-alum. 
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Haloid   Salts. 

I.  Chloride  of  Ammonium.  Tech.  Syn.  Sal- 
ammoniac,  Muriate  of  Ammonia.  Gar.  Chlor- 
ammonium,  Salmiak.  Fr.  SeJ  ammoniaque, 
Hydrochlorate  d'  ammoniaque, Chlorure  d'  am- 
monium. Found  in  the  vicinity  of  volcanoes, 
in  minute  quantity  in  sea-water  and  salines. 

Preparation.  By  mingling  equal  volumes  of 
chlorohydric  acid  and  ammonia,  they  unite  to 
sal-ammoniac  with  the  evolution  (if  heat.  It  is 
always  procured  by  the  dry  distillation  of  nitro- 
genous organic  matter,  either  containing  mu- 
riatic acid  or  receiving  it  in  a  subsequent 
operation. 

Manufacture  of  Sax-Ammoniac. 

1.  Egyptian  process.  This  salt  was  formerly 
and  exclusively  made  in  Egypt,  especially  to 
the  east  of  Lower  Egypt,  and  the  name  is  sup- 
posed to  be  derived  originally  from  the  temple 
of  Jupiter  Amnion,  near  which  the  principal 
works  were  situated.  The  method  now  pur- 
sued is  probably  the  same  as  in  former  turn's. 

Dried  camel's  dung  and  urine  are  employed 
for  fire,  from  the  scarcity  of  fuel.  Burned  in 
an  imperfect  manner,  the  dung  is  subjected  to 
a  rude  dry  distillation,  and  the  dense  smoke 
condensed  into  soot,  containing  the  salt.  The 
soot,  taken  to  the  salt-works,  is  rammed  into 
glass  globes  coated  with  clay,  till  nearly  full, 
and  these  are  placed  in  openings  in  a  long 
horizontal  flue,  where  they  are  heated  to  a  low 
red  heat.  The  salt  sublimes  to  the  top  or 
cooler  part,  where  it  forms  a  solid  cake,  often 
closing  the  orifice,  which  must  be  reopened. 
Towards  the  close  of  sublimation  the  globes 
split,  and,  upon  removal  after  cooling,  usually 
fall  to  pieces.  The  solid  cake  of  salt  is  de- 
tached and  thrown  into  commerce.  It  is  of 
inferior  quality,  of  a  grayish  color,  and  spongy 
texture. 

2.  European  process.  Various  animal  matters 
are  subjected  to  dry  distillation,  yielding  tar 
and  ammoniacal  liquor,  and  leaving  charcoal, 
which  is  employed  in  the  manufacture  of  Prus- 
sian blue,  or  as  bone-black,  when  bones  alone 
are  used.  The  animal  matters  are  bones, 
horn,  flesh,  blood,  wool,  hair,  silk,  &c,  gene- 
rally refuse  materials  from  the  mechanic  arts. 
They  are  introduced  into  cylindric  or  semicy- 
lindric  iron  retorts,  similar  to  those  employed 
in  the  gas-works,  and,  in  general,  the  process 
is  similarly  conducted,  excepting  that  the  am- 
moniacal liquor  and  residuary  coal  being 
chiefly  required,  the  heat  is  not  maintained  as 
high.  The  tubes  at  the  back  of  the  retorts  for 
carrying  off  the  volatile  products,  do  not  rise 
from  the  top,  as  in  the  gas  retorts,  but  project 
horizontally  from  the  centre  or  upper  part  of 
the  back  plate  of  the  retort.  The  retorts  are 
laid  horizontally  in  brick  work,  from  3  to  12 
being  in  one  stack,  and  heated  by  several 
fires;  the  flame  plays  freely  around  them,  and 
is  distributed  from  the  fire-places  by  flues 
between  the  fire-bricks  of  the  fire-arch.  The 
whole  stack  is  doubly  arched  over,  the  lower 
arch  being  perforated  with  many  flues  to  dis- 
tribute the  flame.     The  tubes  projecting  from 

I  the  back  part  of  the  retorts,  pass  downwards 
|  and  enter  the  hydraulic  main,  from  which  the 
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uncondensed  vapors  pass  through  a  system  of 
tubes  cooled  by  water  into  several  cisterns 
provided  with  stop-cocks  at  different  heights, 
to  let  off  the  oil  and  ammoniacal  liquid.  The 
gaseous  matter  finally  uncondensed  is  usually 
passed  by  tubes  under  the  cylinders  and 
burned. 

Where  the  chief  object  is  ammoniacal  liquor, 
the  calcination  may  be  a  full  red  heat;  where 
the  residuary  charcoal  is  for  prussian  blue,  the 
heat  must  not  be  carried  high,  and  where  for 
bone-black  it  is  pushed  beyond  this,  care  being 
taken  not  to  carry  it  too  far.  The  condensed 
liquors  hold  carbonate  and  other  ammoniacal 
salts  in  solution,  mixed  with  much  empyreu- 
matic  oil,  the  greater  part  of  which  floats  on  the 
top.  The  carbonate  of  ammonia  is  not  ob- 
tained directly  from  the  liquid,  it  being  so  vola- 
tile that  it  could  not  be  evaporated  without 
loss  ;  it  is  therefore  converted  directly  or  indi- 
rectly into  muriate. 

It  is  done  most  conveniently,  where  muriatic 
acid  bears  a  low  price,  by  directly  saturating 
the  ammoniacal  liquor  with  muriatic  acid, 
evaporating  in  a  leaden  vessel  until  a  pellicle 
forms  on  the  surface,  and  running  off  into  the 
crystallizers,  which  are  wooden  vessels,  lined 
with  lead. 

Another  method  is  to  form  sulphate  of  am- 
monia, either  by  directly  saturating  the  liquor 
with  sulphuric  acid,  or  by  a  double  decompo- 
sition with  sulphate  of  lime  (gypsum).  In  the 
latter  case  the  liquor  is  pumped  upon  a  broad 
and  shallow  filter  of  canvass,  covered  with  a 
layer  of  moderately  fine  gypsum  to  the  depth 
of  a  few  inches  ;  the  canvass  rests  on  a  hurdle 
or  grating  of  wooden  rods,  which  are  but  an 
inch  above  the  leaden  bottom.  From  this  first 
filter  the  liquor  may  flow  out  to  a  2d,  3d,  &c, 
in  order  to  insure  complete  decomposition. 
The  double  decomposition  is  that  sulphate  of 
lime  and  carbonate  of  ammonia  become  car- 
bonate of  lime  and  sulphate  of  ammonia.  A 
little  water  passed  through  the  filters  carries 
off  any  remaining  ammoniacal  salt,  and  finally 
the  solution  is  slightly  acidulated  with  sul- 
phuric acid.  It  is  next  evaporated,  the  oil  and 
tarry  matters  being  skimmed  from  the  top, 
until  it  attains  a  density  of  1*16,  when  it  is 
mixed  with  common  salt  (chloride  of  sodium), 
with  constant  stirring  and  boiling.  It  is  now 
run  off  to  settle. 

The  chloride  of  sodium  and  sulphate  of 
ammonia  are  mutually  decomposed  into  sul- 
phate of  soda  and  chloride  of  ammonium 
(sal-ammoniac).  The  clear  liquor  is  then 
evaporated,  during  which,  sulphate  of  soda 
precipitates,  from  its  inferior  solubility.  The 
precipitate  is  raked  out,  drained,  and  washed 
with  a  little  water;  the  mother  liquor  is  still 
farther  evaporated  and  run  into  the  crystal- 
lizers.  The  crystals  are  then  dried,  and  afford 
a  somewhat  crude  sal-ammoniac. 

To  obtain  it  still  purer,  it  is  sublimed  in  ves- 
sels of  glass  or  stone-ware  of  a  spheroidal  form, 
with  a  neck  and  opening  above.  The  dried 
salt  is  introduced  and  pressed  down,  and  the 
opening  covered  by  a  plate  or  vessel  to  confine 
the  vapors.  A  large  number  of  these  flasks 
are  arranged,  two  abreast,  over  a  long  flue, 
either  resting  in  cast-iron  plates,  with  circular 


openings,  destined  to  receive  them,  or  oeing 
placed  in  sand.  The  fire  requires  a  nice  regu- 
lation to  sublime  the  salt  from  the  bottom  to 
the  upper  part  of  the  flask,  where  it  forms  a 
solid  white  cake  of  a  fibrous  structure.  The 
neck  of  the  flask  must  be  kept  open  by  re- 
peatedly thrusting  a  long  screw-shaped  steel 
rod  through  the  consolidating  salt,  to  avoid 
explosion  from  the  accumulation  of  vapor 
within.  The  contact  of  iron  is  injurious  from 
the  ready  formation  of  chloride  of  iron,  which 
sublimes  with  the  sal-ammoniac,  imparting  to 
it  an  orange  or  yellow  tint. 

The  English  method  of  manufacture  is  to 
employ  the  ammoniacal  liquor  of  the  gas- 
works, and  saturate  it  with  sulphuric  acid  as 
above.  A  ton  of  good  coals  will  yield  about 
2001b.  of  ammoniacal  liquor.  At  the  Deptford 
works  6 — 700,000  gallons  are  annually  ob- 
tained and  employed  in  this  manufacture.  At 
the  works  near  Glasgow,  7,200  galls,  obtained 
weekly,  are  distilled,  and  to  this  are  added 
4,500  lb.  sulphuric  acid  of  1-625;  2,400  galls, 
sulphate  of  ammoniaof  1*15  are  thus  obtained, 
in  such  a  concentrated  state  as  to  deposit  a  few 
crystals  in  the  vessel  containing  it.  During 
these  operations  900  galls,  of  tar  subside,  and 
200  galls,  of  petroleum  are  skimmed  from  the 
surface  of  the  liquid. 

Properties.  The  sal-ammoniac  of  commerce 
occurs  in  the  form  of  the  sublimed  cake, 
weighing  about  one-quarter  of  a  cwt. ;  it  is 
parallel-fibrous  in  structure,  translucent,  white, 
unless  tinged  orange  or  yellow  with  chloride 
of  iron,  remarkably  tough,  rendering  it  difficult 
of  pulverization.  The  sublimed  salt  is  not 
likely  to  contain  other  impurities  than  the  salt 
of  iron  mentioned.  The  crude  salt  may  be 
adulterated,  which  can  generally  be  deter- 
mined by  vaporizing  a  portion  ;  nothing  should 
be  left. 

Chloride  of  ammonium  may  be  crystallized 
from  its  solution  in  the  8-hedron,  cube,  or 
24-hedron.  1  pt.  dissolves  in  2-7  pts.  water  at 
65-7°,  with  a  great  reduction  of  temperature, 
and  the  liquid  has  then  a  spec.  grav.  108;  solu- 
ble in  an  equal  quantity  of  boiling  water,  very 
slightly  soluble  in  alcohol.  Spec  grav.  of  the 
salt=  1-45 — 1-528.  It  has  a  sharp  saline  taste, 
a  neutral  reaction.  Fixed  at  common  tempera- 
tures, but  slightly  heated,  volatilizes,  without 
fusing  or  decomposition,  and  even  rises  in 
small  quantity  from  its  boiling  solution;  spec, 
grav.  of  vapor  =  0-9255. 

It  is  easily  decomposed  by  heating  with  po- 
tassium into  ammonia  and  hydrogen,  leaving 
chloride  oi  potassium ;  the  same  decomposi- 
tion takes  place  more  slowly  with  some  other 
metals.  Decomposed  by  basic  oxides,  it  yields 
16-78  per  cent,  water.  It  gradually  loses  a 
little  ammonia  and  tests  acid;  but  if  heated 
nearly  to  sublimation,  its  solution  in  the  cold 
is  neutral ;  its  solution  in  hot  water  tests  acid. 

The  dry,  powdered  salt,  in  a  vessel  cooled 
by  ice,  absorbs  a  large  quantity  of  dry  sul- 
phuric acid  vapor,  without  evolving  gas,  and 
becomes  a  translucent,  flexible  mass,  which 
gradually  becomes  hard.  It  evolves  muriatic 
acid  by  heating;  a  few  drops  of  water  effect 
the  same  violently;  exposure  to  moist  air  the 
same  slowly. 
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H  =  l     0  =  100 


NH3 
HC1 


17-16 
36-5 


214-5 
456-25 


NH.C1     53-66        670-75 


Calcul. 
31-98 
68-02 

100 


Bcrz. 
31-95 
68-05 

100 


Vol.  Spec.  grav. 
Ammon.  gas  100         0-29465 
Muriat.  gas    100        0-63090 

Vapor       200         0  92555 


Formula,  NH3,HC1,  or  NH4,  CI,  or  HAd,  HC1. 1 
Uses.  Sal-ammoniac  is  chiefly  employed  in 
the  preparation  of  caustic  and  carbonated  am- 
monia, in  tinning  iron,  copper,  brass,  in  solder- 
ing; it  is  farther  used  in  medicine,  dyeing,  and 
chemical  research.  Its  volatility,  and  its  power 
of  preventing  the  precipitation  of  salts  other- 
wise insoluble,  in  common  with  other  ammo- 
niacal  salts,  are  the  chief  reasons  of  its  use  in 
chem.  analysis. 

2.  Bromide  of  Ammonium.  Syn.  Hydrobromate 
or  bromohydrate  of  ammonia.  Ger.  Bromam- 
monium.  Prep.,  1,  by  mingling  the  2  gases  in 
equal  volumes;  2,  by  saturating  liquid  ammo- 
nia with  bromohydric  acid;  3,  by  dissolving  bro- 
mine in  ammonia,  when  nitrogen  is  evolved;  an 
excess  of  bromine  gives  a  yellow  solution. 

Prop.  By  evaporating  the  solution,  it  yields 
4-sided  prisms,  which  have  a  sharp,  saline 
taste,  may  be  sublimed;  gradually  becomes 
yellowish  in  the  air,  and  tests  acid. 

Composition.    NH4,  Br,  or  NH3,  HBr,  or  HAd, 

HBr. NH3, 17-16  +  HBr,  79-4=  96-56.     In 

100  pts.  NH3,  17-78+ HBr,  82-22  =  100. 

3.  Iodide  of  Ammonium.  Syn.  Hydriodate  of 
ammonia.  Ger.  Iodammonium.  Prepared,  1, 
by  mixing  equal  volumes  of  the  2  gases,  iodo- 
hydric  acid  and  ammonia;  2,  by  saturating 
liquid  iodohydric  with  caustic  ammonia,  and 
concentrating  the  solution;  3,  by  precipitating 
a  solution  of  iodide  of  iron  by  carbonate  of 
ammonia  and  filtering. 

Prop.  Crystallizes  with  some  difficulty  in 
cubes ;  colorless,  deliquescent,  very  soluble  in 
water  and  alcohol ;  apart  from  access  of  air, 
sublimes  unchanged;  but  by  access  of  air  it 
gives  off  ammonia  by  oxidation  and  the  subli- 
mate is  colored  yellow  by  periodide  ;  the  same 
change  occurs  in  its  aqueous  solution,  which  be- 
comes yellow  and  contains  free  ammonia.  Ab- 
sorbs dry  sulphuric  acid  vapor,  evolving  sul- 
phurous acid  and  forming  a  reddish  brown  mass. 

Composition.  NH4,  I,  or  NH3,  HI,  or  HAd, 
HI.— NH3,  17-16+  HI,  127-57  =  NH4, 1, 144-73. 
In  100  pts.  NH3, 11-86+ HI,  88-14=100. 

Periodide  of  Ammonium.  Ger.  Ammonium- 
iodid.  Formed  by  saturating  a  concentrated 
solution  of  the  iodide  with  iodine.  A  dark 
brown,  opake  liquid. 

Iodine  absorbs  dry  ammonia,  forming  a  pe- 
culiar compound,  which  is  also  produced  by 
gently  heating  iodine  with  sesquicarbonate  of 
ammonia,  with  the  evolution  of  water  and  car- 
bonic acid.  It  is  a  dark  brown,  viscid  liquid, 
with  a  metallic  lustre,  loses  part  of  its  am- 
monia by  heating,  and  then  vaporizes  with  a 
violet  color,  readily  soluble  in  alcohol.  Accord- 
ing to  Millon,  it  is  composed  of  NH3, 1 ;  accord- 
ing to  Bineau,  3  NH3,  21;  and  Millon  regards 
it  as  a  compound  of  1  eq.  iodide  of  nitrogen 
(amide  of  iodine)  +  1  eq.  iodide  of  ammonium ; 
thus,  2  (NH3, 1)  =  NH2, 1+  NH4,  I.  It  is  de- 
composed by  water  into  iodide  of  ammonium 
and  iodide  of  nitrogen,  which  precipitates. 
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4.  Fluoride  of  Ammonium.  Syn.  Fluate  or 
fluohydrate  of  ammonia.  Prepared  by  heating 
1  pt.  very  fine  sal-ammoniac  with  2{  pts.  very 
fine  fluoride  of  sodium,  thoroughly  mixed  in  a 
platinum  crucible,  with  a  cover  curved  inwards, 
and  containing  a  little  water;  by  a  gentle  heat 
the  fluoride  of  ammonium  sublimes  and  con- 
denses on  the  lower  surface  of  the  cover.  If 
moisture  were  present,  some  ammonia  is  given 
off,  and  the  salt  contains  also  acid  fluoride. 
The  dry  salt  cannot  be  obtained  from  its  so- 
lution. 

Colorless,  of  a  biting  saline  taste,  very  solu- 
ble in  water,  little  in  alcohol ;  its  aqueous  solu- 
tion changes  to  acid  fluoride;  fuses  and  sub- 
limes at  a  lower  heat  than  sal-ammoniac.  Its 
solution,  and  even  the  dry  salt,  corrodes  glass 
powerfully,  being  resolved  into  ammonia  and 
silicofluoride  of  ammonium.  For  etching  on 
glass  the  solution  is  brushed  over  the  drawing 
on  glass  graved  through  wax. 

A  basic  salt  is  formed  by  bringing  the  above 
dry  fluoride  into  ammoniacal  gas,  which  it 
absorbs  with  avidity,  and  loses  again  by  heat. 

Acid  fluoride  of  Ammonium  is  formed  by  evapo- 
rating a  solution  of  the  fluoride  at  about  100°, 
when  ^  of  the  ammonia  escapes.  A  granular, 
crystalline  mass,  unchangeable  in  dry  air 
at  100°,  but  at  common  temperatures  very 
deliquescent;  sublimes  with  white  vapors. 
Formula  of  neutral  fluoride,  NH4,  F;  of  the 
acid  salt,  NH4,  F  +  HF. 

5.  Borofluoridc  of  Ammonium.  Syn.  Fluobo- 
rate  of  Ammonia.  Ger.  Borfluorammonium. 
Prepared  by  adding  boracic  acid  to  fluoride  of 
ammonium,  by  which  ammonia  and  water  are 
eliminated;  thus,  4  (NH4,F)+  B03  =  (NH4I 
F+BF3)  +  3NH3+3HO.  By  evaporation 
and  sublimation  it  is  separated  from  the  excess 
of  boracic  acid  ;  the  sublimate  is  white,  amor- 
phous, and  nearest  to  the  heat  fused  and  trans- 
lucent. From  its  solution  it  crystallizes  in 
6-sided  prisms,  pointed  by  2  planes,  has  a  taste 
like  sal-ammoniac,  an  acid  reaction,  very  solu- 
ble in  water,  rather  soluble  in  alcohol.  It  crys- 
tallizes again  out  of  a  strong  ammoniacal 
solution.  Its  aqueous  solution  does  not  attack 
glass.     Formula,  NH4,  F+ BF3.     Berz. 

6.  Silicofluoride  of  Ammonium.  Syn.  Fluosili- 
cate  of  Ammonia.  Ger.  Kieselfluorammonium. 
Prep.  Sublime  an  intimate  mixture  of  fine 
sal-ammoniac  and  silicofluoride  of  potassium 
or  sodium ;  it  is  a  white,  cohering,  amorphous 
mass.  Or  add  ammonia  to  fluosilicic  acid, 
when  a  portion  of  silica  precipitates,  but  redis- 
solves  by  evaporation.  Very  soluble  in  water, 
from  which  it  crystallizes  spontaneously  in  4 
or  6-sided  prisms ;  tastes  very  saline,  reddens 
litmus;  decrepitates  by  heat,  and  sublimes 
without  fusion.  The  concentrated  boiling  solu- 
tion attacks  glass.  /.  Davy.  Ammonia  does 
not  precipitate  all  the  silica.  Berz.  Formula, 
NH4,F+2SiF3. 

The  following  are  compounds  of  ammonia 
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with  haloids,  in  which  the  ammonia  appears 
not  to  exist  as  oxide  of  ammonium  ;  Berzelius 
terms  them  haloid  salts  of  ammonia. 

1.  a.  Subchloride  of  Sulphur  and  Ammonia.  Syn. 
Ger.  Schwefelchloriir-Ammoniak.  Fr.  Chlo- 
rosulfite  d'  ammoniaque.  Bring  together  the 
vapor  of  subchlor-sulphur  and  ammonia.  Per- 
manent for  some  time,  soluble  in  alcohol,  from 
which  water  precipitates  sulphur,  leaving  sal- 
ammoniac  and  hyposulphite  of  ammonia. 
Thus,  2  NH3  +  S2C1  -f  HO  =  NH4,  CI  +  NH3, 
SO  +  S. 

b.  Chloride  of  Sulphur  -\-  2  Ammonia.  Syn. 
Ger.  Chlorschwefel-Ammoniak.  Fr.  Chlorure 
de  soufre  bi-ammoniacal.  Prep.  Pass  dry  am- 
moniacal  gas  into  a  closed  glass  cylinder,  and 
when  full,  introduce  small  capsules  containing 
a  few  drops  of  chloride  of  sulphur,  fully  satu- 
rated with  chlorine ;  it  is  best  performed  in 
cold  weather  to  avoid  the  heating  of  the  appa- 
ratus ;  the  ammonia  must  be  constantly  in 
excess.  When  finished,  the  vessel  is  closed 
by  a  glass  plate,  and  the  next  day  air  passed 
through  to  drive  out  the  excess  of  ammonia. 
The  same  compound  is  also  prepared  by  expos- 
ing c  to  ammonia,  until  an  equiv.  is  absorbed. 

Prop.  Light  lemon-yellow  flocculte,  inodor- 
ous, sparingly  soluble  in  absolute  alcohol  and 
ether,  with  a  yellow  color,  from  which  it  crys- 
tallizes by  evaporation,  accompanied  by  partial 
decomposition.  Gently  heated  in  a  glass  tube, 
yields  ammonia,  then  nitrogen  with  sulphur 
and  sal-ammoniac,  while  sulphuret  of  nitrogen 
constantly  sublimes.  Oil  of  vitriol  extracts 
ammonia  with  violence;  water  readily  decom- 
poses it.  Form.,  2  NH3,  SCI ;  contains  39-8  per 
cent,  ammonia. 

f.  Chloride  of  Sulphur  -f-  1  Ammonia.  Syn.  Fr. 
Chlorure  de  soufre  ammoniacal.  Prep.  Simi- 
lar to  b,  but  with  less  ammoniacal  gas. 

Prop.  Brownish  red,  loose  flocculoe,  of  an 
odor  resembling  chloride  of  sulphur,of  a  saline, 
very  biting  taste;  very  soluble  in  absolute  al- 
cohol and  ether,  the  solutions  giving,  with  solu- 
tions of  lead  and  silver,  mixed  precipitates  of 
metallic  chlorides  and  hyposulphites.  Heated 
in  a  tube  to  230°,  for  some  hours,  it  is  wholly 
changed  into  a  yellow  mixture  of  sal-ammoniac 
and  sulpho-chloride  of  sulphuret  of  nitrogen; 
thus,  4  (NH3,  SCI)  =  3  NH4C1  +  NS3,  SCI. 
Oil  of  vitriol  acts  as  on  b:  water  decomposes  it, 
and  liquid  ammonia  more  rapidly.  Form., 
NH3,  SCI ;  contains  25  per  cent,  ammonia. 

2.  Terchloride  of  Phosphorus  -\-  5  Ammonia. 
Syn.  Phosphorsuperchloriir-Ammoniak.  Berz. 
Pass  ammonia  very  slowly  to  saturation, 
through  terchloride  of  phosphorus,  in  a  vessel 
surrounded  by  a  freezing  mixture.  A  white 
powder,  slowly  but  wholly  soluble  in  water. 
Heated  in  a  stream  of  carbonic  acid,  it  yields 
ammonia,  phosphorus-vapor,  phosphuret  of 
nitrogen,  and  sal-ammoniac;  thus,  2  (5  NH«, 
PC13)  =  6  NH4C1  +  2  NH3+  N2P  -f  P;  a  little 
hydrogen  liberated,  is  probably  accidental.  It 
is  much  more  stable  than  we  might  infer  from 
its  composition  ;  fused  with  fixed  alkaline  car- 
bonates, it  yields  ammonia,  and  alkaline  phos- 
phates, and  chlorides;  boiled  for  some  time, 
with  their  solutions,  it  yields  the  same,  except- 
ing that  there  is  an  alkaline  phosphite  ;  heated 
nitric  acid  dissolves  it  slowly  with  evolution  of 


nitric  oxide.  Form.,  5  NH3,  PC13;  contains 
38-4  per  cent,  ammonia  (Rose),  33  per  cent. 
(Persoz.) 

3.  Chlorocarbonate  of  Ammonia.  Syn.  Ger. 
Chlorkohlenoxyd-Ammoniak,  Phosgen-Ammo- 
niak.  1  vol.  chlorocarbonic  acid  -f-  4  vols,  am- 
moniacal gas  condense  with  evolution  of  heat 
to  a  white  solid,  inodorous,  of  biting  saline 
taste,  of  neutral  reaction,  deliquescent,  soluble 
in  spt.  wine;  decomposed  by  the  stronger 
acids ;  may  be  sublimed.  Form.,  2  NH3,  COC1. 
Regnault  regards  it  as  sal-ammoniac  and  car- 
bamide, 2  NH3,  COC1  =  NH4C1  +  NH2,  CO. 

4.  Terchloride  of  Boron  -\-  Ammonia.  1  vol. 
gaseous  terchloride  of  boron  and  1^  vols,  am- 
monia condense  to  a  white  powder;  sublimes 
unchanged,  less  volatile  than  sal-ammoniac  ; 
decomposed  by  water  into  sal-ammoniac  and 
borate  of  ammonia.  Form.,  BCl3-j- 3  NH3; 
contains  18-36  percent,  ammonia.  To  decom- 
pose by  water,  as  above,  it  should  contain 
4  NH3 ;  thus,  BC13  +  4  NH3  +  3  HO  ==  NH3, 
B03+3(NH3,  HC1). 

5.  Terchloride  of  Silicon-]-  Ammonia.  Similar 
to  the  preceding,  decomposed  by  water  into 
sal-ammoniac,  silicic  acid  and  ammonia. 
Form.,  SiCl3  -f  3  NH3  (?) ;  contains  37-56  per 
cent,  ammonia. 

6.  Terbromidcof Phosphorus  -f-  Ammonia.  Syn. 
Phosphorbromiir-Ammoniak.  (Berz.)  Formed 
similarly  to  the  chlorine  compound,  which  it 
also  resembles  in  appearance  and  mode  of  de- 
composition. Form.,  PBr3-(- 5NH3;  contains 
24-37  per  cent,  ammonia. 

7.  Fluoride  of  Boron  -\-  Ammonia.  Equal  mea- 
sures of  the  2  gases  condense  to  a  white,  opake 
solid,  which  may  be  sublimed  unaltered,  by  a 
gentle  heat  in  a  close  vessel,  dissolves  in  water, 
forming  borofluoride  of  ammonium  and  borate 
of  ammonia.  1  vol.  fluoride  of  boron  -\-  2  and 
3  vols,  ammonia,  condense  to  clear  liquids,  not 
easily  distinguishable  from  each  other,  both 
losing  their  excess  of  ammonia,  and  becom- 
ing the  1st  solid  compound.  Form.,  BF3,  (1, 
2,  3)  NH3. 

8.  Fluoridcof  Silicon -\- Ammonia.  The  2  gases 
condense  only  in  the  ratio  of  1  vol.  fluoride  of 
silicon -f-  2  vols,  ammonia  to  a  white  powder; 
sublimes  without  decomp.  when  dry;  water 
resolves  it  into  silico-fiuoride  of  ammonium 
and  silicic  acid.  Form.,  2  SiF3-f-  3  NH3 ;  con- 
tains 25  per  cent,  ammonia. 

Cyanide  of  Ammonium,  see  under  Cyano- 
gen ;  see  also  under  the  Fluorides  of  Colum- 
bium,  Molybiienum,  Titanium,  Tungsten; 
farther  under  Terchloride  of  Arsenic,  &c. 

Oxy-Salts  of  Ammonium  and  Ammonia. 

1.  Sulphate  of  Ammonia,  a.  Neutral.  Syn. 
Sulphate  of  oxide  of  ammonium.  Lat.  Sal-am- 
moniacum  secretum  Glauberi.  Ger.  Schwe- 
felsaures  Ammoniak.  Found  native,  as  Mas- 
cagnine,  a  volcanic  mineral.  Prep.  Frequently 
made  in  the  process  of  manufacturing  sal- 
ammoniac  (see  Chloride  of  Ammonium  above), 
and  may  readily  be  obtained  by  the  action  of 
sulphuric  acid  on  sal-ammoniac  or  carbonate 
of  ammonia. 

Prop.  Cryst.  generally  flat  prisms,  right 
rhombic  system,  resembling  those  of  sulphate 
of  potassa  in  form  and  measurement;  the 
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obtuse  angle  of  the  vertical  prism  =  1110  15', 
that  of  a  horizontal  prism  =  121°  8'.  Of  a 
sharp,  bitter  taste,  scarcely  changing  in  the  air, 
soluble  in  2  cold  and  1  boiling  water;  decrepi- 
tates by  heat,  fuses  at  284°  and  begins  to  de- 
compose at  536°,  evolving  ammonia,  water, 
and  nitrogen,  and  sublimes  as  sulphite,  with  a 
little  sulphate  of  ammonia;  decomposed  in  an 
ignited  tube  into  water,  sulphur,  and  nitrogen  ; 
evaporated  with  muriatic  acid  is  resolved  into 
sal-ammoniac  and  b. 

Form.,  NH40,  S03  +  HO,  or  NH40,  S03, 
probably  the  latter  from  the  isomorphism  of 
NH40  with  potassa  KO.  Equiv.  of  NH40, 
803  (H=  1)  66-28,  or  (0=  100)  828-17.  In 
100  pts.,  NH3, 25-89  +  S03,  60-53  +  HO,  13-58. 

b.  Bisulphate.  Crystal,  in  scales,  has  a  very 
acid  and  bitterish  taste,  slowly  deliquesces, 
soluble  in  1  pt.  cold  water. 

Double  salts  are  obtained  by  saturating  the 
bisulphate  with  several  bases,  potassa,  soda, 
&c.  Sulphate  of  potassa  and  ammonia,  scaly, 
shining  crystals  of  bitter  taste,  and  permanent 
in  air.  Sulphate  of  soda  and  am.  crystallizes 
in  short  prisms  ;  saline  and  bitter,  permanent. 
Form.,  NH40,  NaO,  2  S03  -f  4  HO.     Sulph. 


Composition. 

H  =  l 

0  =  100 

In  100  pts. 

Rose. 

NH3 

17-16 

214-5 

29-78 

29-29 

S03 

40-12 

501-17 

70-22 

70-75 

lithia  and  am.  tabular  crystals,  very  soluble. 
Other  double  salts  containing  sulphate  of  am- 
monia, see  under  the  several  metals. 

2.  Sulphate-Ammonia  or  Anhydrous  Sulphate  of 
Ammonia.  Dry  sulphuric  acid  and  dry  am- 
monia unite,  and  form  bodies,  which  are  not 
salts  of  sulphuric  acid,  with  oxide  of  ammo- 
nium.    Rose. 

a.  Neutral  Sulphate- Ammonia.  Syn.  Sul- 
fatammon,  Rose:  Sulfamide,  Dumas.  Prep. 
Conduct  dry  sulphuric  acid  vapor  into  a  flask, 
surrounded  by  a  freezing  mixture,  and  when  it 
has  deposited  uniformly  on  the  sides,  by  turn- 
ing the  glass  round,  pass  in  dry  ammonia, 
which  is  absorbed  rapidly,  and  with  evolution 
of  heat;  the  outside  only  is  the  salt  in  ques- 
tion, and  is  carefully  scraped  off  from  that 
beneath  it,  and  should  not  have  an  acid  re- 
action. 

Prop.  White,  dry,  amorphous  powder,  taste 
similar  to  common  sulphate  of  ammonia  (1); 
neutral,  permanent  in  air.  Soluble  in  about 
9  pts.  cold  water,  the  solution  does  not  change 
by  lapse  of  time;  soluble  with  difficulty  in  oil 
of  vitriol,  insoluble  in  and  not  altered  by 
alcohol. 

Rose. 
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Heated  in  the  air,  it  evolves  sulphurous  acid, 
ammonia  and  the  sulphite  leaving  bisulphate 
of  amm.  Its  solution  gives  off  its  ammonia  at 
common  temperatures,  when  mixed  with  po- 
tassa, lime,  or  carbonate  of  potassa ;  the  alco- 
holic solution  of  bichloride  of  platinum  pre- 
cipitates immediately  a  little  more  than  £  the 
ammonia ;  racemic,  tartaric,  and  carbazotic 
acids  only  give  a  precip.  after  some  time,  and 
it  is  then  only  partial.  Nor  can  the  sulphuric 
acid  be  separated  more  easily,  for  a  soluble 
salt  of  baryta  precipitates  less  than  £  of  the 
acid  in  the  course  of  an  hour,  and  even  after 
long  boiling,  with  the  addition  of  muriatic  or 
nitric  acid,  about  3  is  thrown  down ;  to  get  all 
of  the  acid  as  insoluble  sulphate  of  baryta,  it 
is  necessary  to  evaporate  to  dryness,  and  ignite 
it  strongly.  With  chloride  of  strontium  at 
common  temperatures,  it  only  gives  a  slight 
precip.  after  a  week.  This  behavior  shows 
that  it  is  not  common  sulphate  of  ammonia  in 
solution. 

Rose  and  others  regard  it  as  a  direct  com- 
pound, NH3,  S03;  Kane  views  it  as  oil  of 
vitriol,  HO,  S03,  in  which  the  oxygen  of  the 
water  is  replaced  by  amide,  HAd,  S03 ;  Dumas 
regards  it  as  hydrous  sulphamide,  or  sulpho- 
hydramide,  NH2,  HO,  S02. 

6.  Acid  Sulphate-Ammonia.  Is  formed  at 
the  same  time  with  the  preceding,  as  a  hard 
glassy  mass,  very  deliquescent  in  the  air,  dis- 
solving in  water,  with  a  hissing  noise. 

e.  Neutral  Parasulphate- Ammonia.  Syn.  Para- 
sulfat-ammon,  Rose.  The  solution  of  a  by 
evaporation,  yields  c  and  d.  Prep.  Evap.  the 
solution  of  a  by  a  very  gentle  heat,  and  then  in 
vacuo  over  oil  of  vitriol,  and  dry  the  crystals 
with  filtering  paper,  to  free  them  from  the 
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mother-liquor,  which  contains  the  following 
salt  d.  Or,  after  scraping  off  the  salt  a  (see  a), 
recharge  the  vessel,  lined  with  the  acid  salt, 
with  ammonia;  suffer  it  to  remain  some  time 
in  contact  with  it,  then  expel  the  ammonia  by 
a  current  of  dry  air;  expose  the  vessel  for 
some  time  to  moist  air,  and  dissolve  slowly  in 
water;  remove  the  excess  of  sulphuric  acid  by 
shaking  with  carbonate  of  baryta,  and  evapo- 
rate slowly  and  in  vacuo  as  before. 

Pi-op.  Cryst.,  hemiedric  forms  of  the  right 
square  system,  limpid.  When  free  from  d  the 
salt  is  not  deliquescent;  moistened  with  water, 
and  exposed  to  the  air,  it  loses  a  little  acid  and 
becomes  (/;  rather  more  soluble  in  water  than 
a;  the  solution  is  neutral  and  appears  to  change 
to  d  very  slowly  in  closed  vessels.  Dissolved 
in  9  pts.  water  it  resembles  a  in  its  behavior 
to  bichloride  of  platinum,  carbazotic,  tartaric, 
and  racemic  acids,  and  to  salts  of  baryta, 
strontia,  &c,  excepting  that  as  long  as  d  is  not 
present  it  is  less  easily  affected  by  those  re- 
agents. 

This  salt  has  the  same  composition  as  a, 
Rose  having  found  in  it  70  to  70-29  per  cent, 
sulphuric  acid. 

d.  Deliquescent  Sulphate-Ammonia.  Syn.  Go: 
Zerfliessliches  Sulfatammon.  Formed  from 
the  gradual  decomposition  of  a  and  r.  Evapo- 
rate the  solution  of  a  to  dryness  in  vacuo 
over  oil  of  vitriol,  expose  it  to  the  air  to  deli- 
quesce, pour  off  the  liquid  formed,  evaporate 
it  to  crystallize  the  balance  of  c,  and  suffer  the 
clear  solution  to  crystallize  in  vacuo. 

Cryst.  indistinct  needles,  soluble  in  water, 
exhibit  a  slightly  acid  reaction.  Resembles 
a  in  its  behavior  to  reagents;  with  chloride 
of  barium   only  |  of  the   sulphuric   acid  is 
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precipitated   in  24  hours  at  common   tempe- 
ratures. 

According  to  analysis,  it  consists  of  2  eq. 
ammonia,  2  eq.  sulphuric  acid,  and  1  eq.  water; 
Rose  found  64-14  per  cent,  acid,  which,  by  cal- 
culation, should  be  about  65.  Form.,  2  NH3, 
2  S03,  HO,  which  may  be  viewed  as  a  com- 
pound of  (a)  anhydrous  sulphate  of  ammonia, 
with  the  common  sulphate,  NH3,  S03  -f-  NH40, 
S03,  but  this  is  not  likely  from  its  reactions  ; 
or,  on  the  sulphamide  view,  as  the  sulpho- 
sesquihydramide:  thus,  2  NH3,  2  S03,  HO  = 
2(NH2,  S02)+3HO. 

3.  Hyposulphate  of  Ammonia.  Ger.  Unter- 
schwefelsaures  Am.  Prepared  by  adding  sul- 
phate of  ammonia  (1)  to  hyposulphate  of 
baryta,  or  sulphydrate  of  ammonium  to  hypo- 
sulphate of  manganese,  filtering,  and  suffering 
the  filtrate  to  evaporate  spontaneously.  Crys- 
tallizes with  difficulty,  in  fine  prismatic  or  ca- 
pillary crystals,  of  a  cooling,  saline  taste,  per- 
manent in  air,  soluble  in  0-79  pts.  water  at 
60-8°,  the  solution  may  be  boiled  without  de- 
composition. Form.,  NH3,  S205,  2  HO.  Con- 
tains, by  calculation,  NH3, 15-98+  S205,  67-26 
-f  HO,  16-76=  100.  Heeren  found  18-44  per 
cent,  water. 

4.  Sulphite  of  Ammonia.  Syn.  Sulphite  of 
Oxide  of  Ammonium.  Ger.  Schwefligsaures 
Ammoniak.  Formed  by  passing  sulphurous 
acid  through  ammonia.  Cryst.  hexagonal 
columns,  with  hexag.  summits,  of  a  cooling, 
sharp,  sulphurous  taste;  soluble  in  1  pt. water 
at  53-6°,  producing  much  cold,  more  soluble  in 
hot,  the  solution  loses  ammonia  by  boiling;  in 
the  air  becomes  soft,  then  hard,  and  is  changed 
into  sulphate ;  slightly  decrepitates  by  heat, 
becomes  soft  without  fusion,  gives  off  ammonia 
and  water,  and  may  then  be  sublimed  as  bisul- 
phite of  ammonia.  Form.,  NH3,  HO,  S02,  or 
NH40,  S02,  which,  calculated,  gives  NH3, 
29-45  +  HO,  15-44  +  S02, 55-1 1  =  100.  Form, 
of  the  bisulphite,  NH40,  2S02. 

5.  Bisulphite-Ammonia,  or  anhydrous  bisul- 
phite of  ammonia.  Ger.  Sulfit-Ammon.  Dry 
sulphurous  acid  and  ammonia  gases  condense 
only  in  equal  volumes,  to  a  yellowish  red,  soft 
mass,  which,  by  keeping  in  the  cold,  crystal- 
lizes in  groups  of  reddish  yellow,  radiating 
needles.  It  is  deliquescent,  and  becomes  color- 
less in  the  air,  very  soluble  in  water,  with  yel- 
lowish color,  which  becomes  colorless,  and 
tests,  slightly,  acid ;  kept  in  a  close  vessel,  it 
deposits  sulphur,  its  acid  probably  transform- 
ing into  sulphuric  and  hyposulphurous  acids. 
From  its  various  reactions,  it  is  doubtful 
whether  to  regard  it  as  a  sulphite-ammonia,  or 


as  a  mixed  sulphate  and  hyposulphite-ammonia. 
Form.,  NH3,  2  S02.  It  may  be  viewed  as  a 
direct  compound,  as  in  the  formula,  or  as  NH3, 
SO,  S03,  in  which  it  resembles  the  common 
sulphate  of  ammonia  (1),  excepting  that  SO 
replaces  HO.  Rose  conjectures  that  NH3  is 
combined  with  a  polymeric  sulphurous  acid: 
thus,  NH3,  S204,  which  may  easily  be  resolved 
by  reagents  into  SO  and  S03,  a  theory  that 
accords  well  with  its  behavior.  Equiv. 
(H  =  l)  =  81-4. 

6.  Hyposulphite  of  Ammonia.  Ger.  Unter- 
schwefligsaures  Ammoniak.  Formed  from 
hyposulphite  of  lime  and  carbonate  of  am- 
monia; by  evap.  yields  a  soft  mass  of  white 
needles,  or  shining,  white  scales,  evap.  over 
oil  of  vitriol,  gives  rhombic  lamince,  very  solu- 
ble in  water;  easily  decomposed  bv  heat. 
Form.,  3  NH3,  3  S202,  4  HO  =  3  (NH  tO.  S,0,) 
+  HO ;  contains  NH3,  22-17  +  S202,  62-33  -f 
HO,  15-5=100. 

1.  Nitrate  of  Ammonia.  Syn.  Nitrate  of 
Oxide  of  Ammonium.  Lat.  Nitrum  flammens. 
Ger.  Salpetersaures  Ammoniak.  Prep.  Neu- 
tralize ammonia  or  its  carbonate  by  nitric 
acid,  evaporate  and  set  aside  to  crystallize. 

Prop.  According  to  the  concentration,  cryst. 
in  6-sided  prisms  with  6-sided  pyramids,  in  fine 
needles,  or  even  compact.  It  has  a  sharp, 
bitter  taste,  deliquescent,  soluble  in  0-502  pt. 
water  at  64-4°,  producing  much  cold,  in  less 
hot  water;  spec.  grav.  1-707;  by  loss  of  am- 
monia in  the  air,  gives  acid  reaction. 

By  a  gradually  increasing  heat  it  is  resolved 
into  nitrous  oxide  gas  and  water:  thus,  NH40, 
N05  =  2  NO  +  4  HO;  fuses  imperfectly' at 
133°,  perfectly  at  226°,  boils  without  decomp. 
at  356°,  begins  to  decompose  between  374°  and 
392°  (gives  off  nitrous  oxide  at  460°  to  480°. 
Pleiscld).  When  heated  so  high  as  to  emit 
white  fumes,  the  products  are  water,  nitrous 
and  nitric  oxides,  nitrate  of  ammonia  and  free 
ammonia.  Thrown  on  an  ignited  porcelain 
plate,  it  burns  with  a  pale  yellow  Light,  giving 
water,  nitrogen,  and  nitrous  acid  ;  it  detonates 
on  ignited  coals;  phosphorus  thrown  into  the 
fused  salt,  burns  brilliantly  to  phosphoric  acid, 
or,  if  in  quantity,  to  oxide  of  phosphorus ; 
when  fused,  it  oxidizes  most  metals,  zinc  and 
lead  rapidly,  antimony,  bismuth,  nickel,  cop 
per,  and  silver,  slowly;  arsenic,  tin,  iron,  and 
mercury,  not  at  all.  Fused  with  sal-ammoniac 
and  a  little  saltpeter  or  chlorate  of  potassa,  it 
oxidizes  and  dissolves  even  gold,  platinum, 
rhodium,  and  iridium,  rutile,  chromic  iron- 
ore,  sulphuret  of  molybdenum,  pitchblende,  &c. 
Composition: 


Fibrous 

Crystal. 

H  =  l 

O  =  100 

In  100  pts. 

lerz. 

Davy. 

Davy. 

NH3 

17-16 

214-5 

21-36 

21-143 

18-4 

19-3 

N05 

54-16 

677 

67-43 

67-625 

69-5 

72-5 

HO 

9 

112-5 

11-21 

11-232 

12-1 

8-2 

80-32 

1004 

100 

100 

100 

100 

Form.,  NH40,  N05.  Dumas  assumes  2  eq. 
water,  NH3,  N05,  2  HO. 

2.  Nitrite  of  Ammonia.  Syn.  Nitrite  of 
Oxide  of  Ammonium, Hyponitrite  of  Ammonia. 
Ger.  Salpetrigsaures  Ammoniak.    Prep.    Pre- 


cipitate nitrite  of  lead  by  sulphate  of  ammonia, 
or  rub  nitrite  of  silver  with  sal-ammoniac  and 
water,  suffer  the  solution  to  evaporate  spon- 
taneously in  air  or  in  vacuo. 
Prop.    A  white  crystalline  mass,  which  is 
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resolved  by  heat  into  water,  nitrous  oxide  and 
ammonia.  Its  aqueous  solution,  maintained  at 
122°,  is  wholly  resolved  into  nitrogen  and 
watcr,NH3,N03  =  2N  +  3HO.  Form.,NH40, 
N03;  contains  NH3,  26-68  -f-  N03, 59-33+  HO, 
13-99=100;  Berzelius  found  13-68  per  cent, 
water. 

3.  Sulphite  of  Nitric  Oxide  and  Ammonia.  Syn. 
Ger.  Stickschwefelsaures  Ammoniak.  Fr.  Ni- 
trosulphite  d'ammoniaque.  Mix  caustic  am- 
monia with  concentrated  sulphite  of  ammonia, 
cool  it  down  and  pass  nitric  oxide  through  it ; 
the  crystals  obtained  are  washed  with  am- 
monia. Cryst.  rhombic  prisms,  transparent, 
of  a  pungent  and  slightly  bitter  taste;  changes 
gradually  in  air  to  sulphate  of  amm.,  with 
evolution  of  nitrous  oxide,  a  change  which  its 
solution  soon  suffers;  thus,  NH3,  N02,  S02  = 
NH3,  S03+NO;  this  change  is  very  slow  at 
32°,  rapid  at  100°.  The  presence  of  charcoal, 
binoxide  of  manganese,  oxide  of  silver,  pla- 
tinum sponge;  the  stronger  acids,  even  car- 
bonic, solutions  of  iron  or  copper  vitriol,  cor- 
rosive sublimate,  nitrates  of  lead  and  silver, 
cause  a  more  rapid  decomposition,  which  is 
lessened  by  an  excess  of  ammonia.  The  salt 
is  permanent  as  high  as  230°,  at  a  higher  heat 
it  explodes,  evolving  nitrous  oxide. 

Form.,  NH3,  N02,  S02,  HO. 

1.  Phosphate  of  Ammonia.  Syn.  Tribasic 
Phosphate  of  Amm.  Ger.  Phosphorsaures 
Ammoniak.  a.  Neutral.  Exists  as  a  double 
salt,  with  phosphate  of  soda  or  magnesia,  in  the 
urine  of  carnivorous  animals,  in  calculi,  &c. 
Prep.  Add  ammonia  to  strong  phosphoric 
acid  until  it  reacts  alkaline,  when  the  cooling 
liquid  deposits  crystals ;  or,  to  somewhat  calca- 
reous phosphoric  acid,  add  carbonate  of  am- 
monia, until  effervescence  and  a  precipitate  of 
phosphate  of  lime  ceases,  filter,  evaporate, 
adding  ammonia  to  replace  that  lost  during 
evap.,  so  that  the  liquid  remains  alkaline,  and 
set  aside  to  crystallize. 

Prop.  Cryst.  oblique-rhombic,  limpid;  taste 
cooling, saline, pungent;  tests  alkaline;  insolu- 
ble in  alcohol,  soluble  in  4  pts.  cold,  less  hot 
water,  the  solution  loses  a  portion  of  ammonia, 
becoming  b;  effloresces  slightly  in  the  air, 
losing  some  ammonia  at  ordinary  tempera- 
tures; fuses  by  heat,  losing  water  and  am- 
monia, and  becoming  dry,  and  finally,  by 
ignition,  gradually  becomes  fused  hydrated 
phosphoric  acid.  Form.,  2  NH40,  HO,  P05  (or 
2  NH3,  P05,  3  HO);  contains  NH3,  26-02 -f 
PO,,  53-69  +  HO,  20-29=100;  Mitscherlich 
found  54-426  per  cent,  phosphoric  acid. 

b.  Acid.  Add  phosphoric  acid  to  ammonia, 
until  it  tests  strongly  acid,  and  does  not  pre- 
cipitate chloride  of  barium.  Cryst.  right- 
rhombic,  taste  and  test  acid,  soluble  in  5  pts. 
cold  and  less  hot  water;  loses  ammonia  by 
heat,  like  a.  Form.,  NH40, 2  HO,  P03  (or  NH3, 
P05,  3  HO) ;  Mitscherlich  found  61-02  per  cent, 
phosphoric  acid,  which  is  a  little  less  than  it 
should  contain. 

2.  Pyrophosphate  of  Ammonia.  Syn.  Bibasic 
Phosphate  of  Amm.  Exists  only  in  solution, 
for  upon  evaporation,  it  takes  up  an  equiva- 
lent of  water,  and  becomes  1.,  a.  Formula, 
2  NH.O,  PO.. 

3.  Metnphosphale  of  Ammonia.    Syn.     Mono- 
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basic  Phosphate  of  Amm.  Also  known  only 
in  solution,  which,  by  spontaneous  evaporation, 
crystallizes  as  1.  b.     Form.,  NH40,  P06. 

4.  Phosphite  of  Ammonia.  Ger.  Phosphorig- 
saures  Ammoniak.  Neutralize  phosphorous 
acid  by  ammonia,  and  evaporate  to  a  syrup; 
crystallizes  in  large  4-sided  prisms,  with  octa- 
hedral terminations,  deliquescent,  soluble  in  2 
pts.  cold,  less  hot  water;  by  heat  loses  am- 
monia, becoming  phosphorous  acid,  with  3  HO, 
which,  by  farther  heat,  is  resolved  into  phos- 
phuretted  hydrogen  and  phosphoric  acid. 
Form.,  2  HN40,  P03. 

5.  Hypophospliite  of  Ammonia.  Gir.  Unter- 
phosphorigsaures  Amm.  Deliquescent,  solu- 
ble in  water  and  absolute  alcohol ;  loses  am- 
monia by  heal,  becoming  hydrous  hypophos- 
phorous  acid,  which  is  farther  decomposed  by 
heat  into  phosphorus,  phosphoric  acid,  and 
phosphur.  hydrogen.     Form.  NH40,  PO. 

Phosphate  of  ammonia  forms  several  im- 
portant double  salts,  which  will  be  found  under 
phosphate  of  soda,  magnesia,  &c. 

1.  Perchlorutc  of  Ammonia.  Ger.  Ueberchlor- 
saures  Amm.  Transparent,  right-rhombic 
prisms,  soluble  in  5  pts.  cold  water,  slightly  in 
alcohol;  neutral,  until  evaporated,  when  it 
loses  ammonia  and  tests  acid  ;  it  is  precip.  by 
concentrated  perchloric  acid.  Form.,  NH.O, 
C107. 

2.  Chlorate  of  Ammonia.  Ger.  Chlorsaures 
Amm.  Prepared,  either  by  mixing  ammonia, 
or  its  carbonate,  with  chloric  acid,  or  by  pre- 
cipitating chlorate  of  baryta,  strontia,  or  lime, 
by  carbonate  of  ammonia,  or,  according  to 
Berzelius,  by  adding  to  a  solution  of  silico- 
fluoride  of  ammonium,  finely  powdered  chlo- 
rate of  potassa,  in  small  portions,  as  long  as 
silicofiuoride  of  potassium  falls  down  ;  evapo- 
rate at  a  gentle  heat. 

Prop.  Cryst.  in  fine  needles;  taste  sharp; 
very  soluble  in  water  and  alcohol ;  volatilizes 
below  212°,  at  a  little  higher  temperature  gives 
off  chlorine,  nitrogen,  and  nitrous  oxide; 
thrown  on  a  strongly  heated  body,  it  explodes, 
with  a  red  light;  Mitscherlich  says  it  may 
explode  spontaneously.     Form.,  NH40,  CIO.. 

lodate  of  Ammonia.  Neutralize  iodic  acid  or 
terchloride  of  iodine,  with  caustic  or  carbon- 
ated ammonia.  Asubsoluble  powder;  by  slowly 
evaporating  its  solution,  it  crystallizes  in  bril- 
liant, colorless  cubes ;  soluble  in  38-5  water 
at  59°,  in  6-9  boiling.  Heated  to  300°,  decom- 
poses, with  rapidity,  into  vapor  of  iodine,  water, 
and  into  nitrogen  and  oxygen  in  equal  volumes; 
thus,  NH40,  I05  =  I -f  4  HO  +  N  +  2  O  ;  de- 
flagrates violently  on  ignited  coal,  with  a  violet 
color;  decomposed  by  strong  chlorohydric  acid 
into  water,  chlorine,  and  a  compound  of  sal- 
ammoniac,  with  terchloride  of  iodine.  Form., 
NH40,  IO.. 

Bromate  of  Ammonia.  Prep,  by  neutralizing 
bromic  acid  with  ammonia,  or  by  precipitating 
bromate  of  baryta  by  carbonate  of  ammonia. 
By  evap.  yields  fine  needles  or  granular  crys- 
tals, colorless,  of  a  sharp  and  cooling  taste, 
soluble  in  water.  Explodes  in  a  short  time 
spontaneously,  even  at  common  temperatures, 
yielding  bromine  vapor,  water,  nitrogen,  and 
oxygen  (see  under  the  preceding  salt).  Form., 
NH40,  BrO.. 
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1.  Carbonate-Ammonia.  Syn.  Anhydrous  Car- 
bonate of  Amm.,  Carbohydramide  (1).  Ger. 
Kohlensaures  Amnion.  Dry  carbonic  acid  and 
ammonia  slowly  unite,  evolving  heat,  only  in 
the  proportion  of  1  vol.  C02+2  vols.  NH3. 
The  salt  may  be  made  by  passing  the  dry  gases 
through  several  tubes  cooled  very  low,  or,  by 
subliming  a  mixture  of  dry  sulphate-ammonia 
and  dry  carbonate  of  soda.  It  is  a  white  mass, 
giving  off  the  odor  of  ammonia,  with  alkaline 
reaction,  vaporizes  above  140°, may  be  repeat- 
edly sublimed  without  change.  Dry  chlorine 
decomposes  it,  after  some  days,  into  sal-ammo- 
niac, carbonic  acid,  and  nitrogen;  dry  sul- 
phuric acid  forms  sulphate-ammonia;  heated  in 
sulphurous  acid,  it  sublimes  sulphite-ammonia. 
Its  solution  acts  like  the  following  salt.  Form., 
NH3,  C02  (NH2,  HO,  CO  1) ;  it  contains  NH3, 
43-82 -f  C02,  56-18=100;  Eose  found  NH3, 
44-69  -j-  C02,  55-45  =  100-14. 

2.  Carbonate  of  Ammonia,  Neutral.  Syn.  Car- 
bonate of  Oxide  of  Ammonium.  Ger.  Einfach 
Kohlensaures  Ammoniak.  Heat  gently  in  a 
retort,  common  sesqui-carbonate  of  amm.,  or  a 
mixture  of  sal-ammoniac  and  carbonate  of 
soda;  carbonic  acid  first  escapes  from  the 
beak  of  the  retort  dipping  under  mercury, 
when  the  neutral  carbonate  sublimes,  and  is 
subsequently  followed  by  other  salts. 

Prop.  White  crystalline,  may  be  repeatedly 
sublimed  without  change ;  deliquescent,  very 
soluble  in  water,  and  cannot  be  again  obtained 
from  solution,  which  readily  parts  with  a  por- 
tion of  ammonia.  Its  very  dilute  solution  pre- 
cipitates chloride  of  calcium  after  some  time, 
which  distinguishes  it  from  other  carbonates. 
Form..  2  NH3,  HO,  2  C02,  which  may  be  re- 
garded as  a  compound  of  1  and  2,  NH3,  C02  + 
NH40,  C02.  Rose  found  NH3,  39-27+ C02, 
50-09+ HO,  10-64=100. 

3.  Scsquirarbonate  of  Ammonia.  Syn.  Smell- 
ing Salt,  Volatile  Salt  of  Hartshorn.  Lat.  Sal- 
volatile  (Cornu  Cervi).  Ger.  Anderthalb- 
kohlensaures  Ammoniak,  Fliichtiges  Hirsch- 
hornsalz. 

Prep.  It  is  the  crude  saline  product  of  the 
dry  distillation  of  bones,  blood,  horn,  &c,  and 
is  often  thus  procured  in  a  solid,  crystalline, 
but  impure  state.  (See  Manufacture  of  Sal- 
Ajimoniac  above).  It  is  usually  obtained  by 
the  double  decomposition  of  muriate  or  sul- 
phate of  ammonia  and  carbonate  of  lime.    Mix 


Calculated  composition. 

Kirwan. 

/.  Davy. 

H.  Rose. 

H.  R. 

2NH3            34-32 

29-01 

24 

27-39 

28-66 

30-7 

3  C02             66 

55-79 

52 

54-58 

50-55 

53-4 

2  HO               18 

15-20 

24 

18-03 

20-79 

15-9 

1  pt.  sal-ammoniac  (or  sulphate  of  amm.)  with 
1^  to  2  pts.  powdered  chalk,  introduce  the  mix- 
ture into  an  earthen  or  cast-iron  retort,  and 
heat  gradually  to  redness.  The  vapors  of  car- 
bonate of  ammonia  are  condensed  in  a  receiver 
of  stone-ware,  lead,  or  glass.  It  is  purified  by 
resublimation  in  stone-ware  or  glass,  which, 
when  sufficiently  full,  is  broken,  and  the  solid 
white,  crystalline  cake  thrown  into  market. 

The  double  decomposition  is  simple,  chlo- 
ride of  ammonium  and  carbonate  of  lime, 
yielding  carbonate  of  ammonia  and  chloride 
of  calcium,  while  water  and  ammonia  escape; 
thus,  3  (CaO,  C02)  +  3  NH4C1  =  3  CaCl  + 

2  NH40,  3  C02  +  NH3  +  HO. 

Impurities.  It  may  contain  hyposulphite 
(from  sulphate),  sulphate,  or  muriate  of  am- 
monia, which  may  be  detected,  as  shown  under 
those  acids  ;  lime,  or  chloride  of  calcium,  may 
also  be  present,  which  can  be  ascertained  by 
vaporizing  a  portion  of  the  salt,  when  these, 
or  other  fixed  matters,  remain. 

Prop.  White,  crystalline  (Ure  says,  when 
carefully  sublimed,  it  forms  rhombic  octa- 
hedra),  has  an  ammoniacal  odor,  sharp  taste, 
alkaline  reaction.  It  is  soluble  in  water,  1  pt. 
dissolving  in  4  pts.  water  at  55°,  in  3-3  at  62°, 
in  2-7  at  90°,  in  2-4  at  105°,  and  in  2  at  120°. 
But  it  is  readily  decomposed  by  solution  in 
water.  From  its  warm,  saturated  solution, 
bicarbonate  of  ammonia  crystallizes  on  cool- 
ing, or  is  precipitated  by  alcohol.  A  smaller 
quantity  of  water  than  is  necessary  for  solu- 
tion, extracts  chiefly  neutral  carbonate,  and 
leaves  the  bicarbonate.  The  complete  solu- 
tion heated,  evolves  carbonic  acid  and  a  little 
ammonia,  until  the  neutral  salt  remains.  Dry 
sulphuric  acid  vapor  conducted  over  it,  resolves 
it  into  sal-ammoniac  and  hydrous  sulphate  of 
ammonia ;  sulphurous  acid,  with  heat,  pro- 
duces first,  sulphite-ammonia, then  hydrous  sul- 
phite of  ammonia.  It  effloresces  in  the  air  to 
a  white  pulverizable  mass  of  bicarbonate. 
When  heated,  it  begins  at  120°  to  evolve  car- 
bonic acid,  then  neutral  carbonate  (2),  mixed 
more  and  more  with  sesquicarbonate  (3) ;  after 
2,  there  sublimes  the  following  salt  (4),  and 
finally  the  clear  liquid  in  the  retort  deposits,  on 
cooling,  crystals  of  sesquicarbonate,  with  5  eq. 
water  (3.  b.),  while  the  solution  contains 
neutral  carbonate  (2). 

H.R. 


56-23 


118-32 


100-00 


100 


100 


100 


100 


The  commercial  salt  is  generally  a  mixture 
of  several  salts.  Formula  of  the  pure  salt, 
2  NH40  +  3  C02,  (=2  NH3,  2  HO,  3  C02), 
which  is  viewed  by  Rose  as  a  compound  of 
NH3,  C02  and  NH3,  2  HO,  2  C02. 

b.  The  salt  mentioned  above  as  crystallizing 
from  the  heated  and  fused  sesquicarbonate, 
has  the  form  of  thin  hexagonal  laminae,  which 
gradually  change  in  the  air  to  bicarbonate. 
Formula,  2  NH3,  3  C02,  5  HO  ;  contains,  from 
20 


Rose's    analysis,  NH3,  23-56  +  C02,  45-55  + 
HO,  30-89  =  100. 

4.  The  sesquicarbonate  yields,  by  heat,  3  car- 
bonates, containing  4  eq.  amm.  and  5  eq.  car- 
bonic acid,  a.  Sublimes  as  a  crystalline  crust, 
in  the  upper  part  of  the  retort,  in  which  the  com- 
mon sesquicarbonate  (3.  «.)  is  slowly  heated. 
Form.,  4NH3,  5C02,4HO,  which,  according 
to  Rose,  may  be  viewed  as  3  (NH„,  CO,)  + 
NH40,2C02+3HO;   according  to   GmelhV, 
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2  (NH,0,  C02)  +  2  NH40, 3  C02.— b.  Sublime 
sesquicarbonate  (3.  b.),  or  heat  ihe  preceding 
salt  (4.  a.)  in  a  retort,  until  fused  to  a  clear 


AMMONIUM. 

liquid ;  6  sublimes,  while  the  I  !  ue  con- 

geals to  e.    Form,  of/.,  4NH3,  ft  C02 +5  HO; 
form,  of  c,  4  NH3,  5  C02  +  12  HO. 


a. 

H=l 

H.  Rose. 

b. 

H=l 

H.  Rose. 

r. 

H=l 

//.  Row 

4NH, 

68-64 

31.13 

4NH, 

68-64 

30-53 

4NH3 

6864 

22-70 

5C02 

110 

52-92 

5  C02 

110 

48-56 

5C02 

110 

38-31 

4  HO 

36 

15-95 

5  HO 

45 

20-91 

12  HO 

108 

38-99 

2T4-64       100 


223-64       100 


286-64      100 


5.  Bicarbonate  of  Ammonia.  Ger.  Zweifach 
Kohlensaures  Ammoniak.  a,  with  2  eq.  water. 
Formed  crystallized  only  by  evap.  of  a  solu- 
tion of  neutral  carbonate  (2)  in  vacuo,  or 
crystalline  by  the  evap.  of  sesquicarbonate  in 
vacuo  over  oil  of  vitriol,  potassa,  lime,  or 
chloride  of  calcium,  or  by  saturating  dissolved 
sesquicarbonate  with  carbonic  acid,  or  pre- 
cipitating the  same  salt  by  alcohol.  In  short, 
the  other  carbonates  have  a  strong  tendency 


to  pass  into  this  salt;  a  bottle  of  common 
carbonate,  badly  corked,  becomes  this  bicar- 
bonate. 

Cryst.  oblique-rhombic  system,  the  same  as 
bicarb,  of  potassa;  inodorous,  has  a  feeble 
taste,  an  alkaline  reaction,  volatilizes  more 
slowly  in  the  air  than  the  neutral  salt;  dis- 
solves in  6  pts.  water  at  55°,  with  more  salt,  it 
evolves  carbonic  acid  freely  at  102°,  and  the 
liquid  has  an  ammoniacal  odor. 


a.  Calculated. 

NH3         17-16 
2  C02  44 

2  HO  18 


21-68 
55-58 
22-74 


79-16       100 


Phillips. 
21-16 
55-50 
23-34 

100 


/.  Davy. 
21-56 
56-01 

22-43 


100 


H.  Rose. 
21-39 
56-09 
22-52 

100 


H.  R. 

21-24 
55-42 
23-34 


H.  R.  H.  R. 

21-12  21-60 

55-95  55-88 

22-93  22-52 


100 


100 


100 


Form.,  NH3,  2  C02,  2  HO,  which  may  be  re- 
garded as  NH40,  C02  +  HO,  C02.— b.  With 
2£  eq.  water.  Pour  over  sesquicarbonate,  en- 
closed in  a  strong  bottle,  a  quantity  of  boiling 
water  sufficient  for  solution,  close  the  vessel 
to  retain  the  carbonic  acid;  on  cooling,  the  salt 
crystallizes.  Large  limpid  crystals,  with  bril- 
liant surfaces,  of  right-rhombic  system ;  pro- 
perties the  same  as  the  preceding  (5.  a), 
except  the  amount  of  solubility. — c.  With 
3  eq.  water.  Sublimes  by  heating  4.  b.  Pro- 
perties same  as  5.  a,  except  the  amount  of 
solubility. 


b.  Calculated 

H.  Rose. 

Berthollet 

2NH3 

34-32 

20-02 

20 

4C02 

88 

52-89 

55 

5  HO 

45 

27-09 

25 

167-32 

100 

100 

c.  Calculated. 

H.  Rose. 

NH3 

17-16 

19-46 

18-12 

2  CO, 

44 

49-91 

50-67 

3  HO 

27 

30-63 

31-21 

88-16 

100 

100 

6.  Another  carbonate  is  produced  by  heat- 
ing the  last  salt  (5.  c). 


Calculated. 
4NH3 
7C02 
12  HO 


68-64 
154 
108 

330-64 


H.  Rose. 
19-41 
47-70 
32-89 

100 


7.  When  the  solution  of  sesquicarbonate  is 
slowly  evaporated  in  vacuo  over  oil  of  vitriol, 
so  as  to  avoid  ebullition,  another  carbonate 
separates  in  small  crystals,  which  rapidly  pass 
into  5.  a,  by  loss  of  carbonic  acid. 

Calculated.  H.  Rose. 

4  NH3               68-64  19-12 

9  C02  198  55-83 

10  HO                 90  2505 


:sr>(HM 


100 


1.  Quadroborate  of  Ammonia.  Ger.  Zweifach- 
borsaures  Ammoniak,  Berz. ;  Vierfach-borax- 
saures  Am., Gmelin.  Prep.,by  saturating  warmed 
caustic  ammonia  by  boracic  acid,  and  slowly 
cooling,  it  separates  in  clear,  irregular,  6-sided 
prisms  of  the  right-rhombic  system,  terminated 
by  the  octahedron  and  horizontal  prism;  at 
first  tasteless,  then  burning  and  bitter,  has  an 
alkaline  reaction;  permanent  in  the  air,  solu- 
ble in  about  8  pts.  water,  the  solution  loses  am- 
monia by  boiling;  fuses  when  heated,  swells 
up  and  becomes,  finally,  glacial  boracic  acid. 


Calculated. 

Gmelin. 

Arfvedson. 

Soubeiran. 

NH3 

17-16 

7-81 

5-9 

7-9 

7-24 

4B03 

139-6 

63-52 

63-4 

640 

55-80 

7  HO 

63 

28-67 

30-7 

28-1 

36-96 

219-76 


100 


100 


100 


100 


2.  Biborate  of  Ammonia.    Ger.  Neutrales  bor- 1  Prepared  like  the  preceding,  but  with  an  excess 
saures  Amm.,  Berz.;  Doppelt  b.  Amm.,  Gmelin.  \  of  ammonia ;  the  temperature  rises.     On  cool- 
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ing,  it  deposits  right-rhombic  octahedra,  less 
acute  than  sulphur,  with  terminal  planes,  and 
sometimes  a  more  obtuse  octahedron.  Taste 
and  reaction  alkaline,  efflorescent,  changing 


13-0 
52-9 
34-1 


Calculated. 

NH3 

17-16 

2  BO 

69-8 

5  HO 

45 

131-96 


100 


It  is  evident  that  Arfvedson's  was  a  different 
compound. 

3.  Another  hyperneutral  borate  is  formed  by 
dissolving  the  preceding  (2)  in  a  close  vessel 
in  warm  concentrated  ammonia,  when  it  crys- 
tallizes on  cooling;  or  by  exposing  100  crys- 
tallized boracic  acid  to  ammoniacal  gas,  of 
which  21  will  be  absorbed. 


Calculated. 

Arfvedson 

3NH3 

51-48 

21-55 

4B03 

139-6 

55-95 

6  HO 

54 

22-50 

245-08 


100 


Berzelius  terms  1  biborate  and  gives  for  it 
the  formula,  NH40,  2  B03  +  HO,  2  B03  + 
5  HO  (he  gives  6  eq.  water  of  crystal.) ;  he 
terms  2  neutral,  giving  the  formula,  NH40, 
B03  +  HO,  B03  +  3  HO  (he  gives  2  eq.  crys- 
tal-water) ;  the  last  salt,  3,  he  terms  \  basic 
borate,  advancing  the  formula  3  NH40,  2  B03 
+  2  (HO,  B03)  +  HO. 

Silicate  of  Ammonia.  Pure  caustic  ammonia 
dissolves  a  considerable  quantity  of  freshly 
precipitated  silica. 

SuLPHURETS    AND    SuLPHO-SaLTS. 

1.  Sulphuret  of  Ammonium.  Syn.  Hydrosul- 
phuret  of  Ammonia.  Ger.  Einfach  Schwefel- 
ammonium,  oder  Einfach-Hydrothion-Ammo- 
niak.  Pass  a  mixture  of  1  vol.  sulphuretted 
hydrogen  and  a  little  more  than  2  vols,  am- 
monia through  a  tube  cooled  to  0°  ;  at  common 
temperatures  they  unite  in  equal  volumes  to 
form  sulphohydrate  of  amm. ;  or,  it  may  be 
obtained  in  solution  by  dividing  liquid  am- 
monia into  2  parts,  saturating  1  with  sulphu- 
retted hydrogen  and  then  adding  the  other  part, 
NH4S,  HS  +  NH3  =  2  NH4S.  In  the  former 
case,  the  gases  deposit  colorless  crystals,  with 
a  strong  alkaline  reaction,  losing  |  of  its  am- 
monia immediately,  at  common  temperatures  ; 
the  liquid  smells  stronger  of  ammonia  than  of 
sulphuretted  hydrogen,  and  readily  decom- 
poses in  the  air.  Form.,  NH4S,  or  NH3,  HS; 
contains  about  50  per  cent,  of  each  constituent. 

2.  5-fold  Sulphuret  of  Ammonium.  Ger.  5-fach 
Schwefelammonium,  Berz.;  Hydrothioniges 
Ammoniak,  Gmelin.  Saturate  caustic  ammo- 
nia with  sulphuretted  hydrogen,  add  flowers  of 
sulphur,  while  ammoniacal  gas  is  passed 
through,  saturate  the  excess  of  ammonia  again 
by  sulphuret.  hydrog. ;  treat  the  liquid  again 
with  sulphur  and  gaseous  ammonia;  and 
lastiy,  with  sulphuretted  hydrogen  ;  the  cooled 
liquid  then  congeals   to  a  crystalline   mass ; 


into  the  preceding  salt  (1)  by  loss  of  am- 
monia; soluble  in  about  12  pts.  cold  water  ;  its 
solution  evolves  ammonia  by  heat.     Gmelin. 


Gmelin. 
12-5 
51 
36-5 

100 


Soubeiran. 
13-544 
50-000 
36-452 


99-996 


Arfvedson. 
12-88 
63-34 
23-78 

100 


fuse  it  at  100°  to  120°,  and  suffer  it  to  cool 
slowly  in  a  closed  vessel. 

Prop.  Long,  orange-colored  obiique-rhom- 
bic  prisms;  soluble  in  water,  with  the  separa- 
tion of  sulphur;  at  first,  perfectly  soluble  in 
alcohol,  but  sometimes  precipitates  sulphur  in 
a  crystalline  state,  even  in  closed  vessels. 
The  solution  obtained  by  saturating  sulphohy- 
drate of  ammonia  by  sulphur,  is  a  dark-yellow 
oily  liquid.  The  crystals  gradually  change  in 
the  air,  giving  off  sulphuretted  hydrogen,  into 
a  mixture  of  sulphur  and  hyoposulphite  of 
ammonia;  when  heated  they  give  off  sulph. 
hydrogen,  and  pass  into  7-fold  sulphuret  (3); 
they  suffer  a  similar  change  when  kept  in  a 
large  vessel,  filled  with  dry  air;  3  (NH4, S.)  = 
2  (NH4,  S7)  +  NH4S.  Form.,  NH4,  Sg,  or  NH3, 
HS,  S4  ;  contains,  according  to  Fntsche's  ana- 
lysis, NH3,  17-12+ HS,  16-115+ S,  64-7  = 
97-935. 

3.  1-fold  Sulphuret  of  Ammonium.  Ger.  Unter- 
hydrothioniges  Ammoniak,  Gmelin,  Produced 
by  the  spontaneous  decomposition  of  the  pre- 
ceding (2) ;  or  the  crystals  of  2  are  fused  in 
their  mother-liquor,  and  the  vessel  containing 
them  placed  under  a  large  bell-glass  to  cool, 
when  sulphuret  of  ammonium  (1)  volatilizes, 
and  the  3  first  crystallizes  out,  then  2,  and 
lastly,  3  again.  The  crystals  are  ruby-red, 
soluble,  and  keep  rather  better  than  2  ;  by  heat, 
a  lower  sulphuret  volatilizes,  which  deposits 
in  yellow  drops,  from  which  heat  separates 
very  volatile  crystals,  probably  sulphohydrate; 
a  low  temperature,  a  little  above  that  of  the 
fusing  point  of  sulphur,  decomposes  them  en- 
tirely, and  fused  sulphur  remains.  Form., 
NH4,  S7,  or  NH3,  HS,  S6;  contains,  according 
to  Fritsche,NH3, 13+  HS,  12-92+  S,  75-09  = 
101-01. 

4.  Sulphohydrate  of  Ammonium.  Syn.  Bihy- 
drosulphuret  of  Ammonia.  Ger.  Ammonium- 
Sulfhydrat,  Berz.;  Zweifach-Hydrothion-Am- 
moniak,  Gmelin;  Schwefelwasserstoffammo- 
niak.  A  salt,  in  which  protosulphuret  of 
ammonium  is  the  base,  and  sulphuretted  hy- 
drogen (sulphohydric  acid)  is  the  acid.  At 
common  and  higher  temperatures,  ammonia 
and  sulphuretted  hydrogen  unite  only  in  equal 
volumes ;  to  obtain  the  salt  crystallized,  let  the 
two  gases  meet  in  a  vessel,  cooled  by  ice,  and 
filled  with  hydrogen  or  ammonia.  Crystallizes 
in  colorless  needles  or  leaves,  has  an  alkaline 
reaction,  smells  strongly  of  ammonia  and  sul- 
phuretted hydrogen,  volatilizes  at  common 
temperatures;  changes,  in  air,  to  a  higher 
sulphuret.  A  solution  of  this  salt  is  made  for 
chemical  purposes,  by  passing  sulphuretted 
hydrogen  through  caustic  ammonia  to  satura- 
tion, with  as  little  access  of  air  as  possible. 
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Form.,  NH4S+HS,  or  NH3,  2  HS  ;  contains 
about  -J-  ammonia  and  #  sulphohydric  acid. 

Die.  This  salt  is  largely  employed,  as  an 
invaluable  reagent  in  analytic  chemistry,  and 
is  prepared  for  ordinary  use  by  passing  a 
tube,  from  a  sulphohydrogen  generating  bottle, 
into  a  stoppered  bottle  containing  ammonia, 
thrusting  a  little  cotton  into  the  mouth  to  avoid 
the  influence  of  the  air,  as  far  as  practicable. 
It  should  be  fully  saturated  by  sulphohydrogen, 
or  otherwise  the  excess  of  ammonia  interferes 
in  the  color  of  precipitates  and  is  apt  to  mis- 
lead in  research.  The  fresh  solution  is  color- 
less, if  the  air  has  been  duly  excluded,  but  is 
usually  tinged  slightly  yellow  from  the  first, 
and  becomes  more  so  by  standing  in  a  loosely 
stoppered  bottle,  or  when  the  bottle  has  been 
frequently  opened,  from  the  formation  of  higher 
sulphuret ;  this,  however,  is,  in  most  cases,  of 
little  or  no  injury.  When  farther  decomposed, 
it  is  resolved  into  hyposulphite  of  ammonia; 
as  soon  as  sulphur  begins  to  deposit,  it  is  a 
useless  reagent.  Its  use,  as  a  reagent,  depends 
on  its  power  of  precipitating  sulphurets  of 
nearly  all  the  metals,  which  are  sometimes 
distinguished  by  their  color,  and  on  its  capa- 
bility of  dissolving  the  sulphurets  of  tin,  anti- 
mony, and  arsenic,  by  the  formation  of  soluble 
sulpho-salts. 

1.  Sulphocarbonate-Ammonia.  Ger.  Schwefel- 
kohlenstoff-Ammoniak,  Berz.  Bisulphuret  of 
carbon  slowly  absorbs  ammoniacal  gas,  form- 
ing an  amorphous  solid,  of  a  faint  yellow 
color,  may  be  sublimed  as  long  as  it  is  dry ;  it 
is  also  formed  by  heating  xanthate  of  am- 
monia; it  attracts  water  strongly,  becoming 
first,  and  immediately,  orange-yellow,  from 
the  formation  of  sulpho-carbonate  of  am- 
monium (2),  then  lemon-yellow,  being  re- 
solved into  ammonia,  sulphohydrogen,  and 
water. 

2.  Svlphocarbonate  of  Ammonium.  Ger.  Am- 
monium-Sulfocarbonat,  Berz.;  Hydrothiocar- 
bon-Ammoniak,  Gmelin.  Formation.  Ammonia 
and  sulphuret  of  carbon  are  resolved  in  car- 
bonate and  sulphocarbonate:  thus,  3NH40-f- 
3  CS2  =  NH40,  C02  +  2  (NH4S,  CS2).  Prep. 
Mix  10  vols,  of  nearly  absolute  alcohol,  satu- 
rated with  ammoniacal  gas,  with  1  vol.  of  bi- 
sulphuret of  carbon,  fill  a  flask  with  it  and 
close  it,  when  the  liquid  has  assumed  a  brown 
color,  place  it  for  an  hour  in  ice-cold  water; 
the  salt  separates  partly  in  fine  feathery  crys- 
tals, partly  as  a  crystalline  powder;  pour  off 
the  mother-liquor,  or  strain  it  through  linen, 
wash  the  salt  several  times  with  cold  and 
strong  alcohol,  then  with  ether,  press  it  at  once, 


and  strongly,  between  paper,  and  fill  a  well- 
stoppered  bottle  with  the  dry  salt. 

Prop.  Pale,  yellow  Crystals,  which  entirely 
volatilize  in  the  air  in  a  few  days,  and  may 
be  sublimed  when  dry  with  little  or  DO  de« 
composition,  even  when  mixed  with  di 
bonate  of  potassa ;  deliquescent,  very  soluble 
in  water,  slightly  in  alcohol,  still  less  in  ether; 
dissolved  in  8  pts.  water,  the  solution  is  red,  in 
more  water  brownish, and  in  still  more  yellow; 
the  solution  may  be  kept  for  a  long  time  in 
vessels  filled  with  it,  and  well  closed;  in  an 
open  vessel  it  deposits  a  gray  powder,  contain- 
ing carbon,  without  forming  sulphocyanic  acid. 
By  the  action  of  the  moisture  of  the  air,  the 
salt  passes  from  yellow  into  red,  whence  Zeise 
termed  it  Reddening  salt,  to  distinguish  it  from 
the  preceding  compound  (1);  moistened  with 
alcohol,  it  becomes  red  in  a  few  seconds,  when 
washed  with  ether  it  retains  its  yellow  color 
several  minutes  in  the  air.  A  solution  of 
potassa,  mixed  with  the  salt  and  distilled  to 
dryness,  becomes  sulphocyanide  of  potassium. 
Moderately  dilute  chlorohydric  or  sulphuric 
acid  separate  sulpho-carbohydric  acid,  without 
evolving  sulphohydric  acid  as  the  concentrated 
acids  do.  Empirical  formula,  NH4CS3;  ra- 
tional formula,  NH4S,  CS2,  or  NH3,  IIS,  CS.. 

Farther  compounds  of  ammonia,  see  under 
the  various  metals,  organic  acids,  &c. 

AMMONIURET.  Chem.  A  term  sometimes 
applied  to  basic  double  salts  of  ammonia; 
thus,  sulphate  or  nitrate  of  copper,  redissolved 
in  an  excess  of  ammonia,  form  deep  blue  crys- 
tallizable  solutions.  These  salts  are  also 
termed  ammonio-sulphate  or  nitrate  of  copper. 
See  Copper. 

AMNIC  FLUID.  Anal..  That  of  man,  ac- 
cording to  Fromherz  and  Gugert,  is  yellow, 
cloudy,  and  contains  3  per  cent,  residue ;  it  has 
an  ammoniacal,  alkaline  reaction,  is  coagu- 
lated by  boiling,  or  by  alcohol,  is  precipitated 
strongly  by  nitric  and  muriatic  acids,  slightly 
by  acetic,  still  less  by  potassa.  Chloride  of 
mercury  gives  a  strong  precipitate,  which 
becomes  rose-red  in  a  few  minutes  ;  it  contains 
free  ammonia,  sulphuret  of  ammonium,  lime, 
and  phosphate  of  lime  held  in  solution  by  an 
animal  substance,  osmazome,  casein,  salivary 
matter,  albumen,  benzoic  acid  and  urea,  mu- 
riate, phosphate,  carbonate,  and  sulphate  of 
soda,  sulphate  of  lime,  and  traces  of  salts  of 
potassa.  Voigt  analyzed  the  amnic  fluid  of  the 
4th  and  6th  month,  with  different  results  from 
the  preceding,  which  may,  in  part,  be  due  to 
its  change  up  to  the  time  of  birth  ;  he  found 
in  1000  parts: 


Alcoholic  extract  and  lactate  of  soda 3-69 

Albumen 10*77 

Chloride  of  sodium 5-95 

Sulphate  and  phosphate  of  lime  (including  loss) 0-14 

Water 979-45 


1000 


6th  month. 
0.34 
G-67 
2-40 
0-30 
990-29 

1000 


He  could  not  detect  casein,  salivary  matter, 
area,  benzoic  or  hippuric  acid,  carbonate  or 
vulphuret  of  ammonium. 

Voigt  analyzed  the  amnic  fluid  of  a  mare, 
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in  the  3d  month,  which  was  yellow,  clear,  of 
saline  taste,  neutral;  evaporated  at  230°,  left 
1-45  per  cent,  residue,  the  \  of  which  was  solu- 
ble in  alcohol,  and  this  solution  contained  no 
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urea ;  the  residue  consisted  of  albumen  0-124, 
chloride  of  sodium  0-531,  sulphate  of  lime 
0-011. 

Prout  examined  the  amnic  fluid  of  a  cow,  in 
an  early  period  of  gestation ;  it  was  yellowish, 
clouded  with  small  floating  particles,  neutral, 
coagulated  by  boiling,  which  was  not  prevented 
by  acetic  acid,  thus  proving  the  presence  of 
albumen  and  not  casein.     100  pts.  yielded : 

Water 97-70 

Albumen 0-26 

Alcoholic  extract  and  Lactates. . . .  1-66 
Aqueous  extract,  with  Sugar  of  Milk 

and  Salts 0-38 

100 


According  to  Lassaigne,  the  caseous  floc- 
culoe  floating  in  the  amnic  fluid  of  the  cow 
consist  of  albumen  combined  with  0-27  of  its 
weight  of  oxalate  of  lime. 

AMNIOTIC  ACID.  Chem.  Vauquelin  and 
Buniva  examined  the  amnic  fluid  of  a  cow, 
which  Dzondi  proved  to  have  been  a  mixture 
of  the  amnic  and  allantoic  fluids,  and  that  the 
peculiar  acid,  which  they  termed  amniotic, 
was  contained  in  the  allantoic  fluid.  See  Al- 
lantoic Acid. 

AMOMUM.  Bot.  A  genus  of  plants  of  the 
Zingiberacese,  which  has  been  subdivided,  and 
includes  several  useful  species,  Cardamoms, 
Grana-Paradisi,&c.  For  theirchemical charac- 
ters refer  to  Cardamom,  Gixgeh,  &c. 

AMORPHOUS.  From  &,  without,  and  /uog<p», 
form;  bodies  devoid  of  a  regular  form.  It  is 
frequently  employed  in  mineralogy,  and  some- 
times in  chemistry,  in  the  description  of  a  solid, 
which  is  neither  crystalline  nor  imitative. 

Bodies  seem  to  possess  some  properties 
slightly  differing  in  their  amorphous  and  crys- 
talline state.  Wohler  drew  attention  to  this 
fact,  in  examining  the  fusing  point  of  Litho- 
fellic  acid;  the  crystallized  fused  at  401°,  and 
after  congealing  to  an  uncrystallized  or  amor- 
phous state,  its  fusing  point  was  from  221°  to 
230°.  He  farther  observed  that  other  sub- 
stances exhibited  the  same  peculiarity  when, 
after  fusion,  they  become  amorphous. 

Fusing  Point  Fusing  Point 

of  the  Crystalline,  of  the  Amorphous. 

Sugar 320°  194°  to  212° 

Amygdalin 392°  257°  —  266° 

Silvicacid 284°  194°  —  212° 

Lithofellic  acid  401°  221°  —  230° 

He  draws  hence  the  conclusion  that  dimor- 
phous bodies  have  different  points  of  fusion. 
Wohler  in  Pogg.  Jinn.  liv.  255. 

Pelouze,  in  a  late  essay  on  hypochlorous 
acid,  &c,  observes  that  there  is  some  difference 
in  the  chemical  properties  of  a  body  in  a  crystal- 
line and  amorphous  state,  that  crystalline  red 
oxide  of  mercury  withstands  the  action  of  chlo- 
rine, or  of  heat,  a  much  longer  time  than  the 
precipitated  oxide ;  that  the  decomposition  of 
crystallized  binoxide  of  manganese  is  more 
difficult  than  the  amorphous  binoxide,  and 
Iceland-spar  more  than  chalk.  Gay-Lussac, 
however,  denies  the  correctness  of  Pelouze's 
experiments  and  conclusions,  and  yet  among 


the  examples  which  he  cites,  such  as  the  equal 
facility  of  combustion  of  the  diamond  and 
charcoal,  we  would  be  inclined  to  believe  that 
Pelouze's  views  were  not  erroneous.  Jour.f. 
prak.  Chem.  xxviii.  351,  362. 

When  sulphur  is  heated  to  320°  and  poured 
into  water,  it  is  neither  crystalline  nor  hard 
when  cold,  but  flexible,  and  capable  of  being 
drawn  out  into  fine  flexible  threads.  Rose 
observed  that  when  glassy  or  amorphous 
arsenious  acid  passed  into  the  crystalline  state, 
that  there  was  an  evolution  of  light.  Magnus 
observed  that  the  mineral  Vesuvian  of  spec, 
grav.  3-4,  gave  a  glass  by  fusion  with  a  spec, 
grav.  =  2-975;  that  a  green  garnet  of  spec, 
grav.  3-63  had  after  fusion  that  of  2-95. 

AMPHIBOLE.     Mm.     See  Hornblmde. 

AMPHIDE-SALTS,  AMPHIGEN.  Chem.  A 
term  given  by  Berzelius  to  those  salts  which 
have  one  of  the  4  amphigens  both  in  the  acid 
and  base,  and  designed  to  distinguish  them  by 
one  word  from  haloid  salts.  The  4  amphigen 
bodies  are  oxygen,  sulphur,  selenium,  and  tel- 
lurium. As  examples  of  these  salts,  take 
arsenite  of  potassa,  KO,  As03,  sulpharsenite  of 
potassium,  KS,  AsS3,  &c,  which  are  ternary 
compounds,  that  is,  composed  of  3  elements, 
while  the  haloid  salts  consist  of  2,  such  as 
chloride  of  sodium  (common  salt),  NaCl.  See 
Haloid. 

AMPHIGENE.     Mm.     See  Leucite. 

AMPHODELITE.  Min.  Cryst.  has  some 
analogy  with  that  of  felspar.  H  =  4-5.  G  = 
2-763.  Color  light  reddish,  resembling  scapo- 
lite  in  fracture,  with  2  cleavages,  forming  an 
angle  =  94°  19'.  Nordenskiold  described  and 
analysed  it  from  Finnland;  subsequently  Ten- 
nant,  from  Brytown,  Upper  Canada. 

Nordensk.  Tennant. 

Silica 45-80  45-80 

Alumina 35-45  26-15 

Lime 10-15  16-25 

Magnesia 5-05  2-95 

Protox.  of  iron 1-70  4-70 

Moisture  and  loss 1-85  2-00 


100 


97-85 


From  which  Nordenskiold  deduces  the  formula, 

3CaO} 

3  MgO  C  Si03  +  3  (A1203,  Si03)  ; 

3FeO  3 
but  Rammelsberg  shows  that  the  proportion  of 
oxygen  in  the  protobases,  alumina  and  silica, 
are  as  1  :  3  :  4£,  whence  he  draws  the  formula, 

2  CaO  ~) 

2  MgO  i  Si03  +  2  (A1203,  SiOA 

2FeO  3 
which  agrees  with  that  of  Nepheline  and  Elseo- 
lite,  excepting  that  the  protobases  in  these  are 
potassa  and  soda.  Tennant  probably  examined 
a  mixture.  The  Finnland  specimen  was  from 
the  limestone  quarry  of  Lojo. 

AMYGDALATES.     Chem.    Salts  of  amyg- 
dalic  acid. 

AMYGDALIC  ACID.     Chem.     Obtained  by 
the  action  of  alkalies  on 

AMYGDALIN.     Chem.     One  of  the  princi- 
ples found    in  bitter  almonds  (see  Almond), 
and  in  the  berry  of  the  cherry-laurel  (Prunu's 
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Laurocerasus).  Discovered  by  Robiquet  and 
Boutron-Charlard,  and  farther  investigated  by 
Wdhler  and  Liebig. 

Prep.  Press  finely  powdered  bitter  almonds 
between  warm  iron  plates  to  remove  the  fixed 
oil,  boil  the  residue  several  times  with  alcohol 
of  94  or  93  per  cent.,  straining  the  liquid,  and 
pressing  the  residue;  mix  the  several  decoc- 
tions, distil  off  the  alcohol  in  a  water-bath, 
dilute  the  syrupy  liquid  with  water,  add  a  little 
yeast,  and  set  it  in  a  warm  situation  to  ferment ; 
when  fermentation  ceases,  filter,  evaporate  in 
a  water-bath  to  a  syrup,  and  add  alcohol  of  94 
per  cent.;  this  precipitates  nearly  all  the  amyg- 
dalin as  a  white,  crystalline  powder.  To 
obtain  it  pure,  it  is  pressed  between  paper,  re- 
dissolved  in  boiling  alcohol,  and  recrystal- 
lized ;  by  exposure  to  the  air,  the  adhering 
alcohol  disappears. 

Amygdalin  exists,  ready  formed,  in  bitter 
almonds,  but  water  cannot  be  employed  to 
extract  it,  from  its  total  decomposition  by  water 
and  emulsin,  another  principle  in  the  almond; 
hence  the  use  of  alcohol.  But  the  alcohol 
extracts  sugar  at  the  same  time,  which  impedes 
the  crystallization  of  the  amygdalin;  this  is 
destroyed  by  fermentation.  3 — 4  per  cent,  of 
amygdalin  may  be  obtained. 

Prop.  Crystallizes  in  short,  colorless,  silky 
needles  or  scales ;  inodorous,  taste  slightly  bit- 
ter, like  bitter-almonds;  decomposed  by  a  high 
temperature,  with  an  odor  of  hawthorn  blos- 
som, or  like  burned  sugar  and  bitter  almonds, 
swelling  up,  giving  off  ammoniacal  products, 
and  leaving  a  bulky  charcoal.  Scarcely  solu- 
ble in  cold  absolute  alcohol,  somewhat  in  boil- 
ing, it  is  better  dissolved  by  alcohol  of  93 — 94 
per  cent.,  which,  after  cooling,  retains  in  solu- 
tion about  -5-^  of  its  weight.  Very  soluble  in 
water,  with  which  it  forms  a  hydrate.  (See 
below.)  Dry  chlorine  does  not  act  on  it,  but 
in  the  moist  gas  it  is  converted  into  a  white 
powder,  insoluble  in  water  and  alcohol,  which 
has  not  been  farther  examined.  Heated  with 
dilute  nitric  acid,  or  with  binoxide  of  manga- 
nese and  sulphuric  acid,  it  produces  ammonia, 
benzoic  acid,  oil  of  bitter  almonds  (hydruret 
of  benzoyl),  formic  and  carbonic  acids.  By 
warming  its  solution  with  hypermanganate  of 
potassa,  it  is  instantly  decolorized  with  the 
precipitation  of  hydrated  binoxide  of  manga- 
nese, while  benzoate  and  cyanate  of  potassa 
remain  in  solution.  It  is  decomposed,  by  boil- 
ing with  caustic  potassa,  into  ammonia  and 
amygdalic  acid.  (See  below.)  See  the  close 
of  the  present  article  for  the  pecular  decompo- 
sition of  amygdalin  by  emulsin.  Its  analysis, 
by  Wiihler  and  Liebig,  give,  in  100  pts. : 

Experiment.  Equivs.  Calcul. 

Carbon 52-827          40  52-976 

Hydrogen 5-900          27  5-835 

Nitrogen 3-069            1  3-069 

Oxygen 38-204          22  38-135 

Formula,  C40H2,NO22 ;  equiv.  (H  =  1)  457-16, 
(O=100)  5746-3. 

Hydrates  of  Amygdalin.     Water  at  104°,  satu- 
rated with  amygdalin,  yields,  on  cooling,  large 
transparent  prisms,  containing  10-47  per  cent., 
or  6  eq.  water;    form.,  C40H27NO22  +  6  HO. 
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When  placed  under  a  vessel,  with  oil  of  vitriol, 
it  loses  3-52  per  cent.,  or  2  eq.  wain-;  the  same 
hydrate  (Amygd.  +  4  HO)  is  obtained  crystal- 
lized, from  a  boiling  saturated  solution  of 
amygdalin  in  alcohol  of  80  per  cent. 

Amygdalic  Arid.  Syn.  Amygdalinic  acid. 
Discovered  by  Wiihler  and  Liebig.  An  aqueous 
solution  of  amygdalin,  treated  with  caustic 
alkali,  is  wholly  resolved  into  ammonia  and 
amygdalic  acid.  Dissolve  amygdalin  in  barytic 
water,  boil  the  solution  till  ammonia  ceases  to 
be  given  off,  precipitate  the  baryta  exactly 
by  sulphuric  acid,  filter  and  evaporate  the 
liquid  to  dryness  in  a  water-bath.  In  the 
formation  of  this  acid,  1  eq.  amygdalin  and 
2  eq.  water  are  resolved  into  ammonia  and 
amygdalic  acid;  C40H27NO22-f2HO  =  C,0H,, 
024+NH3. 

The  acid  thus  obtained  is  a  colorless,  trans- 
parent, gummy  mass,  of  acid  taste  and  reac- 
tion; exposed  for  some  time  to  heat,  exhibits 
traces  of  crystallization  ;  it  is  deliquescent,  in- 
soluble in  ether  and  absolute  alcohol,  but 
somewhat  soluble  in  spt.  of  wine.  The  acid, 
or  its  salts,  heated  with  nitric  acid,  or  with 
binoxide  of  manganese  and  sulphuric  acid,  is 
resolved  into  volatile  oil,  formic  and  carbonic 
acids.  It  forms  soluble  salts  with  all  bases, 
excepting  the  basic  salt  of  lead.     Form.,  HO, 

Amygdalatcs.  Amygdalate  of  Baryta  is  pre- 
pared as  above,  the  excess  of  baryta  precipi- 
tated by  carbonic  acid,  the  solution  concen- 
trated, filtered,  and  evaporated  to  dryness  in  a 
water-bath.  It  is  a  white,  amorphous,  gummy 
mass,  losing  water  at  284°,  and  becoming  milk- 
white  ;  it  may  now  be  easily  pulverized,  and 
again  takes  up  7  per  cent,  water ;  it  may  be 
heated  to  374°  without  decomposition.  Form., 
BaO,  C40H26O24. 

Amygd.  of  Lead  obtained  by  double  decompo- 
sition; much  of  it  is  dissolved  during  edulco- 
ration,  and  the  undissolved  portion,  after  drying, 
contains  much  carbonate  of  lead. 

Amygd.  of  Silver  is  soluble,  but  the  solution 
soon  begins  to  deposit  metallic  silver,  and  to 
smell  of  formic  acid.  The  formulas  of  these 
salts  similar  to  that  of  baryta. 

Decomposition  of  Amygdalin  by  Emulsin.  The 
remarkable  conversion  of  amygdalin  into 
volatile  oil  of  bitter  almonds  (hydruret  of 
benzoyl),  was  first  observed  by  Robiquet  and 
Boutron-Charlard,  but  more  fully  developed  by 
Wohler  and  Liebig,  subsequent  to  their  mas- 
terly essay  on  Benzoyl.  Both  the  sweet  and 
bitter  almonds  consist,  in  a  large  proportion, 
of  an  albuminous  principle,  termed  emulsin, 
by  which,  and  with  which,  the  amygdalin,  in 
contact  with  water,  suffers  a  peculiar  change, 
and  the  resulting  products  are  the  volatile  oil, 
prussic  and  formic  acids,  sugar,  &c.  When 
10  pts.  amygdalin  are  dissolved  in  100  pts. 
water,  and  mixed  with  an  emulsion  of  sweet 
almonds,  or  with  1  pt.  emulsin  in  10  water, 
this  change  instantly  commences ;  the  solu- 
tions remain  clear,  but  exhibit  a  faint  opales- 
cence ;  the  odor  of  bitter  almonds  is  instantly 
perceived,  and,  by  distillation,  prussic  acid  and 
the  volatile  oil  pass  over  with  water;  the 
residue  in  the  retort,  rendered  turbid  by  the 
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coagulated  emulsin,  is  evaporated,  when  it 
yields  a  syrup  containing  a  crystallizable 
sugar ;  after  destroying  the  sugar  by  fermenta- 
tion, the  residue  still  contains  a  fixed  acid. 
The  amount  of  sugar  obtained  is  greater  than 
the  elements  of  amygdalin  could  produce,  and 
hence  it  would  seem  that  the  elements  of 
emulsin,  by  its  decomposition,  tend  to  the 
formation  of  sugar.  There  is  no  doubt  that 
the  elements  of  water  also  contribute  to  the 
transformations.  The  complete  decomposition 
depends  on  the  quantity  of  water  employed, 
which  must  be  sufficient  to  dissolve  the  gene- 
rating hydruret  of  benzoyl ;  otherwise  a  por- 
tion of  amygdalin  remains  undecomposed. 
The  emulsin  used  must  also  be  in  its  uncoagu- 
lated  state,  for  if  coagulated  by. heat,  its  cata- 
lytic power  is  destroyed;  hence  Robiquet  and 
Boutron-Charlard  could  not  obtain  the  vol. 
oil  after  the  almond-cake  had  been  boiled  with 
alcohol. 

The  complex  nature  of  amygdalin,  and  the 
large  number  of  equivalents  in  its  composition 
would  lead  to  an  inference  of  its  capability  of 
varied  transformations.  Although,  as  Berze- 
lius  remarks,  some  of  the  resulting  bodies 
which  W.  and  L.  found,  such  as  gum,  may  be 
educts  or  original  constituents  of  the  almonds 
merely  extracted,  yet,  according  to  W.  and  L., 
we  may  ascribe  them  solely  to  the  decomposi- 
tion of  amygdalin ;  thus, 

1  eq.  cyanohydric  acid NC2H 

2  eq.  hydruret  of  benzoyl C28HI204 

£  eq.  sugar C  6H  .0. 

2  eq.  formic  acid C  4H  206 

7  eq.  water H  707 

1  eq.  amygdalin NC40H27O22 


E.  Simon  examined  several  kinds  of  vege- 
table albumen,  to  determine  their  power  of 
converting  amygdalin  into  volatile  oil  of  bitter 
almonds.  The  albumen  was  prepared  by 
making  an  emulsion  of  1  pt.  of  the  bruised 
seed  with  8  pts.  water,  coagulating  this  by 
alcohol,  drying  and  powdering  the  coagulum, 
freeing  from  fixed  oil  by  ether,  and  washing 
by  alcohol.  The  albumen  of  bitter  almonds 
was  most  energetic  and  effectual  in  producing 
the  conversion  of  amygdalin ;  that  of  sweet 
almonds  but  little  inferior  to  it ;  that  from 
poppy  seed  produced  the  odor  of  the  volatile 
oil  after  a  couple  of  days;  and  still  more  feeble 
was  the  albumen  from  hemp  seed,  and  the 
black  and  white  mustard  seed,  although  the 
action  did  take  place.     Pogg.  An.  xliii.  404. 

Application  to  the  Preparation  of  Volatile  Oil  of 
Bitter  Almonds,  Sfc.  Amygdalin  and  emulsin 
being  in  distinct  cells  in  the  cotyledon  of  the 
bitter  almond,  together  with  the  fixed  oil,  can- 
not act  on  each  other,  and  are  still  farther  pre- 
vented by  removing  water  by  drying  them. 
The  fixed  oil  is  separated  by  pressure,  and 
upon  boiling  the  residual  cake  with  alcohol, 
the  emulsin  is  coagulated  and  amygdalin  ex- 
tracted. When  the  cake  is  moistened  with 
cold  or  lukewarm  water,  the  odor  and  taste  of 
prussic  acid  and  the  volatile  oil  are  at  once 


perceived  ;  but  if  the  quantity  of  water  be  too 
small,  a  portion  of  amygdalin  is  undecomposed, 
and  may  be  extracted  by  alcohol.  The  decom- 
position commences  instantly,  but  requires 
some  time  for  a  complete  transformation,  so 
that  but  little  oil  would  be  obtained  by  hastily 
distilling  the  mixture,  as  the  emulsin  would'be 
coagulated  and  farther  action  cease.  The 
same  result  takes  place  when  the  pressed  cake 
is  thrown  into  boiling  water,  the  emulsin  being 
instantly  coagulated  and  rendered  inert. 

To  obtain  the  volatile  oil,  or  distilled  water 
of  bitter  almonds,  the  almond  cake,  after  the 
removal  of  the  fixed  oil,  is  made  into  a  thin 
paste  with  lukewarm  water,  left  for  24  hours 
in  a  closed  bottle,  and  distilled  in  a  water  or 
chloride  of  calcium  bath.  100  pts.  of  amygda- 
lin yield  47  pts.  of  crude  oil,  which  47  pts.  con- 
tain 5-9  pts.  of  free  prussic  acid. 

Distilled  water  of  Bitter  Almonds,  is  prepared 
by  mixing  2  lb.  bitter  almonds,  freed  from 
fixed  oil  by  pressure,  into  a  thin  paste,  with 
water  in  a  close  vessel,  and  after  macerating 
12  hours  to  distil  off  2  lb.,  avoiding  too  high 
a  heat. 

Prop.  A  milky  liquid,  having  the  odor  and 
taste  of  prussic  acid  and  volatile  oil;  generally 
depositing  some  of  the  oil  with  prussic  acid 
by  standing.  When  fresh,  one  ounce  contains 
1TV  grains  of  anhydrous  prussic  acid;  it  is, 
however,  liable  to  diminish  in  strength,  by 
keeping.  To  remedy  this  inconvenience,  W. 
and  L.  have  proposed  an  excellent  process  for 
preparing  the  distilled  water,  of  more  certain 
strength  than  that  ordinarily  employed.  In  one 
ounce  of  emulsion  of  sweet  almonds,  contain- 
ing 2  drs.  almonds,  dissolve  17  grs.  amygdalin. 
Since  100  grs.  amygdalin  produce  5-9  grs.  dry 
prussic  acid,  this  mixture  will  contain  1  grain 
of  anhydrous  acid,  and  does  not  require  distil- 
lation. Dry  amygdalin  will  keep  perfectly 
well,  and  hence,  this  mixture  being  made  in 
the  quantities  required  for  immediate  use,  is 
preferable  to  that  prepared  by  any  other 
process. 

When  nitrate  of  silver  is  added  to  the 
almond-water,  cyanide  of  silver  is  not  precipi- 
tated, but  when  ammoniacal  nitrate  of  silver  is 
added,  and  the  ammonia  neutralized,  after  some 
time,  by  nitric  acid,  the  cyanide  is  perfectly  pre- 
cipitated. The  almond-water,  evaporated  with 
chlorohydric  acid,  yields  a  residue  of  formo- 
benzoic  acid  and  sal-ammoniac.  See  Almoxd, 
Benzyl,  Emclstn,  and  ~LkVB.VL-wa.ter. 

AMYL.*  Chem.  Syn.  Amule.  The  hypo- 
thetical radical  of  a  series  of  organic  bodies, 
one  of  which,  the  hydrated  oxide  of  amyl,  has 
been  long  known  as  the  Oil  of  Potato-Spirit, 
being  produced  in  the  fermentation  of  grain 
and  potatoes.  From  the  composition,  and 
modes  of  decomposition  of  its  compounds,  it 
is  believed  to  be  an  alcohol.  The  following 
table  presents  these  compounds,  which  we 
shall  describe,  and  compares  them  with  the 
corresponding  compounds  of  ethyl. 


*  The  prevailing  use  of  the  termination  vl  for  organic 
radicals,  induces  us  to  employ  it  during  the  remainder 
of  the  present  jvork,  instead  of  the  termination  ulc 
heretofore  adopted. 
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Ct0Hn  =  Ayl 
C10HnO  =  AylO 
CI0HnO,HO 

CI0H„Cl  =  AylCl 

CI0HuBr 

C10HUI 

C]0HuO,  HO,  2S03 

C10HuO,BaO,2SO3 

C10HuO,  C4H303    * 

C10$>  0,  C4H303 

£lOH10 

CI0H9O,  HO 
C10H9O3,  HO 


Amyl — unknown 
Oxide  of  amyl 
Oil  of  potatoes 
Chloride  of  amyl 
Bromide        " 
Iodide  " 

Sulphamilic  acid 
Sulphamilate  of  baryta 
Acetate  of  oxide  of  amyl 

Chlorinated    ditto. 

Amilen 

Amilic  aldehyde 

Valeric  acid 


1.  Hydrated  Oxide  of  Amyl.  Syn.  Oil  of 
Potato-Spirit ;  Fousel-oil ;  Amilic  Alcohol,  Bi- 
hydrate  of  amilen.  Gcr.  Fuselol.  Amyloxyd- 
hydrat.  It  was  first  observed  by  Scheele  in 
the  spirituous  liquor  obtained  by  distilling  fer- 
mented potatoes,  and  has  since  been  investi- 
gated by  Pelletan,  its  general  character  pointed 
out  by  Dumas,  and  minutely  and  ably  studied 
by  Cahours. 

Prep.  Towards  the  close  of  the  distillation 
of  the  alcoholic  spirit  from  potatoes,  a  milky 
liquid  passes  over,  which,  by  standing,  deposits 
the  fousel  oil,  mixed  with  about  an  equal  quan- 
tity of  alcohol  and  water.  To  purify  it,  it  is 
shaken  several  times  with  water,  dried  by  re- 
maining in  contact  with  chloride  of  calcium, 
and  redistilled.  Alcohol  and  water  pass  over 
first,  and  as  soon  as  the  temperature  rises  to 
270°,  the  receiver  is  changed,  and  pure  amilic 
alcohol  distils  over. 

Prop.  It  is  a  colorless,  limpid,  very  mobile, 
and  yet  oily  liquid,  with  a  strong  odor,  at  first 
agreeable,  but  soon  becomes  highly  offensive 
and  nauseous;  when  inhaled,  it  caus  s  asth- 
matic pains  in  the  chest,  with  coughing,  and 
even  vomiting;  taste  very  acrid.  It  gives  a 
stain  on  paper  which  soon  disappears.  It 
burns  with  a  bluish-white  flame,  but  is  extin- 
guished, unless  heated  or  with  a  wick;  boils  at 
270°  ;  spec.  grav.  of  liquid  =  0-8124  at  60°,  of 
its  vapor  =  3147,  representing  4  volumes ;  con- 
geals at — 2°  or  —  4°  in  crystalline  plates. 
Water  dissolves  it  very  sparingly,  acquires  its 
odor  and  the  faculty  of  making  beads  by 
shaking;  it  is  miscible  in  all  proportions  with 
alcohol,  ether,  strong  acetic  acid,  and  the  fixed 
and  volatile  oils.  It  dissolves  sulphur,  phospho- 
rus, and  iodine  without  alteration  ;  it  may  also 
be  mixed,  without  change,  with  solutions  of 
potassa  or  soda,  but  when  heated  with  dry 
potassa,  hydrogen  is  evolved,  and  valerate  of 
potassa  formed.  It  absorbs  chlorohydric  acid 
gas  largely,  attended  with  the  evolution  of  heat; 
with  sulphuric  it  forms  sulphamilic  acid,  &c; 
distilled  with  dry  phosphoric  acid,  it  yields  a 
hydrocarbon,  called  amilen.  According  to 
Gerhardt,  it  unites  directly  with  bichloride  of 
tin  to  a  crystalline  compound,  which  is  slowly 
resolved  again  in  the  air,  more  rapidly  in 
water,  into  its  constituents.  Form.,  C10Hl262  = 
Cl0HuO+  HO,  or  Ayl  0+  HO. 

Chloride  of  Amyl.  Gcr.  Amylchloriir.  Pre- 
pared by  distilling  equal  parts  of  fousel  oil  and 
perchloride  of  phosphorus.  A  colorless,  oily 
liquid,  of  rather  agreeable  odor,  boils  at  216°, 
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c'h.o 

C.H.O,  HO 

CXC1 
C4H6Br 

CHI 

C4H*°>  HO,  2  S03 
CXO,  BaO,  2  SOa 
C4H50,  C4H303 

C 4C1320>  C4H3°3 

C4H42 

C  H30,  HO 

C.H.XL,  HO 


Ethyl 

Ether  (oxide  of  ethyl) 
Alcohol 

Chlorhydric  ether 
Bromhydric       " 
lodhydric  " 

Sulphovinic  acid 
Sulphovinate  of  baryta 
Acetic  ether 

Chlorinat.  acetic  ether 

Olefiant  gas  (etheren) 

Aldehyde 

Acetic  acid.  {Graham.) 


neutral  to  test-paper,  insoluble  in  water,  and 
produces  no  action  on  nitrate  of  silver.  Form., 
C10HnCl,  or  AylCl. 

Chlorinated  Chloride  of  Amyl.  The  final  re- 
sult of  the  action  of  chlorine  on  fousel  oil,  in 
a  bottle  exposed  to  sun-light ;  a  colorless  liquid 
of  strong  odor,  reminding  of  camphor.    Form., 

XT 

C,0p,.3  CI;  8  equivs.  of  hydrogen  being  replaced 

by  as  many  of  chlorine. 

Iodide  of  Amyl.  Fr.  Hydriodate  d'amilene, 
Cahours.  Distil  8  pts.  iodine,  15  pts.  fousel  oil, 
and  1  pt.  phosphorus,  wash  the  product  with 
water,  dry  it  with  chloride  of  calcium  and  re- 
distil. A  colorless  liquid,  heavier  than 
of  an  alliaceous  odor  and  pungent  taste;  de- 
composed by  light,  iodine  being  evolved ;  an 
alcoholic  solution  of  caustic  potassa,  but  not 
the  aqueous,  decomposes  it  readily.  The  cal- 
culated grav.  of  the  vapor  ==  6835,  by  experi- 
ment 6675.     Form.,  C10HnI,  or  Ayl  I. 

Bromide  of  Amyl.  Fr.  Hydrobromale  d'ami- 
lene, Cahours.  Obtained  like  the  preceding, 
with  bromine,  and  resembles  it  closely  in  its 
properties.     Form.,  C10HnBr,  or  Ayl  Br. 

Bisv.lphate  of  Oxide  of  Amyl.  Syn.  Sulpho- 
amilic  acid.  "When  the  sulpho-amilate  of 
baryta  is  exactly  decomposed  by  sulphuric 
acid,  the  clear  solution,  containing  the  salt  or 
acid  in  question,  is  evaporated  in  air,  or  in 
vacuo,  to  a  syrupy  consistence,  when  fine 
needle-shaped  crystals  are  sometimes  de- 
posited. If  the  solution  be  boiled,  sulphuric 
acid  is  set  free,  and  the  amilic  alcohol  sepa- 
rates as  an  oily  stratum.  It  is  not  known  in  a 
very  pure  state,  but  it  bears  a  strong  analogy 
to  sulphovinic  acid,  and  forms  double  salts  or 
sulphamilates,  which  are  all  soluble  in  water. 
Form.,  C10H..O,  HO,  2  SO,,  or  Ayl  O,  HO, 
2SOs. 

Sulphamilate  of  Potassa.     Syn.    Sulphate  of 
Potassa  and  Amyl.     Formed  by  adding  car- 
bonate of  potassa  to  the  following  barytic 
white  needles  or  plates,  of  a  very  bitter  taste, 
and   very    soluble    in   water  and    in    a  I 
Form.,  C10HnO,  KO,  2S03,or  Ayl  O,  KO,  2S03. 

Sulphamilate  of  Baryta.  Prep.  When  equal 
parts  of  oil  of  vitriol  and  fousel  oil  are 
mixed,  combination  takes  place,  with  the  ap- 
pearance of  a  violet  color;  neutralize  with 
carbonate  of  baryta,  which  precipitates  a 
portion  of  sulphate  of  baryta,  leaving  the 
double  sulphate  of  baryta  and  amyl  in  solu- 
tion ;  purify  by  animal  charcoal,  and  evapo- 
rate.   Pearly  crystalline    lamina,  very  solu- 
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ble  in  water  and  in  alcohol,  very  slightly  in 
ether,  of  a  bitter  taste ;  the  solution  decom- 
posed by  boiling.  The  crystals  contain  3  eq. 
water,  one  of  which  is  lost  at  212°,  and  the 
dry  salt  decomposed  at  392°.  Form.,  C10HuO, 
BaO,  2S03+3HO,  or  AylO,  BaO,  2S03-f 
3  aq. 

Sulphamilate  of  Lime  or  Lead.  Similar  salts 
are  formed  with  lime  and  with  oxide  of  lead, 
which  take  up  2  eq.  water  in  crystallizing,  and 
their  solutions  are  decomposed,  by  boiling, 
similarly  to  the  preceding ;  the  lime-salt  ap- 
pears to  be  more  soluble  in  cold  than  in  hot 
water.  Form.,  C10HuO,  CaO,  2  S03+  2  HO, 
and  C10HuO,  PbO,  2  S03+ 2  HO. 

Acetate  of  Oxide  of  Amyl.  Fr.  Acetate  d'ami- 
lene.  Prep.  Distil  a  mixture  of  2  pts.  acetate 
of  potassa,  1  pt.  fousel  oil  and  1  pt.  oil  of  vi- 
triol ;  dry  it  by  chloride  of  calcium,  and  rectify 
with  a  little  oxide  of  lead.  A  colorless  liquid, 
of  an  ethereal  and  aromatic  odor,  boiling  at 
257°,  lighter  than  water,  in  which  it  is  insolu- 
ble, but  is  soluble  in  alcohol  and  ether.  It  is 
slowly  altered  by  contact  with  an  aqueous 
solution  of  potassa,  by  an  alcoholic  solution 
rapidly,  the  oil  being  liberated,  and  acetate  of 
potassa  formed.  Spec.  grav.  of  vapor  4475 ; 
combining  measure  4  vols.  Form.,  C10HuO, 
C4H303,  or  AylO,  Ac03. 

Chlorinated  Acetate  of  Oxide  of  Amyl.  Pre- 
pared by  saturating  the  preceding  acetate  with 
chlorine,  at  a  temperature  increasing  to  212°. 
A  colorless  liquid,  of  neutral  reaction,  in- 
soluble in  water,  becomes  of  a  yellow  color, 
and    is   decomposed  by   a  heat  above   302°. 

C10f9  0,  C4H303.   See  chlorinated  acetic  ether 

in  the  above  table,  and  under  Acetule.  When 
exposed  to  the  farther  action  of  chlorine,  in 
sunshine,  a  crystalline  body  results,  containing 
more  chlorine,  which  has  not  been  farther 
examined. 

When  fousel  oil  is  oxidized  by  contact  with 
air,  or  when  distilled  with  caustic  potassa,  an 
acid  is  obtained  similar  in  all  respects  to  that 
procured  from  the  valerian-root ;  the  resulting 
change  is  the  replacement  of  2  eq.  hydrogen 
by  2  eq.  oxygen,  in  which  it  agrees  with  com- 
mon and  wood  alcohols,  which,  in  like  manner, 
produce  acetic  and  formic  acids.  The  follow- 
ing table  of  the  three  alcohols  and  their  deriva- 
tive acids,  will  place  this  in  a  clearer  light: 

C4H50,  HO    =  Common  alcohol. 
C4H303,  HO   =  Acetic  acid. 

C2H30,  HO    =  Wood-alcohol. 
C2H  03,  HO  =  Formic  acid. 

C10HnO,  HO  =  Amilic  alcohol 
C10H9O3,  HO  =  Valeric  acid 
See  Valeric  Acid. 

Amilen  or  Amylen.  When  fousel  oil  is  re- 
peatedly distilled  with  anhydrous  phosphoric 
acid,  a  colorless  liquid  is  obtained,  lighter  than 
water,  of  a  peculiar  aromatic  odor;  boils  at 
320°;  its  vapor  has  a  spec.  grav.  =  5061  by 

OCAO.Q 

experiment,  or  4902  (= — - — )  by  calculation; 

combining  measure  =  2.  vols.     By  analysis,  it 
has  the  same  percentage  composition  as  olefiant 
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gas,  etherin,  and  ceten,  and  is  regarded  on  the 
etherin-view  as  the  basis  of  the  amilic  series. 
See  the  Etherin-theory  under  Ethyl.     Form., 

CioHio- 

Gaultier  de  Olaubry  examined  a  compound, 
obtained  in  the  distillation  of  fermented  beet- 
root molasses,  which,  when  purified,  proved  to 
be  the  oil  of  potato-spirit.  The  crude  product 
obtained  by  the  distillation  is  a  liquid,  heavier 
than  alcohol,  of  a  penetrating  odor,  painful  to 
inhale,  of  a  sharp,  very  disagreeable  taste. 
Although  the  crude  product  obtained  by  the 
action  of  sulphuric  acid  on  the  fousel-oil  is 
very  complex,  G.  de  C.  succeeded  in  separating 
the  4  following  distinct  substances  from  it: 

1.  A  colorless  liquid,  of  a  strong,  penetrating 
odor,  difficult  of  inhalation,  a  strong  and  bitter 
taste,  boiling  at  205°,  soluble  in  sulphuric  acid. 
He  found  it  composed  according  to  the  for- 
mula, C10HnO2. 

2.  A  colorless  and  tasteless  liquid,  of  an 
agreeable  ethereal  odor,  boiling  at  338°,  solu- 
ble in  sulphuric  acid,  which  colors  it  of  a 
beautiful  red.  Form.,  C10HuO  ;  which  is  that 
of  oxide  of  amyl  or  amilic  ether. 

3.  A  liquid  of  a  disagreeable  odor,  resem- 
bling rotten  apples,  boiling  at  320°,  insoluble  in 
and  not  colored  by  sulphuric  acid.  Formula, 
C10HI0,  which  would  represent  amilen. 

4.  A  liquid  of  ethereal  odor,  and  a  strong, 
but  not  bitter  taste,  the  formula  of  which  ap- 
peared to  be  C10HnO2,  but  G.  de  C.  believes  it 
to  be  a  mixture  of  the  preceding  with  another 
body. 

The  beet-root  fousel  oil  itself  gave,  in  the 
analysis,  numbers  which  led  to  the  well-known 
formula  of  potato  fousel  oil,  C]0H12O2. 

Unless  there  be  a  typographic  error  in  the 
An.  der  Chem.  and  Ph.  xliv.  128,  from  which  this 
notice  is  drawn,  the  remark  that  the  1st  liquid 
is  the  amilic  aldehyde  is  incorrect,  for  then  its 
formula  would  be  CI0H10O2.  See  Alcohol, 
Ethyl,  and  Fousel  Oil. 

AMYLATE.  Chcm.  The  compound  of 
starch,  with  a  base :  thus,  amylate  of  lead  = 
CI2H10OI0+  2  PbO. 

AMYLUM.     Chem.    See  Starch. 

ANACARDIUM.  Pot.  Syn.  Cashew.  The 
stem  of  this  tree  yields  a  milky  juice,  that 
stains  cotton  or  linen  of  a  deep  black,  by  expo- 
sure to  the  air.  The  fruit  has  a  sub-acid  taste, 
slightly  astringent,  and  its  expressed  juice 
yields  a  pleasant  wine,  or  by  distillation,  a 
liquor  said  to  be  superior  to  arrack.  Between 
the  two  shells  of  the  nut  is  a  viscid  oil,  of  a 
pungent,  burning  taste,  very  caustic,  and  hence 
applied  externally  to  ring-worms,  &c;  it  changes 
to  a  brownish  color  by  exposure,  and  is  hence 
applied  to  writing  names  on  cotton  and  linen, 
which  are  indelible.  The  tree  farther  yields 
some  10 — 12  lb.  of  a  gum,  resembling  arabic 
gum,  but  possesses,  at  the  same  time,  a  slight 
astringency. 

ANALCIME.  Min.  Syn.  Kubizit,  Wern.  ; 
Hexaedrisches  Kuphonspath,  Mohs.;  Cuboit', 
Breith.  Descrip.  Cryst.  regular  system.  24- 
hedron  of  1  :  2,  24-hedron  and  cube,  cube  with 
12-hedron,  and  sometimes  8-hedron  ;  cleavage 
apparently  parallel  to  cube.  H  =  5-5.  G  = 
2-07 — 2-3.     Colorless,  and  transparent,  or  gray- 
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ish,  greenish,  yellowish,  reddish  white,  flesh 
red,  and  opake ;  lustre  shining,  vitreous,  rarely 
pearly;  fracture  imperfectly  conchoidal  and 
uneven ;  brittle ;  becomes  feebly  electric  by 
friction,  hence  its  name,  signifying,  without 
force. 

Behavior.  In  matrass,  gives  water,  and  be- 
comes milk-white;  on  charcoal,  swells,  and 
with  a  strong  heat,  fuses  to  a  diaphanous  bead 
without  intumescence;  dissolved  by  borax  and 
mic.  salt,  leaving  a  skeleton  of  silica  in  the 

1.  2. 

Silica 58  55-12 

Alumina 18  22-99 

Soda 10  13-53 

Potassa —  — 

Lime 2  — 

Water 8-5  8-27 


96-5 


The  3d  analysis  by  Rose,  was  of  the  variety 
called  Sarcolite. 

Form.,  3  NaO,  2  8iO,+  3  (AlaOs,  2  Si03)  + 
6  HO,  or  a  hydrous  $  silicate. 

Localities.  Transparent  crystals,  near  Ca- 
tania, which,  with  the  Tyrolese,  are  cubes,  with 
the  24-hedron  on  its  solid  angles  ;  in  Dumbar- 
tonshire they  are  often  large,  and  only  24- 
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latter.  When  finely  powdered,  perfectly  de- 
composed by  muriatic  acid,  the  silica  imper- 
fectly gelatinizing;  after  ignition  more  diffi- 
cultly soluble. 

Analysis.  1,  by  Vauquelin  ;  2,  3,  by  H.  Rose, 
from  Fassathal;  4,  by  Connel,  from  Old-Kil- 
patrick,  in  Dumbartonshire  ;  5,  by  Henry,  from 
Blagodat,  in  the  Ural ;  6,  by  Thomson,  from 
the  Giant's  Causeway;  and,  7,  the  calculated 
per  cent,  by  the  formula  given  below. 


99-91 


3. 

4. 

5. 

0. 

56-47 

55-07 

57-34 

55-60 

21-98 

22-23 

22-58 

2300 

13-78 

13-71 

11-86 

14-65 



— 

0-55 

— 



— 

0-35 

— 

8-81 

8-22 

9-00 

7-90 

100-99 

99-23 

101-68 

101-15 

hedra.  It  occurs  farther  on  the  Faroe  Isles, 
Iceland,  &c,  in  basalt,  trap  ;  at  Arendal,  Nor- 
way, in  iron-ore ;  at  Andreasberg,  Harz,  in 
silver-mines  ;  in  the  ancient  lavas  of  Vesuvius. 
Its  general  occurrence  is  in  basaltic  and  trap- 
pean  rocks,  associated  with  other  zeolitic 
minerals. 
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That  branch  of  applied  chemistry,  which 
has  for  its  object  the  separation  of  bodies  into 
their  component  parts,  so  as  to  recognise  and 
prove  the  existence  of  them,  and  to  estimate 
their  quantity,  is  called  analytical  chemistry,  and 
the  series  of  processes  which  is  necessary  for 
its  performance,  is  termed  chemical  analysis. 

Chemical  analysis  embraces,  therefore,  two 
distinct  parts:  1,  to  find  the  different  ingredients 
of  which  a  substance  is  composed ;  and,  2,  to 
determine  the  quantity  in  which  they  exist  in 
it.  The  former  is  designated  by  the  name  of 
qualitative  analysis,  and  must  always  precede 
the  latter,  which  is  termed  quantitative  analysis. 
As  matter  cannot  be  destroyed,  the  weight  of 
all  the  component  parts  must  equal  the  weight 
of  the  whole  body.  If  the  latter,  therefore,  be 
the  result  of  the  quantitative  analysis,  it  con- 
firms greatly  the  correctness  of  the  qualitative 
analysis,  that  no  ingredient  has  escaped  our 
notice ;  but  not  absolutely  so,  since  two  or  more 
ingredients  resembling  each  other,  and  follow- 
ing together  in  the  quantitative  estimation,  may 
have  been  mistaken  for  one;  while,  on  the 
other  hand,  if  the  joint  weight  of  all  the  com- 
ponent parts  do  not  equal  that  of  the  whole 
body,  and  this  deficiency  cannot  be  accounted 
for  by  any  imperfection  in  the  methods  em- 
ployed, it  proves  conclusively,  that  some  ingre- 
dient has  escaped  our  notice. 

To  analyze  a  substance,  does  not  necessarily 
imply  the  separation  of  the  substance  into  its 
component  parts,  so  as  to  have  them  all  in  a 
perfectly  free  state;  for  some  of  them  would  be 
found  endowed  with  such  powerful  affinities, 
that  it  would  be  a  matter  of  extreme  difficulty 
to  obtain  them  in  their  free  state,  and  still  more 
difficult,  if  not  impossible,  to  retain  them  so; 
in  most  cases,  therefore,  we  merely  transfer 
the  component  parts  of  the  substance  under 
analysis  to  combinations,  the  nature  and  com- 
position of  which  is  well  known. 

The  reverse  process  of  analysis  is  synthesis, 
by  which  we  again  produce  a  substance  from 
its  component  parts;  but  as  certain  substances 
often  combine  only  under  peculiar  circum- 
stances, it  will  be  evident  that,  unless  we  know 
these  circumstances,  or  are  able  to  contrive 
them,  the  synthesis  of  the  substance  under 
such  circumstances  will  remain  impracticable, 
but  does  not,  therefore,  in  the  slightest  degree, 
impair  the  correctness  of  our  analysis. 

Chemical  analysis  requires,  more  than  any 
other  branch  of  applied  chemistry,  a  thorough 
knowledge  of  the  science  of  chemistry;  but 
it  is,  on  the  other  hand,  itself  the  base  of  all 
chemical  knowledge,  since  it  alone  enables  us 
to  investigate  the  changes  which  take  place 
whenever  chemical  affinity  is  called  into  action, 
and  to  ascertain  the  laws  which  govern  them, 
by  ascertaining  the  exact  composition  of  the 
resulting  compounds.     The   progress   of  the 


science  of  chemistry,  and  the  perfection  of 
analytical  chemistry,  have,  therefore,  always 
kept  pace  with  each  other. 

It  is  not  within  the  limits  of  this  work  to 
enter  deeply  into  the  extensive  details  of  ana- 
lytical chemistry,  but  our  object  will  be,  first, 
to  give  a  general  view  of  the  principles  of  this 
science  adapted  to  the  general  inquirer,  or  to 
those  who,  perhaps,  by  their  occupations,  may 
have  become  acquainted  with  some  particular 
branch,  and  are  desirous  of  a  more  general 
knowledge  of  it.  Secondly,  to  illustrate  the 
application  of  these  principles  by  applying 
them  to  some  particular  instances,  selected 
with  a  view  to  their  general  occurrence,  and 
the  consequent  interest  attached  to  them;  or  to 
their  importance  in  a  technical  or  economical 
point  of  view,  and  to  refer  those  who  are  desi- 
rous of  studying  it  in  all  its  details,  either  for 
scientific  or  professional  pursuits,  to  the  labora- 
tory of  some  analytical  chemist.  For,  it  would 
be  more  than  useless,  without  the  assistance 
of  a  practical  chemist,  to  hope  to  master  a 
science,  the  success  of  which  depends  as  much 
on  practical  skill  and  ingenuity  as  on  a  true 
knowledge  of  the  principles  of  the  science 
itself.  At  the  same  time,  we  refer  the  more 
advanced  students  to  the  different  treatises  and 
manuals  on  analytical  chemistry,  more  par- 
ticularly to  those  of  Berzelius  and  Rose,  and 
to  the  attentive  perusal  of  detailed  accounts 
of  analyses  performed  by  chemists  of  estab- 
lished reputation,  and  published  in  the  different 
scientific  periodicals. 

General  Principles  of  Chemical  Analysis. 
A  substance  is  either  a  simple  body,  an 
element,  or  a  chemical  combination,  or  a  me- 
chanical mixture  of  them.  An  example  will 
illustrate  this.  Hydrogen  and  chlorine  gases 
are  both  elementary  bodies,  viz.:  such  as  che- 
mistry is  not  capable  of  further  separating  into 
others,  but  which  may  be  recovered  again  from 
all  combinations  in  which  they  exist.  If  these 
be  mixed  in  equal  volumes,  we  have  a  me- 
chanical mixture  of  two  elementary  bodies, 
which  again  may  be  separated  without  the  aid 
of  chemical  means,  as  by  mere  absorbents. 
But  if  the  mixture  be  exposed  to  the  sun's 
rays,  they  suddenly  enter  into  chemical  com- 
bination, which  is  made  apparent  by  a  flash 
of  fire  passing  through  the  whole  mass.  The 
gas  suffers  hereby  no  change  in  volume  nor  in 
weight,  but,  on  examination,  it  will  be  found  to 
have  entirely  different  properties  from  either 
hydrogen  or  chlorine,  or  their  mixture;  it  is 
an  entirely  different  gas,  called  chlorohydric 
acid  gas,  from  which  neither  of  its  constituent 
elements  can  be  separated  by  any  merely 
mechanical  means.  If  any  of  the  two  gases 
were  added  in  a  larger  proportion  than  equal 
volumes,  we  should  still  have  the  same  occur 
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rcnce,  but  instead  of  the  whole  of  the  gas  being 
converted  into  chlorohydric  acid  gas,  we  should 
have  this  latter  gas,  mechanically  mixed  with 
the  gas  added  in  excess,  or  a  mechanical  mix- 
ture of  a  chemical  compound  with  an  element. 

A  mechanical  mixture  may  often  be  separated 
by  mere  mechanical  means  into  its  component 
parts,  which  may  then  be  recognised  as  sub- 
stances of  known  chemical  composition. 
Thus,  a  mixture  of  a  light  and  a  heavy  powder 
may  often  be  separated  by  washing  with  water, 
which  will  float  on"  the  lighter.  Although,  in  such 
cases,  where  we  employ  purely  mechanical 
means  to  separate  mixtures  into  their  compo- 
nent parts,  the  operation  ought  strictly  not  to 
be  called  analysis,  at  least  not  chemical  ana- 
lysis;  still  ordinary  language  does  not  draw 
this  distinction,  principally  where  the  quanti- 
tative estimation  of  any  of  the  component 
parts  is  the  main  object.  We  might  thus  say, 
the  analysis  of  a  magnetic  iron  ore,  when  it  is 
pulverized,  and  the  ore  separated  from  the 
gangue  by  extraction  with  a  magnet,  in  order 
to  determine  their  relative  quantity. 

The  modern  improvements  in  the  micro- 
scope and  its  use  afford  to  chemistry  an  in- 
valuable means  of  discovering  component 
parts,  where  they  exist  merely  as  mechanical 
admixtures,  when  chemistry  alone  would  be 
unable  to  decide  it.  Thus,  the  long-contested 
question  among  chemists,  whether  Kermes 
mineral  contained  oxide  of  antimony,  as  an 
essential  or  chemically  combined  part,  was 
decided  by  the  aid  of  the  microscope,  by  show- 
ing the  oxide  of  antimony  to  exist  in  it  in  the 
state  of  exceedingly  minute  crystals,  and  there- 
fore not  in  chemical  combination  with  the  sul- 
phuret  of  antimony.  Mechanical  mixtures 
may  further  be  separated  by  mere  absorbents 
or  perfectly  neutral  solvents,  which  take  up 
some  of  its  parts  and  leave  others  behind ; 
and  if,  on  the  other  hand,  a  substance  be  taken 
up  from  a  mixture  by  a  solvent,  to  which  it 
otherwise  is  perfectly  indifferent,  or  has  no 
chemical  affinity,  there  is  good  reason  to  believe 
that  it  existed  merely  as  mechanical  admixture. 
Or  some  or  all  the  ingredients  may  be  taken 
up  by  a  solvent  and  afterwards  separated  by 
crystallization,  or  by  precipitation,  by  the  addi- 
tion of  other  perfectly  neutral  solvents  to  the 
first. 

Mechanical  mixtures  may  also  be  analysed 
by  more  purely  chemical  means,  such  as  dis- 
solving reagents,  if  some  of  the  admixtures  be 
acted  on  by  them,  while  others  are  not  affected. 
If  we  thus  treat  a  mixture  of  carbonate  of  lime 
and  silica  with  a  dilute  acid,  the  latter  dissolves 
the  lime,  with  expulsion  of  the  carbonic  acid, 
while  insoluble  silica  is  left  behind.  A  very 
considerable  number  of  what  are  commonly 
called  chemical  analyses  are  nothing  more 
than  the  separation  of  mechanical  mixtures 
by  the  two  last-mentioned  means.  Thus,  a 
great  many  analyses  of  parts  of  plants  or 
animals,  by  which  they  are  separated  by  dif- 
ferent solvents  intodifferentneutral  substances, 
such  as  sugar,  starch,  gum,  lignin,  volatile  oil, 
&c,  are  nothing  more  than  a  separation  of  a 
mechanical  mixture  of  these  substances.  Heat 
and  other  such  agents  may  also  be  often  used 
for  the  same  purpose :  thus,  mixtures  of  dif- 
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ferent  fatty  matters  of  different  fusibility,  may 
be  separated  by  cautious  fusion  ;  or  liquors  of 
different  volatility  by  distillation. 

It  is  mostly  in  analysis  for  scientific  pur- 
poses that  it  is  of  importance  to  ascertain 
whether  a  substance  is  a  pure  chemical  com- 
bination or  a  mechanical  mixture  of  severa. 
compounds.  For  most  practical  purposes  the 
main  object  is  merely  to  find  the  ingredients, 
it  being  of  little  or  no  interest  whether  these 
are  in  chemical  combination  or  merely  mixed 
together.  If,  therefore,  inspection  does  not  lead 
to  distinguish  the  ingredients,  their  separation 
is  effected  as  if  it  were  a  chemical  combina- 
tion, without  reference  to  its  mixed  nature. 

It  has  already  been  stated  that  all  substances 
are  either  elementary  bodies  or  their  chemical 
combinations,  or  mechanical  mixtures  of  both. 
Those  substances  which  chemistry  is  not  capa- 
ble of  separating  into  others,  it  calls  elementary 
bodies,  and  then  proves  all  the  rest  to  be  formed 
by  their  union  or  combination.  Two  elements 
form,  by  their  union,  binary  combinations,  but 
when  these  again  combine,  the  result  is  a  more 
compound  body,  containing  three  or  more 
elements.  On  the  other  hand,  most  of  the  more 
compound  bodies  may  again  be  separated  into 
binary,  or  at  least  less  compound  bodies. 
These  latter  are  then  said  to  be  the  proximate 
constituents  of  the  more  compound  body,  while 
the  elementary  bodies  into  which  it  is  finally 
resolved,  are  called  its  ultimate  constituents  or 
elements.  Thus,  oxygen  combines  with  sulphur, 
forming  sulphuric  acid,  and  with  potassium, 
forming  oxide  of  potassium  or  potassa ;  but 
sulphuric  acid  combines  again  with  potassa, 
and  forms  sulphate  of  potassa.  Oxygen,  sul- 
phur, and  potassium,  are  then  said  to  be  the 
ultimate  constituents  or  elements  of  sulphate 
of  potassa,  while  sulphuric  acid  and  potassa 
are  its  proximate  constituents.  When  the 
proximate  constituents  of  a  substance  are 
known,  we  may  generally  infer  from  them 
the  ultimate  constituents ;  and,  vice  versa,  if 
the  ultimate  elements  are  known,  theoretical 
chemistry  will  generally  teach  us  which  are 
the  proximate  constituents.  Analysis  may, 
therefore,  in  more  compound  bodies,  discover 
and  determine  either  the  proximate  con- 
stituents, or  the  elements.  This  is  altogether 
accidental,  and  depends  on  the  peculiar  method 
adopted,  or  on  the  facility  with  which  either 
the  proximate  constituents  or  the  elements  are 
detected  and  estimated.  Thus,  for  instance,  if 
the  above  substance,  sulphate  of  potassa,  were 
unknown  to  us,  and  therefore  subjected  to 
analysis,  whether  we  should  first  discover  the 
sulphur  or  the  sulphuric  acid,  would  probably 
depend  on  the  method  adopted.  If  we  first 
examine  it  by  the  blowpipe,  the  sulphur  would 
probably  be  first  made  apparent;  while,  if  we 
first  tested  it  in  the  moist  way,  we  should 
recognise  the  sulphuric  acid.  In  the  same 
manner,  in  determining  the  relative  quantity 
of  the  constituents,  we  should  neither  estimate 
directly  the  quantity  of  sulphur  by  itself,  nor 
that  of  the  sulphuric  acid,  but  transfer  them 
both  to  a  combination,  from  the  quantity  of 
which,  either  that  of  the  sulphur  or  of  the  sul- 
phuric acid  may  be  calculated  with  equat 
facility.    It  is   therefore   indifferent  of  itself, 
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•whether  we  give  the  result  of  the  analysis  in 
so  many  parts  of  sulphur,  oxygen,  and  potas- 
sium, or  so  many  parts  of  sulphuric  acid  and 
potassa.  Convenience  and  custom,  or  theo- 
retical notions,  decide  here,  as  in  other  matters. 
In  regard  to  the  analysis  of  chemical  combina- 
tions, it  may  be  remarked  that,  as  it  is  a  neces- 
sary consequence  of  chemical  combination, 
that  the  constituents,  either  ultimate  or  proxi- 
mate, which  enter  into  combination,  necessa- 
rily alter  more  or  less  their  original  nature  and 
properties ;  none  of  the  constituents  of  an  un- 
known chemical  combination  can  be  recog- 
nised with  certainty  in  it  from  its  nature  and 
properties.  It  will  therefore  be  seen,  that  in 
order  to  find  what  constituents  it  is  composed 
of,  it  becomes  necessary  to  overcome  the  affini- 
ties by  which  the  latter  are  held  in  combina- 
tion, so  as  either  to  set  them  free  and  make 
them  appear  with  their  original  properties,  by 
which  they  may  be  recognised,  or  to  transfer 
them  to  other  combinations,  which  are  either 
known  or  may  be  recognised.  It  would  thus  be 
impossible  to  recognise  hydrogen  or  chlorine 
in  chlorohydric  acid  gas ;  nothing  could  be  more 
totally  different  from  either  of  its  constituents. 
But,  if  we  introduce  a  piece  of  metallic  zinc 
into  the  gas,  the  affinity  of  the  zinc  to  the 
chlorine  will  overcome  the  affinity  of  chlorine 
to  hydrogen.  The  chlorine  will  therefore  be 
taken  up  by  the  zinc,  and  leave  the  hydrogen 
in  its  free  state,  which  can  then  be  recognised 
by  its  usual  properties.  Another  mean  which 
analytical  chemistry  employs  for  overcoming 
existing  affinities  and  setting  the  ingredients 
free,  or  transferring  them  to  other  combina- 
tions, is  heat,  which  often  will  induce  the 
gaseous  elements  to  separate  and  assume  their 
free  state.  Oxide  of  mercury  may  thus  be 
separated  into  its  two  elements,  oxygen  gas 
and  metallic  mercury.  Carbonate  of  lime  is 
separated  by  ignition  into  carbonic  acid  gas 
and  lime.  Volatile  liquids  and  solids  may 
also  be  expelled  by  heat  from  their  combina- 
tions, by  their  tendency  to  assume  the  gaseous 
state  at  higher  temperatures.  Thus,  chemically 
combined  water  is  generally  discovered  by  heat- 
ing the  substance  in  the  closed  end  of  a  glass 
tube,  when  it  will  be  expelled,  and  condense 
in  the  colder  part  of  the  tube.  Electricity  is 
another  agency  for  overcoming  affinity.  It  was 
by  this  agency  that  Humphry  Davy  discovered 
the  metallic  radicals,  and  the  compound  nature 
of  the  alkalies.  But  the  mean  most  often 
made  use  of  in  analyses  of  substances  is 
chemical  affinity  itself,  either  single  or  double 
elective  affinity.  In  the  former  case  we  have 
a  combination  of  two  constituents,  and  present 
to  it  a  third  substance,  for  which  one  of  the 
constituents  has  a  greater  affinity  than  for 
the  other,  and  therefore  leaves  the  latter  in  its 
free  state,  and  combines  with  the  substance 
added.  Thus,  if  uric  acid  be  in  a  solution, 
combined  with  a  base,  and  a  stronger  acid  be 
added,  to  which  the  base  has  a  greater  affinity, 
it  will  combine  with  the  latter,  and  leave  the 
uric  acid,  which  thereby  is  separated  in  its  free 
state,  as  an  insoluble  powder;  or  if  sulphuric 
acid  be  added  to  a  solution  containing  baryta, 
the  affinity  of  the  latter  for  sulphuric  acid  is 
greater  than  for  any  other  acid.     It  will  there- 


fore combine  with  it,  and  separate  as  an  in- 
soluble and  easily  recognisable  compound, 
sulphate  of  baryta.  What  single  affinity  is 
unable  to  effect,  may  be  accomplished  by  double 
affinity.  Thus,  if  oxalate  of  lime  were  given 
us  for  analysis,  we  should  not  be  able  to  sepa- 
rate the  oxalic  acid  from  the  lime  by  any  acid 
or  base  alone ;  but  if  we  treat  it  with  carbonate 
of  potassa,  the  affinity  of  the  potassa  for  the 
oxalic  acid,  and  that  of  the  carbonic  acid  for 
the  lime,  act  at  the  same  time,  and  we  decom- 
pose it  into  oxalate  of  potassa  and  carbonate 
of  lime,  in  which  compounds  the  oxalic  acid 
and  the  lime  are  easily  detected. 

When  thus  liberated,  or  transferred  to  other 
combinations,  we  employ  various  means  to 
recognise  the  ingredients,  or  the  new  com- 
pounds to  which  they  are  transferred,  as  their 
physical  properties,  such  as  peculiar  or  striking 
colors;  thus,  the  presence  of  manganese  in  a  sub- 
stance, is  recognised  by  the  green  color  which 
it  yields,  when  fused  with  nitre  and  carbonate 
of  soda,  owing  to  a  combination,  which  it 
always  forms  under  these  circumstances;  or 
by  their  peculiar  odor  or  taste;  thus,  acetic  acid, 
when  liberated,  is,  in  most  cases,  recognised 
by  its  peculiar  odor,  and  the  different  kinds  of 
sugar  by  their  taste.  The  senses  of  smelling  and 
tasting  are  of  no  less  importance  to  the  analyti- 
cal chemist  than  the  sight,  and  are  capable  of 
considerable  cultivation.  It  is  particularly  in 
organic  analysis  that  they  are  invaluable,  as 
affording  the  only  means  of  discovering  many 
of  the  organic  proximate  constituents.  Of  no 
less  importance  are  the  different  forms  of  ag- 
gregation, which  the  ingredients  or  their  new 
combinations  assume,  as,  for  instance,  whether 
they  appear  as  a  gas  or  a  liquid,  or  an  insolu- 
ble solid.  This  latter  is  of  particular  import- 
ance, and  we  therefore  generally  try  to  effect  a 
solution  of  the  substance,  and  then  add  dif- 
ferent other  substances,  mostly  in  solution, 
with  which  the  different  ingredients  form 
compounds,  which  separate,  and  are  distin- 
guished by  their  different  degrees  of  insolu- 
bility, or  peculiar  form  of  aggregation,  such 
as  whether  they  be  heavy  or  light,  pulverulent, 
flocculent,  crystalline,  &c. 

The  substances  we  add  for  the  sake  of 
separating  or  combining  with  the  ingredients 
of  the  substance  under  examination,  are 
called  reagents;  if  they  produce  any  change 
with  them,  they  are  said  to  react  with  them ; 
if  they  form  insoluble  compounds,  which  sepa- 
rate, they  precipitate  them ;  if  the  produced 
change  or  compound  be  such  as  to  lead  to  the 
recognition  of  the  ingredient,  it  is  said  to  be  a 
test  for  it.  Thus,  when  a  solution  of  iodine  is 
added  to  a  solution  containing  starch,  it  pro- 
duces a  beautiful  blue  color.  As  iodine  pro- 
duces this  color  with  no  other  substance  than 
starch,  we  say  that  iodine  is  a  test  for  starch. 
Or  if  we  add  a  solution  of  a  salt  of  baryta  to  a 
solution  containing  sulphuric  acid,  the  latter 
precipitates  in  combination  with  baryta,  as  sul- 
phate of  baryta,  which  remains  insoluble  by 
the  addition  of  chlorohydric  acid.  As  no  other 
substance  forms  a  similar  precipitate  with 
barytic  salts,  insoluble  in  water  and  an  excess 
of  chlorohydric  acid,  baryta  is  said  to  be  a 
test  for  sulphuric  acid.    The  insolubility  of 
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the  compounds  formed  by  the  addition  of  re- 
agents with  the  different  ingredients,  becomes 
of  still  more  importance,  since  it  affords  the 
means  of  removing  them,  either  for  the  sake  of 
further  examining  them,  or  of  preventing  them 
from  interfering,  by  their  presence,  with  the  dis- 
covery and  recognition  of  the  other  ingredients. 

In  this  way,  all  the  different  ingredients 
of  a  substance,  may  be  recognised  by  adding 
the  different  reagents  and  tests  to  different 
portions  of  the  substance,  or  by  applying 
them  successively  to  the  same  portion,  re- 
moving, if  necessary,  the  ingredients,  as  they 
are  recognised.  But,  by  such  indiscriminate 
or  random  application  of  reagents,  it  would 
not  be  possible  to  prevent  some  ingredients 
from  escaping  notice.  It  therefore  becomes 
necessary  to  introduce  a  systematic  method  of 
proceeding  in  the  application  of  the  reagents. 
As  the  reagents,  for  their  action,  always  require 
more  or  less  fluidity,  this  may  either  be  attained 
by  heat  or  fusion,  or  by  solution.  Hence,  the 
distinction  between  analysis  in  the  dry  and  in 
the  moist  or  humid  ivay.  The  qualitative  ex- 
amination by  the  former  method  is  generally 
performed  more  or  less  in  connection  with  the 
blowpipe,  by  which  we  fuse  small  beads  of 
different  substances,  and  then  observe  the  re- 
actions which  take  place  by  adding  small  por- 
tions of  the  substance  under  examination,  and 
its  behavior  by  different  treatments,  and  with 
different  reagents.  For  some  metallurgic  pur- 
poses, fusion  on  larger  scale  in  crucibles,  by 
the  aid  of  furnaces,  is  resorted  to;  but  although 
testing,  in  the  dry  way,  and  by  the  blowpipe  in 
particular,  has  been  carried  to  a  high  degree 
of  perfection,  and  is  performed  with  a  great 
deal  of  facility  and  convenience,  it  cannot 
compare,  in  point  of  completeness  or  sys- 
tematic procedure,  with  that  in  the  moist  way. 
We  shall,  therefore,  in  the  more  detailed  de- 
scription of  the  application  of  the  above 
principles  of  qualitative  analysis,  describe 
the  method  of  testing  in  the  moist  way,  and 
recur  to  the  testing  by  the  blowpipe,  only  where 
the  latter  is  more  convenient,  as,  for  instance, 
for  a  preparatory  examination,  or  even  prefer- 
able on  account  of  its  greater  speed  and  cer- 
tainty; and  in  such  cases  we  refer  for  the  full 
description  to  the  article  Blowpipe. 

By  testing  in  the  moist  way,  it  always  be- 
comes an  object  to  effect  a  solution  of  the  sub- 
stance, and  then  apply  such  reagents  as  will 
form  insoluble  compounds  with  a  certain  class 
or  group  of  ingredients;  then  separate  these, 
and  apply  another  reagent,  which  will  separate 
another  class  or  group  of  ingredients,  left  in 
solution  by  the  previous  reagent,  and  so  on. 
Thus,  all  known  ingredients  are  separated 
into  groups,  containing  only  a  certain  number 
of  them,  which  are  themselves  distinguished 
or  separated  from  each  other  by  other  re- 
agents and  tests.  The  last  class  or  group  is 
formed  by  those  ingredients  which  are  not  pre- 
cipitated by  any  of  the  previously  applied 
reagents,  and  it  being  known  which  such 
may  be,  their  presence  or  absence  may  be 
ascertained  by  special  tests  for  this  purpose. 
The  reagents  which  we  thus  most  commonly 
make  use  of,  are  sulphuretted  hydrogen  and 
sulphohydrate  of  ammonium,  to  separate  the 
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metals  proper ;  ammonia  for  the  earths ;  the 
alkaline  carbonates  for  the  earthy  alkalines, 
and  the  last  class  is  generally  formed  by  the 
alkalies.  The  electro-negative  elements  and 
acids  are  mostly  detected  by  tests  applied  for 
their  special  detection. 

In  this  way,  with  some  practice,  a  tolerable 
certainty  may  be  obtained,  that  no  ingredient 
has  escaped  our  notice,  which  is  still  more 
confirmed  by  the  subsequent  quantitative 
analysis,  when  the  joint  weight  of  them  all 
are  found  to  equal  that  of  the  whole  substance. 
But  before  proceeding  to  the  quantitative 
estimation,  it  is  generally  necessary  to  confirm 
and  verify  the  conclusions  which  we  have 
drawn  from  the  regular  systematic  course  of 
our  examination,  as  to  the  presence  or  absence 
of  the  different  ingredients,  either  by  the  appli- 
cation of  other  characteristic  tests  for  those 
we  have  discovered,  or  by  varying  our  method 
of  examination,  by  which  we  might  have  been 
led  into  doubts  or  errors  about  others.  Such 
confirmatory  experiments  or  tests  ought  never 
to  be  omitted ;  and  in  the  manuals  of  analytical 
chemistry,  a  large  proportion  of  their  contents 
is  generally  devoted  to  the  behavior  of  the  dif- 
ferent substances  with  most  of  the  usually 
employed  reagents,  the  greater  portion  of 
which  will  be  found  in  the  present  work,  under 
the  heads  of  the  different  substances. 

The  elementary  bodies  themselves,  when  they 
occur  as  objects  for  analysis  in  their  uncom- 
bined  state,  are  recognised  by  their  physical 
properties  and  their  behavior  to  the  different 
reagents,  by  which  they  are  made  to  dissolve 
and  enter  into  combinations,  and  may  then  be 
recognised  as  other  ingredients. 

After  having  determined  what  the  ingre- 
dients are,  of  which  a  substance  consists,  it 
next  remains  to  estimate  their  quantity.  For 
this  purpose  one  or  more  portions  of  the  sub- 
stance are  employed,  and  the  weight  of  the  dif- 
ferent ingredients  obtained  from  them  ascer- 
tained, and  generally  expressed  in  100  parts  or 
per  cent,  of  the  substance.  The  object  of 
quantitative  analysis  is,  therefore,  to  liberate 
the  ingredients  in  such  a  state,  or  to  transfer 
them  to  such  combinations,  that  a  complete 
separation  of  them  or  their  new  combinations 
may  be  effected,  and  the  estimation  of  their 
quantity  become  possible. 

The  quantitative  analysis,  or,  at  least,  the 
quantitative  estimation  of  certain  ingredients, 
is  sometimes  performed  in  the  dry  way,  and  is 
then  termed  the  dry  assay,  or,  simply,  assay- 
ing. Thus,  for  many  metallurgic  operations, 
the  ores  are  fused  in  a  crucible,  with  certain 
reducing  reagents  and  fluxes,  by  the  draft 
of  a  furnace  or  in  the  blast  of  a  forge,  and 
the  quantity  of  reduced  metal  obtained  from 
the  ore  ascertained.  But,  although  these 
operations  are  not  without  practical  value, 
still  they  are  at  present  performed  equally 
well,  and  with  much  more  accuracy,  in  the 
moist  way.  The  estimation  of  the  quantity  of 
gold  and  silver  in  alloys,  by  cupellation,  is 
another  much-practised  application  of  the  dry 
assay ;  but  even  here  it  may  be  substituted,  and 
with  still  greater  accuracy,  by  the  moist  way; 
and  this  latter  is  always  resorted  to  whenever 
it  becomes  desirable  to  estimate  the  quantity 
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of  all  the  different  ingredients  which  a  sub- 
stance contains. 

It  has  been  stated  before,  that  chemical 
combinations  have  always  the  same  composi- 
tion. It  is,  therefore,  not  necessary  that  the 
ingredients  should  be  weighed  by  themselves. 
Chemistry  teaches  us  that  when  substances 
combine  chemically,  it  is  in  certain  fixed  pro- 
portions (see  Laws  of  Combination  under  Af- 
finity), and  that,  therefore,  pure  chemical 
compounds  always  contain  the  same  amount 
of  their  different  constituents.  When  we, 
therefore,  have  separated  an  ingredient  by 
transferring  it  to  another  chemical  combina- 
tion, it  is  only  necessary  to  ascertain  the  quan- 
tity of  this  compound,  and  then,  from  its 
known  composition,  calculate  the  quantity  of 
the  ingredient,  whose  weight  of  the  original 
substance  we  desired  to  know.  Thus,  if  a  sub- 
stance contain  sulphuric  acid,  it  would  be  im- 
possible to  separate  the  acid  completely  by 
itself,  or  weigh  it,  in  this  state ;  but  if  any  other 
solution,  containing  baryta,  be  added,  all  the 
sulphuric  acid  will  combine  with  so  much  of 
the  baryta  as  is  necessary  to  form  an  insoluble 
compound,  the  sulphate  of  baryta,  which  is 
easily  separated  and  weighed,  and  from  the 
weight  of  which  the  weight  of  the  sulphuric 
acid  is  calculated.  It  is  also  evident,  that 
instead  of  ascertaining  directly  the  weight  of 
an  ingredient  or  its  new  compound,  the  loss  in 
weight  which  they  cause  in  the  remainder,  by 
their  separation  or  escape,  may  be  ascertained. 
This  is  the  case,  where  the  separation  is  easily 
effected ;  but  the  state  in  which  it  separates 
either  renders  it  unfit  for  weighing,  or  its  col- 
lection or  preparation  for  this  purpose  is  ren- 
dered more  difficult  than  the  weighing  of  the 
remaining  substances.  Thus,  oxide  of  lead 
combines  chemically  with  water:  by  heating 
this  compound  the  water  is  expelled  as  vapor. 
It  is  hence  easier  to  weigh  the  oxide  of  lead 
subsequently  to  the  expulsion  of  the  water, 
than  to  condense  the  vapors  completely,  for  the 
purpose  of  weighing  them  directly;  but  if  the 
oxide  of  lead  be,  at  the  same  time,  combined 
with  other  volatile  ingredients,  as,  for  instance, 
in  common  white  lead,  which  is  a  combination 
of  oxide  of  lead  with  carbonic  acid  and  water, 
it  then  becomes  necessary  to  condense  and 
collect  the  volatilized  water,  and  ascertain  its 
weight  directly.  Having  then  ascertained  the 
loss  of  all  the  volatile  matter  and  the  weight 
of  the  condensed  water,  by  subtracting  the 
latter  from  the  former,  we  obtain  the  loss  or 
weight  of  the  carbonic  acid. 

It  often  happens  that  two  or  more  ingredients 
are  easily  separated  together  from  the  rest,  but 
their  separation  from  each  other  cannot  be  ef- 
fected at  all, or  but  with  difficulty.  In  such  cases, 
their  joint  weight,  or  that  of  the  combination  in 
which  they  are  separated,  is  ascertained,  and 
then  different  methods  resorted  to  for  deter- 
mining their  relative  quantity,  as,  for  instance, 
from  their  different  physical  properties.  This  is 
often  resorted  to  in  practical  life,  where,  in 
mixtures  of  only  certain  substances,  the  value 
depends  on  their  relative  quantity.  The  spe- 
cific gravity  of  such  mixtures  affords,  in  many 
cases,  a  mean  of  determining  their  relative 
quantity,  which  is  often  made  use  of,  particu- 


larly where  one  of  the  substances  is  water. 
Alcoholometry,  or  the  method  of  determining 
the  quantity  of  alcohol,  in  mixtures  of  alcohol 
and  water,  depends  entirely  on  the  difference 
of  their  specific  gravity.  All  the  various  uses 
of  hydrometers,  for  ascertaining  the  strength 
of  substances,  depend  on  the  same  principle. 
As  soon,  therefore,  as  other  substances  are 
added,  besides  those  for  which  it  was  con- 
structed, it  ceases  to  be  applicable  to  this  pur- 
pose. The  richness  of  many  ores  may  be 
determined  approximately  by  their  specific 
gravity.  Besides  specific  gravity,  other  phy- 
sical properties  may  be  employed,  as  different 
fusibilities ;  thus,  the  relative  quantity  of  two 
different  fatty  matters  has  been  determined 
from  the  point  of  fusion  of  their  mixture. 
Other  methods  are  derived  from  their  relation 
to  light  or  heat;  thus,  in  mixtures  of  chloride 
of  sodium  and  potassium,  their  relative  quan- 
tity has  been  ascertained  by  the  degree  of  cold 
which  they  produce  by  dissolving  them  in 
water. 

In  cases  where  two  such  substances  have 
strong  chemical,  but  similar  affinities,  and, 
therefore,  are  difficult  to  separate,  but  their 
combining  weights  are  different,  another 
method  is  frequently  made  use  of  in  analytical 
chemistry,  for  which  the  rather  improper  name 
of  indirect  analysis  has  been  proposed  by  Poggen- 
dorff.  This  method  consists  in  separating  them 
both  together,  by  combining  them  with  a  third 
substance,  and  ascertaining  the  weight  of  this 
combination  accurately;  we  then  determine, 
in  any  other  analytical  way,  the  quantity  of 
this  third  substance,  which,  subtracted  from 
the  former  weight  of  their  combination  with 
it,  gives  the  quantity  of  the  mixture  of  them 
both ;  calculating,  then,  from  their  respective 
combining  weights,  the  quantity  which  this 
third  substance  would  have  yielded  with  either 
of  them  alone,  we  are  able  to  calculate,  from 
the  quantity  actually  obtained,  the  relative 
quantity  in  which  they  exist. 

In  some  cases,  where  we  are  unable  to  sepa- 
rate an  ingredient  in  any  state  or  combination 
suitable  for  the  estimation  of  its  quantity,  this 
can  only  be  obtained  by  estimating  the  weight, 
successively,  of  all  the  other  ingredients,  and 
subtracting  the  joint  weight  of  these  from  the 
weight  of  the  whole  substance  ;  but  it  is  evident 
that,  in  this  case,  any  inaccuracy  in  the  estima- 
tion of  the  other  ingredients  will  fall  upon  it. 

The  preparation  of  a  substance  for  analysis, 
and  the  subsequent  separation  of  the  ingre- 
dients, either  for  their  recognition,  or,  more 
particularly,  for  their  quantitative  estimation, 
requires  many  mechanical  operations  and 
manipulations,  such  as  pulverization,  solution, 
precipitation,  pouring,  washing,  filtration,  igni- 
tion, weighing,  &c,  the  perfect  performance  of 
which  is  of  the  greatest  importance  to  the 
success  of  the  analysis,  but  is  often  very 
tedious,  and  can  only  be  learned  by  practice 
in  a  laboratory;  yet  a  thorough  knowledge  of 
the  principles  on  which  they  depend,  will 
highly  facilitate  their  acquisition.  They  are 
the  rudiments  of  analytical  chemistry,  on 
which  its  performance  depends;  but  as  they 
often  seem  of  a  trifling  nature,  it  requires 
some  exertion  of  mind  to  submit  to  the  drudgery 
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of  acquiring  them.  As  analytical  chemistry 
is  the  base  of  all  chemical  investigation,  the 
want  of  them  forms  a  great  obstacle  to  the 
pursuit  of  chem-istry,  and  they  should  there- 
•  fore  be  early  attended  to.  The  spilling  of  a 
drop  in  pouring,  or  the  spirting  during  evapo- 
ration, will  often  spoil  long-anticipated  results, 
and  a  single  moment's  inattention  be  the  cause, 
of  losing  weeks  of  labor,  at  a  point  when  the 
result  was  nearly  within  grasp.  The  inability 
or  unwillingness  to  go  through  the  laborious 
and  tedious  process  of  an  analysis,  or  to  repeat 
it  when  unsuccessful,  is  also  a  continual 
temptation  to  scientific  mendacity,  by  antici- 
pating and  pronouncing  analytical  results 
which  have  never  been  obtained.  But  truth 
cannot  be  obtained  without  labor,  and  is  insepa- 
rably connected  with  honesty;  and  although  a 
false  ambition  may  thereby  obtain,  temporarily, 
a  desired  object,  merited  discredit  usually  re- 
turns, in  the  end,  upon  its  originator.  As  a 
rule,  no  results  should  ever  be  admitted  in 
science,  unless  accompanied  by  the  details  of 
the  experiments  from  which  they  are  derived. 
Notwithstanding  the  perfection  of  the 
methods  and  the  utmost  care,  some  small  loss 
of  the  ingredients  in  the  different  operations 
of  quantitative  analysis  cannot  be  avoided. 
In  well-performed  analyses,  of  ordinary  diffi- 
culty, this  ought  not  to  exceed  one  per  cent., 
and  in  most  cases  be  less.  Beginners  are  apt 
to  obtain  more  than  the  true  weight,  which 
arises  from  imperfect  washing  of  the  precipi- 
tates, or  from  hygroscopic  moisture,  attracted 
during  the  weighing,  &c.  In  analysis,  for 
practical  purposes,  the  loss  or  excess  is  often 
distributed  proportionally  on  all  the  ingre- 
dients, so  as  to  make  up  exactly  100  parts;  but 
in  all  scientific  investigations,  it  is  an  estab- 
lished principle  to  give  the  results  exactly  as 
they  are  obtained. 

As  all  chemical  compounds  are  formed  by 
the  combination  of  their  ingredients,  in  cer- 
tain and  fixed  proportions,  which  are  multiples 
of  their  atomic  weights,  it  becomes  a  strong 
proof  of  the  correctness  of  our  analysis  of  a 
pure  chemical  compound,  if  the  percentic  com- 
position correspond  with  multiples  of  the 
atomic  weights ;  and  again,  if  the  percentic 
weights  of  the  different  ingredients  be  simple 
multiples  of  their  atomic  weights,  it  affords  a 
strong  probability,  that  the  substance  analyzed 
is  no  mechanical  mixture,  but  a  true  chemical 
compound.  It  therefore  becomes  desirable  to 
find  the  number  of  atoms  which  corresponds 
to  the  percentage  result  of  our  analysis,  and 
therefrom,  if  possible,  to  establish  a  chemical 
formula.  This  is  done  by  dividing  the  per- 
centage numbers  by  the  atomic  weights  of  the 
respective  ingredients.  The  numbers  thus 
obtained,  express  the  relative  number  of  atoms 
of  the  different  ingredients;  and  in  order  to 
reduce  them  to  small,  and,  if  possible,  whole 
numbers,  the  smallest  may  be  made  unity,  and 
divided  respectively  into  all  the  rest.  How 
the  number  of  atoms  thus  found  is  to  be  dis- 
tributed, for  the  purpose  of  bringing  it  into  a 
formula,  in  conformity  with  other  similar 
combinations,  depends  entirely  on  theoretical 
views. 
In  regard  to  the  history  of  analytical  che- 
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mistry,  its  progress  has,  as  might  be  supposed, 
been  inseparably  connected  with  that  of  the 
science  of  chemistry  itself.  Bergman,  8c  I 
Klaproth,  and  others,  improved  the  analytical 
methods  considerably,  but  it  was  only  alter  the 
development,  by  Kichter,  of  the  doctrine  of  the 
fixed  proportions  in  which  substances  com- 
bine, that  it  was  elevated  to  the  rank  of  a 
science.  It  is,  in  a  great  measure,  to  the  un- 
remitting labors  of  Berzelius,  and  his  accurate 
determination  of  the  fundamental  or  combining 
numbers,  that  it  is  indebted  to  its  present  per- 
fection. The  ultimate  analysis  of  organic 
bodies  is  also  indebted,  for  its  present  perfec- 
tion, to  the  improvements  of  Liebig  and  several 
others. 

Application   of   the    Principles    of  Analy- 
tical Ciiemistiiy. 

1.  Any  substance  on  the  earth  may  be  the 
object  of  a  chemical  analysis,  and  might, 
therefore,  be  supposed  to  contain  any  of  the 
57  elements,  which  at  present  are  known  to 
constitute  the  earth.  To  examine  it  particu- 
larly, for  all  of  them,  would,  in  most  cases,  be 
either  too  laborious  or  impracticable,  nor 
would  it  be  possible  to  lay  down  any  sys- 
tematic course,  by  which  the  presence  of 
every  one  of  these  elements,  or  their  known 
combinations,  could  be  discovered  or  dis- 
proved. Nor  is  this  necessary.  Some  of  the 
elements  are  of  the  rarest  occurrence,  and 
these,  as  well  as  a  number  of  the  others,  only 
occur  in  certain  combinations,  and  in  com- 
pany with  certain  others.  The  chemist  must, 
in  his  examinations,  be  guided  by  his  judg- 
ment, and  from  the  origin  of  the  substance,  or 
from  its  external  character,  or  from  the  dis- 
covery of  one  or  more  ingredients  in  it,  form 
his  judgment  as  to  what  others  he  will  be  most 
likely  to  meet  with  in  it,  and  what  not.  He 
must,  therefore,  first  inquire  into  its  origin,  and 
examine  carefully  its  physical  properties,  and 
assist  his  senses,  in  this  examination,  by  a 
microscope.  Should  he,  by  any  of  these 
means,  discover  it  to  be  a  mixture  of  several 
different  substances,  he  should  try  to  separate 
them  by  dissection  or  other  mechanical  means, 
and  examine  them  separately. 

As  all  substances  may  be  referred  to  a 
mineral,  or  to  a  vegetable  or  animal  origin,  so 
these  two  classes  of  substances  show  a  de- 
cided difference  in  their  composition,  and 
require  a  different  method  of  analysis;  hence, 
it  will  be  proper  to  treat  separately  of  the 
analysis  of  inorganic  or  mineral  substances, 
and  of  those  of  organic  origin. 

2.  Whether  a  substance  be  wholly  or  partly 
of  organic  origin,  is  easily  ascertained  by 
heating  a  portion  of  it  in  a  glass  tube,  sealed 
at  its  lower  end.  The  presence  of  organic 
substances  is  then  manifested,  by  the  combus- 
tibility and  odor  of  the  gases  which  they  give 
off,  and  by  the  cotemporaneous  charringof  the 
heated  mass,  if  not  volatile.  The  odor  or  reac- 
tion of  the  vapor  with  turmeric  or  litmus 
paper,  may  also  be  a  guide  to  discover  whether 
it  be  of  vegetable  or  animal  composition; 
nitrogenized     substances    yielding,    by    their 

!  charring,   ammoniacal    vapors,   while    those 
containing  no  nitrogen,  as  most  vegetable  sub- 
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stances,  yielding  acid  vapors.  Care  must, 
of  course,  be  taken  not  to  be  misled  by  the 
presence  of  inorganic  volatile  substances.  If 
the  presence  of  organic  matter  be  evinced, 
another,  or  the  same  portion,  is  heated  in  free 
air  to  burn  away  the  organic  substance,  and 
ascertain  whether  any  inorganic  substance 
be  mingled  with  it.  Most  organic  substances 
leave  some  inorganic  matter  as  ashes  behind, 
but  some  practice  will  easily  enable  us  to 
judge,  from  its  quantity,  whether  it  may  be 
considered  merely  as  ash  from  the  organic 
substance,  or  to  form  an  essential  inorganic 
ingredient,  combined  or  mixed  with  it.  In  the 
latter  case,  so  much  of  the  substance  is  in- 
cinerated as  to  leave  a  sufficient  quantity  of 
it  to  be  analyzed  alone;  the  mixture  itself  is 
then  subsequently  examined  for  determining 
the  organic  ingredients,  with  a  due  regard  to 
the  presence  of  the  inorganic  already  dis- 
covered. 

I.  Analysis  of  Inorganic  Substances. 

A.  Analytical  Operations  and  Manipulations. 

3.  Crushing  and  Pulverization.  When  the  sub- 
stance under  examination  is  presented  to  us  in 
pieces,  and  is  not  very  soluble,  it  always  re- 
quires to  be  reduced  to  powder  before  subjecting 
it  to  analysis.  Small  pieces  or  fragments  are 
first  chipped  off  with  a  hammer,  and  then 
crushed  either  by  wrapping  them  in  paper  and 
striking  them  on  an  anvil,  or,  still  better,  by 
introducing  them  into  a  steel  mortar.     (Jig.  8.) 


Fig.  8. 


I 

c 

c 

a 

This  consists  of  a  low, 
cylindrical  piece  of 
hardened     cast-steel, 

a,  with  a  cylindrical 
chamber.  The  pestle, 

b,  is  also  of  hardened 
steel,  and  surrounded 
by  a  ring  of  iron,  c, 

which  it  slides 
easily,  and  which 
again  fits  the  chamber 
of  the  mortar.  The 
fragments  are  crushed 
by  blows  on  the  pestle  with  a  hammer.  The 
use  of  the  ring  is  to  prevent  particles  of  the 
substance  from  flying  about,  and  also  to  give  it 
room  to  expand  below,  and  thereby  prevent  it 
from  being  compressed  into  a  hard  mass.  The 
substance  is  then  reduced  to  a  fine  powder,  by 
careful  pulverization  in  an  agate  or  porcelain 
mortar,  and  kept  for  analysis  in  a  well-corked 
and  labelled  bottle. 

4.  Weighing.  The  balance  employed  for  ana- 
lytical purposes  (see  Balance)  ought  not  only 
to  turn  readily  by  a  small  weight  when  mode- 
rately loaded,  but  also  to  give  the  same  result 
on  weighing  the  same  thing  several  times  in 
succession,  after  removing  it,  as  well  as  the 
weights,  and  returning  them  again  to  the  same 
pans  of  the  balance.  The  arms  ought  also  to 
be  of  the  same  length;  this  is,  however,  of  no 
consequence,  if  it  be  always  remembered  to 
use  the  weights  in  one  and  the  same  pan,  and 
the  substance  to  be  weighed  in  the  other, 
and,  consequently,  during  an  analysis,  not  to 
introduce  the  weights  into  the  latter  pan.  It 
is  well  to  have  two  pans  on  one  side,  one  for 
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the  reception  of  the  weights,  and  another 
above  for  counterpoises.  The  weights  ought 
always  to  be  subdivided  after  the  decimal 
system,  so  that  10  of  the  smaller  weights 
will  make  one  of  the  next  higher  class.  It 
is  then  indifferent,  whether  they  be  grain 
weights  or  French  gramme  weights.  For  or- 
dinary purposes,  a  certain  portion  of  the  sub- 
stance may  be  weighed  out  for  analysis  on  a 
counterpoised  piece  of  glazed  letter  paper,  or 
a  watch-glass;  but  if  it  be  very  hygroscopic,  it 
is  necessary  to  perform  the  weighing  in  a 
narrow  glass  tube  (a,  Jig.  9),  in  which  the  sub- 
stance is  prevented  from  Fig.  9. 
attracting  moisture,  on  ac- 
count of  the  difficulty  with 
which  the  air  circulates  in 
it.  The  tube  is  kept  up- 
right on  the  stand,  b,  which 
may  be  made  of  cork  and 
a  piece  of  wire.  A  pla- 
tinum or  porcelain  cruci- 
ble, with  a  well-fitting 
cover,  answers  equally 
well.  Either  the  tube,  with 
its  stand,  or  the  crucible, 
is  counterpoised,  a  quan- 
tity estimated  to  be  suffi- 
cient is  introduced,  and 
then  the  exact  weight  of  it  ascertained.  If,  on 
shaking  the  substance  out,  any  particle  should 
remain  adhering,  it  must  be  loosened  by  gentle 
tapping,  or  the  vessel  returned  to  the  balance, 
and  its  weight  ascertained  and  deducted. 

5.  Digestion.  Solution.  In  order  to  effect  a 
complete  or  partial  solution  of  a  substance,  the 
process  of  digestion,  particularly  with  acids,  is 
often  resorted  to.  Solution  or  digestion  is  con- 
veniently performed  in  bell-shaped  glass  ves- 
sels of  the  annexed  form.  (Fig.  10.)  They 
ought  to  be  made  of  glass  free  from  &■  10 
lead,  and  resist  the  action  of  acids 

on  them.  They  ought  also  to  be 
thin  at  the  bottom,  and  well  annealed 
to  stand  the  heat  without  danger  of 
cracking.  The  substance  is  shaken 
into  the  bell-glass,  the  solvent  or  the 
acid  added,  and  the  powder  mixed  up  well  with 
it,  by  a  whirling  motion  of  the  vessel  with  the 
hand.  The  vessel  is  then  covered  by  a  watch- 
glass  (for  which  purpose  such  should  be  se- 
lected as  are  not  attacked  by  acids),  with  the 
concavity  downward,  to  allow  the  condensing 
vapors  to  drop  down  again  into  the  vessel,  and 
this  placed  on  a  sand-bath  or  wire-gauze  (17), at 
a  greater  or  less  distance  from  the  fire,  accord- 
ing to  the  heat  required  for  the  digestion.  The 
digestion  is  in  this  way  carried  on  till  the  de- 
sired solution  or  decomposition  has  taken 
place. 

6.  Boiling.  Ebullition  or  boiling  is  generally 
performed  in  porcelain  capsules,  of  various 
sizes,  and  of   the   an- 

nexed  shape.  (Fig.ll.) 
The  German  are  pre- 
ferable to  the  French, 
especially  those  from 
the  Royal  Porcelain 
Establishment  at  Ber- 
lin, from  their  resisting 
sudden  changes  of  temperature  more  effectu- 
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ally.  They  are  used  over  the  open  fire,  whether 
charcoal  or  the  flame  of  gas,  or  of  the  argand 
spirit-lamp. 

7.  Precipitation.  If  a  solution  is  to  be  pre- 
cipitated, it  ought,  if  no  other  consideration 
prevent,  to  be  heated  on  the  sand-bath,  or  other- 
wise, before  adding  the  precipitant.  The  pre- 
cipitation is  conveniently  performed  in  the 
bell-glasses  used  for  digestion.  The  precipitant 
is  added  during  continual  stirring  with  a  glass 
rod,  as  long  as  any  precipitation  is  observed. 
The  liquid  is  then  left  in  a  lukewarm  place  to 
settle,  and,  when  sufficiently  clear,  a  drop  of 
the  precipitant  is  made  to  pass  through  it;  if 
it  produces  any  further  precipitation,  more 
must  be  added,  and  the  liquid  again  allowed  to 
settle.  In  order  to  be  perfectly  certain  that  the 
precipitation  has  been  effectually  completed, 
it  is  necessary  to  allow  the  supernatant  liquid 
to  become  perfectly  transparent,  and  observe 
closely  for  some  time,  against  the  light,  the 
whole  distance  through  which  the  last  drop 
descended.  A  slight  cloudiness  may  then 
sometimes  be  observed,  when  the  precipitation 
had  been  considered  as  already  completed. 

8.  Filtration.  The  separation  of  a  liquid 
from  a  precipitate  or  an  insoluble  residue,  is 
effected  by  filtration,  by  which  the  liquid  is 
allowed  to  pass  through  a  paper,  supported  on 
a  funnel,  while  the  precipitate  or  insoluble 
residue  is  retained  by  it.  The  process  of  filtra- 
tion is,  perhaps,  the  most  important  in  quanti- 
tative analysis;  and  as  the  accuracy  of  many 
analytical  results  depend  entirely  on  its  suc- 
cessful performance,  the  means  to  secure  this 
ought  to  be  thoroughly  understood.  Much 
depends,  in  the  first  place,  on  the  shape  of  the 
funnel.  It  ought  to  be  of  glass,  and  made  ex- 
pressly for  the  purpose.  Where  the  sides  are 
not  straight,  and  the  wider  part,  therefore,  not 
truly  conical,  it  ought  to  be  rejected,  it  being 
impossible  to  fit  a  filter  properly  into  it.  It  is 
most  convenient  to  have  its  sides  forming  an 
angle  with  each  other  of  60°,  on  account  of  the 
great  facility  it  affords  in  fitting  the  filter  into 
it.  Funnels,  whose  sides  form  a  somewhat 
greater  or  smaller  angle,  are,  however,  unob- 
jectionable. A  slight  rounding  off  of  the  angle, 
where  the  conical  part  joins  the  neck,  will  be 
found  to  accelerate  the  nitration  considerably. 
The  neck  ought  to  be  so  wide  as  not  to  exer- 
cise any  capillary  action,  and  may,  therefore, 
be  broken  off  obliquely,  a  few  inches  below  the 
conical  part,  so  as  to  terminate  in  an  obtuse 
point,  as  indicated  in  fig.  17,  and  thereby  retain, 
by  adhesion,  the  smallest  possible  quantity  of 
liquid.  Good  filtering  paper  is  perfectly  indis- 
pensable; it  ought  to  be  free  from  impurities, 
filter  quickly  and  readily,  without  allowing  the 
finer  precipitates  to  pass  through  it,  and  only 
leave  a  small  amount  of  ashes  when  incine- 
rated. The  ashes  ought  not  to  exceed  1  per 
cent,  of  the  weight  of  the  paper.  The  paper 
is  made  into  filters,  by  cutting  it  into  circular 
pieces  of  different  sizes,  after  patterns  of  tin. 
When  a  filtration  is  to  be  performed,  one  of 
these  filters  of  the  proper  size  is  selected  {fig. 
12),  and  then  doubled  over  one  of  its  diameters 
(o  b,  Figs.  12  and  13),  and  then  over  the  radius 
(ce,  Figs.  13  and  14)  perpendicular  to  the  first 
diameter,  so  as  to  form  a  quadrant.     One  of 

170 


the  folds  is  then  opened,  forming  a  hollow 
cone,  as  represented  in  fig.  16,  which  will  fit 
accurately  in  the  funnel,  if  the  sides  of  the 
latter  form  an  angle  of  60°.  If  the  angle  be 
greater  or  smaller,  it  is  necessary  to  double  the 
filter  the  second  time  over  another  radius  (c/, 
Figs.  12  and  15),  not  perpendicular  to  the  first 
.Fig.  14.         Fig.  15.  Fig.  16. 
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diameter,  and  then  open  the  large  or  small 
fold  (a cf,  or  be f,  Fig.  15),  according  to  the 
angle  of  the  funnel,  and  this  repeated  until  a 
coincidence  of  the  filter  with  the  inside  of  the 
funnel  is  effected.  The  filter  is  then  moistened 
with  water,  for  the  sake  of  retaining  it  in  its 
place,  and  to  prevent  it  from  imbibing,  subse- 
quently, the  first  portions  of  the  filtering  liquid, 
with  such  avidity  as  to  have  its  pores  choked 
up  by  the  precipitate.  A  filter,  properly  ad- 
justed, ought  never  to  reach  up  to  the  rim  of 
the  funnel,  and  should  lie  with  its  upper  edge 
close,  at  all  points,  against  the  sides  of  the 
glass.  The  filtration  is  then  performed  by 
transferring  the  mixture  to  be  filtered  to  the 
filter,  in  the  manner  about  to  be  described. 

9.  Pouring.  For  the  purpose  of  transferring 
a  liquid  from  one  vessel  to  another  without 
loss,  the  bell-glasses  used  for  digestion  or  pre- 
cipitation are  spread  out  above,  so  that  their 
upper  rim  forms  a  continuous  Up,  fig.  10.  To 
prevent  the  liquid  more  effectually  from  pass- 
ing down  on  the  outside  of  the  glass,  by  pour- 
ing over  the  edge,  the  latter  may  be  slightly 
greased  on  the  outside,  at  the  place  where  the 
liquid  is  to  pass  over  it.  A  glass  rod  (see  Fig. 
17)  is  then  pressed  gently  with  the  left  hand, 
Fig.  17. 


at  a  right  angle,  against  the  edge  of  the  glass 
held  in  the  right  hand,  and  the  liquid  allowed, 
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by  inclining  the  glass,  to  pass  over  the  edge 
along  the  rod  into  the  other  vessel.  When  the 
pouring  is  stopped,  care  should  be  taken  not 
to  spill  the  drop  adhering  to  the  glass  rod. 
The  last  portion  adhering  to  the  glass  rod,  and 
the  inside  of  the  vessel,  is  generally  removed 
by  washing  with  a  small  portion  of  pure  water, 
which  is  added  to  the  main  liquid. 

10.  In  transferring  a  liquid  with  its  precipi- 
tate to  the  filter,  care  should  be  taken  not  to 
allow  the  first  portion  of  the  liquid  to  drop 
from  the  rod  to  the  bottom  of  the  filter,  but  on 
the  sides,  otherwise  a  splashing  will  unavoida- 
bly occur.  A  filter  ought  never  to  be  filled 
with  the  liquid  to  its  upper  edge,  still  less 
ought  the  accumulating  precipitate  be  suffered 
to  reach  that  point.  If  this  threatens  to  be  the 
case,  the  rest  must  be  thrown  on  a  new  filter. 
As  soon  as  all  the  liquid,  and  as  much  of  the 
precipitate  as  will  follow  it,  has  been  thrown 
on  the  filter,  the  portion  remaining  in  the  glass 
and  adhering  to  the  glass  rod  is  washed  down 
into  one  heap  at  the  bottom  of  the  glass  by 
the  jet  of  the  syringe-bottle  (11);  and  when 
this  also  has  been  thrown  on  the  filter,  the 
portion  that  still  remains  is  washed  down  on 
the  filter  by  the  syringe-bottle,  holding  the 
glass  over  the  filter  in  an  inclined  position, 
with  the  mouth  downwards,  as  represented  in 
fig.  18.     Should  some  of  the  precipitate  adhere 

Fig.  18. 
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so  firmly  to  the  sides  of  the  vessel  that  it  can- 
not be  removed  by  the  jet  of  the  syringe  bottle, 
it  may  first  be  loosened  by  the  end  of  a  feather. 

11.  The  syringe-bottle  consists  of  an  ordi- 
nary 6  or  8  oz.  vial,  into  the  mouth  of  which  is 
adapted,  by  the  aid  of  a  perforated  cork,  a  short 
glass  tube,  drawn  out  at  its  extremity  to  a  point 
with  a  small  orifice,  and  slightly  curved  in  the 
middle.  (Fig.  17.)  The  bottle  is  half  filled  with 
water,  and,  by  blowing  into  it  through  the  ori- 
fice, the  air  in  the  bottle  is  compressed,  and  if 
the  bottle  be  now  quickly  inverted,  fig.  18,  the 
water  is  forced  out  of  the  orifice  of  the  tube  in 
a  small  jet,  which  may  be  applied  to  any  de- 
sired place. 

12.  In  qualitative  analysis,  the  processes  of 
solution,  digestion,  boiling,  and  precipitation,  are 
generally  performed  on  a  smaller  scale,  for 
which  purpose  test-tubes  of  different  sizes  are 
conveniently  employed.  (Fig.  19.)  They  are 
made  of  moderately  thin  glass  tubes,  sealed  at 
their  lower  end,  and  turned  slightly  outward  at 


their  upper  edge.  Heat  is  applied  directly  to  the 
sealed  end  by  the  aid  of  a  spirit-lamp  with  a 
single  wick  (Fig.  20),  while  the  test-tube  is 
held  at  the  other  Fig.  20. 

extremity  in  an 
inclined  position, 
either  by  the  fin- 
gers, or,  if  it  be- 
comes too  hot,  by 
a  doubled  slip 
of  writing-paper 
twisted  round  it. 
It  is  sometimes 
convenient  to 
close  the  orifice 
by  the  end  of  the 
first  finger,  to  pre- 
vent the  liquid  from  being  thrown  out  by  any 
sudden  ebullition.  A  few  test-tubes  of  a  larger 
size  are  used  for  carrying  on  the  operations 
with  the  main  liquid,  while  smaller  ones  are 
employed  for  the  application  of  special  tests  to 
smaller  portions  of  it.  The  latter  may  in  many 
cases  be  done  on  a  still  smaller  scale,  and  often 
with  as  much  certainty,  with  a  few  drops  of  the 
liquid  transferred  to  a  glass  pane  by  the  ex- 
tremity of  a  glass  rod.  One  or  two  drops  of 
the  test  is  in  the  same  way  transferred  to  the 
pane  next  to  the  liquid,  and  then  both  are  made 
to  mix  by  the  rod  or  by  inclining  or  shaking 
the  pane.  Filtration  is  performed  by  small 
funnels,  or  sometimes  without  the  aid  of  fun- 
nels, through  small  filters  adjusted  in  the  upper 
end  of  the  test-tube,  giving  one  side  of  the  filter 
a  bend  inwards  to  leave  an  open  passage  for 
the  air  out  of  the  tube. 

13.  Washing.  The  syringe-bottle  is  indis- 
pensable for  washing  a  precipitate  on  the  filter 
after  the  liquid  has  drained  off,  for  which  pur- 
pose hot  water  should  always  be  employed,  if 
no  other  consideration  prevent  it.  The  sy- 
ringe-bottle is  filled  half-full  with  water,  the 
cork  with  the  tube  fitted  tightly  in,  air  blown 
into  it,  and  then,  by  inverting  it,  the  jet  of  water 
is  directed  obliquely  against  the  precipitate,  so 
as  to  loosen  itfrom  the  filter  and  mix  it  thorough- 
ly with  the  water  by  the  whirling  motion  pro- 
duced by  the  jet.  The  latter  is  directed  to  all 
parts  of  the  filter,  commencing  at  the  upper 
edge  and  going  downward  in  a  spiral  to  the  level 
of  the  water.  When  the  water  has  completely 
drained  off,  the  same  process  is  repeated  till 
the  washing  of  the  precipitate  is  completed. 
This  may  be  ascertained  in  different  ways.  If 
the  mother  liquid  be  strongly  acid  or  alkaline, 
it  usually  suffices  to  continue  the  washing  till 
the  water  shows  no  reaction  on  delicate  test- 
paper  of  the  proper  color.  If  the  mother 
:  liquid  be  nearly  neutral,  another  mode,  appli- 
I  cable  in  nearly  all  cases,  is  to  evaporate  to  dry- 
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ness  a  few  drops  of  the  last  washings  on  a 
small  piece  of  glass  or  a  small  clean  surface 
of  thin  platinum  foil ;  a  very  minute  trace  of 
salt  in  the  solution  will  then  cause  a  very  per- 
ceptible stain,  which  ought  always  to  be  com- 
pared with  the  very  slight  stain  generally 
caused  by  the  evaporation  of  an  equal  quantity 
of  the  water  employed  for  washing.  During 
the  filtration,  as  well  as  during  the  subsequent 
washing  of  the  precipitate,  the  funnel  ought 
to  be  kept  covered  with  a  glass  pane  to  prevent 
evaporation  and  concentration,  or  even  deposi- 
tion of  the  salts  in  solution  on  the  upper  edge 
of  the  filter. 

14.  Drying,  ignition,  weighing  of  precipitates. 
If  the  precipitate  on  the  filter  is  to  be  weighed, 
the  latter  is  loosened  from  the  funnel  after 
completing  the  washing,  and  received  on  folds 
of  biotting-paper  to  absorb  the  greater  part  of 
the  water.  The  precipitate  is  then  dried  on  the 
filter  either  in  a  water-bath  or  in  a  lukewarm 
place.  If  the  precipitate  is  such  as  to  suffer 
no  change  by  ignition,  the  filter  with  the  dry 
precipitate  is  transferred  into  a  small  platinum 
crucible,  or  if  the  precipitate  contains  any 
easily  reducible  metal  or  other  substance  that 
would  corrode  platinum,  into  a  porcelain  cru- 
cible. For  greater  security  against  loss  by  the 
transfer,  it  is  advisable  to  place  the  crucible  on 
a  piece  of  glazed  letter-paper.  The  mouth  of 
the  fi.ier  is  introduced  into  the  crucible,  and  the 
contents  carefully  worked  out  by  rubbing  the 
sides  against  each  other.  Without  withdraw- 
ing the  mouth  from  the  crucible,  the  filter  is 
then  folded  up  and  placed  loosely  on  top  of 
the  precipitate.  Another  method  frequently 
applicable  is  to  grasp  the  upper  edge  of  the 
filter  by  a  pair  of  forceps,  after  having  folded 
it  so  as  to  be  narrower  than  the  mouth  of  the 
crucible,  and  then  ignite  it  at  its  lower  ex- 
tremity, allowing  its  contents  to  drop  into  the 
crucible  as  the  filter  gradually  burns  away. 
The  crucible  with  its  contents  is  afterwards 
heated  over  the  gas,  or  an  argand  spirit-lamp 
(.Fig.  21),  at  first  cautiously  keeping  the  cover 
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on,  if  any  loss  from  decrepitation  of  the  pre- 
cipitate be  apprehended.  When  the  filter  has 
become  completely  charred,  the  heat  is  raised 
gradually  to  ignition,  while  the  cover  is  partly 
or  wholly  removed,  and  the  air  admitted  freely 
into  the  crucible  for  the  complete  incineration 
of  the  filter,  which  is  effected  by  placing  it  in 
an  inclined  position,  allowing  its  mouth  to 
reach  beyond  the  ascending  current  of  hot  air, 
which  contains  little  or  no  oxygen.  It  some- 
times, however,  becomes  necessary  to  stir  the 
precipitate  with  a  little  platinum  spatula,  and 
to  increase  the  heat  of  the  flame  by  throwing 
a  jet  of  air  through  it,  either  by  a  large  mouth- 
blowpipe,  or  by  the  jet  of  a  table-blov 
As  soon  as  complete  incineration  of  the 
is  effected,  the  crucible  is  removed  and  left  to 
cool  with  the  cover  on,  and  weighed.  The 
crucible  having  been  previously  ignited  and 
counterpoised,  the  weight  of  its  contents  is 
easily  ascertained,  from  which  is  deducted  the 
known  weight  of  the  ashes  of  the  filter,  pre- 
viously determined  by  the  incineration  of  niters 
of  different  sizes. 

15.  If,  on  the  contrary,  the  precipitate  be  of 
such  a  nature  as  not  to  stand  the  ignition  ne- 
cessary for  incinerating  the  filter,  it  becomes 
necessary  to  weigh  it  on  the  latter,  which  must 
then  be  counterpoised  previous  to  filtration  by 
another  filter  of  the  same  paper.  When  sub- 
sequently drying  the  precipitate  on  the  filter  at 
the  requisite  temperature,  the  counterpoise 
filter  is  placed  next  to  it,  in  order  to  expose  it 
to  the  same  degree  of  heat.  While  weighing 
the  precipitate  on  the  filter,  it  is  again  used  as 
a  counterpoise  for  the  latter. 

16.  Evaporation  to  dryness  and  ignition.  It 
is  often  necessary  to  evaporate  a  solution 
to  dryness,  and  ignite  the  remaining  sub- 
stances, either  for  ascertaining  their  weight  or 
to  expel  ammoniacal  salts  or  other  volatile 
matters  from  them.  The  evaporations  are 
performed  in  the  same  porcelain  capsules  as 
described  in  6.  In  quantitative  analysis,  the 
washings  are  generally  first  evaporated  by 
themselves  to  concentration,  and  then  the  mo- 
ther liquids  added.  The  evaporation  is  per- 
formed either  on  the  sand-bath  or  over  the  flame 
of  gas  or  of  the  argand  spirit-lamp.  When 
the  solution  is  so  concentrated  as  to  commence 
drying,  a  spirting  is  very  apt  to  take  place,  and 
can  only  be  prevented  by  moderating  the  heat 
and  stirring  the  mass  continually  with  a  glass 
rod;  or  by  finishing  the  evaporation  when  it 
approaches  this  point  in  a  water-bath,  by  plac- 
ing the  capsule  on  top  of  a  pan  or  other  vessel 
in  which  water  is  kept  boiling.  Another  very 
efficacious  method  to  avoid  the  spirting  over 
the  spirit-lamp,  is  to  interpose  a  small  circular 
metallic  plate,  either  of  thin  sheet-iron  or  of 
platinum,  between  the  flame  of  the  lamp  and 
the  bottom  of  the  capsule,  without  touching  the 
latter.  As  soon  as  the  mass  has  become  per- 
fectly dry,  it  is  to  be  transferred  to  a  platinum 
or  porcelain  crucible  to  be  ignited.  It  is  a  diffi- 
cult matter  to  make  this  transfer  effectually 
and  without  loss.  The  best  method  is  to  allow 
the  mass  to  cool,  and  then  to  moisten  it  with 
two  or  three  drops  of  water,  barely  enough  to 
allow  it  to  be  loosened  from  the  capsule  by  a 
small  spatula,  and  then  to  transfer  it  as  com- 
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pletely  as  possible  into  the  crucible  placed  on 
a  sheet  of  glazed  letter-paper.  The  particles 
remaining  on  the  spatula  and  in  the  capsule 
are  then  washed  down  in  the  corner  of  the 
capsule  by  a  few  drops  of  water,  and  there 
again  evaporated  with  caution  to  dryness  and 
transferred  in  the  same  way.  The  introduc- 
tion of  so  much  water  in  the  latter  as  to  cause 
a  spirting  of  the  mass  by  a  subsequent  heat- 
ing ought  to  be  carefully  avoided.  The  mass 
is  then  heated  gradually  in  the  crucible  over 
the  spirit-lamp  to  the  desired  temperature.  If 
it  be  desired  to  weigh  it,  the  crucible  ought  of 
course  to  have  been  previously  counterpoised, 
and  to  be  left  covered  while  cooling. 

17.  Gas-light  being  at  present  introduced  in 
most  of  the  larger  cities,  great  facilities  are 
afforded  by  it  for  the  performance  of  analytical 
operations.  Having  an  argand  gas-burner, 
with  a  short  chimney  of  sheet-iron  or  copper, 
attached  to  a  flexible  leaden  tube,  and  the  other 
end  of  the  latter  connected  with  the  gas-pipe, 
by  means  of  a  stop-cock,  the  flame  of  the 
argand  burner  may  be  applied  to  any  vessel, 
supported  in  the  same  manner,  and  on  a 
similar  stand,  as  that  on  which  the  argand 
spirit-lamp,  with  its  appurtenances,  is  mounted. 
It  is  only  necessary  to  prevent  the  deposition 
of  carbon  on  the  vessel,  by  turning  off  the  gas 
stop-cock,  till  the  flame  ceases  to  deposit  any 
carbon  on  it.  Sufficient  heat  is  in  this  way 
obtained  for  evaporation  and  ebullition  in  cap- 
sules, &c.  Even  the  different  operations  of 
drying  or  digesting  in  bell-glasses  (5),  or  heat- 
ing water  in  the  syringe-bottle,  may  be  per- 
formed with  perfect  safety,  by  turning  the 
flame  of  the  gas-burner  sufficiently  low,  and 
not  exposing  the  vessels  to  its  immediate 
action,  but  placing  them  on  a  piece  of  fine 
wire-gauze.  The  ignition  of  precipitates  in  a 
crucible  may  also  be  effected,  by  using  the 
mouth-blowpipe  for  throwing  a  jet  of  air 
through  the  middle  of  the  burner,  sufficient  to 
cause  the  complete  combustion  of  the  gas. 
For  the  latter  purpose,  however,  it  is  prefera- 
ble to  employ  a  larger  argand  burner,  fixed 
over  the  jet  of  the  table-blowpipe.  See  Table- 
Blowpipe.  A  much  greater  heat  may,  in  this 
way,  be  procured,  than  by  the  argand  spirit- 
lamp,  and  it  enables  the  operator  to  dispense 
almost  entirely  with  furnace  fires. 

Another  method  of  employing  the  heat 
of  burning  gas,  so  as  to  avoid  entirely  the 
deposition  of  carbon,  is  to  mingle  it  with 
atmospheric  air  previous  to  its  ignition, 
which  may  be  readily  accomplished,  by  an 
arrangement  similar  to  that  in  fig.  22.  A  is 
a  cylinder  of  sheet-iron,  over  the  top  of 
which  fine  wire-gauze  is  stretched,  and  a  ring 
of  sheet-iron,  d,  a  little  larger  than  the  cylin- 
der, is  pressed  over  it;  to  prevent  the  wear 
of  the  gauze,  a  layer  of  coarse  gravel  may 
be  strewed  over  it.  Around  the  lower  part 
of  the  cylinder  a  series  of  holes  is  punched 
to  admit  the  air,  and  at  c  a  coarse  wire-gauze 
is  introduced  to  mingle  the  gas  and  air  more 
thoroughly.  The  stop-cock  being  turned,  the 
gas  enters  through  the  gas-pipe,  a,  terminating 
in  an  argand  burner,  6,  whence  it  issues  and 
mingles  with  the  air,  which  is  drawn  in  through 
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the  openings  below  by  the  upward  current  of 
gas;  the  mixture  passing  through  the  fine 
wire-gauze  at  the  top,  is  there  inflamed,  and 
should  burn  with  a  bluish  flame.  Where  the 
quantity  of  gas  is  too  great  for  the  amount  of 
air  admitted,  the  flame  will  be  white  and 
smoky,  but  by  regulating  the  supply  of  gas,  the 
due  proportion  for  a  blue  flame  may  be  easily 
attained.  Now,  to  obtain  a  blue  flame  from  a 
cylinder  of  large  diameter,  a  considerable 
quantity  of  gas  will  be  requisite,  and  hence  an 
economical  advantage  is  gained  by  employing 
cylinders  of  different  diameters.  In  the  same 
cylinder  also,  where  different  quantities  of  heat 
are  desired,  the  lower  series  of  holes  may  be 
made  large,  and  a  ring  of  sheet-iron  slid  over 
them,  by  which  the  quantity  of  air  admitted 
may  be  regulated  according  to  the  quantity  of 
gas  consumed.  The  cylinders  may  be  2J  to 
5  inches  diameter  by  6 — 8  inches  in  height ;  but 
by  introducing  several  pieces  of  coarse  gauze, 
c,  at  short  distances  apart,  the  height  may  be 
diminished.  The  highest  amount  of  heat  pro- 
duced by  this  apparatus  is  a  cherry-red  by  day- 
light. For  burning  off  filters  in  a  platinum 
crucible,  a  cylinder  of  2^  inches  diameter  is 
amply  sufficient ;  but  for  heating  larger  vessels, 
such  as  capsules,  those  of  4 — 5  inches  diameter 
are  desirable.  This  mode  of  burning  the  gas 
presents  the  advantages  of  producing  any 
degree  of  heat  as  high  as  a  red,  of  not  black- 
ening vessels  immersed  in  the  flame,  and  of 
avoiding,  with  more  certainty,  the  fracture  of 
porcelain  or  glass  vessels,  from  the  diffusive 
character  of  the  flame. 

18.  Besides  the  glasses  and  apparatus  men- 
tioned in  the  preceding  paragraphs,  several 
smaller  articles  are  made  use  of,  such  as  forceps 
for  handling  the  crucibles,  small  platinum 
spatulas,  a  forceps  with  platinum  points.  &c. ; 
but  it  would  exceed  the  limits  of  this  article 
to  give  a  detailed  description  of  them.  The 
same  remarks  apply  to  the  reagents  and  their 
preparation.  Some  of  the  most  important 
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will  therefore  merely  be  named,  with  a  few- 
remarks  on  their  use  in  general,  while  we 
refer  for  the  description  of  their  preparation, 
&c,  to  the  different  articles  to  which  they 
belong. 

19.  Among  the  most  important  reagents  in 
the  dry  way,  may  be  named,  carbonate  of  soda, 
salt  of  phosphorus  (double  phosphate  of  am- 
monia and  soda),  and  borax;  and  in  the  moist 
way,  pure  or  distilled  water,  alcohol,  chloro- 
hydric  acid,  both  very  strong  and  moderately 
diluted,  nitric  acid,  fuming  and  moderately 
diluted,  sulphuric  acid,  sulphuretted  hydrogen, 
ammonia,  sulphhydrate  of  ammonium,  sal- 
ammoniac,  carbonate  of  ammonia,  oxalate  of 
ammonia,  caustic  potassa,  ferrocyanide  of  po- 
tassium, carbonate  of  soda,  phosphate  of  soda, 
chloride  of  baryum,  acetate  of  baryta,  sulphate 
of  lime,  protosulphate  of  iron,  chloride  of 
lead,  protochloride  of  tin,  nitrate  of  silver,  chlo- 
ride of  gold,  chloride  of  platinum,  and  the  dif- 
ferent test-papers,  such  as  small  slips  of  deli- 
cate blue  and  red  litmus  paper,  turmeric  paper, 
and  lead  paper,  the  latter  made  by  imbuing 
paper  with  a  weak  solution  of  acetate  of  lead. 
Most  of  the  latter  reagents  are  either  liquid  or 
used  in  solutions,  which  ought  to  be  concen- 
trated, and  of  uniform  strength.  They  are 
best  kept  in  stoppered  glass  bottles.  In  pour- 
ing out  the  reagents,  the  neck  of  the  bottle 
ought  never  to  be  allowed  to  touch  the  edge  of 
the  vessel  containing  the  liquid  to  be  tested, 
but  the  last  drop  adhering  to  the  flange  of  the 
neck  returned  to  the  bottle  by  the  stopper ;  the 
latter  should  not  be  placed  on  the  table,  but  on 
a  clean  pane  of  glass.  After  using  a  reagent 
it  is,  in  many  cases,  necessary  to  wipe  the 
stopper  and  the  inside  of  the  neck  of  the  bottle. 

20.  As  sulphuretted  hydrogen  is  but  sparingly 
soluble  in  water,  and  apt  to  spoil  by  keeping, 
it  should  always  be  applied  in  its  gaseous  state, 
by  passing  a  current  of  the  gas  through  the 
liquid  to  be  tested  or  precipitated  by  it.  Fig. 
23  represents  the  form  of  the  apparatus  which 
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we  employ  for  this  pur 
pose:  a  is  the  bottle 
containing  sulphuret 
of  iron,  from  which 
the  gas  is  evolved,  by 
pouring  first  water  and 
then  sulphuric  acid  on 
it,  through  the  funnel- 
lube  b.  A  loose  plug  of 
cotton  is  thrust  into  the 
exit  tube  at  k,  between 
the  two  bulbs  c  c,  to  re- 
tain solid  particles  car- 
ried over  mechanically, 
while  the  bulbs  receiv- 
ing the  condensed  moisture  prevent  it  from 
choking  the  tube.  Another  tube,  bent  at  right 
angles,  is  connected  with  the  exit-tube  by  a 
caoutchouc  joint,  as  seen  in  the  figure,  the 
end  of  which  is  introduced  into  the  liquid 
through  which  the  gas  is  to  be  passed.  In- 
stead of  the  bottle  a,  with  the  funnel-tube  b, 
a  simple  8  oz.  vial,  without  the  funnel-tube, 
and  having  a  cork,  with  a  single  perforation, 
for  the  exit-tube,  will,  in  most  cases,  answer 
equally  well. 
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B.    Analysis    of    Solid    Inorganic    Sub- 
stances. 

1.  Qualitative  Analysis  of  Solidi. 

21.  Preliminary  Examination.     We   first  en- 
deavor to  arrive  at  some  general  conclusion 
in   regard  to  the  chemical  nature   and  com- 
position  of   the    substance   under    examina- 
tion, from  the  history  of  its   origin  or  from 
its  external  characters.     The  origin  of  a  sub- 
stance will  often  inform  us  whether  it  be  a 
mineral  or   an   artificial    production.     In  the 
former  case,  the  locality  or  the  association  of 
other  minerals  with  which  it  occurs  will,  in 
many  instances,  assist  us  to  form  an  opinion  in 
regard  to  its  composition  ;  the  same  will  be  the 
case  if  it  be  an    artificial  production,  either 
accidental  or  designed  in  pharmacy  or  in  the 
arts,  as  it  may  tell  us  what  particular  sub- 
stances have  been  present  or  employed  in  its 
production.     If  its  history  does  not  lead  to  any 
such  conclusion,  an  examination  of  its  external 
characters  will  afford  it:  such  as  colour,  lustre, 
form  of  aggregation,  hardness,  specific  gravity, 
taste,  odor,  &c.     We  shall  thus  be  enabled  to 
decide  whether  it  be   a  metallic  body,  being 
perfectly  opake  and  having  a  metallic  streak, 
or  a   body  of  non-metallic  properties,  being 
saline,  vitreous,  or  earthy,  either  massive,  pul- 
verulent, or  crystalline,  &c.     This  will  be  still 
more  evident  when  we  proceed  to  the  prelimi- 
nary  examination  in  the  dry  way.     For  this  pur- 
pose we  introduce  a  portion  of  it  into  a  small 
glass  tube,  sealed  at  its  lower  end,  where  the 
substance  is  placed,  and  then  heated  by  a  small 
spirit-lamp,  first   alone   and    subsequently  in- 
creasing the  heat  by  the  aid  of  the  blowpipe. 
If  it  contain  any  volatile  substances,  such  as 
chemically  combined  water,  &c,  these  will  con- 
dense in  the  upper  and  colder  part  of  the  tube 
By  the  odor,  and  by  small  pieces  of  litmus 
and  turmeric  paper  held  in  the  mouth  of  the 
tube,  we  are  enabled  to  discover  acid  or  alka- 
line vapors,  &c.    The  fusibility  and  other  be- 
havior of  the  mass  is  also  to  be  noticed.    Ano- 
ther portion  is  next  heated  with  free  access  of 
the  air,  or  roasted,  by  placing  it  in  a  glass  lube 
open  at  both  ends,  and  heating  slowly  the  place 
where  the  substance  is  lying  by  a  spirit-lamp, 
as  in  the  former  case,  while  the  lube  is  held  in 
an  inclined  position.      All   combustible  sub- 
stances are  then  oxidized  by  the  current  of  air 
passing   over  the    heated   mass.     We  notice 
particularly  whether  any  odor  of  sulphurous 
acid  be  perceived  at  either  of  the  ends  of  the 
tube,  which  indicates  the  presence  of  sulphur 
or  a  metallic  sulphuret.    We  may  also  observe 
whether  it  yields  a  ring  of  a  sublimate  at  some 
distance  above  it,  and  whether  ihe  sublimate 
be  volatile   on   the   application   of  heat,  and 
whether  it  thereby  disappears  or  may  gradu- 
ally be  driven  higher  up  the  tube  without  dis- 
appearing.    But  as  these  tests  and  many  others 
of  the  same  kind,  which  will  enable  the  opera- 
tor to  discover  a  number  of  substances,  and 
may  be  instituted  at  this  period  of  the  exami- 
nation, will  be  described  in   detail  under  the 
article  Blowpipe,  we  will  here  merely  mention 
that  not  only  the   two  above-mentioned  tests 
ought  never  to  be  omitted,  but  that  a  portion 
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of  the  substance,  both  in  its  original  state 
and  particularly  after  thorough  roasting,  ought 
also  to  be  tested  on  charcoal  before  the  blow- 
pipe with  its  three  principal  tests,  viz.  with 
carbonate  of  soda  for  reducible  metals,  with 
borax  for  coloring  and  other  substances,  and 
with  salt  of  phosphorus  both  for  the  latter  pur- 
pose and  especially  for  the  discovery  of  silicic 
acid  or  a  silicate,  in  which  it  is  indispensable. 
If  the  substance  therefore  be  non-metallic,  and 
when  added  in  very  minute  fragments  or  in 
powder  to  a  clear  bead  of  salt  of  phosphorus, 
leaves  behind  a  white  spongy  or  flaky  mass, 
floating  about  in  the  ignited  bead  without  signs 
of  solution,  we  may  infer  the  presence  of  silicic 
acid  or  a  silicate.  Having  thus  decided  by 
preliminary  examination  whether  the  substance 
under  examination  be  a  metallic  body  or  a 
sulphuret  of  metals,  or  a  non-metallic  sub- 
stance, either  saline,  vitreous,  or  earthy  (but 
no  silicate),  or  a  silicate,  we  next  proceed  to  the 
main  qualitative  examination  in  the  moist  way. 

a.  Qualitative  Analysis  of  Metals  or  M/oys. 

22.  For  the  sake  of  avoiding  too  great  com- 
plexity, we  shall  omit  the  consideration  of  those 
metals  which  are  of  rarer  occurrence,  and 
suppose  only  the  following  to  be  present,  as 
occurring  most  frequently  in  nature,  and  con- 
stituting the  greatest  part  of  the  alloys  met 
with  in  common  life,  viz.  1.  copper,  2.  lead, 
3.  silver,  4.  mercury,  5.  bismuth,  6.  arsenic, 
7.  antimony,  8.  tin,  9.  gold,  10.  iron,  11.  zinc, 
12.  nickel. 

23.  The  metal  or  alloy  is  reduced  to  small 
pieces,  or,  still  better,  to  a  powder,  by  crushing 
it  in  the  steel  mortar  (3),  if  brittle,  or  to  filings 
by  a  sharp  and  clean  file,  if  ductile,  and  then 
treated  with  nitric  acid  of  moderate  strength 
by  the  aid  of  heat,  either  in  a  small  bell-glass, 
(5)  or  a  larger  test-tube  (12),  as  long  as  any 
action  takes  place,  and  either  complete  solution 
is  effected,  or  a  residue  remains  on  which  no 
further  action  is  perceptible,  even  by  a  fresh 
portion  of  acid  or  by  the  addition  of  water. 
If  no  residue  remains,  it  proves  the  absence  of 
gold,  antimony,  and  tin.  If,  on  the  contrary,  a 
residue  remain,  it  may  contain  these  three  me- 
tals. (It  may  be  remarked  that  if  the  alloy 
contain  silver,  and  the  nitric  acid  is  not  per- 
fectly free  from  chlorohydric,  chloride  of  silver 
will  remain  undissolved  as  a  white,  rather  floc- 
culent  residue,  which  is  soluble  in  caustic  am- 
monia.) The  residue  is  separated  from  the 
solution  by  filtration,  and  washed  thoroughly 
by  the  syringe-bottle  on  the  filter  (13).  Of  the 
three  metals  just  named,  gold  is  not  acted  on 
by  pure  nitric  acid,  and  will  therefore,  if  pre- 
sent, remain  in  its  metallic  state,  but  often  so 
finely  divided  as  to  constitute  a  black  powder, 
which,  by  friction  with  a  burnisher,  yields  a 
metallic  streak,  and  dissolves  easily  in  chloro- 
hydric acid  with  the  addition  of  a  small  portion 
of  nitric;  the  solution,  by  the  addition  of  dis- 
solved sulphate  of  the  protoxide  of  iron,  again 
yields  a  yellow  or  dark  precipitate  of  metallic 
gold.  Tin  and  antimony  are  converted  into 
their  oxides  by  the  action  of  nitric  acid,  but 
being  insoluble  in  the  acid,  they  remain  as  a 
white  powder.  To  distinguish  these  two,  the 
residue  is  digested  with  a  strong  solution  of 
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tartaric  acid  or  bitartrate  of  potash,  which  dis- 
solves the  oxide  of  antimony,  if  present,  and 
by  passing  sulphuretted  hydrogen  through  it, 
yields  an  orange  precipitate  of  sulphuret  of  an- 
timony, which  of  course  is  not  obtained  if  anti- 
mony be  absent.  If  nothing  is  left  after  diges- 
tion with  tartaric  acid  or  bitartrate  of  potassa, 
it  proves  the  absence  of  tin.  If,  however,  a 
white  precipitate  remain  even  after  digestion 
with  fresh  portions  of  it,  it  indicates  the  pro- 
bable presence  of  tin,  which  is  confirmed  by 
reduction  before  the  blowpipe  with  carbonate 
of  soda. 

24.  The  original  filtered  solution  obtained  by- 
digesting  the  metal  or  alloy  with  nitric  acid, 
may  contain  all  the  metals  named  above  (22), 
with  the  exception  of  gold,  tin,  and  antimony, 
of  which  last  it  may  also  contain  traces;  if  it 
exist  in  the  alloy  (23).  A  small  portion  of  the 
solution  is  then  mixed  with  a  large  quantity  of 
water.  If  a  milkiness  be  produced,  it  is  caused 
by  the  precipitation  of  basic  nitrate  of  bismuth, 
and  indicates  the  presence  of  this  metal.  The 
remainder  of  the  solution  is  diluted  with 
some  water,  and  a  current  of  sulphuretted  hy- 
drogen passed  through  it  for  some  time,  till 
after  stirring,  it  distinctly  retains  the  smell  of 
sulphuretted  hydrogen  and  blackens  a  small 
strip  of  lead  paper  (19)  dipped  into  it.  If  no 
precipitate  be  produced,  none  of  the  6  first  enu- 
merated metals  are  present. 

25.  If  it  should  yield  a  very  fine  and  light 
powdery  precipitate  of  a  white  color,  this  may 
arise  from  the  oxidation  of  the  sulphuretted 
hydrogen,  and  consists  then  only  of  sulphur, 
which  may  be  ascertained  by  collecting  and 
washing  it  on  a  filter,  and  when  dry  roasting 
it  in  an  open  glass  tube  as  described  above 
(21).  If  it  only  consist  of  sulphur,  it  will  burn 
away  and  partly  volatilize  by  the  heat,  which 
latter  portion  also  by  being  chased  higher  up 
in  the  tube  oxidizes  and  disappears  entirely.  It- 
it  should  contain  some  sulphuret  of  arsenic,  a 
white  sublimate  of  arsenious  acid  is  formed 
higher  up  in  the  tube,  which  may  be  volatilized 
by  heat,  but  does  not  disappear.  If  it  be  sus- 
pected to  contain  arsenic,  it  must  be  tested  as 
prescribed  in  the  next  paragraph.  If  the  alloy 
were  found  to  contain  antimony,  traces  of  the 
latter  dissolve  in  the  nitric  acid,  and  are  pre- 
cipitated by  the  sulphuretted  hydrogen  as  sul- 
phuret of  antimony.  In  this  case  the  precipi- 
tate has  a  decided  orange  tint,  and  yields  by 
roasting  in  the  open  tube  a  ring  just  above  the 
place  where  it  is  heated,  of  a  white  sublimate, 
which  is  not  volatile. 

26.  If  a  precipitate  be  formed  by  sulphuretted 
hydrogen  of  a  pure  yellow  color,  it  is  caused 
by  the  precipitation  of  arsenic  as  sulphuret  of 
arsenic.  To  ascertain  the  existence  of  the 
latter  in  it,  the  precipitate  is  filtered  and  wash- 
ed, and  then  mixed  in  its  moist  state  with  from 
3  to  4  parts  of  carbonate  of  soda,  and  the  mix- 
ture introduced  into  one  end,  g,  of  a  small  glass 
tube  (g,  h,  fig.  24),  but  so  as  to  allow  a  pas- 
sage over  it,  and  this  smaller  tube  again  intro- 
duced into  a  larger  one  e  f,  drawn  out  at  one 
extremity,  the  other  end,  after  the  introduction 
of  the  smaller  tube,  being  connected  with  an 
apparatus  for  generating  hydrogen.  Fig.  24 
exhibits  the  whole  apparatus,     a  is  the  evolu- 
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Fig.  24. 


tion  flask  in  which  the  hydrogen  is  generated 
from  granulated  zinc  and  dilute  sulphuric  acid 
poured  into  it  through  the  funnel  tube,  6.  d  is 
a  tube  containing  chloride  of  calcium  for  the 
desiccation  of  the  gas  by  its  passage  through 
it,  which  is  necessary  for  the  detection  of  mi- 
nute portions  of  arsenic ;  for  ordinary  purposes 
it  may  be  omitted,  and  instead  of  the  flask  with 
the  funnel  tube,  an  ordinary  8  oz.  vial,  into 
which  the  zinc  and  sulphuric  acid  are  intro- 
duced at  once,  will  in  many  cases  answer  the 
purpose.  After  a  current  of  hydrogen  gas  has 
been  established  through  the  tube,  the  part  atg, 
where  the  end  of  the  little  tube  which  contains 
the  mixture  is  situated,  is  heated  by  a  spirit-lamp, 
at  first  gently,  in  order  to  expel  all  moisture,  but 
then  suddenly  to  a  red  heat.  If  any  arsenic 
be  contained  in  the  mixture,  it  is  reduced  and 
condenses  at  i  as  a  black  metallic  spot  or  ring. 
If  the  tube  be  then  taken  out,  broken  off  at  the 
ring,  and  heated,  the  characteristic  garlic  odor 
of  arsenic  is  perceived,  while  the  metallic  ring 
disappears. 

27.  If  a  precipitate  be  produced  by  sulphu- 
retted hydrogen  of  a  dark  color,  it  contains  the 
sulphurets  of  some  of  the  metals  from  1 — 5,  and 
may  besides  contain  sulphuret  of  arsenic  with 
traces  of  sulphuret  of  antimony,  if  this  latter  has 
been  found  in  the  alloy.  The  precipitate  is  se- 
parated, as  quickly  as  possible,  by  filtration,  and 
as  soon  as  the  liquid  has  passed  through  the 
filter,  it  is  removed,  and  the  washwater  from  the 
subsequent  washing  of  the  precipitate  on  the 
filter  with  hot  water,  by  aid  of  the  syringe-bottle, 
is  not  mixed  with  it.  It  is  then  scraped  from' 
the  filter  and  heated  in  a  small  digesting  glass, 
covered  with  a  glass  plate,  or  in  a  large  test- 
tube  with  a  solution  of  sulphydrate  of  ammo- 
nium, which  dissolves  the  sulphurets  of  arsenic 
and  antimony.  The  solution  is  filtered  under 
cover  of  a  glass  plate  from  the  remaining  black 
precipitate,  and  removed  from  under  the  funnel 
as  soon  as  it  has  passed  through.  The  precipi- 
tate is  washed  if  possible  with  hot  water,  to 
which  has  been  added  a  few  drops  of  sulphy- 
drate of  ammonium.  The  filtered  solution  is 
mixed  with  dilute  chlorohydric  acid  until  it  is 
slightly  acid.  If  the  solution  thereby  merely 
becomes  milky  from  a  precipitate  of  a  whitish 
color  and  of  a  light  pulverulent  appearance,  the 
latter  consists  only  of  sulphur;  if  it  be  yellow, 
it  consists  of  arsenic;  if  the  alloy  contained 
antimony,  it  will  have  an  orange  tint  from  a 
small  portion  of  sulphuret  of  antimony.  It  is 
tested  for  arsenic  as  described  above  (26). 
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28.  The  washed  sulphurets  remaining  on  the 
filter,  which  may  contain  all  the  metals  from 
1 — 5,  are  scraped  off  the  filter,  and  heated  in  a 
small  porcelain  capsule  with  moderately  strong 
nitric  acid.  This  dissolves  it  with  separation 
of  yellow  flocculent  sulphur.  If  it,  or  at  least 
a  portion  of  it,  should  remain  of  a  black  color 
without  dissolving,  even  by  boiling,  it  probably 
consists  of  sulphuret  of  mercury.  To  ascer- 
tain this,  separate  it  by  filtration,  and  wash, dry, 
and  roast  it  in  an  open  glass  tube;  it  then 
yields  a  gray  metallic  ring,  which,  when 
touched  with  an  iron  wire,  collects  in  small 
globules  of  metallic  mercury.  If  lead  was 
contained  in  the  precipitate,  a  portion  of  it 
would,  by  the  oxidation  with  nitric  acid,  be 
converted  into  sulphate  of  lead,  and  be  mixed 
with  the  separated  sulphur,  as  a  heavy  white 
powder,  but  the  greater  part  will  dissolve  in 
the  nitric  acid.  Add,  therefore,  to  a  portion  of 
the  filtered  solution,  sulphuric  acid;  if  it  pro- 
duces a  heavy,  white,  pulverulent  precipitation, 
it  indicates  the  presence  of  lead.  To  another 
portion  of  the  filtered  solution,  add  chloro- 
hydric acid;  if  it  produces  a  white  flocculent 
precipitate,  which  does  not  disappear  by  the 
addition  of  much  water,  but  is  soluble  in 
caustic  ammonia,  it  is  chloride  of  silver,  and 
indicates  the  presence  of  this  metal  in  the  so- 
lution. If  ammonia,  added  to  another  portion, 
produces  a  deep  blue  color,  the  presence  of 
copper  is  indicated.  The  presence  of  bismuth 
will  already  have  been  detected  (24),  but  may 
also  now  be  exhibited,  by  a  white  precipitate, 
upon  the  admixture  of  a  large  quantity  of 
water. 

29.  The  original  solution  which  has  been 
filtered  from  the  precipitate,  caused  by  sulphu- 
retted hydrogen,  can  then  only  contain  the 
three  metals  10 — 12.  To  discover  whether  any 
of  these  be  present,  neutralize  a  small  portion 
of  it  with  ammonia,  and  then  add  sulphhydiate 
of  ammonium.  If  no  precipitate  be  produced, 
none  of  these  metals  can  be  present.  If  a  white 
precipitate  be  produced,  it  only  contains  zinc. 
Iron  yields,  with  this  reagent,  a  black  or 
greenish  black,  and  nickel  a  brownish  black 
precipitate.  In  the  two  latter  cases  a  white 
precipitate  of  zinc  could  not  be  distinguished. 
The  main  portion  of  the  solution  is  boiled,  with 
the  addition  of  nitric  acid,  and  filtered ;  am- 
monia is  then  added  till  it  affords  an  alkaline 
reaction.  If  it  cause  a  reddish  or  brownish 
flocculent  precipitate  of  peroxide  of  iron,  the 
presence   of   this    metal    is    indicated.     For 
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further  confirmation,  dissolve  it,  after  filtration 
and  washing,  in  chlorohydric  acid,  and  mix  it 
with  ferrocyanide  of  iron,  which  then  will  pro- 
duce a  deep  blue  precipitate  of  Prussian  blue. 
If  the  solution  filtered  from  the  peroxide  of 
iron  have  a  greenish  color,  and,  when  mixed 
with  caustic  potassa,  yield  a  light  green  pre- 
cipitate, this  indicates  the  presence  of  nickel. 
For  farther  confirmation,  separate  it  by  filtra- 
tion, and  reduce  it  by  carbonate  of  soda  before 
the  blowpipe,  when  it  will  yield  metallic 
spangles  of  nickel  of  a  silver-white  color.  To 
the  filtered  potassic  solution  add  sulphhydrate 
of  ammonium.  If  zinc  be  present,  it  is  then 
indicated  by  a  white  precipitate  of  sulphuret 
of  zinc. 

b.  Qualitative  Analysis  of  Sulphurets  of  the  Metals 
proper. 

30.  The  sulphurets  which  most  commonly 
occur  are  those  of  copper,  lead,  silver,  mer- 
cury, antimony,  arsenic,  zinc,  and  iron ;  all 
these  sulphurets  exhale,  when  roasted  in  an 
open  glass  tube,  the  odor  of  sulphurous  acid. 
As  the  alloys  were  mostly  artificial  products, 
so  the  sulphurets  are  generally  native  produc- 
tions. They  may  be  divided  into  two  groups, 
those  having  metallic  appearance  and  proper- 
ties, and  those  which  are  non-metallic  or  vitre- 
ous, and  therefore  often  possess  more  or  less 
translucency  on  their  edges.  As  instances 
of  the  former  group,  may  be  named  iron  and 
copper  pyrites,  with  the  other  sulphurets  of 
copper,  galena,  often  argentiferous,  sulphuret 
of  antimony,  and  several  compound  sulphurets 
of  this  latter  with  other  sulphurets.  Among 
the  sulphurets  of  the  latter  group,  may  be 
named  blende,  or  sulphuret  of  zinc,  and  sul- 
phuret of  arsenic,  with  some  of  its  compound 
sulphurets.  The  sulphuret  of  mercury  occurs 
rarely  in  combination  with  other  sulphurets, 
and  is  easily  distinguished  by  giving  globules 
of  metallic  mercury,  when  roasted  in  the 
open  tube.  The  sulphuret  of  tin  is  extremely 
rare  in  nature ;  as  an  artificial  production, 
it  constitutes  mosaic  gold.  The  solution  of 
the  above-named  sulphurets  (with  the  ex- 
ception of  the  sulphuret  of  mercury)  may  be 
effected  by  nitric  acid,  either  of  common 
strength  or  the  fuming  acid.  If.  the  former  be 
applied,  it  is  necessary  to  continue  the  diges- 
tion for  some  time,  in  order  to  decompose  it 
perfectly.  The  sulphur  is  hereby  partly  oxi- 
dized to  sulphuric  acid,  and  partly  separated 
as  sulphur,  at  first  of  a  gray  color,  from  the 
admixture  of  undecomposed  sulphuret,  but 
afterwards  assuming  its  natural  yellow  color. 
If  the  sulphuret  contain  antimony  or  tin,  the 
oxides  of  these  remain  mixed  with  the  sulphur; 
and  if  it  contain  lead,  a  great  portion  of  the 
lead  also  remains  mixed  with  the  sulphur  as 
sulphate  of  lead,  but  a  portion  of  it  is  always 
dissolved  in  the  nitric  acid  of  usual  strength. 
If,  however,  fuming  nitric  acid  be  employed 
for  the  solution,  more  of  the  sulphur  is  con- 
verted into  sulphuric  acid,  and  the  whole 
quantity  of  lead  may  then  remain  as  insoluble 
sulphate  of  lead.  The  lead  may  be  discovered 
in  the  residue  by  reduction  with  carbonate  of 
soda  before  the  blowpipe.  As  soon  as  the  sul- 
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phuret  is  decomposed  completely,  the  solution 
is  diluted  with  some  water,  and  then  filtered, 
and  the  examination  of  it  performed  exactly 
as  the  solution  from  alloys  described  in  the 
foregoing.  The  solution  of  the  sulphurets 
may  also  be  effected  by  digestion  with  aqua 
regia;  but  if  the  sulphuret  then  contain  silver, 
this  metal  will  remain  with  the  residue  as 
chloride  of  silver,  while  most  of  the  antimony 
is  obtained  in  the  solution  as  chloride  of  anti- 
mony, which,  by  dilution  with  a  large  portion 
of  water,  yields  an  insoluble  oxychloride  of 
antimony,  and  must,  therefore,  not  be  con- 
founded with  bismuth. 

c.  Qualitative  Analysis  of  Substances  of  Non-metal- 
lic Appearance,  not  Silicates. 
31.  For  the  sake  of  avoiding  too  much  com- 
plexity, we  shall  exclude  substances  of  rare 
occurrence,  and  confine  ourselves  to  the  fol- 
lowing more  general  ingredients  of  such  sub- 
stances as  occur  in  nature,  or  are  products  of 
the  arts  and  manufactures  : 


Bases  or  Metallic  Oxides. 
Potassa,  8.  Alumina,      15.  Lead, 


Soda, 
Ammonia, 
Baryta, 
Strontia, 

6.  Lime, 

7.  Magnesia, 


9.  Chromium,  16.  Bismuth, 

10.  Zinc,  17.  Copper, 

11.  Manganese,  18.  Silver, 


23.  Sulphuric, 

24.  Nitric, 


26. 


12.  Cobalt,  19.  Mercury, 

13.  Nickel,         20.  Gold, 

14.  Iron,  21.  Tin, 
22.  Antimony. 

Acids,  fyc. 

27.  Boracic,     31.  Chlorine, 

28.  Carbonic,  32.  Iodine, 
25.  Phosphoric,  29.  Chromic,    33.  Bromine, 

Arsenious,  30.  Chloric,      34.  Fluorine, 
Arsenic,  35.  Sulphur. 

As  a  great  number  of  artificial  productions  of 
this  class  of  substances  are  either  oxides  or 
consist  only  of  one  base  and  one  acid,  or  one 
of  the  last  simple  electro-negative  substances, 
31 — 35,  combined  with  a  metal  of  one  of  the 
bases,  it  will  be  more  acceptable  to  the  student 
first  to  point  out  a  plan  of  examination  for 
such  substances. 

Those  consisting  ony  of  one  Base  and  one  Acid 
or  a  Haloid  Salt. 

32.  A  portion  of  the  substance  is  first  di- 
gested with  water,  in  order  to  effect  its  solution 
in  this  liquid,  if  possible.  Should  it  not  dis- 
solve readily,  it  is  well  to  form  some  idea  of 
its  solubility,  by  evaporating  a  few  drops  of 
the  water  on  a  small  platinum  dish,  and  ob- 
serving how  much  residue  it  leaves.  If  the 
substance  should  thus  prove  to  dissolve 
sparingly,  or  not  at  all,  its  solution  is  attempted 
by  the  addition  of  chlorohydric  or  nitric  acid. 
The  latter  is  only  used  when  the  first  either 
produces  a  precipitate  in  the  aqueous  solution 
or  changes  the  substance  into  a  white,  insolu- 
ble precipitate,  without  dissolving  it,  in  which 
case,  the  presence  of  silver,  mercury,  or  lead 
may  be  surmised.  If  neither  of  the  two  acids 
effect  its  solution,  it  may  be  attempted  by  a 
mixture  of  them  both  (nitromuriatic  acid  or 
aqua  regia),  choosing  rather  an  excess  of 
chlorohydric  acid. 
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a  a.   Those  soluble  in  Water,  Chlorohydric  or  Nitric 
Acid,  or  Jqua  Regia. 

33.  Examination  for  the  base,  including  ar- 
senious  and  arsenic  acids.  If  the  solution  lias 
been  effected  by  water,  a  few  drops  of  chloro- 
hydric acid,  or  (if  this  produces  a  precipitate) 
of  nitric  acid,  is  added,  so  as  to  render  it 
slightly  acid.  If  the  solution  has  been  made 
by  one  of  these  acids,  it,  of  coarse,  does  not 
require  the  addition  of  acid,  but  is  then  diluted 
with  some  water,  and  if  this  should  produce  a 
milkiness,  so  much  more  acid  again  added  as 
is  just  sufficient  to  keep  it  in  solution.  A  cur- 
rent of  sulphuretted  hydrogen  is  then  passed 
through  the  solution  till,  after  thorough  stirring, 
it  smells  strongly  of  this  gas,  and  blackens  a 
strip  of  lead-paper  dipped  into  it.  If  no  pre- 
cipitate be  formed,  even  after  some  time,  it 
contains  none  of  the  bases,  15 — 22,  nor  26; 
proceed  then  as  further  directed  in  (36). 

34.  If  a  precipitate  be  formed  by  sulphuretted 
hydrogen,  which  presents  a  fine,  white,  pidvern- 
lent  appearance,  it  then  consists  only  of  sul- 
phur, from  the  decomposition  of  the  sulphu- 
retted hydrogen,  and  when  abundant,  is  caused 
by  the  oxygen  of  some  ingredient  in  the  solu- 
tion, such  as  peroxide  of  iron.  To  ascertain 
whether  it  contain  any  thing  besides  sulphur, 
collect,  wash,  and  roast  a  portion  of  it  in  an 
open  glass  tube,  as  prescribed  in  (25).  If  it  be 
found  to  consist  of  any  thing  but  sulphur,  or, 
if  the  precipitate  by  sulphuretted  hydrogen  be 
of  any  other  color  than  white,  separate,  and 
digest  a  portion  of  it  with  a  solution  of  sulph- 
hydrate  of  ammonium,  containing  an  excess 
of  sulphur.  If  it  dissolve,  it  contains  one  of 
the  metals  20 — 22,  or  26.  To  distinguish  these, 
observe  :  if  the  precipitate  be  of  a  yellow  color, 
it  may  be  produced  by  peroxide  of  tin  or 
arsenic;  test  it  for  the  latter  substance,  as  indi- 
cated in  (26) ;  if  no  metallic  ring,  nor  the  odor 
of  arsenic  be  obtained,  it  is  sulphuret  of  tin  ; 
for  further  proof,  roast  a  portion  of  it  in  an 
open  tube,  and  reduce  it  to  metallic  tin  before 
the  blowpipe,  on  charcoal,  with  carbonate  of 
soda;  if  the  precipitate  by  sulphuretted  hy- 
drogen be  of  an  orange  color,  it  indicates  the 
presence  of  antimony ;  if  it  be  of  a  dark  brownish 
color,  the  presence  of  gold  or  protoxide  of  tin 
may  be  suspected;  roast  a  portion  in  an  open 
tube;  if  it  contain  the  former  it  will  leave 
metallic  gold  ;  if  this  be  not  the  case,  test  the 
roasted  portion  for  tin,  by  reduction  with  car- 
bonate of  soda,  before  the  blowpipe. 

35.  If  the  precipitate  by  sulphuretted  hy- 
drogen do  not  dissolve  in  sulphhydrate  of  am- 
monium, it  contains  one  of  the  metals  15 — 19. 
To  distinguish  them,  treat  it  as  directed  in  (28). 

36.  If  sulphuretted  hydrogen  produce  no  pre- 
cipitate in  the  original  solution,  or  merely  a 
precipitate  of  sulphur,  supersaturate  the  solu- 
tion slightly  with  ammonia,  and  add  sulphhy- 
drate of  ammonium.  If  no  precipitate  be 
formed,  the  solution  contains  none  of  the  bases 
8—14 ;  proceed  then  further,  as  directed  in  (37). 
If,  on  the  contrary,  a  precipitate  be  produced, 
it  may  be  caused  by  the  presence  of  any  of  the 
bases  8 — 14,  or  of  the  phosphates  or  fluorides 
of  4 — 7.     To  distinguish  these,  observe  : 

a.  V  the  precipitate,  by  sulphhydrate  of  am- 
monium, be  of  a  dark  or  black  color,  it  indi- 
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cates  the  presence  of  either  iron,  nickel,  or 
cobalt.  Separate  it  by  filtration,  and  dissolve 
a  portion  of  it  in  chlorohydric  acid,  with  the 
subsequent  addition  of  a  few  drops  of  nitric 
acid,  and  boil ;  add,  then,  ammonia  in  excess; 
if  the  latter  produce  a  red  or  brownish  floccu- 
lent  precipitate,  which,  when  redissolved  in 
chlorohydric  acid,  yields  a  dark  blue  color,  by 
the  addition  of  ferrocyanide  of  potassium,  the 
base  is  oxide  of  iron.  If  ammonia  produc 
precipitate,  but  the  subsequent  addition  of 
caustic  potassa,  a  light  greenish,  the  base  is 
oxide  of  uithrl;  for  further  proof,  reduce  it,  on 
charcoal,  with  carbonate  of  soda,  before  the 
blowpipe.  If  the  addition  of  potassa  to  the 
ammoniacal  solution,  produce  no  precipitate, 
but  the  solution  previously  exhibited  a  pink 
color,  it  indicates  the  presence  of  cobalt.  Add 
sulphhydrate  of  ammonium,  roast  the  precipi- 
tate, and  produce  the  blue  bead  of  cobalt,  be- 
fore the  blowpipe. 

l>.  If  the  precipitate  be  of  a  flesh  color,  it 
indicates  the  presence  of  manganese.  For 
further  proof,  roast  it  and  produce  the  green 
color  of  manganese,  by  fusion  with  carbonate 
of  soda  and  nitre  on  platinum  foil. 

c.  If  the  precipitate  be  of  a  bluish  green,  it 
consists  of  the  hydrated  oxide  of  chromium; 
for  further  proof,  dissolve  it  in  salt  of  phos- 
phorus before  the  blowpipe,  and  obtain  a  green 
bead,  retaining  its  color,  both  in  the  oxydizing 
and  reducing  flame. 

d.  If  the  precipitate  be  of  a  white  color,  it 
may  be  either  alumina  or  sulphuretof  zinc.  If 
the  substance  under  examination  was  insolu- 
ble in  water,  it  may  also  be  phosphate  of 
alumina,  or  of  some  of  the  alkaline  earths, 
4 — 7,  or  the  fluorides  of  their  metallic  bases. 
To  ascertain  this,  redissolve  a  portion  of  the 
precipitate  in  chlorohydric  acid,  and  add  caus- 
tic potassa  in  excess.  If  the  precipitate,  which 
is  formed  at  first,  redissolve  in  the  excess  of 
potassa,  it  indicates  the  absence  of  the  above 
phosphates  or  fluorides.  It  contains,  then, 
either  alumina  or  zinc.  To  the  solution  in 
caustic  potassa  add  a  small  portion  of  sulph- 
hydrate of  ammonium  ;  if  a  white  precipitate 
be  produced,  it  consists  of  sulphuret  of  zinc, 
and  indicates  the  presence  of  this  metal.  If  no 
precipitate  be  produced,  supersaturate  the  solu- 
tion with  chlorohydric  acid,  and  add  ammonia 
in  excess;  if  a  white  precipitate  be  then  pro- 
duced, it  consists  of  alumina.  If  it  be  desired 
to  ascertain  whether  this  contain  phosphoric 
acid,  either  resort  to  the  blowpipe  test  to  fuse 
it  with  boracic  acid  and  iron  wire,  or  redis- 
solve a  portion  of  it  in  chlorohydric  acid,  add 
tartaric  acid,  supersaturate  with  ammonia,  and 
then  add  a  solution  of  sulphate  of  magnesia. 
The  formation  of  a  white  precipitate  of  phos- 
phate of  magnesia  and  ammonia,  indicates  the 
presence  of  phosphoric  acid. 

If  the  precipitate  do  not  redissolve  in  the 
excess  of  potassa,  and  especially  if  the  sub- 
stance under  examination  were  insoluble  in 
water,  the  presence  of  a  fluoride,  or  a  phos- 
phate of  an  alkaline  earth,  4 — 7,  may  be  sus- 
pected. Test  the  substance  for  fluorine,  as 
directed  in  (45,)  and,  after  complete  expulsion 
of  the  fluorine  by  sulphuric  acid  and  heat,  dis- 
solve the  remaining  sulphate,  with  due  regard 
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to  the  insolubility  of  the  sulphate  of  lime,  and 
examine  it  for  the  base,  as  directed  in  the  fol- 
lowing (37).  If  no  fluorine  be  present,  test  for 
phosphoric  acid  by  fusion  before  the  blowpipe, 
with  boracic  acid  and  iron  wire ;  add,  then,  to 
the  original  solution,  a  solution  of  chloride  of 
iron,  supersaturate  with  ammonia,  and  filter. 
The  phosphoric  acid  is  hereby  precipitated  by 
the  ammonia,  in  combination  with  the  peroxide 
of  iron ;  the  alkaline  earth  is  left  in  the  filtered 
solution,  and  is  to  be  detected,  by  treating  it  as 
described  (37). 

37.  If  no  precipitate  be  produced  in  the 
original  acidulated  solution  by  sulphuretted 
hydrogen,  or,  after  its  saturation,  with  am- 
monia, by  the  addition  of  sulphhydrate  of  am- 
monium, the  base  must  be  one  of  1 — 7.  Super- 
saturate the  solution  with  chlorohydric  acid, 
boil  and  filter;  then  add  a  mixture  of  ammonia 
and  carbonate  of  ammonia,  and  heat  it.  If  no 
precipitate  be  formed,  the  absence  of  baryta, 
strontia,  and  lime  is  indicated,  in  which  case, 
proceed  as  farther  directed  (33).  On  the 
other  hand,  the  appearance  of  a  precipitate 
indicates  the  presence  of  one  of  them.  In 
order  to  distinguish  them,  add  to  another  por- 
tion of  the  solution  a  saturated  solution  of 
gypsum.  If  no  precipitate  be  apparent,  the 
base  is  lime.  For  further  proof,  add  to  a  fresh 
portion  of  the  solution  ammonia  in  excess,  and 
then  oxalate  of  ammonia,  which  produces  a 
white  pulverulent  precipitate  of  oxalate  of 
lime.  If  the  original  solution,  by  the  addition 
of  the  gypsum,  become  turbid  only  after  the 
lapse  of  some  time,  strontia  may  be  suspected; 
for  further  proof,  and  to  distinguish  it  from 
baryta,  test  with  fluosilicic  acid,  which  yields 
no  precipitate  with  strontia  or  lime,  but  only 
with  baryta.  If  a  precipitate  be  formed  imme- 
diately, by  the  addition  of  the  solution  of 
gypsum,  the  base  is  baryta. 

38.  If  no  precipitate  be  produced  in  the 
original  solution,  by  the  addition  of  a  mixture 
of  caustic  and  carbonated  ammonia,  add  to  a 
portion  of  the  same,  a  solution  of  phosphate 
of  soda.  If  the  solution  remain  clear,  even 
after  gentle  heating,  the  absence  of  magnesia 
is  indicated ;  proceed,  then,  farther,  as  directed 
(39).  If  a  precipitate  appear,  it  is  caused  by 
phosphate  of  ammonia  and  magnesia,  and 
proves  the  presence  of  the  latter  base. 

39.  If  neither  sulphuretted  hydrogen,  nor 
sulphhydrate  of  ammonia,  nor  a  mixture  of 
caustic  and  carbonate  of  ammonia,  nor  phos- 
phate of  soda  produce  a  precipitate  in  the 
original  solution,  the  base  must  be  ammonia, 
soda,  or  potassa.  A  portion  of  the  original 
solution,  which  has  not  been  mixed  with  phos- 
phate of  soda,  is  evaporated  to  dryness,  and 
ignited  in  a  crucible,  in  order  to  expel  all  am- 
moniacal  salts.  If  no  residue  be  left  after  the 
ignition,  it  proves  the  absence  of  the  fixed 
alkalies,  soda  and  potassa,  and  the  base  must 
therefore  be  ammonia.  For  further  proof,  test 
the  original  substance  under  examination, 
by  boiling  a  portion  of  it  in  a  test-tube,  with 
a  strong  solution  of  caustic  potassa;  am- 
moniacal  vapors  will  be  given  off,  and  may 
De  recognised  oy  tneir  oaor  or  a  piece  of  red 
litmus  paper  held  in  the  open  end  of  the  tube. 

40.  If  a  fixed  residue  remain,  after  ignition, 


the  base  is  either  soda  or  potassa.  Add  to  the 
solution  of  the  remaining  solid  residue  or  to  a 
portion  of  the  original  solution,  to  which  no 
ammonia  has  been  added  (for  ammonia  will 
produce  a  similar  precipitate),  a  solution  of 
chloride  of  platinum.  If  a  heavy  yellow  pre- 
cipitate be  formed,  either  immediately  or  after 
some  time,  the  base  is  potassa.  If  no  precipi- 
tate be  formed  by  chloride  of  potassium,  the 
base  is  soda,  to  confirm  which,  add  to  a  fresh 
portion  of  this  solution,  antimoniate  of  potassa, 
which  will  produce  a  precioitate  of  antimo- 
niate of  soda. 

41.  Examination  for  the  Acid.  It  is  of  im- 
portance, in  regard  to  the  acid,  to  know  whether 
the  substance  be  soluble  in  water,  or  require 
the  addition  of  an  acid  for  its  solution,  and 
also  to  have  discovered  the  base  with  which  it 
occurs  combined,  as  these  two  circumstances 
will  greatly  assist  in  forming  an  opinion  in 
regard  to  the  particular  acid  present.  If  the 
substance  contain  arsenious  or  arsenic  acid,  it 
will  already  have  been  discovered  by  the  ex- 
amination for  the  base. 

42.  If  the  substance  be  insoluble  in  water, 
but,  on  the  addition  of  chlorohydric  acid,  dis- 
solve with  effervescence,  or,  if  it  be  soluble  in 
water,  but  an  effervescence  take  place  by  the 
addition  of  this  latter  acid,  it  may  arise  from 
the  escape  of  carbonic  acid  gas  or  sulphuretted 
hydrogen.  If  the  gas  be  inodorous,  it  is  car- 
bonic acid,  but  if  it  have  a  disagreeable  odor, 
and  blacken  a  piece  of  lead-paper  held  over 
it,  it  is  sulphuretted  hydrogen,  derived  from  a  sul- 
phuret  or  sulphhydrate. 

43.  Sulphuric  acid  is  discovered  by  dissolving 
the  substance  in  water  and  adding  chlorohydric 
acid,  or,  if  the  latter  produce  a  precipitate, 
nitric  acid,  and  then  a  solution  of  chloride  of 
barium,  or,  in  the  latter  case,  nitrate  of  baryta. 
If  the  substance  be  insoluble  in  water,  it  is 
dissolved  in  chlorohydric  or  nitric  acid,  and 
in  the  former  case  chloride  of  barium,  in  the 
latter,  nitrate  of  baryta  added.  A  white  pul- 
verulent precipitate  of  sulphate  of  baryta,  in- 
soluble in  water  and  an  excess  of  acid,  indi- 
cates that  the  acid  was  the  sulphuric. 

44.  Chlorine  andiodine  are  discovered  by  dis- 
solving a  portion  of  the  substance  in  water, 
with  the  addition  of  a  small  quantity  of  nitric 
acid,  or  if  insoluble  in  water  in  the  latter  acid, 
and  then  adding  a  solution  of  nitrate  of  silver, 
which  precipitates  chlorine  and  iodine,  as 
chloride  or  iodide  of  silver,  both  insoluble  in 
water  and  an  excess  of  nitric  acid.  If  the  pre- 
cipitate dissolve  in  caustic  ammonia,  it  is  chlo- 
ride of  silver;  if  it  prove  insoluble  in  it,  it  is 
iodide  of  silver.  Bromine  causes  a  similar  pre- 
cipitate, but  the  bromide  of  silver  dissolves 
with  greater  difficulty  in  ammonia  than  the 
chloride  of  silver.     See  under  Bromine. 

45.  A  portion  of  the  substance  is  thrown  on 
a  well-ignited  piece  of  charcoal ;  if  it  cause  a 
deflagration,  it  contains  either  nitric  or  chloric 
acid.  To  distinguish  these,  heat  a  portion  of 
the  substance  moderately  in  a  test-tube,  with 
concentrated  sulphuric  acid  and  some  clip- 
pings of  sheet-copper.  If  red  fumes  are  per- 
ceived to  be  tormed  m  the  tube,  either  imme- 
diately or  by  blowing  into  the  tube,  this  indicates 
the  presence  of  nitric  acid.     If  the  substance, 
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when  heated  by  itself  in  its  dry  state  in  a  test- 
tube,  give  off  oxygen,  recognisable  by  reignit- 
ing  a  glowing  taper  or  match,  being  thereby 
converted  into  a  chloride  (tested,  as  indicated 
in  44),  it  contains  chloric  acid. 

46.  The  presence  of  boracic  acid  is  shown  by 
the  green  color,  which  the  substance  imparts 
to  flame,  when  mixed  in  its  dry  state  with  con- 
centrated sulphuric  acid  and  alcohol,  and  in- 
flamed. The  color  is  more  distinct,  when  the 
mixture  is  stirred  with  a  glass  rod.  The  pre- 
sence of  chromic  acid  may,  in  most  cases,  be 
inferred  from  the  yellow  or  red  color  of  its 
combination,  which  color  is  changed  into 
green  by  boiling  with  chlorohydric  acid  and 
alcohol,  whereby  it  is  converted  into  sesqui- 
oxide  of  chromium,  which,  then,  may  be  de- 
tected as  directed  under  the  examination  for 
the  base  (36). 

47.  If  the  substance  contain  fluorine,  its 
presence  is  known  by  the  corrosion  which  it 
causes  on  a  piece  of  glass,  when  mixed  in  a 
platinum  crucible,  with  concentrated  sulphuric 
acid,  and  heated  moderately.  To  be  able  to 
see  the  corrosion  more  distinctly,  the  glass 
should  be  covered  with  a  thin  layer  of  wax, 
and  letters  scratched  through  the  wax.  The 
crucible  containing  the  mixture  of  the  sub- 
stance, with  sulphuric  acid,  should  be  covered 
with  the  glass,  turning  the  letters  downward, 
to  be  acted  on  by  the  fumes,  and  a  very  gentle 
heat  applied  to  the  bottom  of  the  crucible, 
while  the  glass  on  top  is  kept  cool  by  a  few 
drops  of  water.  On  removing  the  wax,  the 
letters  will  be  found  corroded  into  the  glass,  if 
fluorine  be  present. 

48.  In  regard  to  the  phosphoric  acid,  it  may 
be  remarked,  that  only  its  combinations  with 
the  alkalies  are  soluble  in  water ;  the  rest  are 
all  insoluble  in  water,  but  dissolve  in  chloro- 
hydric and  nitric  acids,  from  which  solution 
they  are  again  precipitated  by  the  neutraliza- 
tion of  the  acid.  These  circumstances  may 
therefore  afford  an  inference  of  its  presence, 
when  other  acids  which  resemble  it  in  this 
point,  as  arsenious,  arsenic,  boracic  or  fluohy- 
dric  acids,  have  been  ascertained  to  be  absent. 
Of  positive  tests  for  phosphoric  acid,  none  is 
so  much  to  be  relied  on  as  the  formation  of  a 
globule  of  phosphuret  of  iron,  by  fusion  on 
charcoal  before  the  blowpipe,  with  boracic 
acid,  and  subsequent  introduction  of  a  fine 
iron  wire  (see  under  Blowpipe)  ;  but  for  this 
purpose  it  is  necessary  first  to  ascertain  that 
no  metallic  oxide  be  present,  except  the  oxide 
of  iron.  The  test  also  requires  some  practice 
before  it  succeeds  and  confidence  in  it  is  ac- 
quired. If  the  base  with  which  it  is  com- 
bined, therefore,  be  an  alkali,  the  solution  is 
neutralized  as  near  as  possible,  with  ammonia 
and  chloride  of  barium  added.  If  this  yields 
a  precipitate  which  is  soluble  in  an  excess  of 
the  acid,  and  none  of  the  above  acids  with 
which  it  could  be  confounded  be  present,  the 
presence  of  phosphoric  acid  may  be  inferred ; 
for  further  proof,  subject  a  portion  of  the  pre- 
cipitate to  the  blowpipe-test;  if  it  be  combined 
with  alumina  or  one  of  the  alkaline  earths,  the 
surest  test  for  its  presence  is  directly  by  the 
blowpipe,  as  just  mentioned  (compare  36).  If 
■t  be  combined  with  a  metallic  oxide,  this  must 
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be  separated  by  solution  in  chlorohydric  acid, 
and  precipitation  by  sulphuretted  hydrogen,  if 
it  be  precipitable  by  this  reagent,  otherwise, 
by  digestion  with  sulphhydrate  of  ammonium. 
The  filtered  solution  is  then  mixed  with  chlo- 
rohydric acid  in  excess  and  boiled,  and  chlo- 
ride of  barium  added,  which  precipitates  sul- 
phate of  baryta ;  if  phosphoric  acid  be  present, 
the  phosphate  of  baryta  is  then  precipitated, 
by  neutralizing  the  acid  with  ammonia,  and 
may  be  tested  as  before. 

c  c.  Those  insoluble  or  sparingly  soluble  in  Water, 
Chlorohydric  or  Nitric  Acid,  or  Aqua  Regia. 

49.  As  among  such  substances,  we  shall 
here  mention  the  following :  the  mlphatei  -</ 
baryta,  strontia,  and  lime,  sulphate  of  lead,  ehlm  idt 
of  lead,  and  chloride  of  silver:  of  these,  sulphate 
of  lime  and  chloride  of  lead  are  soluble  in 
water,  although  sparingly,  and  may,  therefore, 
be  dissolved  by  treatment  with  larger  quanti- 
ties of  this  fluid.  Sulphate  of  lead  is  soluble 
in  strong  chlorohydric  acid,  particularly  by 
heat.  The  solution  deposits,  on  cooling,  crys- 
tals of  chloride  of  lead.  These  substances 
may  be  distinguished  from  each  other  in  the 
following  manner: 

50.  A  portion  of  the  substance  is  treated 
with  sulphhydrate  of  ammonium.  If  it  become 
black,  it  may  be  inferred  to  be  sulphate  or 
chloride  of  lead,  or  chloride  of  silver.  To  dis- 
tinguish these,  digest  it  with  sulphhydrate  of 
ammonium,  filter,  wash  the  sulphuret  of  lead 
or  silver,  and  treat  it  with  dilute  nitric  acid. 
The  solution  is  then  filtered,  and  a  portion  of 
it  tested  by  chlorohydric  acid.  If  the  formed 
precipitate  be  soluble  by  the  addition  of  a  large 
quantity  of  water,  it  indicates  the  presence  of 
lead ;  for  further  proof,  add  sulphuric  acid  to 
another  portion  of  the  solution,  and  obtain  a 
precipitate  of  sulphate  of  lead.  If  the  precipi- 
tate produced  by  chlorohydric  acid  remain 
perfectly  insoluble  in  water,  the  substance  is 
chloride  of  silver;  if  the  presence  of  lead  be 
indicated,  filter  the  solution  from  digestion 
with  sulphhydrate  of  ammonium,  and  test  it 
for  chlorine  (44)  by  supersaturating  it  with 
nitric  acid,  boiling  and  filtering,  and  then 
mixing  it  with  nitrate  of  silver.  If  the  sub- 
stance be  thus  found  to  contain  lead  and  chlo- 
rine, it  was  chloride  of  lead ;  if  no  chlorine  be 
present,  it  was  sulphate  of  lead ;  for  further 
proof  of  the  sulphuric  acid,  boil  a  portion  of 
the  substance  with  carbonate  of  soda,  filter, 
supersaturate  the  solution  with  chlorohydric 
acid,  and  test  for  sulphuric  acid  by  the  addi- 
tion of  chloride  of  barium  (43). 

If  the  substance  remain  while  by  digestion 
with  sulphhydrate  of  ammonium,  it  may  be  in- 
ferred to  be  either  sulphate  of  baryta,  strontia, 
or  lime;  to  distinguish  these,  boil  it  with  a  con- 
centrated solution  of  carbonate  of  soda  or 
potassa,  and  filter  while  hot,  without  dilating  it 
with  water.  The  filtered  solution  may  be  tested 
for  sulphuric  acid  by  supersaturation  with  chlo- 
rohydric acid,  and  the  addition  of  chloride  of 
barium  (43).  The  insoluble  residue,  from  the 
treatment  with  carbonate  of  soda  or  potassa,  is 
washed,  treated  with  chlorohydric  acid,  and 
the  solution  tested  for  lime,  strontia,  or  baryta, 
as  directed  (37). 
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Those  containing  any  or  all  of  the  Ingredients 
enumerated  in  31. 

a  a.  Soluble  in  Water,  Chlorohydric  or  Nitric  Acid, 
or  Aqua  Regia. 

51.  Detection  of  the  bases,  including  arsenious 
and  urscnic  acids.  The  solution  of  the  substance 
is  effected  as  before,  either  by  water  or  chloro- 
hydric  or  nitric  acid,  or  by  a  mixture  of  them 
both.  If  the  solution  is  effected  by  water,  it  is 
acidulated  with  a  small  quantity  of  chloro- 
hydric  acid,  or,  if  this  produce  a  precipitate, 
with  nitric  acid.  If  the  solution  were  effected 
by  an  acid,  it  is  merely  diluted  with  water; 
should  a  turbidness  be  produced  by  the  dilu- 
tion, it  may  either  be  disregarded  or  so  much 
acid  added  as  is  just  sufficient  to  redissolve  it. 

52.  A  current  of  sulphuretted  hydrogen  is 
[hen  passed  through  the  solution,  during  occa- 
sional stirring,  till  it  becomes  perfectly  satu- 
rated with  this  gas,  which  is  ascertained,  after 
previous  stirring,  by  its  coloring  a  strip  of 
lead-paper  brown  or  black ;  if  no  precipitate 
or  only  a  slight  milkiness  of  fine  sulphur  be 
formed,  none  of  the  bases  15 — 19  are  present. 
If  the  milky  precipitate  of  sulphur  be  abun- 
dant, it  is  well  to  collect  it  on  a  filter,  wash, 
and  test  by  roasting  it  in  an  open  glass  tube 
whether  it  contain  any  thing  else  (25).  If  it 
consist  altogether  of  sulphur,  it  is  due  to  the 
oxidation  of  sulphuretted  hydrogen  by  some 
substance  in  the  solution,  such  as  peroxide  of 
iron,  which  is  thereby  converted  into  protoxide. 
Proceed,  then,  as  directed  (56). 

53.  If  a  precipitate  besides  sulphur  be  pro- 
duced by  sulphuretted  hydrogen,  it  may  con- 
tain any  of  the  bases  15 — 22,  including  26. 
It  is  collected  on  a  filter,  and  washed  thoroughly 
with  warm  water.  The  washings  should  be 
set  aside,  and  not  mixed  with  the  mother- 
liquid,  in  order  to  avoid  too  great  dilution. 
The  precipitate  is  pressed  between  blotting- 
paper,  and  removed  from  the  filter  into  a  small 
porcelain  capsule  or  a  digesting-vessel,  or,  if 
not  very  abundant,  into  a  large  test-tube,  and 
treated  with  sulphhydrate  of  ammonium,  con- 
taining an  excess  of  sulphur.  If  any  of  the 
bases  20 — 22  or  26  be  present,  they  will  dis- 
solve, and,  if  no  precipitate  remain,  none  of 
the  bases  15 — 19  are  present;  then  proceed  as 
in  (56) ;  but,  if  any  be  left,  it  may  contain  any 
of  these  latter.     Treat  it  as  directed  (55). 

54.  The  filtered  solution  of  sulphhydrate  of 
ammonium  is  mixed  with  dilute  chlorohydric 
acid  till  it  has  an  acid  reaction.  If  only  a  fine 
powdery  or  milky  precipitate  be  hereby  pro- 
duced, it  consists  merely  of  sulphur,  and  none 
of  the  bases  15 — 19  or  26  are  present.  Begin- 
ners are  often  doubtful  on  this  point.  It  is, 
therefore,  better  in  all  cases  to  collect  the  pre- 
cipitate on  a  filter,  press  it  between  bibulous 
paper,  and  roast  a  portion  of  it  in  an  open 
glass  tube  (25);  this  will  at  once  satisfy  the 
operator  whether  it  contains  any  thing  besides 
sulphur.  If  this  be  the  case,  test  the  precipi- 
tate for  arsenic,  as  directed  (27),  and  for  tin, 
by  roasting,  and  then  reducing  it  with  car- 
bonate of  soda  before  the  blowpipe.  If  the 
precipitate  be  of  an  orange  color,  it  indicates 
the  presence  of  antimony;  to  test  it  further  for 
this  substance,  and,  at  the  same  time,  for  the 


presence  of  tin,  dissolve  a  portion  of  it  in 
strong  chlorohydric  acid,  precipitate  the  metals 
by  a  strip  of  metallic  zinc,  remove  the  precipi- 
tate from  the  zinc  and  treat  it  with  nitric  acid. 
The  oxides  of  antimony  and  tin  remain  then 
undissolved,  and  may  be  separated  as  directed 
(23).  If  gold  be  present,  the  precipitate  from 
the  sulphhydrate  of  ammonium  has  a  dark 
color;  its  presence  is  easily  recognised  by  the 
addition  of  sulphate  of  protoxide  of  iron  to 
the  original  solution,  when  a  yellow  or  black 
precipitate  of  metallic  gold  will  be  formed. 

55.  The  residue  left  by  the  digestion  with 
sulphhydrate  of  ammonium,  and  afterwards  col- 
lected on  a  filter  and  washed,  may  contain  any 
of  the  bases  15 — 19.  It  is  tested  for  these  as 
described  (28). 

56.  The  filtered  solution  from  the  precipita- 
tion by  sulphuretted  hydrogen,  is  neutralized 
or  slightly  supersaturated  with  ammonia,  and 
mixed  with  sulphhydrate  of  ammonium.  If  no 
precipitate  be  formed,  none  of  the  bases  8 — 14 
are  present,  nor  are  any  of  the  phosphates  of 
the  alkaline  earths,  and  the  examination  is 
then  further  pursued  as  directed  (60). 

57.  If  a  precipitate  be  formed,  it  may  con- 
tain any  of  the  bases  8 — 14,  besides  phosphates 
of  alumina  and  of  the  alkaline  earths,  or  the 
fluorides  of  the  metals  of  the  latter,  if  the  sub- 
stance under  examination  should  contain  phos- 
phoric acid  or  fluorine.  The  precipitate  is 
filtered,  washed  with  hot  water,  to  which  a  few 
drops  of  sulphhydrate  of  ammonium  are  added, 
and  then  pressed  between  folds  of  bibulous 
paper.  A  portion  of  it  is  roasted  in  an  open 
glass  tube,  or  in  a  porcelain  or  platinum  cruci- 
ble, with  free  access  of  air,  and  employed  for 
testing  in  the  dry  way,  which  will  enable  us  to 
discover  most  of  the  bases  it  may  contain  ; 
thus,  by  testing  it  before  the  blowpipe,  with 
salt  of  phosphorus,  a  dark  red  color  in  the 
oxidizing  flame,  while  the  bead  is  hot,  but 
mostly  disappearing  on  cooling,  and  passing 
into  a  green  in  the  reducing  flame,  and  disap- 
pearing entirely  by  renewed  heating,  after  the 
addition  of  metallic  tin.  is  indicative  of  iron  ; 
a  blue  or  colored  bead  in  the  oxidizing  and  re- 
ducing flame,  indicates  the  presence  of  cobalt; 
a  strong  green  color  remaining  in  the  reducing 
flame  even  after  the  addition  of  metallic  tin, 
indicates  chromium.  The  production  of  me- 
tallic spangles  by  reduction  with  carbonate  of 
soda  and  subsequent  trituration  and  washing 
with  water  in  the  agate  mortar,  shows  the 
presence  of  nickel ;  and  the  formation  of  a 
white  ring  around  the  place  where  the  sub- 
stance is  lying  on  charcoal,  by  the  reduction 
with  carbonate  of  soda,  indicates  the  presence 
of  zinc.  Beginners  are  often  apt  to  be  doubtful 
of  the  latter  reaction,  and  it  is  therefore  better 
for  them  to  rely  on  testing  in  the  moist  way, 
for  its  discovery.  The  presence  of  manganese 
is  detected  by  the  green  color  it  yields,  by 
fusion  on  a  platinum  foil  with  nitre  and  car- 
bonate of  soda. 

58.  The  rest  of  the  precipitate  produced  by 
sulphhydrate  of  ammonium,  and  not  employed 
for  testing  in  the  dry  way,  is  tested  in  the  moist 
way  by  dissolving  it  in  chlorohydric  acid.  If 
a  dark  brown  or  black  precipitate  remain, 
which  does  not  dissolve  or  at  least  does  so  with 
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difficulty  in  chlorohydric  acid,  the  presence  of 
nickel  or  cobalt  may  be  suspected.  Some  nitric 
acid  is  added,  and  the  solution  boiled,  after 
which  it  is  precipitated  by  ammonia  in  slight 
excess ;  if  it  produce  no  precipitate,  none  of  the 
bases  next  to  be  mentioned  are  present ;  pro- 
ceed, then,  as  directed  (59).  But  if  a  precipi- 
tate be  formed,  it  may  contain  peroxide  of  iron, 
alumina,  oxide  of  chromium,  and  a  small  por- 
tion of  oxide  of  manganese,  the  main  portion 
of  which  will  remain  in  the  solution ;  it  may 
also  contain  some  of  the  above-named  (57) 
insoluble  phosphates  or  fluorides.  The  pre- 
cipitate is  filtered  and  washed  with  hot  water; 
it  is  then  removed  from  the  filter  in  its  moist 
state,  and  treated  with  a  strong  solution  of 
caustic  potassa,  with  the  application  of  but  a 
gentle  heat.  Caustic  potassa  will  in  this  way 
dissolve  alumina  and  oxide  of  chromium,  but 
leave  behind  peroxide  of  iron,  which  is  sepa- 
rated by  filtration,  washed,  and  for  further  con- 
firmation, redissolved  in  chlorohydric  acid,  and 
tested  with  ferrocyanide  of  potassium  (30). 
If  the  substance  contained  phosphoric  acid  or 
fluorine,  phosphoric  acid,  the  alkalino-earthy 
phosphates,  and  fluorides  maybe  also  contained 
in  the  precipitate  left  by  treatment  with  caustic 
potassa.  If  this  be  suspected,  treat  it  as  de- 
scribed (30). 

If  the  potassa  solution  from  the  peroxide  of 
iron  have  a  green  tint,  which  indicates  the 
presence  of  chromium,  or,  if  this  substance 
have  already  been  detected  by  the  blowpipe 
(57),  the  solution  is  diluted  with  water  and 
kept  in  ebullition  till  the  oxide  of  chromium 
has  completely  precipitated ;  for  further  proof, 
test  the  precipitate  by  the  blowpipe  for  chro- 
mium. The  filtered  potassic  solution  is  super- 
saturated with  chlorohydric  acid  and  ammonia 
added  in  slight  excess  ;  if  alumina  be  present, 
it  is  thrown  down  by  the  ammonia  as  a  per- 
fectly white  flocculent  precipitate.  A  content 
of  phosphoric  acid,  if  such  be  suspected,  may 
be  discovered  either  by  the  blowpipe  or  by 
treating  it  as  described  in  (36). 

59.  If  the  ammoniacal  solution  from  the 
precipitation  of  peroxide  of  iron,  oxide  of  chro- 
mium, and  alumina,  have  a  green  color,  the 
presence  of  nickel  may  be  suspected ;  if  it  be 
of  a  faint  pink  color,  it  indicates  the  presence 
of  cobalt;  it  is  mixed  with  caustic  potassa  and 
heated.  If  the  solution  contain  nickel,  it  will 
yield  a  precipitate  of  a  light  green  color  ;  if  it 
contain  manganese,  the  precipitate  will  at  first 
be  of  a  light  color,  but  subsequently  assume  a 
dark  brown  color  by  oxidation  in  the  air.  The 
precipitate  is  filtered,  washed,  and  tested  by 
the  blowpipe  for  these  two  substances,  as  indi- 
cated before.  The  filtered  potassic  solution  is 
mixed  with  a  small  quantity  of  sulphhydrate 
of  ammonium  ;  if  it  contain  zinc,  it  yields  a 
white  precipitate  of  sulphuret  of  zinc,  which, 
for  confirmation,  is  roasted  and  tested  by  re- 
duction before  the  blowpipe  ;  the  latter  test  will 
also  prove  the  existence  of  the  zinc,  if  cobalt 
should  be  present,  and  cause  a  blackish  pre- 
cipitate by  sulphhydrate  of  ammonium. 

60.  The  solution  from  the  precipitation  by 

sulphhydrate  of  ammonium,  is  first  tested  to 

ascertain  whether  it   still   contain   any  fixed 

bases ;  this  is  best  performed  by  evaporating 
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a  small  portion  of  it  in  a  platinum  or  porcelain 
crucible,  and  ascertaining  whether  it  leave  any 
residue  after  ignition ;  in  the  latter  case,  it 
may  still  contain  magnesia,  lime,  strontia, 
baryta,  soda,  and  potassa.  The  solution  is 
supersaturated  with  chlorohydric  acid. boiled  u, 
expel  the  sulphuretted  hydrogen,  and  filtered; 
it  is  then  mixed  with  carbonate  of  ammonia, 
to  which  some  caustic  ammonia  has  been 
added.  If,  even  after  the  application  of  gentle 
heat,  no  precipitate  occurs,  it  contains  neither 
lime,  strontia,  nor  baryta ;  then  test  as  in  63. 
Should,  on  the  other  hand,  a  precipitate  take 
place,  the  above  mixture  of  carbonated  and 
caustic  ammonia  is  added,  till  it  causes  no 
longer  a  precipitate,  and  the  latter  is  separated 
by  filtration  and  washed.  The  precipitate  is 
dissolved  in  chlorohydric  acid,  and  a  portion  of 
it  mixed  with  a  saturated  solution  of  gypsum; 
if  it,  even  after  the  lapse  of  some  time,  yield 
no  precipitate,  the  absence  of  strontia  and 
baryta  is  inferred,  and  the  precipitate  by  caustic 
and  carbonated  ammonia  consisted  then  only 
of  carbonate  of  lime ;  for  further  proof  of  the 
presence  of  this,  test  a  fresh  portion  of  the 
solution  with  oxalate  of  ammonia,  after  the  ad- 
dition of  ammonia  in  excess. 

61.  If  a  precipitate  should  appear  upon  the 
addition  of  gypsum,  but  only  after  some  time, 
the  presence  of  strontia  may  be  inferred ;  but 
the  absence  of  baryta  should  in  this  case  be 
proved  by  the  addition  to  another  portion  of 
the  solution  of  fluosilicic  acid,  which  produces 
a  precipitate  with  baryta,  but  none  with  lime 
or  strontia.  Besides  strontia,  lime  may  also 
be  present;  ascertain  this  by  precipitating  the 
solution  by  sulphuric  acid  in  excess,  and  after 
perfect  subsidence,  filtering  the  liquid,  super- 
saturating it  with  ammonia,  and  adding  oxalate 
of  ammonia,  which,  when  lime  is  present,  pro- 
duces a  precipitate  of  oxalate  of  lime. 

62.  If  a  precipitate  appear  immediately  on 
the  addition  of  the  gypsum  to  the  chlorohydric 
solution,  baryta  is  present;  for  further  proof, 
add  to  another  portion  fluosilicic  acid,  which 
yields  a  precipitate  with  it.  In  this  case  strontia 
and  lime  may  also  be  present;  to  ascertain 
which,  evaporate  a  fresh  portion  of  the  hy- 
drochloric solution  to  dryness,  and  treat  it  with 
absolute  alcohol,  filter  and  evaporate  to  dry- 
ness. If  nothing  have  dissolved,  strontia  and 
lime  are  absent ;  but  if  the  alcoholic  solution 
yield  a  residue,  it  may  contain  these  two 
bases;  dissolve  the  residue,  and  test  it  by  the 
addition  of  gypsum,  &c,  as  directed  (61). 

63.  The  original  solution,  after  precipitation 
by  the  mixture  of  caustic  and  carbonated  am- 
monia, may  still  contain  magnesia,  soda,  and 
potassa.  A  portion  of  it  is  mixed  with  a  solu- 
tion of  phosphate  of  soda.  If  this  produce 
no  precipitate,  either  immediately  or  by  gentle 
heating,  magnesia  is  absent;  while,  on  the 
other  hand,  the  presence  of  this  substance  is 
indicated  by  the  appearance  of  a  rather  floccu- 
lent precipitate  of  phosphate  of  ammonia  and 
magnesia. 

64.  If  no  magnesia  be  present,  the  rest  of 
the  solution,  to  which  no  phosphate  of  soda  has 
been  added,  is  evaporated  to  dryness,  and 
ignited  in  a  platinum  or  porcelain  crucible,  in 
order  to  volatilize  all  ammoniacal  salts ;  if  a 
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fixed  residue  be  left,  it  may  contain  soda  and 
potassa.  The  residue  is  dissolved  in  water, 
filtered,  if  necessary,  mixed  with  a  solution 
of  chloride  of  platinum,  and  evaporated  nearly 
to  dryness ;  if,  on  redissolving  the  mass  in 
weak  alcohol,  no  yellow  heavy  precipitate  of 
chloroplatinate  of  potassium  remain,  it  indi- 
cates the  absence  of  potassa,  and  the  remain- 
ing base  is  then  soda;  but  if  a  precipitate  be 
formed  indicating  the  presence  of  potassa,  the 
solution  is  filtered  and  evaporated  to  dryness, 
and  ignited,  whereby  the  excess  of  chloride  of 
platinum  is  decomposed  into  metallic  pla- 
tinum. If,  then,  upon  extraction  of  the  mass 
by  water  and  evaporating  the  solution,  a  resi- 
due remain,  soda  is  also  contained  in  the  sub- 
stance. The  presence  or  absence  of  soda  in 
the  fixed  residue  left  after  the  expulsion  of  the 
ammoniacal  salt,  may  also  be  discovered  by 
adding  to  a  portion  of  its  solution  in  water 
antimoniate  of  potassa,  with  which  soda  yields 
an  insoluble  precipitate  of  antimoniate  of  soda. 

65.  When  magnesia  is  present  and  no  sul- 
phuric acid  is  contained  in  the  solution,  the 
rest  of  it,  to  which  no  phosphate  of  soda  has 
been  added,  is  in  the  same  manner  evaporated 
to  dryness,  and  ignited  for  the  expulsion  of 
ammoniacal  salts ;  but  the  mass  is  then  kept 
for  some  time  in  ignition,  with  free  access  of 
the  air.  On  redissolving  the  mass  in  water, 
the  magnesia  remains  undissolved.  The  solu- 
tion is  filtered,  and  examined  for  potassa  and 
soda  as  prescribed  above  in  (64). 

66.  If,  on  the  contrary,  sulphuric  acid  be 
present  in  the  solution,  the  separation  of  the 
magnesia  is  more  difficult,  since  the  sulphate 
of  magnesia  will  bear  ignition  without  being 
decomposed.  The  solution  is  evaporated  and 
ignited,  till  perfect  volatilization  of  ammoniacal 
salts,  and,  if  necessary,  some  sulphuric  acid 
added,  and  the  excess  of  it  again  expelled ; 
the  mass  is  then  dissolved  in  water  and  pre- 
cipitated by  acetate  of  baryta  in  a  small  excess. 
All  the  sulphates  are  thus  converted  into  ace- 
tates, while  the  sulphuric  acid  combines  with 
the  baryta  to  form  insoluble  sulphate  of  baryta, 
which  is  separated  by  filtration.  The  filtered 
solution  is  evaporated  to  dryness  and  ignited 
to  a  moderate  red  heat,  whereby  the  acetates 
are  destroyed,  and  converted  into  carbonates ; 
the  carbonates  of  baryta  and  magnesia  remain 
insoluble  by  subsequent  edulcoration  with 
water,  and  may  be  separated  by  filtration,  while 
the  carbonates  of  potassa  and  soda  dissolve. 
The  filtered  solution  is  neutralized  with  chlo- 
rohydric  acid  and  tested  with  chloride  of  pla- 
tinum for  soda  and  potassa,  as  pointed  out 
in  (64). 

67.  We  have,  in  the  course  of  this  examina- 
tion, entirely  disregarded  a  possible  content  of 
ammonia.  The  presence  of  this  ingredient  in 
the  substance  under  examination  is  ascer- 
tained by  heating  a  portion  of  it  in  a  test-tube 
with  a  solution  of  caustic  potassa,  whereby 
ammoniacal  vapors  are  generated,  and  maybe 
detected  either  by  their  odor  or  by  the  restora- 
tion of  the  blue  color  of  a  piece  of  red  litmus- 
paper  previously  moistened  and  held  in  the 
mouth  of  the  tube,  taking  care  not  to  touch 
the  side  of  the  tube,  or  allow  spirtings  from 
the  alkaline  liquid  to  produce  this  effect. 


68.  Examination  for  the  Acids.  This  investi- 
gation is  usually  conducted  by  testing  separate 
portions  of  the  substance,  and  therefore  wholly 
carried  on  as  pointed  out  (41 — 48).  In  regard 
to  phosphoric  acid,  Berzelius  prescribes  as  the 
best  method  of  discovering  it,  when  combined 
with  metallic  oxides  or  other  substances  that 
would  interfere  with  the  blowpipe-test,  to  dis- 
solve the  substance  in  a  small  portion  of  chlo- 
rohydric  acid,  or  merely  to  mix  it  with  it  and 
then  to  saturate  the  acid  solution  at  ordinary 
temperatures  with  freshly  precipitated  peroxide 
of  iron,  filter,  and  heat  the  filtered  solution  to 
ebullition,  by  which  the  peroxide  of  iron  is 
precipitated  in  combination  with  the  phos- 
phoric acid,  as  a  basic  salt,  in  which  the  latter 
may  be  delected  in  the  usual  way  by  the  blow- 
pipe-test. 

b  b.   Those  insoluble  or  sparingly  soluble  in  Water, 
Chlorohydric  or  Nitric  Acid,  or  Aqua  Regia. 

69.  We  refer  to  (49),  in  regard  to  the  sub- 
stances of  this   class   which  are   most  com- 
monly met  with.     From  the  rules  laid  down 
there  and  in  the  subsequent  paragraph,  it  will 
also  be  easy  to  perform  the  examination  when 
several  of  them    occur  together.     A  general 
method,  by  which  the  examination  of  oxidized 
substances  insoluble  in  water  or  in  acids  may 
be  facilitated,  is  first  to  attempt  to  decompose 
them  by  boiling  with  carbonate  of  potassa  or 
soda,  by  which  most  of  them  are  decomposed 
into  insoluble  carbonates  of  the  bases  which 
occurred  in  them,  while   the  acids  are  taken 
up  in  solution  combined  with  the  alkali,  and 
may  be  separated  by  filtration,  and  thus  more 
easily  examined  for  recognition.     The  sepa- 
rated bases  are  dissolved  in  a  dilute  acid,  and 
examined  by  themselves.     If  the  substance  is 
not  decomposed  by  boiling  with  a  solution  of 
the  alkaline  carbonates,  it  may  almost  always 
be  decomposed  by  mixing  it  with  three  or  four 
times  its  weight  of  dry  carbonate  of  soda  or 
potassa,  and  fusing  the  mass   in   a  crucible. 
The  fused  mass    is  soaked  or  digested  with 
water,  and  the  solution  separated  from  the  in- 
soluble residue  by  filtration.     The  latter,  which 
contains  all  the  bases,  either  as  carbonates  or 
oxides,  or  even  reduced  to  metal,  if  the  oxide 
of  a  very  reducible  metal,  as  silver  or  lead,  be 
present,  may  then  be  examined  by  dissolving 
it  in  an  acid.     It  is  most  safe  not  to  perform 
the  fusion  in  a  platinum  crucible  if  it  contain 
any  of  the  metals  15 — 21,  but  in  a  small  clay 
or  porcelain  crucible  ;  but  the  crucible  is  then 
always  attacked  more  or  less  by  the  operation. 
In  this  case,  however,  these  metals  may  also 
be  separated  by  sulphuretted  hydrogen  or  by 
digestion    in    a    finely   pulverized   state    with 
sulphhydrate  of  ammonium   and  subsequent 
filtration,  by  which  the  acids  combined  with 
the  metallic  oxides  are  obtained  in  the  solution 
combined  with  ammonia.     In  case  of  fusion 
with  carbonate  of  soda  or  potassa,  the  acids 
are  obtained  in  the  solution   by  water,  com- 
bined with  the  alkali,  and  mixed  with  an  excess 
of  the  alkaline  carbonate. 

d.  Silicates. 
70.  The  silicates  constitute  the  greater  part 
of  the  mineral  kingdom.    As  previously  stated, 
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the)'  are  easily  recognised  by  fusion  before  the 
blowpipe,  with  salt  of  phosphorus,  when  the 
silica  will  remain  insoluble  and  float  about  in 
the  fused  bead  as  a  white  spongy  mass.  The 
silicates  contain  comparatively  Aw  ingredients, 
these  being,  in  a  great  measure,  the  same  in 
most  of  them,  merely  differing  in  their  relative 
proportion.  The  usual  ingredients  of  silicates, 
besides  silica,  are  alumina,  lime,  magnesia, 
oxides  of  iron,  small  quantities  of  oxides  of 
manganese,  soda,  potassa,  and  chemically  com- 
bined water.  Some  silicates  contain,  besides 
these,  other  more  rare  ingredients,  which  will 
afterwards  be  alluded  to.  The  analysis  of 
silicates  of  usual  occurrence,  containing  only 
the  above-named  ingredients,  is  so  simple  that 
in  most  cases  when  a  quantitative  analysis 
is  desired,  it  does  not  become  necessary  first 
to  subject  them  to  a  qualitative  examination, 
but  the  former  may  be  undertaken  at  once. 

71.  The  silicates  form  two  great  classes,  of 
which  one  contains  the  silica  in  such  a  state 
that  it  may  be  separated  by  digestion  with  chlo- 
rohydric or  any  of  the  other  stronger  mineral 
acids ;  the  other  is  not  decomposed  by  them. 
When  the  silica  is  separated  from  the  different 
silicates  of  the  first  class  by  one  of  the  stronger 
mineral  acids;  it  appears  in  two  different  states, 
either  as  a  gelatinous  or  pulpy  mass,  or  in  a 
fine,  light,  and  pulverulent  stale.  Silicates  of 
the  latter  class  never  contain  chemically  com- 
bined water,  and  are  much  more  difficult  of 
analysis  than  the  former,  requiring  an  entirely 
different  method.  To  ascertain  whether  a  sili- 
cate belongs  to  the  one  or  the  other  of  these 
classes,  a  small  portion  of  it  is  finely  pulverized 
and  heated  with  strong  chlorohydric  acid  in  a 
large  test-tube,  when  it  maybe  easily  observed 
whether  any  action  takes  place  on  it.  Should 
it  become  gelatinous,  it  proves  at  once  that  it 
is  decomposed.  If,  however,  the  silica  sepa- 
rate as  a  light  powder,  the  difference  of  its  pul- 
verulent appearance  from  that  of  the  silicate 
will  also  be  very  observable;  the  acid  will 
also  be  found  to  have  dissolved  the  bases, 
which  may  be  ascertained  by  evaporating  a 
small  portion  of  it  to  dryness.  For  greater 
certainty,  however,  the  remaining  silica  is  fil- 
tered, washed,  removed  into  a  clean  test-tube, 
and  then  boiled  with  a  concentrated  solution 
of  carbonate  of  soda,  and  filtered  or  decanted 
hot.  If,  then,  on  cooling,  and  still  more  by  su- 
persaturation  with  chlorohydric  acid,  silica  be 
separated  in  a  gelatinous  state,  it  proves  con- 
clusively that  the  silicate  has  been  at  least 
partly  decomposed.  If,  on  the  contrary,  no 
action  by  the  acid  be  apparent  after  digestion 
for  some  time,  and  nothing  taken  up  into  solu- 
tion, and  if,  by  subsequent  treatment  of  the 
residue  with  carbonate  of  soda,  no  silica  be  dis- 
solved, the  silicate  under  examination  belongs 
to  that  class  which  is  not  decomposed  by  diges- 
tion with  acids. 

72.  Silicates  decomposable  by  Acids.  A  portion 
of  the  finely  pulverized  silicate  is  decomposed 
by  digestion  with  chlorohydric  acid  ;  and  after 
decomposition  a  few  drops  of  nitric  acid  added 
while  yet  hot.  The  silica  is  filtered  off  and  the 
solution  precipitated  with  ammonia  in  slight 
excess.  The  precipitate  caused  thereby  may 
consist  of  alumina  and  peroxide  of  iron ;  if  it  be 
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white,  it  consists  principally  of  alumina  ;  if  its 
color  be  brownish,  it  contains  peroxide  of  iron, 
with  which  more  or  less  alumina  may  be 
mixed.  The  precipitate  is  separated  by  filtra- 
tion, washed  thoroughly, scraped  from  the  filter, 
and  boiled  with  a  solution  of  caustic  potassa, 
which  dissolves  the  alumina,  if  the  latter  be 
present,  while  the  oxide  of  iron  is  left  insolu- 
ble, of  a  dark  brown  color.  The  potassic  solu- 
tion is  separated  by  filtration,  and  supersatu- 
rated with  chlorohydric  acid,  and  then  am- 
monia added  till  it  assumes  an  alkaline  reac- 
tion. If  alumina  be  present,  it  is  then  made 
apparent  as  a  white  flocculent  precipitate. 

73.  The  original  solution  which  has  been 
filtered  from  the  precipitate  caused  by  am- 
monia is  mixed  with  a  solution  of  oxalate  of 
ammonia.  This  precipitates  lime,  if  it  be 
present,  as  fine,  while,  pulverulent  oxalate  of 
lime.  If  no  precipitate  should  appear,  it  indi- 
cates the  absence  of  lime  ;  but  if  the  latter  be 
present  only  in  a  small  quantity,  the  oxalate  of 
lime  will  not  appear  until  after  some  time. 
The  solution  ought,  therefore,  to  be  gently 
heated  to  facilitate  its  separation.  When  lime 
is  found  to  be  present,  it  should  be  completely 
precipitated  by  the  addition  of  a  sufficient 
quantity  of  oxalate  of  ammonia,  and  after  its 
separation  by  filtration,  the  clear  solution  ought 
always  to  be  tested  to  ascertain  that  it  has  an 
alkaline  reaction,  and  that  a  new  addition  of  a 
few  drops  of  oxalate  of  ammonia  causes  no 
more  precipitate. 

74.  If  oxide  of  manganese  be  present,  which 
is  best  ascertained  in  a  separate  experiment, 
by  fusing  a  portion  of  the  powdered  substance 
with  nitre  and  carbonate  of  soda,  a  small  por- 
tion of  it  is  precipitated  by  the  ammonia  and 
is  mixed  with  the  peroxide  of  iron,  but  the 
main  portion  remains  in  the  solution,  and  may 
now  be  precipitated  after  the  separation  of  the 
lime  by  addition  of  sulphhydrate  of  ammonium 
to  the  solution.  The  sulphuret  of  manganese 
thus  precipitated  is  separated  by  filtration. 
Manganese  is,  however,  but  rarely  present  in 
any  quantity.  After  the  separation  of  the  man- 
ganese, the  solution  is  supersaturated  with 
chlorohydric  acid  and  filtered.  If  no  manga- 
nese has  been  found,  the  precipitation  byr  sulj)h- 
hydrate  of  ammonium  is  of  course  dispensed 
with. 

75.  The  subsequent  treatment  for  discover- 
ing the  presence  of  magnesia,  soda,  and  po- 
tassa is  performed  exactly  as  prescribed  (63— 
66),  to  which  the  operator  is  referred. 

76.  Silicates  which  arc  not  decomposable  by  Chlo- 
rohydric or  any  of  the  common  mineral  acids, 
are  either  rendered  so  by  fusion  with  carbonate 
of  soda,  or  they  are  decomposed  by  fluohydric 
acid.  The  latter  is  especially  resorted  to  when 
they  are  to  be  tested  for  the  presence  of  soda 
or  potassa. 

77.  The  fusion  with  carbonate  of  potassa  is 
executed  by  mixing  the  finely  pulverized  silicate 
with  about  three  or  three  and  a  half  times  its 
weight  of  the  alkali,  and  exposing  the  mixture 
for  some  time  in  a  covered  platinum  crucible 
to  a  bright  red  heat,  either  in  the  flame  of  the 
argand  spirit-lamp  or  the  argand  gas-burner, 
assisted  by  the  jet  of  the  table-blowpipe ;  or  by 
the  heat  of  a  furnace,  placing  the   platinum 
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crucible  inside  a  covered  hessian  crucible,  in 
order  to  protect  it  from  contact  with  the  coals. 
The  heat  must  be  sufficient  to  fuse  the  mass 
completely,  and  keep  it  in  this  state  for  some 
time;  otherwise  the  decomposition  will  not  be 
complete.  The  fused  mass  is  first  soaked  for 
some  time  in  a  sufficient  quantity  of  cold 
water,  after  which  it  is  removed  from  the  cru- 
cible into  a  small  capsule,  mixed  with  chloro- 
hydric  acid  till  it  becomes  strongly  acid,  and 
then  evaporated  almost  to  dryness,  by  which 
the  silica  becomes  insoluble.  The  mass  is 
then  treated  with  water,  acidulated  by  chloro- 
hydric  acid,  filtered,  and  further  tested  as 
described  (72 — 75),  excepting  that  having  in- 
troduced a  large  amount  of  carbonate  of  soda, 
the  testing  for  soda  and  potassa  is  omitted,  as 
the  exact  amount  of  the  former  could  not  be 
ascertained,  and  that  of  small  quantities  of  the 
latter  with  uncertainty. 

78.  For  the  purpose  of  testing  undecomposa- 
ble  silicates  for  soda  and  potassa,  they  may,  in 
some  instances,  be  decomposed  by  ignition 
with  4  or  5  times  their  weight  of  carbonate  of 
baryta  at  a  very  high  temperature.  The  mass 
is  then  treated  with  water  and  chlorohydric 
acid,  and  after  the  separation  of  the  silica,  as 
described  above,  all  the  bases  except  the  mag- 
nesia and  the  alkalies  may  be  precipitated  by 
a  mixture  of  caustic  and  carbonated  ammonia, 
and  the  remaining  liquid  tested  for  magnesia 
and  the  alkali,  as  prescribed  (63 — 65).  But  a 
far  preferable  method  is  to  decompose  such 
silicates  by  fiuohydric  acid.  This  acid  decom- 
poses all  silicates,  even  at  ordinary  tempera- 
tures, on  which  account  the  decomposition 
must  be  performed  in  a  platinum  vessel.  As 
the  preparation  of  pure  fiuohydric  acid  also 
requires  a  platinum  retort,  Brunner  has  pro- 
posed the  following  apparatus,  which  may  be 
procured  at  a  slight  expense,  and  answers 
every  purpose.  It  consists  of  a  leaden  vessel, 
fig.  25,  with  its  cover,  c,  of  the  same  metal ; 
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a  leaden  tripod,  6, 
supports  a  shallow 
platinum  dish, a,  in 
which  is  a  small 
platinum  spatula. 
The  finely  pulver- 
ized silicate  is 
spread  out  on  the 
platinum  dish  and 
moistened  or  co- 
vered with  pure  water.  The  bottom  of  the 
leaden  vessel  is  covered  with  coarsely  pulver- 
ized fluorspar  to  the  depth  of  about  £  inch,  and 
then  made  into  a  paste  with  concentrated  sul- 
phuric acid.  The  leaden  tripod  is  next  placed 
about  the  centre  of  the  mass,  the  platinum  dish 
with  the  pulverized  silicate  mounted  on  it,  the 
apparatus  covered  with  the  leaden  cover  and 
heated  to  a  moderate  warmth  in  a  water-bath. 
The  vapor  of  fiuohydric  acid  being  given  off 
from  the  mixture  at  the  bottom  of  the  vessel,  fills 
it  entirely,  and,  condensing  in  the  platinum 
dish,  decomposes  the  silicate  completely.  If  the 
latter  be  mixed  with  but  little  water,  it  is  con- 
verted into  a  gelatinous,  transparent  mass  ; 
but  with  a  larger  quantity  of  water  often  dis- 
solves almost  entirely.  The  apparatus  should 
now  and  then  be  opened  quickly  and  examined, 
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to  observe  the  progress  of  the  decomposition, 
and  the  silicate  stirred  with  the  small  spatula. 
If  it  should  become  dry,  it  must  be  moistened 
again  with  water.  When  the  whole  mass  has 
been  decomposed,  the  platinum  dish  is  re- 
moved, mixed  with  pure  concentrated  sul- 
phuric acid,  and  heated  till  it  becomes  dry  and 
the  excess  of  the  sulphuric  acid  has  been 
expelled.  By  this  process  the  silica  combines 
with  the  fiuohydric  acid,  forming  fluoride  of 
silicon,  which  is  expelled  by  the  subsequent 
addition  of  sulphuric  acid  and  heat.  The  re- 
maining mass  is  then  moistened  with  chloro- 
hydric acid  and  transferred  to  a  digesting- 
vessel,  and  digested  with  a  sufficient  quantity 
of  water,  acidulated  with  a  little  muriatic  acid 
till  it  becomes  completely  dissolved.  If  the 
silicate  contain  a  large  proportion  of  lime,  the 
sulphate  of  lime  will  require  a  larger  portion 
of  water  for  its  solution.  All  the  bases  are 
thus  obtained  in  solution,  combined  with  sul- 
phuric acid.  The  alumina  and  peroxide  of 
iron  are  then  precipitated  as  before  by  am- 
monia, and  separated  by  caustic  potassa.  The 
lime  is  next  precipitated  by  oxalate  of  am- 
monia, and  the  manganese,  if  present,  by  sulph- 
hydrate  of  ammonium.  The  remaining  solu- 
tion is  then  tested  for  magnesia,  soda,  and 
potassa  (66). 

79.  As  ingredients  of  rare  occurrence  in  sili- 
cates, may  be  mentioned  baryta  and  strontia, 
which  are  distinguished  from  lime,  as  directed 
(38) ;  glucina,  forming  an  important  constituent 
of  emerald  or  beryl,  euclase,  and  a  few  other 
minerals,  and  generally  occurring  in  connec- 
tion with  alumina,  from  which  it  is  separated 
after  their  precipitation  by  ammonia,  by  diges- 
tion with  carbonate  of  ammonia,  which  dis- 
solves glucina,  but  leaves  alumina  undissolved. 
Yttria  has  been  found  in  pyrope  and  several 
other  minerals  ;  it  generally  occurs  associated 
with  oxides  of  cerium  and  lanthanum ;  thoria  is 
of  the  rarest  occurrence ;  zirconia  forms  one 
of  the  ingredients  of  hyacinth  and  zircon.  All 
these  last-mentioned  earths  are  distinguished 
from  alumina  and  glucina  by  their  insolubility 
in  caustic  potassa,  and  by  the  insolubility  of 
their  double  sulphates  of  potassa,  when  pre- 
cipitated from  their  solution  by  a  hot  saturated 
solution  of  sulphate  of  potassa.  Titanic  acid 
is  best  discovered  by  its  reaction  with  salt  of 
phosphorus  before  the  blowpipe  (see  under  Ti- 
tanium). Other  substances,  such  as  metallic 
oxides,  phosphoric  acids,  fluorine,  <&c,  are  either 
discovered  by  the  blowpipe  or  in  the  moist 
way,  after  decomposition  of  the  silicate,  as 
pointed  out  (52,  &c). 

2.  Quantitative  Analysis  of  Solid  Substances. 

80.  Instead  of  enumerating  how  every  sub- 
stance is  separated  for  quantitative  estimation 
from  all  others  with  which  it  might  occur  com- 
bined, which  would  swell  the  present  essay 
into  a  large  volume,  we  propose  to  give,  in 
the  way  of  illustration,  a  number  of  examples 
of  the  quantitative  analysis  of  certain  sub- 
stances belonging  lo  the  different  classes 
treated  of  under  qualitative  analysis,  and  se- 
lected with  a  view  to  their  general  interest. 
We,  therefore,  presume  their  constituents  to 
have  been  previously  ascertained  by  a  qualita- 
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tive  examination.  In  regard  to  the  different 
manipulations  and  operations  mentioned  in  the 
following  examples  of  quantitative  analysis, 
we  refer  to  (3 — 20),  where  ihey  have  been  de- 
scribed in  detail.  From  the  weight  of  the  dif- 
ferent combinations  in  which  the  ingredients 
are  obtained  during  the  analysis,  their  weight 
in  the  substance  under  analysis  is  computed 
by  aid  of  the  tables  given  at  the  end  of  this 
article,  where  the  manner  of  using  them  will 
likewise  be  explained. 

SI.  Quantitative  Analysis  of  an  Alloy,  consist- 
ing of  copper  and  zinc,  with  smaller  quantities 
of  tin,  lead,  and  iron,  constituting  bronze.  The 
metal  is  reduced  to  filings  by  a  clean  file  :  of 
these  a  weighed  quantity,  say  one  and  a  half 
to  two  grammes,  is  treated  in  a  digesting-glass 
with  nitric  acid  by  the  aid  of  heat.  All  the 
metals  are  then  oxidized  by  the  nitric  acid  and 
dissolved,  with  the  exception  of  the  oxide  of 
tin,  which  is  left  behind,  and  separates  com- 
pletely on  subsequent  repose.  The  oxide  of 
tin  is  separated  by  filtration  and  washed 
thoroughly  on  the  filter  with  hot  water,  by  the 
aid  of  the  syringe-bottle  (11).  It  is  then  re- 
moved on  the  filter  from  the  funnel,  dried  and 
ignited  in  a  porcelain  crucible,  with  the  access 
of  air,  and  weighed,  deducting  the  weight  of 
the  ashes  of  the  filter.  The  solution  and  the 
washings  from  the  oxide  of  tin  are  mixed  with 
sulphuric  acid  in  excess,  and  left  some  time  at 
rest  for  the  complete  separation  of  the  lead  as 
sulphate  of  lead,  which  is  in  the  same  manner 
separated  by  filtration,  dried,  and  calcined  cau- 
tiously, with  free  access  of  the  air,  in  a  porce- 
lain, or  with  care  in  a  platinum  crucible,  and 
its  weight  ascertained.  The  washings  are 
again  mixed  with  the  main  liquid  and  a  cur- 
rent of  sulphuretted  hydrogen  passed  through 
it,  till,  after  thorough  stirring,  it  smells  of  sul- 
phuretted hydrogen  and  blackens  a  slip  of 
lead-paper  dipped  into  it.  Sulphuretted  hy- 
drogen precipitates  the  copper  completely  as 
black  sulphuret  of  copper,  which  is  filtered 
quickly,  employing  a  large  filter  for  this 
purpose,  in  order  to  prevent  an  oxidation 
first  of  the  free  sulphuretted  hydrogen  by 
the  free  nitric  acid,  and  afterwards  of  some 
of  the  sulphuret  of  copper,  which  would  there- 
by redissolve.  The  sulphuret  of  copper  is 
washed  quickly  with  hot  water,  dried,  and 
roasted  in  a  porcelain  crucible,  by  which  the 
filter  is  incinerated,  and  the  sulphuret  of  cop- 
per converted  by  the  oxygen  of  the  air  into 
basic  sulphate  of  copper,  which,  by  stronger 
ignition,  loses  its  sulphuric  acid,  and  is  con- 
verted into  pure  oxide  of  copper,  the  weight 
of  which  is  ascertained.  Another  method  is 
to  wash  the  sulphuret  of  copper  from  the  wet 
filter,  while  yet  in  the  funnel,  by  the  syringe- 
bottle  into  a  small  porcelain  capsule.  Open 
and  spread  the  filter  on  a  glass  pane  and  re- 
move any  adhering  particle  by  a  few  drops  of 
nitric  acid  and  subsequent  washing  with  the 
jet  of  the  syringe-bottle,  then  oxidize  the 
sulphuret  of  copper  in  the  capsule,  by  boiling 
with  nitro-muriatic  acid  till  the  separated  sul- 
phur has  become  perfectly  yellow,  filter  the 
solution  and  precipitate  the  oxide  of  copper 
during  ebullition  in  a  porcelain  capsule,  by  a 
solution  of  caustic  potassa  in  moderate  excess. 
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The  oxide  of  copper  is  then  filtered,  washed 
carefully,  ignited,  and  weighed.  If  some  oxtda 
of  copper  should  adhere  to  the  capsule,  it  may 
be  removed  by  a  feather  (10)  or  by  redissolving 
it  in  a  few  drops  of  nitric  acid,  and  precipi- 
tating it  again  by  boiling,  after  the  addition  of 
a  few  drops  of  caustic  potassa,  and  throwing 
it  on  the  filter  with  the  rest. 

82.  The  original  solution  from  the  sulphuret 
of  copper,  with  the  washings,  are  concentrated 
in  a  porcelain  capsule  and  then  mixed  during 
ebullition  with  carbonate  of  soda  till  it  assumes 
a  strong  alkaline  reaction,  by  which  the  zinc 
is  precipitated  as  carbonate  ;  but  the  filtered 
liquid  should  be  tested  by  sulphhydrate  of  am- 
monium to  ascertain  that  the  precipitation  has 
been  completed.  The  carbonate  of  zinc  is 
filtered,  washed,  dried,  and  ignited,  by  which  it 
loses  its  carbonic  acid,  and  is  converted  into 
oxide  of  zinc,  the  weight  of  which  is  ascer- 
tained. If  iron  be  found  present  in  such  quan- 
tity as  to  make  it  desirable  to  ascertain  its 
quantity,  the  oxide  of  zinc  is  redissolved,  after 
being  weighed,  by  digestion  with  chlorohydric 
acid,  and  the  peroxide  of  iron  precipitated  by 
strong  caustic  ammonia  in  great  excess.  The 
peroxide  of  iron  is  filtered,  washed,  ignited, 
and  weighed,  and  its  weight  deducted  from 
that  of  the  oxide  of  zinc.  From  the  obtained 
weights  of  the  oxide  of  tin,  sulphate  of  lead, 
oxides  of  copper,  zinc,  and  iron,  the  respective 
weight  of  their  metals  in  the  alloy  is  calculated. 
(See  Tables  at  close  of  this  article.) 

83.  Quantitative  Analysis  of  Sulphuret  of  Copper 
with  Sulphuret  of  Iron  (Copper  Pyrites).  The 
mineral  is  crushed  and  pulverized  finely  in  an 
agate  mortar.  A  weighed  portion  of  it,  say  one 
to  two  grammes,  is  introduced  into  a  digesting- 
glass  and  fuming  nitric  acid  added  as  long  as 
any  action  is  observed.  It  is  then  digested 
with  the  acid  at  a  moderate  temperature  till 
the  separated  sulphur  has  become  perfectly 
yellow.  The  solution  is  then  diluted  with 
water  and  filtered  ;  the  residue  is  washed,  dried, 
calcined  cautiously  in  a  porcelain  crucible  to 
volatilize  the  sulphur  and  incinerate  the  filter, 
and  then  weighed.  The  residue  consists  of 
oxide  of  copper  and  iron,  from  some  unde- 
composed  copper  pyrites.  The  residue  is  dis- 
solved in  a  small  portion  of  muriatic  acid,  and 
if  any  gangue  should  be  found  remaining,  it  is 
separated  by  filtration,  calcined,  and  weighed. 
The  solution  of  the  residuary  oxides  of  copper 
and  iron  is  added  to  the  main  solution. 

84.  This  latter  is  then  heated  gently  and 
mixed  with  strong  ammonia  in  considerable 
excess,  which  precipitates  the  peroxide  of  iron, 
but  retains  in  solution  the  oxide  of  copper. 
The  peroxide  of  iron  is  separated  by  filtration, 
washed  with  hot  water,  dried,  ignited,  and 
weighed.  The  filtered  solution  is  then  trans- 
ferred to  a  capsule,  heated  to  ebullition,  and  a 
solution  of  caustic  potassa  added  successively, 
till  the  solution,  viewed  against  a  clean  white 
portion  of  the  capsule  below  the  level  of  the 
liquid,  has  lost  all  appearance  of  its  blue  color. 
The  oxide  of  copper  is  then  separated  by  filtra- 
tion, washed,  ignited,  and  weighed. 

85.  In  order  to  ascertain  the  quantity  of  sul- 
phur, a  fresh  portion  of  the  powdered  sub- 
stance  is  intimately  mixed  with  three  times 
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its  weight  of  a  mixture  of  equal  parts  of  finely 
pulverized  nitre  and  carbonate  of  soda,  and 
heated  to  fusion  in  a  porcelain  crucible.  With 
sufficient  caution,  the  fusion  may  also  be  per- 
formed in  a  platinum  crucible,  but  it  will  then 
be  found  advantageous,  previously  to  the  in- 
troduction of  the  mixture  into  the  crucible,  to 
have  covered  its  interior  surface,  by  fusion, 
with  a  thin  layer  of  carbonate  of  soda,  in  order 
to  prevent  the  oxide  of  copper  from  adhering. 
By  fusion  with  the  above  mixture  the  sulphur 
is  oxidized  by  the  nitric  acid  of  the  nitre,  and 
converted  into  sulphuric  acid,  while  the  metals 
are  converted  into  their  respective  oxides. 
The  latter  remain  undissolved  by  subsequent 
edulcoration  of  the  mass  with  water,  and  are 
separated  by  filtration  and  washed.  The  fil- 
tered solution,  with  the  washings,  containing 
all  the  sulphur  as  sulphuric  acid,  is  supersatu- 
rated with  chlorohydric  acid,  heated  gently, 
and  precipitated  by  a  solution  of  chloride  of 
barium  as  long  as  it  causes  any  precipitate  of 
sulphate  of  baryta.  The  latter  is  then  sepa- 
rated by  filtration,  washed,  dried,  ignited,  and 
weighed.  From  the  obtained  weights  of  the 
oxides  of  copper  and  iron,  and  the  sulphate  of 
baryta,  the  weights  of  the  metals  and  the  sul- 
phur are  calculated. 

86.  Quantitative  Analysis  of  Limestones.  Car- 
bonate of  lime,  associated  with  more  or  less 
carbonate  of  magnesia,  forms  the  principal  in- 
gredient of  limestones.  In  some  varieties  the 
latter  substance  appears  only  as  a  trace,  while 
in  others,  it  amounts  to  nearly  50  per  cent,  of 
the  mass.  When  the  proportion  of  the  car- 
bonate of  magnesia  is  very  considerable,  the 
rock  is  termed  magnesian  limestone,  or  dolo- 
mite, the  latter  name  being  mostly  applied  to 
the  crystalline  varieties.  Variable  quantities 
of  other  substances,  as  silica,  alumina,  and 
the  oxides  of  iron,  and  manganese,  are  gene- 
rally associated  to  some  extent  with  the  above 
principal  constituents. 

The  limestone  is  first  finely  powdered,  when 
a  given  weight,  about  2  grammes,  is  digested 
in  chlorohydric  acid  in  the  ordinary  way  and 
filtered.  The  silica  and  a  large  part  of  the 
other  adventitious  substances  are  thus  left 
upon  the  filter.  They  are  washed,  calcined, 
and  weighed,  a  correction  being  made  for  the 
weight  of  the  ashes  of  the  filter.  These  steps 
give  the  amount  of  the  insoluble  matter. 

The  filtered  solution,  containing,  besides  the 
lime  and  magnesia,  portions  of  alumina  and 
oxides  of  iron,  is  precipitated  by  ammonia  in 
excess.  When  the  precipitate  has  subsided, 
it  is  filtered  quickly,  the  funnel  being  covered 
with  a  glass  plate  to  exclude  the  atmosphere, 
and  washed.  The  filter,  with  its  contents,  is 
then  removed,  pressed  between  bibulous  paper, 
dried  and  calcined.  The  alumina  and  oxide' 
of  iron  are  thus  obtained  together.  When 
their  quantity  is  such  as  to  require  them  to  be 
separately  estimated,  it  can  be  done  in  the 
ordinary  way. 

In  determining  the  lime  and  magnesia,  a 
fresh  equal  portion  of  the  powdered  mineral  is 
employed,  which  is  decomposed  by  a  sufficient 
quantity  of  dilute  sulphuric  acid,  with  the  aid 
of  heat.  More  water  is  then  added,  after 
which  alcohol  of  common  strength  (0-835  spec. 


grav.)  is  introduced  in  the  proportion  of  a  little 
less  than  a  volume  equal  to  the  mixture  in  the 
glass,  and  mixed  well  with  it.  The  alcoholic 
solution  precipitates  entirely  the  sulphate  of  lime 
along  with  the  insoluble  matters.  When  the 
precipitate  is  settled,  it  is  filtered  under  cover 
of  a  glass  plate,  and  repeatedly  washed  with 
dilute  alcohol,  made  by  mixing  5  volumes  of 
alcohol  (spec.  grav.  0-835)  with  6  to  6^  vols, 
of  water,  until  a  barytic  solution  indicates  no 
trace  of  sulphuric  acid.  The  whole  is  now 
calcined,  and  the  weight  of  the  insoluble 
matters,  as  already  ascertained,  being  deducted, 
we  obtain  the  amount  of  sulphate  of  lime,  from 
which  we  compute  that  of  the  carbonate. 

The  filtered  solution  now  contains  the  sul- 
phate of  magnesia  and  an  inconsiderable  por- 
tion of  the  sulphates  of  alumina  and  iron, 
besides  an  excess  of  sulphuric  acid.  It  is  to  be 
evaporated  to  dryness  in  a  porcelain  capsule, 
transferred  to  a  platinum  or  porcelain  crucible, 
strongly  ignited  and  weighed.  Subtracting  from 
the  weight  of  the  whole,  that  of  the  alumina 
and  oxides  of  iron,  previously  ascertained,  we 
find  the  amount  of  the  sulphate  of  magnesia, 
which  is  to  be  estimated  as  carbonate. 

The  separation  of  the  lime  in  the  form  of 
sulphate  from  magnesia,  by  an  alcoholic  solu- 
tion, is  so  complete  as  to  make  it  unnecessary 
to  estimate  directly  the  magnesia,  except  when 
we  desire  to  check  one  result  by  the  other. 

The  limestones  generally  contain  a  small 
portion  of  chemically  combined  water,  varying 
from  0-5  to  0-8  per  cent.,  which,  for  practical 
purposes,  may  be  disregarded.  If  it  be  desired 
to  ascertain  its  exact  amount,  this  may  be  clone 
either  by  heating  a  portion  of  it  to  a  tempera- 
ture below  that  at  which  the  carbonates  are 
decomposed,  and  ascertain  the  loss,  or  by  the 
method  described  (90),  collecting  the  water  in 
a  tube  containing  chloride  of  calcium. 

87.  The  following  analysis  of  a  white  crys- 
talline dolomite  from  the  neighborhood  of  Mont- 
ville,  New  Jersey,  will  afford  an  example : 

Specific  gravity  of  the  limestone  2-85. 

A  portion,  1-469  grammes,  was  raised  to  a 
dull  red  heat,  and  the  water,  which  was  re- 
ceived in  a  tube  containing  chloride  of  cal- 
cium, was  found  to  weigh  -007  grammes  or  -48 
per  cent.  This  small  amount  of  water  is  not 
expelled  at  the  temperature  of  boiling  water. 

Two  other  portions  of  the  powdered  mineral, 
treated  after  the  method  described,  gave  these 
results: 

Per  cent. 

Insoluble  matter -04 

Alumina  and  oxide  of  iron -15 

Sulphate  of  lime  and  insol.  matter. .  76-09 

Sulphate  of  magnesia,  alumina,  and 

oxide  of  iron 60-59 

By  subtracting  the  insoluble  matter  -04  from 
the  joint  weight  of  the  insoluble  matter  and 
sulphate  of  lime  76-09,  we  get  76-05,  and  sub- 
tracting the  alumina  and  oxide  of  iron  from 
the  joint  weight  of  these  and  the  sulphate  of 
magnesia,  we  have  for  the  sulphate  of  mag- 
nesia 60-44.  & 

A  reference  to  the  tables,  the  use  of  which 
will  be  explained,  shows  that  76-05  per  cent, 
of  sulphate  of  lime  is  equivalent  to  31-54  per 
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cent,  of  lime,  or  to  56-11  per  cent,  of  carbonate 
of  lime. 

It  also  appears  that  6044  per  cent,  of  sul- 
phate of  magnesia  is  equivalent  to  42-54  of 
carbonate  of  magnesia.  The  result  will  there- 
fore stand  thus : 

Carbonate  of  lime 56-1 1 

Carbonate  of  magnesia 42-54 

Alumina  and  oxide  of  iron 0-15 

Insoluble  matter 0-04 

Water 0-48 


99-32 


88.  Estimation  of  Carbonic  Acid.  To  ascer- 
tain the  quantity  of  carbonic  acid  in  limestones, 
or  in  any  other  carbonate,  we  employ  an  ap- 
paratus of  the  annexed  figure.    (Fig.  26.)     It 


Fig.  26. 


-=0^"*-  ■'■---" 


chloride  of  calcium 


consists  of  a  small 
three-necked  bottle,  <z, 
into  which  is  introduced 
a  quantity  of  the  sub- 
stance, the  weight  of 
which  has  either  been 
previously  ascertained 
or  may  be  determined 
still  better  by  weighing 
subsequent  to  its  intro- 
duction into  the  bottle, 
the  latter  having  been 
previously  counterpois- 
ed. 6  is  a  glass  tube 
containing  fragments  of 
having  a  small  orifice  at 
the  one  end  for  the  escape  of  the  carbonic 
acid  gas,  and  fitted  with  the  other  into  one  of 
the  necks  of  the  bottle,  a.  c  is  a  pipette,  the 
bulb  of  which  is  filled  with  the  acid,  either 
chlorohydric  or  sulphuric,  of  the  proper 
strength,  employed  for  the  decomposition  of 
the  carbonate.  The  third  neck  of  the  bottle  is 
used  for  the  introduction  of  the  substance. 
The  carbonate  being  introduced  into  the  bottle 
and  its  weight  known,  the  pipette,  c,  is  filled 
with  the  acid,  its  upper  orifice  closed  by  a 
cork,  and  its  lower  end  fitted  into  the  middle 
neck  of  the  bottle  by  means  of  a  perforated 
cork,  having  previously  wiped  off  all  acid  on 
the  outside.  The  third  neck  being  closed  by  a 
cork  and  the  apparatus  counterpoised,  the  acid 
is  let  down  on  the  carbonate  by  opening  the 
cork  at  the  upper  extremity  of  the  pipette,  till 
it  has  become  nearly  empty,  when  the  cork  is 
again  restored  to  its  place.  The  acid  expels 
the  carbonic  acid,  which,  by  passing  through 
the  chloride  of  calcium  tube,  deposits  all  mois- 
ture. To  complete  the  decomposition  of  the 
carbonate,  especially  if  it  be  carbonate  of  iron, 
the  apparatus  may  be  heated  gently.  After 
perfect  decomposition,  the  carbonic  acid  re- 
maining in  the  apparatus  is  removed  by  apply- 
ing the  mouth  to  the  chloride  of  calcium  tube 
and  drawing  atmospheric  air  through  it,  having 
loosened  the  cork  in  the  pipette.  The  whole 
apparatus  is  then  returned  to  the  balance  and 
its  loss  in  weight  ascertained,  which  yields  the 
amount  of  carbonic  acid  in  the  substance. 

89.  Analysis  of  Green  Sand.    The  constituents 
of  green  sand  are  silica,  oxides  of  iron,  alu- 
mina, lime    (not   always  present),  magnesia, 
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potassa,  and  water.  It  belongs  to  the  class  of 
hydrated  silicates,  and  is  therefore  decomposed 
by  acids.  Some  varieties  are,  however,  of 
very  difficult  decomposition,  and  require  lor 
this  purpose  a  protracted  digestion  for  several 
days  with  very  strong  chlorohydric  acid. 

a.  A  weighed  quantity  (say  one  to  one  and 
a  half  grammes)  is  decomposed  by  digestion 
with  strong  chlorohydric  acid.  Previous  pul- 
verization accelerates  the  decomposition  ;  but 
by  longer  time  it  may  be  effected  in  the  granu- 
lar state.  When  perfect  decomposition  lias 
taken  place,  which  is  known  from  the  entire 
disappearance  of  the  greenish  color,  some 
nitric  acid  is  added  to  convert  the  protoxide  <>( 
iron  into  peroxides.  The  residue  is  then  fil- 
tered, washed,  ignited,  and  weighed,  and  yields 
the  amount  of  silica  or  insoluble  matter. 

b.  The  filtered  solution  is  heated  and  pre- 
cipitated by  caustic  ammonia  till  it,  after 
stirring,  retains  an  alkaline  reaction.  The 
precipitate,  which  consists  of  peroxide  of  iron 
and  alumina,  is  collected  on  a  filter  and  washed 
thoroughly  with  hot  water.  It  is  then  washed 
from  the  filter  by  the  syringe-bottle  into  a 
porcelain  capsule,  and  heated  with  a  solution 
of  caustic  potassa,  which  dissolves  the  alumina, 
but  leaves  the  peroxide  of  iron  ;  the  latter  is 
separated  from  the  potassic  solution  by  filtra- 
tion, washed  first  with  hot  water  alone,  which 
washings  are  added  to  the  filtered  solution,  and 
subsequently  with  water,  to  which  is  added  a 
few  drops  of  a  solution  of  chloride  of  ammo- 
nium to  dissolve  the  potassa,  which  otherwise 
cannot  be  thoroughly  removed  from  the  per- 
oxide of  iron.  After  final  washing  with  pure 
water,  the  latter  is  dried,  incinerated,  and 
weighed.  The  iron  is  generally  considered  to 
exist  in  green  sand  as  protoxide,  and  therefore 
calculated  as  such  from  the  peroxide.  The 
potassic  solution  filtered  from  the  peroxide  of 
iron  is  supersaturated  with  chlorohydric  acid 
and  precipitated  by  ammonia  or  carbonate  of 
ammonia  till  it  assumes  an  alkaline  reaction. 
The  alumina,  which  hereby  precipitates,  is  col- 
lected on  a  filter,  washed  carefully  with  hot 
water,  dried,  incinerated,  and  weighed. 

c.  The  solution  filtered  from  the  alumina 
and  peroxide  of  iron  (6)  after  their  precipita- 
tion by  ammonia,  is  mixed  with  a  few  drops 
of  oxalate  of  ammonia.  If  it  cause  any  pre- 
cipitate, more  is  added  to  complete  the  precipi- 
tation of  all  the  lime.  The  oxalate  of  lime  is 
left  to  subside,  filtered,  washed,  dried,  and,  by 
incineration  at  a  low  red  heat,  converted  into 
carbonate  of  lime,  from  the  weight  of  which, 
that  of  the  lime  is  computed. 

d.  The  solution  filtered  from  the  oxalate  of 
lime,  contains  the  magnesia  and  potassa  com- 
bined with  chlorohydric  acid.  It  is  evaporated 
to  dryness  in  a  porcelain  capsule,  transferred 
into  a  counterpoised  porcelain  or  platinum 
crucible,  heated  for  the  expulsion  of  all  am- 
moniacal  salts,  and  then  kept  for  some  time  at 
a  low  red  heat,  placing  once  or  oftener  a  piece 
of  carbonate  of  ammonia  on  the  ignited  mass, 
and  covering  it  to  keep  it  in  contact  with  the 
ammoniacal  vapors.  The  mass,  which  con- 
sists of  chloride  of  potassium  and  magnesia,  is 
then  allowed  to  cool  and  weighed.  On  dis- 
solving  it  in   water,  the    magnesia  remains 
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insoluble,  and  is  separated  by  filtration,  ignited, 
and  weighed.  Deducting  its  weight  from  the 
joint  weight  of  it  and  the  chloride  of  potas- 
sium, that  of  the  latter  is  obtained,  from  which 
the  amount  of  potassa  is  computed.  A  more 
accurate  separation  of  the  magnesia  from  the 
chloride  of  potassium  may  be  effected  by  dis- 
solving the  mass,  after  the  volatilization  of  the 
ammoniacal  salts,  in  a  small  portion  of  water, 
adding  some  peroxide  of  mercury,  again  evapo- 
rating it  to  dryness,  igniting  and  weighing  it. 
The  mass  is  then  treated,  as  before,  with  water, 
which  leaves  the  magnesia  undissolved. 

e.  To  ascertain  the  quantity  of  water,  it  is, 
for  most  practical  purposes,  accurate  enough 
to  ignite  a  weighed  portion  of  the  green  sand 
in  a  covered  crucible  and  ascertain  the  loss. 
By  the  ignition,  however,  a  portion  of  the  pro- 
toxide of  iron  is  converted  into  peroxide,  which 
increases  the  weight  of  the  remaining  mass. 
If  it,  therefore,  be  desired  to  ascertain  the 
weight  of  the  water  directly,  it  may  be  per- 
formed as  in  the  following  (90). 

90.  Estimation  of  Water.  To  determine  the 
quantity  of  water  in  hydrated  substances,  in- 
troduce a  weighed  quantity  into  a  small  test- 
tube,  the  lower  end  of  which  may  have  been 
somewhat  expanded  into  a  bulb  before  the 
blowpipe;  adapt  a  perforated  cork  to  the  other 
end,  and  connect  it  by  the  perforation  with 
Liebig's  chloride  of  calcium  tube  (b,  fig.  2,  PI 
I.),  as  described  under  Organic  Analysis.  The 
whole  apparatus  is  kept  in  a  horizontal  posi- 
tion or  inclined  slightly  forward,  while  the  end 
of  the  test-tube,  containing  the  green  sand,  is 
heated  by  a  single-wicked  spirit-lamp.  The 
water  is  thus  expelled  and  condensed  or  ab- 
sorbed in  the  chloride  of  calcium  tube.  The 
increase  in  weight  of  the  latter  indicates, 
therefore,  the  amount  of  water.  This  appa- 
ratus answers  admirably  for  the  direct  deter- 
mination of  water  in  many  other  cases,  espe- 
cially where  combined  with  other  volatile 
matters,  such  as  carbonic  acid.  In  the  latter 
case,  the  carbonic  acid  remaining  in  the  appa- 
ratus must  be  removed,  previous  to  its  weigh- 
ing, by  a  slight  suction  of  air  with  the  mouth 
at  the  end  that  was  not  connected  with  the 
test-tube. 

91.  Analysis  of  Felspar.  The  different  varie- 
ties of  felspar  belong  to  that  class  of  silicates 
which  are  not  decomposed  by  acids.  We  sup- 
pose it,  in  the  present  case,  to  contain  silica, 
peroxide  of  iron,  alumina,  lime,  magnesia,  soda, 
and  potassa.  The  felspar  is  crushed  in  the 
steel  mortar  and.  pulverized  finely  in  an  agate 
mortar. 

a.  A  certain  weight  (1  to  2  grammes)  is  then 
mixed  thoroughly  with  three  and  a  half  times 
its  own  weight  of  anhydrous  carbonate  of 
soda,  and  the  mixture  fused  in  a  platinum  cru- 
cible for  15  to  20  minutes.  If  the  fusion  be  per- 
formed by  the  spirit  or  gas  argand-lamp,  it  is 
necessary  to  use  the  jet  of  the  table-blowpipe. 
If,  after  complete  fusion,  the  crucible  be  re- 
moved by  a  forceps,  and,  by  appropriate  move- 
ments, the  melted  mass  be  made  to  run  around 
and  cool  on  the  inner  sides  of  the  crucible,  it 
will  greatly  facilitate  the  subsequent  solution 
in  water.  This  is  effected  by  soaking  the  cru- 
cible in  water  for  some  time,  when  the  fused 
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mass  may  be  completely  loosened  from  it  and 
transferred  into  a  porcelain  capsule,  and  all 
adhering  particles  removed  by  dilute  chloro 
hydric  acid,  which  is  added  to  the  mixture  in 
the  capsule.  The  fused  mass  being  entirely 
softened,  and  if  any  lumps  should  exist,  these 
being  crushed  in  the  capsule  by  the  careful 
use  of  a  pestle,  the  mixture  is  supersaturated 
with  chlorohydric  acid,  and  the  acid  solution 
evaporated  nearly  to  dryness,  avoiding  any  loss 
by  spirting  (16).  The  mass  is  then  moistened 
with  chlorohydric  acid  and  redissolved  in 
water.  The  silica  remains  hereby  insoluble, 
and  is  separated  by  filtration,  washed,  dried, 
ignited,  and  weighed. 

6.  The  filtered  solution  is  heated  and  mixed 
with  ammonia  in  excess,  which  precipitates 
alumina  and  peroxide  of  iron.  They  are  sepa- 
rated from  each  other  as  described  under  the 
analysis  of  green  sand  (89.  b).  The  filtered 
solution  is  precipitated  by  oxalate  of  ammonia, 
and  the  oxalate  of  lime  separated  and  con- 
verted into  carbonate  of  lime  (89.  c).  The 
amount  of  lime  is  computed  from  the  obtained 
weight  of  the  carbonate  of  lime. 

c.  The  solution  filtered  from  the  oxalate  of 
lime  is  heated  to  ebullition,  carbonate  of  soda 
added  in  excess  to  expel  the  ammonia,  and 
the  whole  evaporated  to  dryness.  On  redissolv- 
ing  the  mass  in  boiling  water,  the  magnesia 
remains  as  carbonate,  which  is  filtered,  ignited, 
whereby  it  loses  its  carbonic  acid,  and  weighed. 
It  may,  however,  be  remarked  that,  as  many 
felspars  contain  only  small  traces  of  magnesia, 
the  residue,  if  small,  should  be  redissolved  and 
tested  for  this  substance.  On  account  of  the 
introduction  of  so  large  a  quantity  of  car- 
bonate of  soda  for  fusing  the  mineral,  the 
amount  of  the  latter  base  in  the  felspar  cannot 
be  estimated  in  this  way ;  but  if  the  soda  em- 
ployed be  pure,  the  remaining  solution  may  be 
tested  for  potassa  by  the  addition  of  chloride 
of  platinum,  and  even  its  quantity  tolerably 
well  ascertained  by  evaporating  the  mass 
to  dryness  and  treating  it  with  alcohol  in 
the  usual  manner  for  the  estimation  of  this 
base  (91.  g.). 

d.  In  order  to  estimate  the  quantity  of  soda 
and  potassa,  a  separate  analysis  must  be  made 
of  another  portion  by  fluohydric  acid.  For  this 
purpose,  a  weighed  quantity  (1  to  2  grammes, 
depending  on  the  size  of  the  apparatus  for  its 
decomposition)  is  decomposed  by  fluohydric 
acid  as  described  in  (78).  The  decomposition 
is  complete  when  the  powder  has  disappeared 
entirely,  and  the  whole  is  either  dissolved  or 
converted  into  a  paste-like  mass.  It  is  then 
treated  on  the  platinum  dish  with  concentrated 
sulphuric  acid,  and  heated  till  it  becomes  per- 
fectly dry  and  the  excess  of  sulphuric  acid  is 
expelled.  It  is  then  moistened  with  chloro- 
hydric acid,  transferred  to  a  digesting-vessel, 
and  digested  with  water  to  which  has  been 
added  some  chlorohydric  acid,  by  which  it 
dissolves  completely,  but  slowly,  particularly 
if  the  heat  should  have  been  raised  so  high  as 
to  cause  part  of  the  alumina  to  lose  its  sul- 
phuric acid. 

e.  The  solution  is  then  precipitated  by  am- 
monia, and  the  alumina  and  peroxide  of  iron 
separated  as  before  (89.  6).    The  lime  is  then 

189 


ANALYSIS. 


ANALYSIS. 


precipitated  from  the  filtered  solution  by  the 
addition  of  oxalate  of  ammonia.  The  quanti- 
ties of  these  three  substances  ought  of  course, 
if  estimated,  to  correspond  to  that  obtained  in 
the  previous  experiment  by  fusion  with  car- 
bonate of  potassa. 

/.  The  filtered  solution  from  the  oxalate  of 
lime  is  evaporated  to  dryness  in  a  porcelain 
capsule,  transferred  to  a  platinum  crucible,  and 
ignited  to  expel  ammoniacal  salts.  The  re- 
maining mass,  which  consists  of  the  sulphates 
of  magnesia,  soda,  and  potassa,  is  then  dis- 
solved in  water  and  precipitated  by  a  solution 
of  acetate  of  baryta  in  excess.  The  sulphates 
are  hereby  converted  into  acetates.  The  solu- 
tion is  filtered  from  the  insoluble  sulphate  of 
baryta,  and  with  the  washings  evaporated  to  dry- 
ness in  a  small  porcelain  capsule,  and  heated 
either  in  the  latter  or  after  being  transferred 
into  a  crucible  to  complete  the  charring  of 
the  acetates,  by  which  they  are  converted  into 
carbonates.  Of  the  latter,  the  carbonates  of 
magnesia  and  baryta  are  insoluble,  and  remain, 
therefore,  by  treatment  of  the  mass  with  water. 
They  are  separated  by  filtration,  washed,  and, 
if  it  be  desired  to  estimate  the  magnesia,  treated 
with  dilute  sulphuric  acid,  which  dissolves  the 
magnesia,  but  leaves  behind  insoluble  sulphate 
of  baryta,  which  is  separated  by  filtration. 
The  filtered  solution  containing  the  sulphate  of 
magnesia,  is  evaporated  to  dryness,  ignited, 
and  weighed,  and  from  the  amount  of  sulphate 
of  magnesia  that  of  the  magnesia  computed. 

g.  The  solution  filtered  from  the  carbonates 
of  magnesia  and  baryta  is  supersaturated  with 
chlorohydric  acid,  evaporated  to  dryness,  and 
heated  in  a  crucible  to  a  commencing  red  heat, 
and  its  weight  ascertained;  it  yields  the  joint 
weight  of  the  chlorides  of  sodium  and  potas- 
sium. They  are  dissolved  in  water,  mixed 
with  chloride  of  platinum,  evaporated  to  dry- 
ness in  a  water-bath,  and  then  treated  with 
alcohol  of  0*84.  The  chloroplatinate  of  potas- 
sium thus  left  is  collected  on  a  counterpoised 
filter,  washed  with  alcohol,  dried,  and  weighed 
on  the  filter.  From  its  weight  the  amount  of 
potassa  is  computed,  and  also  its  equivalent  of 
chloride  of  potassium.  Subtracting  the  latter 
from  the  joint  weight  of  the  chlorides  of  sodium 
and  potassium,  previously  obtained,  we  obtain 
the  weight  of  the  chloride  of  sodium,  from 
which  the  amount  of  soda  is  computed. 

C.  Analysis  of  Gases. 

92.  Gaseous  substances  are  generally  col- 
lected over  water,  both  on  account  of  its 
greater  convenience  and  from  the  expense  at- 
tendant on  the  use  of  mercury  for  this  purpose. 
The  employment  of  the  latter  becomes,  how- 
ever, necessary  when  the  gases  are  absorbed 
largely  by  water,  or  where  great  accuracy  is 
desired  in  their  quantitative  estimation.  The 
gas  may  either  be  collected  in  larger  bell- 
glasses,  from  which  smaller  portions  are  sub- 
sequently drawn  for  the  purpose  of  their  ex- 
amination, but  in  most  cases  it  will  be  found 
preferable  to  collect  them  at  once  in  glass 
tubes,  in  which  they  are  afterwards  examined. 
These  glass  tubes  are  sealed  at  the  one  end, 
and  should  not  be  made  wider  than  £  inch  or 
a  little  more,  from  the  difficulty  of  closing  the 
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orifice  of  larger  tubes  with  the  finger.  They 
are  used  of  different  lengths,  from  that  of  a  com- 
mon test-tube  to  15  inches  or  even  longer.  By 
the  collection  of  gases  over  water  an  excellent 
pneumatic  trough  for  these  tubes  may  be  made 
out  of  a  common  water-basin,  or  even  of  a 
porcelain  capsule,  by  placing  at  the  bottom  of 
it  a  loose  ring  made  of  a  slip  of  sheet-lead, 
having  the  upper  edge  notched,  on  which  the 
mouth  of  the  tubes  are  placed  while  their  bodies 
rest  against  the  side  of  the  basin,  or,  if  longer, 
are  kept  in  the  upright  position  by  a  clamp  or 
holder. 

Among  the  gases  ordinarily  occurring,  we 
select  the  following: 

1.  Oxygen,  11.  Chlorohydric  acid, 

2.  Hydrogen,  12.  Cyanohydric  acid, 

3.  Light   carburetted    13.  Ammonia, 

hydrogen,  14.  Carbonic  acid, 

4.  Olefiant  gas,  15.  Sulphurous  acid, 

5.  Phosphuretted  hy-    16.  Chlorine, 

drogen,  17.  Cyanogen, 

6.  Arseniuretted  hy-    18.  Sulphuretted  hydro- 

drogen,  gen. 

7.  Carbonic  oxide, 

8.  Nitric  oxide, 

9.  Nitrous  oxide, 
10.  Nitrogen, 

93.  The  gas  to  be  examined  is  first  shaken 
with  a  concentrated  solution  of  caustic  potassa, 
by  which  all  the  gases  11 — 18  are  absorbed, 
while  1 — 10  are  left  behind. 

94.  Examination  of  the  Gas  left  by  caustic 
Potassa.  A  portion  of  the  gas  left  unabsorbed 
by  caustic  potassa  is  first  tried  in  regard  to  its 
combustibility.  If  it  burn  when  inflamed  in 
contact  with  the  atmosphere,  it  must  princi- 
pally consist  of  one  or  more  of  the  combusti- 
ble gases  2 — 7. 

If  this  be  not  the  case,  but  the  gas,  on  the 
contrary,  support  the  combustion  of  a  glowing 
taper,  it  contains  oxygen  or  nitrous  oxide. 

If  it  explode  by  ignition,  it  contains  a  mix- 
ture of  combustible  gases  with  oxygen. 

If  it  be  neither  inflammable  nor  support  the 
combustion  of  a  glowing  taper,  it  consists  prin- 
cipally of  nitrogen  or  nitric  oxide. 

95.  A  portion  of  the  gas  left  unabsorbed  by 
caustic  potassa  is  shaken  with  a  solution  of 
nitrate  of  silver,  which  absorbs  phosphuretted 
and  arseniuretted  hydrogen,  with  the  forma- 
tion of  a  black  precipitate.  The  presence  of 
phosphuretted  hydrogen  is  easily  recognised 
by  its  peculiar  odor,  and  by  its  producing  by 
combustion  white  fumes  of  an  acid  reaction, 
and  by  its  sometimes  inflaming  spontaneously 
when  brought  in  contact  with  atmospheric  air. 
Arseniuretted  hydrogen  deposits,  when  in- 
flamed, metallic  arsenic  on  a  plate  of  glass  or 
porcelain  held  in  the  flame. 

96.  If  the  gas  be  inflammable,  but  not  ab- 
sorbed by  nitrate  of  silver,  chlorine  gas  is 
added  to  it  over  water.  This  indicates,  then, 
the  presence  of  olefiant  gas  by  the  formation 
of  the  peculiar  oil,  and  the  ethereal  odor  im- 
parted by  it  to  the  water.  If  the  gas,  after  the 
admixture  of  chlorine  and  exposure  to  the 
action  of  light,  is  absorbed  by  lime-water  in 
excess,  with  a  turbidness,  the  gas  may  contain 
light  carburetted  hydrogen  or  carbonic  oxide. 
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The  two  latter  are  distinguished  from  each 
other  by  heating  them  over  mercury,  after  pre- 
vious desiccation,  with  apiece  of  metallic  po- 
tassium, which  absorbs  carbonic  oxide,  but 
does  not  act  on  light  carburetted  hydrogen.  If 
the  gas,  by  the  addition  of  chlorine  and  ex- 
posure to  light,  be  absorbed,  but  yield  no  pre- 
cipitate with  an  excess  of  lime-water,  it  con- 
sists only  of  hydrogen. 

97.  If  the  gas  explode  or  reinflame  a  glowing 
taper,  it  is  then  mingled  with  nitric  oxide.  If 
this  produce  red  fumes,  which  disappear  from 
absorption  by  water,  oxygen  is  present;  if,  on 
the  other  hand,  the  admission  of  oxygen  or 
atmospheric  air  cause  red  fumes,  it  indicates 
nitric  oxide.  The  latter  is  also  absorbed  with 
a  dark  color  by  a  solution  of  sulphate  of 
protoxide  of  iron. 

98.  If,  after  the  treatment  with  nitrate  of 
silver,  chlorine,  and  oxygen  or  nitric  oxide,  a 
gas  still  remain,  it  is  nitrogen  or  nitrous  oxide. 
By  shaking  it  with  about  one-fourth  of  its 
volume  of  alcohol,  nitrous  oxide  is  absorbed, 
while  nitrogen  is  left  behind. 

99.  Examination  of  the  Gas  absorbed  by  the  Solu- 
tion of  caustic  Potassa.  The  gases  absorbed  by 
a  solution  of  potassa  are  mostly  of  an  acid 
nature,  with  the  exception  of  ammonia,  which 
is  only  absorbed  as  it  would  be  by  water  alone. 
It  needs  hardly  to  be  remarked  that,  by  the 
presence  of  the  latter,  no  acid  gas  could  co- 
exist, as  they  would  neutralize  and  condense 
each  other.  These  gases  are  also  sufficiently 
soluble  in  water  to  be  separated  by  washing 
with  that  liquid,  and  the  solubility  of  chloro- 
hydric  acid  and  ammoniacal  gases  is  so  great 
that  they  may  be  separated  from  all  the  rest 
by  the  introduction  of  a  minute  quantity  of 
water,  and  subsequently  recognised  in  this 
solution  by  their  appropriate  tests  (nitrate  of 
silver  (45)  and  boiling  with  potassa  or  lime 
(68),).  Of  the  rest  of  the  gases  which  are  ab- 
sorbed by  potassa,  sulphuretted  hydrogen  and 
sulphurous  acid  cannot  coexist,  as  they  decom- 
pose each  other ;  either  of  them  is  readily 
recognised  by  its  odor;  the  former  also  by 
being  absorbed  by  a  solution  of  salts  of  lead, 
with  the  precipitation  of  black  sulphuret  of 
lead;  and  the  latter  by  being  absorbed  by  hy- 
peroxide  of  lead  with  the  formation  of  sulphate 
of  lead.  The  presence  of  chlorine  is  indicated 
by  its  color  and  odor,  and  its  power  of  bleach- 
ing the  color  of  litmus.  It  may  also  be  recog- 
nised in  the  solution  by  caustic  potassa.  The 
presence  of  cyanogen  is  recognised  after  its 
absorption  by  the  potassic  solution,  by  the  pre- 
cipitate of  Prussian  blue,  which  it  yields  when 
mixed  with  a  solution  of  sulphate  of  protoxide 
of  iron,  after  previous  neutralization  with  chlo- 
rohydric  acid. 

100.  Quantitative  Estimation  of  Gases.  If  one 
or  more  ingredients  of  a  solid  or  liquid  sub- 
stance be  gaseous,  and  its  weight  cannot  be 
ascertained  by  the  loss  which  its  expulsion 
occasions,  it  is  necessary  to  collect  it  and 
measure  its  whole  volume.  But  if  the  sub- 
stance under  analysis  be  gaseous  altogether,  it 
is  merely  necessary  to  determine  the  relative 
quantity  of  the  constituent  gases,  for  which 
purposes  one  or  more  measured  voiumes  of  the 
mixture  are  employed.    The  measuring  or  es- 


timation of  the  volume  e£  eas  is  performed  in 
small  cylindrical  tubes  similar  to  those  em- 
ployed for  their  qualitative  examination,  but 
generally  somewhat  longer,  and  graduated  into 
volumes.  These  volumes  ought  always,  for 
the  sake  of  converting  them  with  facility  into 
weights,  to  refer  to  a  certain  measure  of  a  cer- 
tain rational  and  decimal  weight  of  pure  water. 
Thus,  if  grain  weights  be  employed,  each 
volume  may  indicate  the  volume  of  ten  grains 
of  pure  water;  or  if  gramme  weights  be  used, 
the  volume  of  one  gramme  of  pure  water  is 
generally  made  the  unity  volume,  and  called 
cubic  centimeter.  The  volume  of  the  different 
gaseous  ingredients  is  generally  ascertained 
by  introducing  substances  into  the  graduated 
tube,  by  which  they  are  absorbed,  and  observ- 
ing the  diminution  in  volume  which  is  caused 
by  them.  The  quantity  of  hydrogen  and  carbon 
contained  in  a  gas  is  generally  ascertained  by 
explosion  with  oxygen  in  a  eudiometer  tube 
(see  Eudiometer),  and  calculating  subse- 
quently the  amount  of  hydrogen  from  the  re- 
sulting diminution  in  volume,  and  that  of  the 
carbon  from  the  quantity  of  carbonic  acid 
which  is  formed.  In  the  same  manner,  the 
amount  of  oxygen  is  ascertained  by  the  dimi- 
nution in  volume,  which  takes  place  by  its 
explosion  with  hydrogen. 

101.  In  measuring  the  volume  of  a  gas,  care 
should  be  taken  to  preserve  the  same  level  of 
liquid  outside  and  inside  the  tube,  or  to 
measure  accurately  the  difference  in  their 
height,  and  at  the  same  time  observe  the  tem- 
perature of  the  gas  and  the  barometric  pres- 
sure of  the  atmosphere.  The  observed  volume 
of  the  gas  is  then  reduced  to  the  normal  tem- 
perature and  pressure.  If  the  gas  be  measured 
over  water,  a  correction  is  also  to  be  made  for 
the  contained  vapor  of  water.  For  all  these 
corrections,  and  also  for  the  calculation  of  the 
weight  of  a  gas  from  its  volume,  we  refer  to 
article  Gas. 

D.  Analysis  of  Liquids. 

102.  If  the  substance  under  examination  be 
a  liquid,  it  should  first  be  examined  by  test- 
paper  to  ascertain  the  presence  of  free  alkali 
or  acid.  A  portion  of  it  should  then  be 
evaporated  to  dryness  to  form  some  idea  of  its 
content  of  solid  matter.  It  is  then  treated  as 
prescribed  under  the  analysis  of  solid  sub- 
stances, after  having  effected  their  solution. 
If  the  solution  be  very  dilute,  it  may  require  a 
previous  concentration;  but  care  should  then 
be  taken  that  no  volatile  matter,  as  volatile 
acids  or  gases,  escape  during  the  evaporation. 
If  this  be  suspected,  the  concentration  ought 
to  be  performed  in  a  retort  with  a  receiver,  to 
condense  the  vapors,  and  a  tube  passing  from 
the  receiver  into  a  pneumatic  trough,  for  the 
collection  of  the  gases. 

103.  The  natural  waters,  such  as  well,  spring, 
sea,  and  the  different  mineral-waters,  form  a 
large  group  of  fluids,  which  often  become  the 
subject  of  chemical  analysis.  These  waters 
may  of  course  be  analyzed  by  evaporating  a 
sufficient  quantity,  examining  the  gases  given 
off,  and  treating  the  residue  in  accordance  with 
the  rules  laid  down  for  the  analysis  of  solid 
substances  ;  but  as  these  waters,  like  the  sili- 
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cates,  have  been  found  to  contain  oniy  certain 
ingredients,  while  others  never  occur  in  them, 
and  may,  therefore,  be  disregarded  in  the  ex- 
amination, certain  methods  have  been  devised 
in  order  to  facilitate  their  analysis. 

104.  The  natural  waters  are  generally  di- 
vided into  (1.)  Chalybeate  or  ferruginous  waters, 
the  predominating  principle  of  which  is  iron, 
which  again  are  either  carbonated  chalybeates, 
containing  the  iron  in  the  state  of  carbonate  of 
the  protoxide  of  iron,  or  sulphated  chalybeates, 
containing  the  iron  as  sulphate.  (2.)  Sulphu- 
reous or  hepatic  waters,  or  those  which  contain 
in  solution  sulphuretted  hydrogen  gas.  (3.)  Al- 
kaline waters,  which  are  characterized  by  their 
content  of  carbonates  or  bicarbonates  of  the 
alkalies  and  the  alkaline  earths.  They  pass 
insensibly  into  acidulous  or  carbonated  waters, 
containing  an  excess  of  free  carbonic  acid  gas, 
and  comparatively  little  of  the  alkaline  and 
earthy  carbonates.  (4.)  Saline  waters,  where 
the  neutral  saline  ingredients  are  greatly  pre- 
dominant. Of  late  those  waters  which  con- 
tain iodine  have  been  separated  into  a  distinct 
class. 

105.  The  substances  which  are  most  com- 
monly found  in  natural  waters  are  chloride  of 
sodium,  with  the  chlorides  of  calcium  and 
potassium,  chloride  of  magnesium,  sulphates 
of  soda,  potassa,  lime,  magnesia,  and  iron,  car- 
bonate of  soda,  the  carbonates  of  lime,  mag- 
nesia, protoxide  of  iron,  sometimes  with  a 
trace  of  manganese,  and  silica.  The  waters 
of  larger  cities  sometimes  contain  small  por- 
tions of  the  nitrates  of  potassa,  lime,  and  mag- 
nesia. Substances  occurring  rarely  and  only 
in  minute  quantities,  are  lithia,  ammonia, 
alumina,  phosphoric  acid,  fluorine,  bromine, 
and  iodine,  besides  small  quantities  of  organic 
substances.  The  gases  which  are  most  com- 
monly met  with  in  them  are  carbonic  acid, 
sulphuretted  hydrogen,  small  portions  of  nitro- 
gen and  oxygen,  and  sometimes  traces  of  sul- 
phurous acid. 

Qualitative  Analysis  of  Mineral-waters. 

106.  The  general  character  of  the  different 
mineral-waters  may  be  readily  determined  by 
ibe  senses.  Their  chief  ingredients  may  then  be 
ascertained  by  the  application  of  different  tests 
to  separate  portions  of  it.  Some  practice  will 
also  enable  the  operator  to  form  at  the  same 
time  a  tolerably  correct  idea  of  the  quantity  of 
the  different  ingredients  indicated  by  the  tests 
from  the  abundance  of  the  precipitates  pro- 
duced. The  water  is  first  examined  in  regard 
to  its  appearance,  odor,  and  taste.  Thus,  the 
presence  of  sulphuretted  hydrogen,  even  in 
small  quantities,  may  easily  be  detected  from 
its  odor,  by  filling  a  glass  half-full  with  the 
water,  covering  it  with  the  hand,  shaking  it, 
and  then  quickly  applying  it  to  the  nose. 
Chalybeate  and  saline  waters  are  easily  dis- 
tinguished by  their  taste.  Whether  the  water 
contains  larger  quantities  of  gases  may  be  dis- 
covered by  shaking  it  in  a  bottle,  filled  half- 
full  with  it,  and  then  inverting  it  and  loosening 
the  finger  so  far  as  to  observe  whether  any 
water  is  forced  out,  which  may  be  received 
into  a  glass,  and  will  then,  from  its  quantity, 
convey  an  idea  of  the  amount  of  the  extricated 
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gas.  A  number  of  glasses  are  then  filled  witli 
the  fresh  water,  and  a  few  more  with  water 
which  has  been  kept  boiling  for  a  longer  time, 
and  subsequently  been  filtered.  The  following 
reagents  are  then  applied  to  the  different  por- 
tions of  the  water: 

1.  Blue  Tincture  of  Litmus.  If  a  few  drops  of 
this  reagent  freshly  prepared  assume  a  red 
color  when  added  to  the  water,  it  indicates  the 
presence  of  free  acid.  If,  after  the  lapse  of 
12  to  24  hours,  the  blue  color  be  again  restored, 
and  if  the  same  tincture,  when  added  to  a  por- 
tion of  the  boiled  and  filtered  water,  do  not 
change  color,  the  presence  of  carbonic  acid  is 
indicated. 

2.  Lime-water.  If,  by  the  addition  of  a  few 
drops  of  lime-water,  a  precipitate  is  formed  of 
carbonate  of  lime,  which  again  disappears  by 
mixing  it  with  the  rest  of  the  liquid,  or  by 
adding  more  of  the  water,  it  shows  the  presence 
of  free  carbonic  acid  or  of  alkaline  bicarbon- 
ates. If,  on  the  contrary,  it  do  not  disappear 
under  the  last-named  circumstances,  the  water 
contains  only  bicarbonates  of  the  earthy  alka- 
lies (lime  and  magnesia). 

3.  Chloride  of  Barium.  A  precipitate  pro- 
duced by  the  addition  of  a  solution  of  this  sub- 
stance, after  previous  supersaturation  with 
chlorohydric  acid,  indicates  the  presence  of 
sulphates. 

4.  Nitrate  of  Silver,  after  previous  addition  of 
nitric  acid  in  excess,  indicates  the  presence  of 
chlorides  by  the  formation  of  a  white  precipi- 
tate of  chloride  of  silver.  Sometimes  the 
cleared  liquid  assumes,  after  the  lapse  of  some 
time,  a  claret  color, retaining  its  transparency; 
this  is  caused  by  some  organic  substance.  If 
the  water  contain  sulphuretted  hydrogen  or  an 
alkaline  sulphuret,  nitrate  of  silver  causes  a 
black  or  brown  precipitate;  in  this  case  it  is 
best  first  to  precipitate  the  sulphur  by  sulphate 
of  copper,  and  after  the  subsidence  and  filtra- 
tion of  the  sulphuret  of  copper,  to  add  nitrate 
of  silver  with  some  nitric  acid,  which  then 
precipitates  the  chlorine  as  chloride  of  silver. 

5.  Oxalate  of  Ammonia  precipitates  oxalate 
of  lime.  If  the  water  contain  only  a  small 
quantity  of  lime,  it  requires  some  time  before 
the  precipitate  appears.  After  the  separation 
of  the  oxalate  of  lime,  the  addition  of 

6.  Phosphate  of  Ammonia  or  Soda,  with  some 
caustic  ammonia  to  the  filtered  solution,  will 
indicate  the  presence  of  magnesia. 

7.  An  infusion  of  Galls  is  used  as  a  test  for 
the  presence  of  iron.  In  freshly  drawn  car- 
bonated chalybeates  no  change  is  at  first  ob- 
served, but  subsequently  the  water  becomes 
more  and  more  colored.  A  light  purple  color, 
which  does  not  increase  in  the  lapse  of  several 
hours,  indicates  a  very  minute  quantity  of  iron, 
a  larger  quantity  of  which  produces  a  dark 
purple  or  blackish  color.  In  waters  which 
contain  a  large  amount  of  alkali,  an  infusion 
of  galls  produces  a  greenish  or  brownish  color. 
If  the  infusion  of  galls  indicate  the  presence 
of  iron,  but  produce  no  color  in  another  por- 
tion of  the  water  that  has  been  boiled,  the  iron 
was  dissolved  by  carbonic  acid;  and  if  the 
solution  in  this  case  assume,  after  some 
hours,  a  green  color,  an  alkali  is  present,  but 
it  must  then  have  been  kept  boiling  for  a  long 
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time,  otherwise  a  content  of  carbonate  of  mag- 
nesia may  produce  the  same  effect. 

The  presence  of  the  alkalies  as  chlorides  or 
sulphates  can  generally  be  only  ascertained  by 
concentrating  a  portion  of  the  water,  precipi- 
tating the  iron  and  the  alkaline  earths  by  a 
mixture  of  carbonated  and  caustic  ammonia, 
evaporating  the  solution  to  dryness,  and  ig- 
niting the  residue;  the  alkalies  then  remain  in 
combination  with  the  above  acids.  The  alkali 
is  generally  soda;  potassa  is,  however,  some- 
times found  to  be  present.  They  are  distin- 
guished as  described  (65). 

107.  A  thorough  qualitative  examination,  as 
well  as  the  quantitative  estimation  of  the  dif- 
ferent ingredients  of  mineral-waters,  can  only 
be  performed  by  the  evaporation  of  a  large 
portion  of  the  water  for  the  purpose  of  pro- 
curing a  sufficient  quantity  of  the  solid  resi- 
due. If  possible,  the  gases  contained  in  the 
water  should  be  examined  at  the  source  of  the 
water  itself  from  freshly  drawn  portions.  The 
evaporation  of  the  water  for  obtaining  a  suffi- 
cient quantity  of  the  salts  contained  in  it, 
ought  also,  if  possible,  to  be  performed  at  the 
place  itself,  to  avoid  the  difficulty  and  risk  in 
transporting  large  quantities  of  the  water, 
which  otherwise  is  necessary  in  order  to  have 
a  quantity  sufficient  for  the  examination  for 
the  more  rarely  occurring  substances.  During 
the  evaporation  of  the  water  the  same  salts 
precipitate  which  are  deposited  by  contact  of 
the  water  with  the  atmosphere.  These  may, 
if  desirable,  be  separated  by  filtration  of  the 
deposit  from  the  concentrated  solution,  after 
which  the  soluble  salts  may  be  evaporated  to 
dryness  by  themselves.  This  method  is  better 
than  to  treat  the  dry  residue  with  water,  as  by 
the  evaporation  to  dryness,  salts  are  rendered 
insoluble  which  would  not  separate  from  the 
solution.  But  the  best  plan  is  to  ascertain 
whether  the  water  do  not  form  at  its  sources 
spontaneous  deposits,  which  should  be  pro- 
cured and  examined  carefully  by  themselves, 
as  they  often  contain  substances  which  might 
escape  our  notice  by  the  examination  of  the 
water,  on  account  of  the  minute  quantity  in 
which  they  are  contained  in  it.  When  collect- 
ing the  water  in  bottles,  its  temperature  at  the 
time  ought  to  be  noted,  and  care  taken  to  seal 
the  bottle  perfectly  air-tight.  A  good  and  well 
secured  cork  will  keep  perfectly  air-tight  by 
itself,  while  it  is  mostly  impossible  to  attain  this 
object  by  any  means,  if  the  cork  be  imperfect. 

Quantitative  Analysis  of  Mineral-waters. 

108.  Alkaline  and  Carbonated  Waters.  Analysis 
of  the  fixed  Ingredients.  To  measure  the  dif- 
ferent portions  of  water  required  for  analysis, 
a  stoppered  glass  bottle  may  conveniently  be 
used,  having  first  ascertained  accurately  by 
weight  the  quantity  of  water  which  it  holds. 
This  bottle  is  also  used  for  taking  its  specific 
gravity. 

a.  To  ascertain  the  quantity  of  fixed  ingre- 
dients, one  or  more  measures  are  evaporated 
to  dryness  in  a  platinum  or  small  porcelain 
capsule,  previously  counterpoised  and  heated 
strongly.  If  it  contain  organic  matters,  the 
heat  should  be  high  enough  to  incinerate  them. 
The  weight  of  the  remaining  mass  is  then 
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ascertained  with  accuracy.  If  the  water  con- 
tain very  few  fixed  ingredients,  and  it  conse- 
quently should  become  necessary  to  use  a 
large  capsule  for  the  evaporation  of  a  sufficient 
quantity,  the  concentrated  solution  and  the 
residue  should,  towards  the  end  of  the  evapo- 
ration, be  transferred  into  a  small  crucible  or 
small  capsule  for  the  purpose  of  weighing  it, 
but  it  is  then  almost  impossible  to  remove,  by 
any  mechanical  means,  the  adhering  portion. 

b.  The  residue  is  treated  with  water,  and 
what  remains  undissolved  collected  on  a  coun- 
terpoised filter,  washed,  dried,  and  weighed  on 
the  filter.  It  consists  principally  of  silica,  car- 
bonate of  lime  and  magnesia,  and  peroxide  of 
iron,  which  have  been  kept  in  solution  by  car- 
bonic acid.  It  more  rarely  contains  traces  of 
phosphoric  acid  and  fluorine. 

c.  By  deduction  of  the  weight  of  the  insolu- 
ble salts  from  the  whole  residue,  the  weight  of 
the  soluble  salts  is  obtained.  The  latter  con- 
sist mostly  of  carbonate  of  soda,  with  smaller 
portions  of  chloride  of  sodium  and  sulphate  of 
soda.  They  sometimes  also  contain  some 
potassa  and  traces  of  lithia.  The  solution 
is  supersaturated  with  chlorohydric  acid, 
evaporated  to  dryness,  cautiously  ignited,  and 
weighed.  If  it  be  desired  to  examine  it  for 
potassa,  it  is  redissolved,  chloride  of  platinum 
added,  the  solution  evaporated  nearly  to  dry- 
ness, and  treated  with  alcohol.  If  any  chloro- 
platinate  of  potassium  remain,  its  weight  is 
ascertained  by  collecting  it  on  a  counterpoised 
filler,  and  the  amount  of  potassa  computed 
from  it. 

d.  For  estimating  the  sulphuric  acid,  a 
measured  quantity  of  the  water  is  mixed  with 
chlorohydric  acid  in  excess,  and  precipitated 
by  a  solution  of  chloride  of  barium.  The 
sulphate  of  baryta  is  filtered,  washed,  and 
weighed,  and  the  quantity  of  sulphuric  acid 
computed  from  it. 

e.  Another  measured  portion  of  the  water 
is  supersaturated  with  nitric  acid  and  precipi- 
tated with  nitrate  of  silver.  The  chloride  of 
silver  is  collected  on  a  counterpoised  filter  and 
weighed,  and  its  equivalent  of  chlorine  or 
chloride  of  sodium  computed. 

/.  The  potassa  is  generally  considered  as 
combined  with  its  equivalent  of  sulphuric  acid, 
the  rest  of  which  is  then  calculated  as  com- 
bined with  its  equivalent  of  soda.  Having 
calculated  from  the  known  weight  of  the 
potassa,  sulphuric  acid,  and  chlorine,  the  quan- 
tities of  sulphate  of  potassa  and  soda,  and 
chloride  of  sodium,  and  deducted  their  joint 
weight  from  the  weight  of  the  whole  of  the 
sulphates  and  chlorides  obtained  in  c,  the  dif- 
ference is  chloride  of  sodium,  equivalent  to 
the  amount  of  carbonate  of  soda  contained 
in  the  water,  which,  therefore,  is  calculated 
from  it. 

g.  The  salts  remaining  insoluble  by  treat- 
ment of  the  residue  with  water  (b)  are  dis- 
solved in  nitric  acid,  evaporated  to  dryness, 
and  redissolved  in  water,  after  previous  moist- 
ening with  a  few  drops  of  nitric  acid.  The 
silica  then  remains  insoluble,  and  is  separated 
by  filtration,  ignited,  and  weighed.  The  filtered 
solution  is  precipitated  by  caustic  ammonia  in 
excess,  and  filtered  rapidly.  The  precipitate 
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consists  chiefly  of  peroxide  of  iron,  but  may 
also  contain  small  portions  of  phosphoric  acid, 
alumina,  manganese,  and  phosphates  of  mag- 
nesia and  lime.  If  it  be  not  desired  to  esti- 
mate the  quantity  of  these  substances,  it  is 
ignited  and  weighed.  The  filtered  solution  is 
mixed  with  oxalate  of  ammonia,  by  which  the 
lime  is  precipitated  as  oxalate  of  lime,  which 
is  filtered  and  by  ignition  converted  into  car- 
bonate of  lime  and  weighed,  and  from  it  the 
quantity  of  lime  calculated.  The  filtered  solu- 
tion from  the  oxalate  of  lime  is  evaporated  to 
dryness  and  ignited,  to  expel  ammoniacal  salts 
and  nitric  acid  from  the  magnesia,  which  is 
then  weighed.  The  magnesia  may,  however, 
contain  traces  of  manganese  and  carbonate  of 
soda.  The  latter  is  extracted  by  water,  its 
weight  ascertained  by  evaporating  to  dryness 
and  ignition,  and  deducted  from  that  of  the 
magnesia. 

If  the  water  has  been  kept  in  bottles,  perox- 
ide of  iron  and  more  or  less  of  the  earthy  car- 
bonates are  apt  to  precipitate  on  the  inside  of 
the  bottles.  The  deposit  is  removed  by  a 
small  portion  of  nitric  acid,  and  either  analyzed 
separately  or  added  to  the  solution  of  the  in- 
soluble salts  in  nitric  acid. 

Estimation  of  the  Gases.  Small  quantities  of 
oxygen  and  nitrogen  are  generally  found  dis- 
solved in  these  waters;  but  it  is  more  espe- 
cially the  carbonic  acid,  the  quantity  of  which 
it  is  desirable  to  know.  It  occurs  partly  com- 
bined with  the  bases  as  bicarbonates,  partly  in 
its  free  state.  The  quantity  in  combination 
with  the  bases  is  obtained  by  precipitating  a 
certain  measure  of  the  water  with  a  solution 
of  neutral  nitrate  of  lead  in  excess,  collecting, 
filtering,  and  washing  the  precipitate,  and  de- 
termining its  content  of  carbonic  acid,  as  de- 
scribed (88). 

The  quantity  of  carbonic  acid  thus  obtained 
gives,  when  doubled,  the  quantity  contained  in 
Ihe  bicarbonates.  To  estimate  the  quantity  of 
free  carbonic  acid,  an  equal  quantity  of  water 
is  precipitated  with  a  solution  of  basic  acetate 
of  lead  in  a  closed  bottle.  The  precipitate  is 
allowed  to  subside,  and  must  be  collected  and 
washed  so  as  to  prevent  it  from  attracting  car- 
bonic acid.  Its  content  of  carbonic  acid  is 
then  determined  while  still  wet,  as  in  the 
former  case.  If,  then,  the  quantity  of  carbonic 
acid  in  the  bicarbonates  be  deducted  from  the 
quantity  obtained  in  this  last  experiment,  the 
difference  is  the  quantity  present  in  its  free 
state. 

109.  Saline  Waters.  The  amount  of  fixed  in- 
gredients is  determined  in  the  same  manner  as 
in  the  former  waters.  As  the  greatest  part  of  the 
magnesia  in  these  waters  is  present  as  chlo- 
ride of  magnesium,  it  loses  hereby  its  chlorine 
and  is  converted  into  magnesia,  which  remains 
insoluble.  The  analysis  of  the  fixed  residue 
may  be  conducted  as  in  the  former  case,  only 
with  such  modifications  as  maybe  required  on 
account  of  the  greater  quantity  of  sulphates 
and  chlorides.  The  usual  method  of  sepa- 
rating the  salts  by  alcohol  is  of  no  advantage. 

110.  Hepatic  Waters.  The  fixed  ingredients 
are  determined  as  in  other  waters.  The  sul- 
pnur,  which  in  these  waters  is  the  most  im- 
portant, may  exist  as  sulphuretted  hydrogen 
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and  as  a  soluble  sulphuret.  The  whole  quan 
tity  of  sulphur  which  they  contain  is  estii 
by  mixing  a  measured  quantity  of  the  water 
with  a  solution  of  nitrate  of  silver,  and  suffi- 
cient  ammonia  to  prevent  any  chloride  of 
silver  from  being  precipitated.  The  precipi- 
tate, which  consists  of  sulphuret  of  silver,  may 
also  contain  earthy  carbonates.  It  is  collected 
on  a  counterpoised  filter  and  succe: 
washed  with  ammonia,  acetic  acid,  ami  pure 
water,  after  which  the  remaining  sulphuret  of 
silver  is  dried  on  the  filter  and  weighed,  and 
from  it  the  amount  of  sulphur  computed.  To 
ascertain  the  quantity  of  free  sulphuretted  hy- 
drogen, a  measured  quantity  of  the  water  it 
kept  boiling  for  some  time,  filtered,  and  the 
quantity  of  sulphur  which  it  then  contains 
determined  as  before.  Deducting  the  quan- 
tity thus  obtained  from  the  former,  the  differ- 
ence gives  the  amount  of  free  sulphuretted 
hydrogen. 

II.  Analysis  of  Organic  Substances. 

111.  Under  the  name  of  organic  substances 
chemistry  comprises  all  those  substances 
which  are  either  immediate  products  of  vege- 
table or  animal  life,  or  obtained  from  them  by 
subsequent  treatment  with  chemical  reagents. 
A  great  number  of  the  former  are  sometimes 
distinguished  from  the  latter  by  the  names  of 
organized  substances,  when  they  retain  some 
inner  structure  from  the  manner  in  which 
they  were  deposited  or  formed  in  the  organic 
body.  In  organic  as  in  inorganic  chemistry, 
we  distinguish  between  proximate  and  ulti- 
mate constituents;  but  in  regard  to  the  imme- 
diate products  of  organic  life,  such  as  different 
parts  of  animals  and  plants  or  their  fluids, 
which  consist  of  a  mechanical  mixture  of 
a  number  of  substances,  these  ingredients 
are  often  incorrectly  termed  their  proximate 
constituents. 

112.  Organic  substances  are  either  acids, 
bases,  and  their  salts,  or  neutral  substances, in 
which  neither  the  character  of  acid  nor  of 
base  predominates,  and  which  cannot  be 
proved  to  be  salts  or  to  be  formed  by  the  com- 
bination of  any  proximate  constituents.  The 
substances  which  are  most  apt  to  become  the 
subjects  of  an  analysis,  with  a  view  to  deter- 
mine their  proximate  constituents,  are  mostly 
parts  of  animals  or  plants  or  their  fluids,  or 
artificial  mixtures  of  organic  substances,  which 
are  employed  in  medicine  or  in  manufactures 
and  arts. 

113.  The  organic  bases  are  almost  exclu- 
sively obtained  from  plants,  and  therefore  gene- 
rally called  vegetable  alkalies.  The  method 
employed  to  discover  them  is  to  extract  the 
substance  with  water  to  which  sulphuric  or 
chlorohydric  acid  has  been  added.  The  solu- 
tion is  then  neutralized  with  caustic  ammonia 
and  mixed  with  a  solution  of  tannin  as  long  as 
any  precipitate  is  formed.  The  precipitate  is 
washed,  mixed  with  hydrate  of  lime,  and  dried. 
It  is  then  boiled  with  anhydrous  alcohol,  which 
dissolves  the  organic  base,  and  deposits  it  on 
cooling  or  by  evaporation. 

114.  Organic  Jlcids.  The  plurality  of  these 
is  also  derived  from  the  vegetable  kingdom. 
They  are  mostly  found  in  the  juices,  either  in 
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their  free  state  or  in  combination  with  inorganic 
bases,  more  rarely  with  a  vegetable   alkali ; 
many  of  them  are  used  extensively  in  medi- 
cine and  in   manufactures  and  arts,  and  are 
therefore  often  met  with.    The  method  gene- 
rally used  for  their  separation  from  plants  or 
vegetable  products,  is  to  procure  the  juice  of 
the  plant,  or  to  make  an  infusion  of  the  sub- 
stance in  water  to  which  a  small  portion  of 
carbonated  alkali  has  been  added,  to  filter  the 
solution,  neutralize  it,  and  then  precipitate  it 
either  by  a  salt  of  lime,  or  neutral  or  basic 
acetate  of  lead,  according  to  the  greater  or 
less  solubility  of  the  salts  of  the  acids  with 
these  two  bases.    In  the  first  case  the  obtained 
salt  of  lime  may  be  decomposed  and  the  acid 
obtained  in  solution,  by  treatment  with  alcohol 
to  which  sulphuric  acid  is  added  in  small  por- 
tions, avoiding  an  excess.     In  the  two  latter 
cases  the  acid  is  liberated  by  decomposing  the 
salt  of  lead  by  sulphuretted  hydrogen.     The 
solution  of   the  acid  is  either  evaporated  to 
crystallization,  if  it  be  crystallizable,  or  neu- 
tralized by  a  base  with  which  it  forms  a  salt 
that  is  easily  crystallizable.     The  acid  or  its 
salt  is  often  purified  previous  to  its  crystalliza- 
tion by  boiling  with  animal  charcoal.     If  the 
acid  do  not  form  an  insoluble  salt  with  lime  or 
lead,  other  extraneous  substances  maybe  sepa- 
rated by  precipitation  with  their  salts,  when 
the  acid  remains  in  solution,  and  may  subse- 
quently be  separated  and  purified  in  the  same 
way.     Having  obtained  the  acid  or  one  of  its 
salts  in  a  pure  state,  it  may  then  be  recognised 
or  studied  by  its  peculiar  properties. 

115.  The  following  list  comprises  some  of 
the  organic  acids  of  most  frequent  occurrence: 


1.  Oxalic  acid 

2.  Tartaric  " 

3.  Citric 

4.  Malic        " 

5.  Benzoic    " 


6.  Succinic  acid. 

7.  Acetic         " 

8.  Formic       " 

9.  Tannic       " 
10.  Gallic         " 


Some  of  these  acids  are  extensively  used  in 
medicine  as  well  as  in  manufactures  and  arts, 
and  are  therefore  often  met  with  in  artificial 
preparations  or  mixtures.  The  best  way  of 
recognising  them  in  such  is  to  transfer  them 
to  one  of  the  alkalies,  if  they  are  not  already 
combined  with  them,  by  boiling  with  carbonate 
of  soda  or  potassa.  Thus  a  solution  of  the 
acid  with  the  alkali  is  obtained,  which,  after 
careful  neutralization  of  the  excess  of  the  car- 
bonated alkali  with  an  appropriate  acid,  may 
be  tested  with  the  different  reagents. 

116.  The  first  four  of  the  above-named  acids 
are  distinguished  from  each  other  by  the  beha- 
vior of  their  salts  with  lime.  After  their 
transfer  to  an  alkali,  and  perfect  neutralization 
of  the  solution  by  chlorohydric  acid  and  the 
addition  of  some  chloride  of  ammonium,  a 
solution  of  chloride  of  calcium  is  added.  If 
no  precipitate  be  produced,  or  only  after  the 
lapse  of  some  minutes,  it  indicates  the  absence 
of  oxalic  and  tartaric  acids  ;  but  if  a  precipitate 
appear  immediately,  it  indicates  the  presence 
of  one  or  both  of  them.  If  a  portion  of  the 
precipitate  be  charred,  the  presence  of  tartaric 
acid  will  be  indicated  by  the  great  abundance 
of  separated  carbon,  and  the  peculiar  odor  it 
exhales  during  its  charring.    The  presence  of 


oxalic  acid  is  ascertained  by  the  immediate 
appearance  of  a  precipitate  on  adding  a  solu- 
tion of  gypsum  to  the  original  solution. 

117.  The  solution  to  which  chloride  of  cal- 
cium has  been  added,  which  must  be  filtered  if 
a  precipitate  was  formed,  is  then  heated  to 
ebullition.  If  it  remain  clear,  citric  acid  is 
absent;  but  if  it  become  turbid  and  deposit  a 
precipitate,  the  presence  of  this  latter  acid  may 
be  inferred. 

118.  Malic  acid  is  under  none  of  these  cir- 
cumstances precipitated  by  a  solution  of  chlo- 
ride of  calcium  ;  but  if  the  original  solution  be 
saturated  with  acetic  instead  of  chlorohydric 
acid,  and  acetate  of  lead  added,  it  forms  a 
white  precipitate  of  malate  of  lead,  which,  after 
the  lapse  of  some  time,  loses  its  amorphous 
character  and  is  converted  into  groups  of  crys- 
talline needles,  and  which,  when  thrown  in 
mass  into  boiling  water,  assumes  a  soft,  gummy 
or  resinous  character. 

119.  Succinic  and  benzoic  acids  are  distin- 
guished by  the  readiness  with  which  they  sub- 
lime in  their  free  and  dry  state,  and  by  the  floc- 
culent  precipitate  which  their  neutral  alkaline 
salts  yield  with  a  solution  of  perchloride  of 
iron.  They  are  distinguished  from  each  other 
by  their  different  solubility  in  water,  which 
causes  the  benzoic  acid  to  separate  as  a  more 
or  less  minute  crystalline  precipitate,  by  the 
addition  of  chlorohydric  acid  to  a  moderately 
strong  solution  of  its  alkaline  salts.  The  suc- 
cinates of  the  alkalies  are  also  insoluble  in 
alcohol,  while  the  alkaline  benzoates  are  solu- 
ble in  it.  Succinic  acid  generally  retains  some 
odor  of  oil  of  amber,  which,  in  some  cases, 
may  lead  to  its  detection. 

120.  Acetic  and  formic  acids  are  easily  dis- 
tinguished by  their  volatility  and  odor,  when 
liberated,  by  the  addition  of  sulphuric  acid, 
after  which  they  are  easily  separated  by  distil- 
lation. They  are  then  easily  distinguished 
from  each  other  by  digestion  with  red  oxide  of 
mercury;  the  latter  is  immediately  reduced  to 
metallic  mercury  by  the  presence  of  formic 
acid,  while  the  presence  of  acetic  acid  is 
recognised  by  digestion  with  oxide  of  lead, 
with  which  it  forms  a  soluble  basic  acetate  of 
lead,  which  exhibits  a  strong  alkaline  reaction 
on  red  litmus  paper. 

121.  Tannic  and  gallic  acids  are  at  once 
recognised  by  the  dark  bluish  or  greenish  black 
precipitate,  which  even  dilute  solutions  of  them 
or  their  salts  yield  with  salts  of  peroxide  of 
iron.  They  may  be  distinguished  from  each 
other  by  a  solution  of  sulphate  of  quinine, 
which  precipitates  tannic  but  not  gallic  acid. 
If,  therefore,  no  precipitate  be  formed  by  sul- 
phate of  quinine,  or  if,  after  complete  pre- 
cipitation of  the  tannic  acid  by  it,  the  filtered 
solution  still  yield  the  characteristic  color 
with  salts  of  iron,  the  presence  of  gallic  acid 
is  indicated.  The  separation  of  tannic  acid 
may  also  be  effected  completely  by  a  piece  of 
raw  hide  prepared  for  tanning. 

122.  Of  neutral  or  indifferent  organic  Substances. 
Lignin  is  recognised  by  its  insolubility  in  all 
neutral  solvents,  as  well  as  in  dilute  acids 
and  alkalies.  Starch  is  generally  recognised 
by  its  insolubility  in  cold  water,  its  solubility 
in  hot  water,  and    the  blue  color  which  it 
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produces  with  iodine ;  gum  by  its  glutinous 
character,  its  solubility  in  water,  and  insolu- 
bility in  alcohol;  the  different  varieties  of 
resins  by  their  insolubility  in  water  and  their 
solubility  in  alcohol  of  different  strengths;  the 
different  oily  and  fatty  matters  by  their  insolu- 
bility in  water  and  weak  alcohol,  and  their 
solubility  in  anhydrous  alcohol  or  ether ;  the 
essential  oils  by  their  odor  and  their  volatility, 
when  distilled  with  water  and  alcohol.  Of  the 
most  common  nitrogenized  substances  of  this 
class,  glue  is  marked  by  its  solubility  in  hot 
water  and  its  gelatinizing  from  the  solution  on 
cooling;  soluble  albumen  by  its  coagulation  by 
heat  and  by  alcohol ;  coagulated  albumen,  as  well 
as  the  rest  of  the  protein  compounds,  among 
other  properties,  by  their  precipitation  by  fer- 
rocyanide  of  potassium  when  dissolved  in 
dilute  acids,  &c,  &c. 

123.  The  method  generally  employed  for  the 
analysis  of  parts  of  plants  and  animals,  con- 
sists" in  subjecting  them  to  extraction  with  a 
series  of  neutral  solvents  or  chemical  reagents, 
such  as  ether,  alcohol  of  various  strengths, 
water,  both  cold  and  hot,  dilute  acids  and  alka- 
lies. The  substance  is  first  dried  and  reduced 
to  a  coarse  powder,  and  then  the  operation  of 
extraction  with  the  different  solvents,  most  con- 
veniently performed  by  a  small  displacement 
apparatus  (see  Extract),  or  in  a  corked  bottle, 
using  small  portions  of  the  solvents  at  the  time, 
and  repeating  it  with  fresh  portions  as  long  as 
any  thing  is  dissolved.  The  different  solutions 
thus  obtained  are  evaporated  to  dryness  in 
order  to  ascertain  the  quantities  dissolved,  and 
these  residues  again  examined  and  separated 
into  the  different  substances  which  they  may 
contain. 

Ultimate  Organic  Analysis. 

124.  Organic  substances  consist  only  of  a 
kxv  ultimate  elements,  which,  by  combining  in 
different  but  fixed  proportions,  form  the  great 
variety  of  this  class  of  substances.  Much  the 
greater  number  contain  carbon,  hydrogen,  and 
oxygen,  and  many  also  nitrogen.  The  presence 
or  absence  of  the  latter  element  marks  them 
off  into  two  distinct  and  well  characterized 
classes,  nitrogenized  and  non-nitrogenizeel  sub- 
stances. A  qualitative  examination,  with  a 
view  to  determine  their  ultimate  elements,  is 
therefore  rarely  called  for,  except  in  regard  to 
the  presence  of  the  last-mentioned  element. 
Some  organic  substances  contain  sulphur  and 
phosphorus,  and  most  of  the  immediate  pro- 
ducts of  organic  life  always  contain  some 
inorganic  ingredients  which  can  only  be  sepa- 
rated from  them  by  incineration,  and  are  called 
their  ashes. 

It  will  be  evident  from  the  foregoing  remarks 
that  ultimate  analyses,  either  qualitative  or 
quantitative,  are  of  little  use  in  determining 
the  proximate  constituents  of  organic  sub- 
stances, or  their  identity  with  known  sub- 
stances, unless  they  have  been  obtained  in 
their  perfectly  pure  state.  The  main  object  of 
the  ultimate  analysis  of  an  organic  substance 
is  generally  to  determine  with  accuracy  the 
quantity  of  its  different  elements,  and  from  that 
the  relative  number  of  atoms  which  enter  into 
its  composition. 
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125.  In  estimating  the  quantity  of  the  ulti- 
mate elements,  nitrogen  is  the  only  one,  the 
quantity  of  which  is  still  determined  in  its  free 
or  gaseous  state.  The  methods  employed  have 
all  for  their  object  to  effect  a  complete  combus- 
tion or  oxidation  of  the  substance,  so  as  to  con- 
vert all  its  carbon  into  carbonic  acid  and  its 
hydrogen  into  water,  and  to  determine  the 
quantity  it  yields  of  these  two  substances,  from 
the  known  composition  of  which  the  quantities 
of  carbon  and  hydrogen  are  computed.  If  the 
substance  contain  nitrogen,  this  is  liberated 
and  either  collected  at  the  same  time,  its  quan- 
tity being  determined  by  measuring  its  volume, 
or  a  separate  analysis  performed,  with  a  view 
to  determine  the  quantity  of  this  element  alone, 
either  directly  by  measurement  or  by  the  quan- 
tity of  ammonia  which  it  may  be  made  to 
yield,  as  will  be  presently  described.  The 
content  of  oxygen  is  in  every  case  estimated 
by  loss,  or  the  difference  between  the  weight 
of  the  substance  and  the  joint  weight  of  its 
other  elements. 

126.  To  effect  the  combustion  of  the  sub- 
stance, various  methods  have  been  adopted. 
Gay-Lussac  and  Thenard,  who  performed  the 
first  successful  elementary  analyses  of  organic 
substances,  mixed  the  dry  substance  and  chlo- 
rate of  potassa  in  weighed  quantities,  made 
them  by  water  into  a  soft  mass,  and  formed 
them  into  small  pills,  which  again  were  dried. 
The  quantity  of  the  substance  and  of  chlo- 
rate of  potassa,  which   a   certain  weight  of 
them  contained,  was  thus  known,  and  also  the 
quantity  of  oxygen  contained  in  the  latter;  this 
having  been  ascertained  by  a  separate  experi- 
ment before  its  mixture  with  the  substance. 
To  effect  the  combustion  of  these  pills,  they 
employed  an  apparatus  consisting  of  a  glass 
tube  sealed  at  its  lower  end,  and  its  upper  ex- 
tremity mounted  by  a  brass  cock,  the  key  of 
which  was  not  perforated,  but  had  only  an 
excavation  sufficiently  large  to  receive  one  of 
the   pills,  and  drop  it  on    being  turned  half- 
round  into  the  lower  end  of  the  glass  tube, 
which  was  kept  at  a  low  red-heat,  and  where 
the  deflagration  then   took  place.     The  gene- 
rated gases  were  carried  off  by  a  lateral  tube, 
inserted  below  the  cock,  and  were  received  in 
a  graduated  bell-glass  over  mercury.    Before 
beginning  the  analyses,  a  number  of  pills  were 
deflagrated  merely  for  the  purpose  of  expelling 
the  atmospheric  air  from  the  apparatus,  and 
filling  it  with  the  same  mixture  of  gas  as  pro- 
duced by  the  deflagration,  in  order  to  avoid 
subsequent    deductions   and    corrections.     A 
weighed  quantity  of  the  pills  were  then  intro- 
duced, and   the   quantity  of    gas  which  they 
yielded  carefully  collected  and  measured,  and 
its  relative  proportion  of  carbonic   acid  and 
oxygen  ascertained  by  absorption  with  caustic 
potassa.     The  whole  quantity  of  carbonic  acid 
and  oxygen  yielded  by  a  certain  quantity  of  the 
substance  and  chlorate  of  potassa,  being  thus 
known,  the  amount  of  water  formed  by  the 
combustion  was  ascertained  by  deducting  the 
joint  weight  of  the  obtained  carbonic  acid  and 
oxygen  from  the  joint  weight  of  the  substance 
and  the  oxygen  contained  in  the  quantity  of 
the  chlorate  of  potassa  mixed  with  it.    The 
carbon   and    hydrogen   were    then  computed 
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from  the  obtained  amounts  of  carbonic  acid 
and  water.  Deducting  the  oxygen  in  the  chlo- 
rate of  potassa  from  the  joint  weight  of  the 
free  oxygen  in  the  obtained  mixture  and  that 
in  the  carbonic  acid  and  the  water,  the  dif- 
ference yielded  the  amount  of  oxygen  con- 
tained in  the  substance.  By  this  method  Gay- 
Lussac  and  Thenard  analyzed  19  organic  sub- 
stances, viz.:  15  vegetable  compounds,  acetic, 
oxalic,  tartaric,  citric,  and  mucic  acids,  com- 
mon sugar,  sugar  of  milk,  gum,  starch,  oak 
and  beech  wood,  olive  oil,  wax,  copal,  and 
white  turpentine  (resin)  ;  and  4  animal  sub- 
stances:  fibrin,  albumen,  casein,  and  glue. 
Experience  has  shown  that  with  proper  care 
correct  results  may  be  obtained  by  this  method. 

127.  But  as,  by  deflagration,  portions  are  apt 
to  escape  perfect  combustion  and  condense  on 
the  cooler  parts,  Be-rzelius  tried  to  avoid  this 
inconvenience  by  a  slow  and  more  perfect 
combustion,  for  which  purpose  he  employed  a 
mixture  of  chlorate  of  potassa  and  chloride  of 
sodium,  with  which  the  whole  quantity  of  the 
substance  was  mixed,  and  introduced  into  a 
glass  tube,  and  this  then  heated  slowly  in  a 
horizontal  position  from  one  end  to  the  other. 
He  also  introduced  the  improvement  of  collect- 
ing and  absorbing  the  generated  water  in  a 
separate  vessel,  and  thereby  was  enabled  to 
ascertain  directly  its  weight  with  great  accu- 
racy, which  is  of  the  greatest  importance,  on 
account  of  the  small  atomic  weight  of  the 
hydrogen.  As  chlorate  of  potassa  could  not  be 
employed  with  advantage  in  the  combustion 
of  nitrogenized  substances,  on  account  of  the 
readiness  with  which  it  gives  off  its  oxygen  by 
mere  heat,  and  the  consequent  formation  of 
nitric  acid  from  the  nitrogen  ;  the  introduction 
by  Gay-Lussac  of  oxide  of  copper  instead  of 
chlorate  of  potassa,  formed  another  great  im- 
provement. Finally,  the  invention  of  Liebig's 
potassa  bulbs,  by  which  a  complete  absorption 
of  the  carbonic  acid  is  effected  by  a  solution 
of  caustic  potassa,  and  thereby  all  collection 
of  gases  dispensed  with  in  the  analysis  of 
compounds  of  carbon,  hydrogen,  and  oxygen, 
and  the  lately  invented  method,  by  Varrentrapp 
and  Will,  of  converting  the  nitrogen  of  nitro- 
genized substances  into  ammonia,  and  absorb- 
ing it  by  an  acid,  thus  also  dispensing  with 
pneumatic  operations  in  the  analysis  of  nitro- 
genized compounds,  have  given  to  the  ulti- 
mate analyses  of  organic  compounds  a  high 
degree  of  perfection,  and  made  them  compara- 
tively easy  of  execution. 

Instead  of  performing  the  combustion  by 
heating  the  tube  in  a  small  furnace  by  a  char- 
coal fire,  several  attempts  have  been  made  to 
perform  this  operation  by  the  aid  of  spirit- 
lamps;  but  notwithstanding  there  is  less  nicety 
in  the  use  of  charcoal,  nothing  has  yet  been 
found  to  answer  equally  well. 

128.  Among  other  methods  of  effecting  the 
combustion  of  organic  substances,  that  of 
Prout  may  be  mentioned,  which  consists  in 
performing  the  combustion  in  a  measured 
volume  of  oxygen.  As  carbon,  by  its  combus- 
tion in  oxygen  gas,  does  not  alter  the  volume 
of  the  latter,  but  hydrogen,  by  the  formation 
and  condensation  of  water,  causes  half  of  its 
volume  to  disappear,  it  will  be  evident  that  if 
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the  combustion  of  a  substance  consisting  only 
of  carbon,  hydrogen,  and  oxygen,  be  performed 
in  oxygen,  it  will  not  alter  the  volume  of  this 
latter,  if  its  hydrogen  and  oxygen  be  exactly 
in  the  proportion  necessary  to  form  water ;  but 
that  if  it  contain  more  hydrogen,  this  excess 
will  cause  a  diminution  of  the  oxygen  equal  to 
half  its  volume;  and  if  it  contain  an  excess 
of  oxygen,  this  will  be  employed  for  the  con- 
version of  a  portion  of  the  carbon  into  car- 
bonic acid,  and  consequently  produce  an  in- 
crease of  the  volume  of  the  oxygen  equal  to 
its  own  volume.  If,  therefore,  the  volume  of 
the  oxygen  be  measured  before  and  after  the 
combustion,  and  also  the  quantity  of  carbonic 
acid  formed,  it  is  possible  from  this  and  the 
known  weight  of  the  substance  to  compute  its 
exact  composition. 

129.  We  shall  now  give  a  more  detailed 
description  of  the  method  of  Liebig  and  the 
apparatus  which  he  employs  for  this  purpose, 
with  a  few  remarks  of  Berzelius  on  several  of 
his  peculiar  arrangements. 

The  apparatus  of  Liebig  will  be  understood 
from  Fig.  2,  Plate  I. ;  a  is  the  combustion-tube, 
in  which  the  substance  to  be  analyzed  is  intro- 
duced after  its  mixture  with  oxide  of  copper  or 
chromate  of  lead,  from  which  it  obtains  the 
oxygen  necessary  for  its  combustion.  The 
figure  represents  the  tube  in  its  position  during 
the  analysis  in  the  trough-shaped  furnace  of 
sheet-iron,  in  which  it  is  heated  by  being  sur- 
rounded with  ignited  charcoal.  By  means  of 
a  perforated  cork,  the  combustion-tube  is  con- 
nected with  the  tube  in  which  the  water  pro- 
duced by  the  combustion  is  condensed.  It  is 
filled  with  chloride  of  calcium  in  order  to 
absorb  all  the  vapors  from  the  carbonic  acid, 
which  passes  through  it,  into  the  apparatus, 
mrp,  through  which  it  would  be  forced,  were 
it  not  absorbed  by  the  solution  of  caustic 
potassa  contained  in  the  lower  bulbs.  After 
the  completion  of  the  combustion,  the  carbonic 
acid  which  remains  in  the  combustion-tube  is 
extracted  from  it,  by  breaking  off  its  pointed 
extremity  and  applying  suction  to  the  other 
end  of  the  potassa  apparatus  at  p,  by  which  air 
is  drawn  through  the  whole  apparatus,  and  the 
carbonic  acid  absorbed  by  its  passage  through 
the  solution  in  the  potassa  bulbs.  The  weight 
of  the  water  and  the  carbonic  acid  is  obtained 
by  weighing  the  chloride  of  calcium  tube  and 
the  potassa  apparatus  before  and  after  the  com- 
bustion. 

130.  Desiccation  of  the  Substance.  An  essen- 
tial operation  before  beginning  the  analysis  of 
a  substance  is  to  obtain  it  in  its  perfectly  dry 
state.  Most  organic  substances  absorb  hy- 
groscopic moisture  from  the  air,  from  which 
they  can  only  be  freed  by  heating  them  to  a 
certain  temperature,  usually  that  of  boiling 
water,  either  in  vacuo  or  in  a  current  of  dry 
atmospheric  air.  Liebig  employs  a  contrivance 
as  seen  in  Fig.  1,  Plate  II.  It  consists  of  the 
glass  apparatus  a,  which  is  immersed  into  a 
vessel  containing  boiling  water,  the  substance  to 
be  desiccated  being  contained  in  its  larger  hori- 
zontal portion,  having  about  half  inch  in  diame- 
ter, to  which  are  attached  by  the  blowpipe  two 
smaller  tubes  bent  upward,  one  larger  for  th° 
introduction  of  the  ubstance,  and  connected,  by 
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means  of  a  perforated  cork,  with  a  tube  con- 
taining chloride  of  calcium,  the  end  of  which 
is  seen  ate,  and  another  smaller  one  bent  at  its 
upper  extremity,  at  right  angles,  to  connect  it 
with  the  tube  d.  The  use  of  the  three-necked 
Woulfe's  bottle  is  to  produce  a  suction,  and, 
consequently,  a  current  of  air  to  pass  over  the 
substance.  It  has  the  three  tubes  inserted  air- 
tight, by  means  of  perforated  corks,  into  its 
three  necks;  the  funnel-tube  serves  to  fill  and 
replenish  the  bottle  with  water ;  the  object  of 
the  syphon-tube  is  to  drain  the  water  out  of  the 
bottle  and  thereby  force  air  to  enter  through 
the  tube  d,  whose  lower  extremity  terminates 
about  an  inch  higher  than  the  lower  end  of  the 
outer  limb  e  d  of  the  syphon.  Filling  the  latter 
with  water  by  suction  with  the  mouth  at  *,  the 
draining  of  the  water  from  the  bottle  is  com- 
menced, and  a  current  of  air  passed  through 
the  whole  apparatus.  As  the  air  must  enter 
through  the  tube  c  filled  with  chloride  of  cal- 
cium, it  is  perfectly  desiccated  before  it  reaches 
the  substance  heated  in  the  desiccating  appa- 
ratus, by  being  surrounded  by  boiling  water, 
and  readily  removes  all  the  moisture  given  off 
by  it.  As  long  as  any  moisture  is  seen  to  con- 
dense at  d,  it  is  a  proof  that  the  desiccation  is 
not  yet  completed.  As  a  proof  of  the  latter, 
Liebig  prescribes  introducing  a  small  portion 
of  it  into  a  narrow  tube,  see  a,  Fig.  8,  PI.  I.,  and 
heating  the  end  of  the  tube  by  a  small  spirit- 
lamp,  or  in  a  sand-bath,  taking  care  not  to 
expose  it  to  a  temperature  at  which  it  is  de- 
composed. If  any  moisture  then  appear  to 
condense  in  the  colder  part  of  the  tube  at  b,  it 
proves  that  the  desiccation  is  not  complete, 
and  the  apparatus  must  often  then  be  heated 
in  a  solution  of  chloride  of  calcium  or  in  a 
sand-bath,  instead  of  boiling  water.  In  cases 
where  the  substance  retains  its  water  with 
great  tenacity,  it  is  sometimes  necessary  to  heat 
it  in  vacuo.  For  this  purpose  the  substance 
is  introduced  into  a  strong  cylindrical  test-tube, 
which  is  connected  with  an  air-pump  by  an 
interposed  tube  containing  chloride  of  cal- 
cium. The  test-tube  is  heated  in  a  bath  of 
chloride  of  zinc,  having  a  thermometer  im- 
mersed in  it  to  indicate  the  temperature.  By 
alternately  exhausting  and  admitting  the  air 
into  the  test-tube,  it  dissolves  the  moisture 
given  off  by  the  substance,  and  deposits  it  on 
its  passage  through  the  chloride  of  calcium 
tube. 

131.  Weighing.  Having  obtained  the  sub- 
stance in  a  perfectly  dry  state,  care  must  be 
taken  to  prevent  it  from  absorbing  moisture 
again  by  exposure  to  the  atmosphere  during  the 
subsequent  weighing.  The  weighing  is  there- 
fore best  performed  in  a  narrow  test-tube  (see 
p.  169,  Fig.  9).  The  quantity  of  the  substance 
employed  for  analysis  depends  on  different  cir- 
cumstances, and  generally  varies  from  0-3  to 
0-6  grammes.  A  portion,  as  near  as  can  be 
judged  to  be  the  desired  quantity,  is  quickly 
introduced  into  the  counterpoised  test-tube  and 
its  weight  ascertained  accurately.  In  mixing 
the  substance  with  oxide  of  copper  or  chro- 
mate  of  lead,  the  portion  adhering  to  the  tube 
is  carefully  rinsed  out  with  a  portion  of  these 
last-mentioned  substances  and  added  to  the 
mixture ;  or  the  tube  may  be  returned  to  the 
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balance,  and  the  weight  of  the  adhering  por- 
tion ascertained  and  deducted. 

132.  Oxide  of  Copper.  The  material  most 
usually  employed  to  effect  the  combustion  iv 
the  oxide  of  copper.  It  may  be  prepared  un- 
dissolving strips  of  pure  sheet-copper  in  pure 
nitric  acid,  evaporating  the  solution  to  dl 

in  a  porcelain  evaporating  dish,  and  igniting  it 
in  a  covered  hessian  crucible.  During  the 
ignition  the  oxide  must  be  stirred  with  an  iron 
or  copper  rod.  After  the  ignition  it  is  finely 
pulverized,  and  kept  in  well-stoppered  bottles. 
Oxide  of  copper  which  has  been  used  for 
analysis  is  again  restored  by  ignition  after 
previous  moistening  with  nitric  acid.  After  the 
analysis  of  an  organic  salt  of  the  alkalies  or  the 
alkaline  earths,  these  must  of  course  be  first 
extracted  by  digestion  with  some  dilute  nitric 
acid  and  subsequent  washing  with  boiling 
water.  Dumas  prepares  the  oxide  of  copper 
by  calcination  of  thin  sheet-copper  in  a  muifel, 
which  furnishes  a  compact  and,  for  many  pur- 
poses, superior  oxide.  A  mixture  of  coarse 
and  pulverulent  oxide  is  conveniently  made  by 
preparing  the  dry  nitrate,  breaking  it  in  pieces, 
interstratifying  it  with  clippings  of  sheet-cop- 
per, the  nitrate  being  in  excess,  and  heating  it 
in  a  hessian  crucible  to  a  bright  redness.  After 
cooling,  it  may  be  moistened  with  nitric  acid 
and  again  heated  to  a  full  red.  The  mass  then 
consists  of  pulverulent  and  granular  black 
oxide,  and  metallic  copper,  the  latter  of  which 
may  be  separated  from  the  oxides  by  breaking 
and  sifting. 

133.  Chromate  of  Lead.  For  the  analysis  of 
substances  which  contain  a  large  amount  of 
carbon,  such  as  coals,  <&c,  a  complete  combus- 
tion cannot  be  obtained  by  oxide  of  copper, 
unless  a  mixture  of  chlorate  of  potassa  ami 
oxide  of  copper  be  introduced  in  the  back  part 
of  the  combustion-tube,  by  which  oxygen  is 
given  off  at  the  end  of  the  operation.  F 
combustion  of  such  substances  chromate  of 
potassa  is  preferred,  since  it  contains  in  the 
same  volume  a  much  larger  quantity  of  oxygen. 
It  has  also  the  advantage  of  not  attracting  hy- 
groscopic moisture.  It  is  used  in  the  quantity 
of  somewhat  more  than  half  the  volume  that 
would  be  required  of  oxide  of  copper.  It  i 
prepared  by  precipitating  a  solution  of  bichro- 
mate of  potassa  with  acetate  or  nitrate  of  lead, 
and  washing  the  precipitate  carefully  with  hot 
water.  After  drying  it  is  heated  in  a  covered 
crucible  till  it  begins  to  soften,  and  then  subse- 
quently pulverized  finely.  Its  yellow  color  is 
changed  by  ignition  into  a  brown.  It  may  be 
substituted  in  all  cases  for  oxide  of  copper. 

134.  Combustion-Tubes.  The  tubes  used  for 
combustion  should  be  of  a  hard,  potash  glass, 
containing  no  oxide  of  lead  and  very  difficult  of 
fusion.  Those  made  in  Bohemia  are  recom- 
mended as  the  best.  They  should  be  a  little 
less  than  half  an  inch  in  diameter.  Before 
using  them  they  should  be  thoroughly  cleaned 
by  washing  with  water,  and  dried  perfectly  by 
drawing  air  through  them  with  the  mouth, 
while  the  other  end  is  heated.  The  one  end  is 
then  cut  off  square,  and  the  edges  rounded  ia 
the  fire  for  the  purpose  of  receiving  the  cork 
that  connects  it  to  the  chloride  of  calciun 
while  the  other  end  is  drawn  out  to  a  point 
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which  is  turned  upwards  and  sealed  as  shown 
in  PI.  I.,  Fig.  2.  The  length  of  the  tube  thus 
prepared  should  be  from  15  to  17  inches. 
During  the  combustion  it  always  should  be 
surrounded  by  a  tube  of  thin  sheet-copper  or 
iron  fastened  round  it,  by  a  few  pieces  of 
twisted  iron-wire. 

135.  The  shape  of  the  chloride  of  calcium  tube 
for  the  collection  of  the  water  is  seen  from  b, 
Fig.  2.  At  the  one  end  it  terminates  in  a 
narrow  tube,  which  is  fitted  into  the  combus- 
tion-tube by  means  of  a  perforated  cork.  Care 
should  be  bestowed  in  the  selection  of  a  cork 
free  from  imperfections.  Before  filling  it,  it  is 
squeezed  in  a  cork  press  to  render  it  soft.  The 
perforation  should  be  made  by  a  round  file,  and 
the  outside  cut  by  a  sharp  knife.  Liebig  pre- 
scribes that  it  should  fit  tightly,  and  that  it, 
previous  to  the  analysis,  should  be  heated  in  a 
crucible  by  a  sand-bath  to  a  pretty  high  tem- 
perature, in  order  to  free  it  from  hygroscopic 
moisture.  The  bulb  of  the  chloride  of  calcium 
tube  is  filled  with  larger  fragments  of  strongly 
dried  but  not  fused  chloride  of  calcium  ;  the 
rest  of  the  tube  is  filled  with  coarse  powder  of 
the  same  substance,  and  closed  by  a  well- 
fitting  perforated  cork,  having  a  small  piece  of 
glass  tube  inserted  in  its  centre,  in  order  to  con- 
nect it  with  the  potassa  apparatus.  Liebig 
prescribes  covering  the  cork  with  sealing-wax. 
The  chloride  of  calcium  is  prevented  from 
getting  out  at  either  of  the  extremities  by  a 
plug  of  loose  cotton.  Before  the  analysis,  the 
whole  tube  is  weighed  accurately,  which  may 
be  done  conveniently  by  suspending  it  to  the 
balance  by  a  piece  of  thin  wire,  twisted  in  its 
middle  into  a  hook  or  loop,  and  at  its  two 
extremities  into  hooks  to  receive  the  two  ex- 
tremities of  the  tube.  The  increase  of  the 
weight  after  the  analysis  is  the  amount  of 
water  yielded  by  the  combustion. 

136.  The  potassa  apparatus  is  connected  with 
the  chloride  of  calcium  tube  by  a  small 
caoutchouc  tube  (see  Caoutchouc).  It  consists 
of  a  small  glass  tube,  on  which  are  blown  5 
glass  bulbs,  3  of  them  close  together  in  the 
middle  and  one  on  each  side  at  some  distance 
from  them ;  and  the  whole  then  bent  in  the 
shape  as  represented  by  mrp,  fig.  2.  It  is 
partly  filled  with  a  solution  of  caustic  potassa 
of  spec,  gravity  1*25  to  1-27, by  immersing  one 
end  into  a  vessel  containing  the  potassic  solu- 
tion, while  suction  with  the  mouth  is  applied 
to  the  other  end,  with  the  intervention  of  the 
tube  B,fig.  3,  to  prevent  the  possibility  of  some 
of  the  solution  being  drawn  into  the  mouth. 
The  potassic  solution  should  fill  the  three 
lower  bulbs,  with  the  exception  of  a  small  air- 
bubble  in  each  of  them,  but  should  not  be  con- 
tained in  the  two  upper  ones.  The  whole 
apparatus  is  weighed  before  and  after  the 
analysis.  The  increase  in  weight  gives  the 
amount  of  carbonic  acid  yielded  by  the  com- 
bustion. During  the  weighing  the  apparatus 
may  be  suspended  from  the  balance  by  a  hook 
of  wire,  attached  where  the  small  tubes  cross 
each  other. 

137.  The  furnace  in  which  the  combustion- 
tube  is  heated  is  made  of  sheet-iron.  It  is  from 
22  to  24  inches  long,  3  inches  high,  4£  inches 
wide  at  the  top,  and  3  inches  at  the  bottom;  the 


latter  is  provided  with  transverse  slits  (see  fig. 
3)  about  half  an  inch  apart,  forming  a  kind  of 
grate.  Between  the  slits  perpendicular  pieces 
of  strong  sheet-iron  are  riveted  to  the  bottom, 
at  certain  intervals,  for  the  purpose  of  support- 
ing the  combustion-tube  on  their  upper  edges, 
which  are  therefore  excavated,  and  have  all 
exactly  the  same  height,  corresponding  with 
the  round  aperture  in  the  front  of  the  furnace 
for  the  admission  of  the  combustion-tube.  The 
furnace  is  placed  on  fire-bricks,  the  first  slit  in 
front  projecting  so  as  to  be  open,  but  the  rest 
closed.  The  fire-bricks  are  supported  on  a 
block  of  wood,  the  further  end  of  which  may 
be  slightly  raised  by  a  small  wedge.  The 
moveable  screen  g,  fig.  2,  serves  to  confine  the 
fire  and  protect  the  part  of  the  tube  that  is  not 
yet  ignited.  It  is  made  of  a  double  piece  of 
sheet-iron,  fitting  exactly  across  the  furnace, 
and  having  slits  for  the  accommodation  of  the 
combustion-tube.  The  fuel  employed  for  the 
ignition  is  good  charcoal,  which  ought  to  be 
broken  in  pieces  of  from  1  to  2  cubic  inches  in 
size,  and  separated  from  the  smaller  pieces  by 
a  sieve.  When  an  analysis  is  to  be  performed, 
a  sufficient  quantity  is  kept  ignited  in  a  furnace, 
from  which  they  are  readily  transferred  to  the 
combustion  furnace. 

138.  In  commencing  an  analysis,  after  having 
all  the  above  materials  and  apparatus  ready, 
and  the  substance  to  be  analyzed  desiccated,  a 
portion  of  the  latter  should  be  weighed  and 
mixed  with  the  necessary  quantity  of  oxide  of 
copper.  The  latter  ought  to  have  been  freshly 
ignited,  and  allowed  to  cool  in  a  bell-glass  over 
sulphuric  acid,  or  been  introduced  while  yet 
hot  in  a  well-stoppered  bottle.  To  have  a 
measure  for  the  quantity  required  for  the  mix- 
ture, the  combustion-tube  is  filled  with  it  to 
about  J  of  its  length.  A  portion  of  the  oxide 
is  then  shaken  out  into  a  mortar,  and  the 
weighed  portion  of  the  substance  mixed  with 
it,  removing  all  particles  adhering  to  the  tube 
by  rinsing  with  different  portions  of  oxide  of 
copper.  The  mortar  employed  for  the  mixing- 
should  be  of  porcelain,  and  have  its  inner  sur- 
face smooth,  but  not  glazed.  Before  using  it, 
it  should  be  previously  heated  and  rinsed  out 
with  some  oxide  of  copper,  which  is  not  mixed 
with  the  rest.  After  the  substance  has  been 
thoroughly  mixed  with  a  portion  of  the  oxide 
of  copper,  the  rest  is  added  and  mixed  with  it. 
To  guard  against  any  spilling  during  the  mix- 
ing, the  mortar  should  be  placed  on  a  sheet  of 
glazed  letter-paper.  Having  first  introduced 
into  the  bottom  of  the  combustion-tube  about 
half  an  inch  of  pure  oxide,  the  mixture  of  the 
substance  with  the  oxide  is  next  filled  into  it, 
which  is  best  done  by  the  aid  of  a  funnel  with 
a  wide  neck,  made  for  the  purpose,  and  the 
mortar  and  pestle  rinsed  out  2  or  3  times  with 
small  portions  of  oxide,  which  are  added  on 
top  of  the  first  mixture,  and  then  the  rest  of 
the  tube  filled  with  puret  oxide  till  within  an 
inch  of  its  mouth. 

139.  During  this  operation  the  attraction  of 
some  hygroscopic  moisture  cannot  be  pre- 
vented; and  as  this  would  influence  the  accu- 
racy of  estimating  the  hydrogen,  it  is  neces- 
sary to  remove  it  before  beginning  the  analysis 
This  is  done  by  surrounding  the  combustion 
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tube  in  a  wooden  trough,  D,  Fig.  1,  with  sand 
of  the  temperature  of  250°,  having  previously 

produced  a  passage  between  the  oxide  of 
copper  and  the  upper  side  of  the  tube  through 
its  whole  length,  by  gentle  tapping  of  the  tube 
in  a  horizontal  position,  and  then  connecting 
it  by  means  of  a  tube,  B,  containing  chloride 
of  calcium,  with  an  exhausting-syringe.  By 
alternately  exhausting  and  admitting  the  air 
for  10  or  12  times  into  the  combustion-tube, 
the  moisture  given  off  by  the  contents  of  the 
tube  is  dissolved  and  deposited  on  its  passage 
through  the  chloride  of  calcium. 

140.  During  the  foregoing  operation  the 
weighing  of  the  chloride  of  calcium  tube  and 
the  potassa  apparatus  may  conveniently  be 
performed.  Having  then  restored,  if  neces- 
sary, the  free  passage  over  the  oxide  for  the 
escape  of  the  gases  generated  during  the  com- 
bustion, the  combustion-tube  is  next  surrounded 
by  thin  sheet-copper,  if  thought  necessary,  and 
adjusted  in  the  furnace  in  a  horizontal  posi- 
tion or  inclined  slightly  forward,  and  projecting 
an  inch  out  of  the  furnace,  as  seen  in  Figs.  2 
and  3.  The  chloride  of  calcium  tube  is  then 
attached  to  it  by  its  perforated  and  previously 
desiccated  cork.  Its  position  should  also  be 
inclined  slightly  forward,  in  order  to  allow  the 
water  condensing  in  its  narrow  extremity  to  run 
into  the  bulb.  Its  other  extremity  is  connected 
by  a  small  caoutchouc  tube  with  the  potassa  ap- 
paratus. The  latter  may  be  rested  on  a  folded 
towel,  and  its  extremity  at?-,  Fig.  2,  slightly  ele- 
vated during  the  combustion  by  a  piece  of  cork,*. 
Before  beginning  the  combustion,  it  is  neces- 
sary lo  ascertain  that  all  the  connections  are 
tight,  by  sucking  out  of  the  apparatus  a  bubble 
or  two  of  air  by  means  of  the  tube  B,  Fig.  3,  fixed 
to  the  open  end  of  the  potassa  apparatus  by  a 
perforated  cork.  By  this  slight  rarefaction  of 
the  air  in  the  apparatus,  the  potassic  solution 
is  caused  to  rise  about  one  and  a  half  inch 
higher  in  the  bulb  at  m  than  in  the  opposite 
bulb.  If  this  difference  of  level  remain  un- 
changed for  some  time,  the  apparatus  may  be 
considered  tight,  otherwise  there  is  a  leak 
which  must  be  corrected. 

141.  The  combustion  is  commenced  by  sur- 
rounding the  anterior  portion  of  the  tube,  con- 
taining only  oxide  of  copper,  with  ignited  char- 
coal, protecting  the  rest  of  the  tube  by  the 
screen  g,  Fig.  2.  When  the  anterior  portion 
of  the  tube  has  become  red-hot,  the  screen  is 
gradually  moved  backwards  half  an  inch  or  an 
inch  at  the  time,  filling  the  space  immediately 
with  red-hot  coals,  so  as  to  raise  the  tempera- 
ture of  the  successive  portions  of  the  tube  at 
once  to  a  red  heat,  for  which  purpose  a  fan 
may  also  be  advantageously  employed.  It  is 
sometimes  necessary  to  place  a  screen  imme- 
diately inside  the  front  of  the  furnace,  to  pre- 
vent the  cork  from  being  burned,  while,  on  the 
other  hand,  if  any  water  be  seen  to  condense 
in  the  protruding  portion  of  the  tube  nearest 
the  cork,  it  should  be  prevented  by  a  few  ig- 
nited coals  placed  below  it.  The  combustion 
is  thus  proceeded  with,  taking  care  to  keep  up 
a  slow  but  steady  evolution  of  gas,  till  the 
screen,  in  the  course  of  from  20  to  30  minutes, 
has  been  moved  to  the  other  end  of  the  tube, 
and  the  combustion  is  completed.    If  the  latter 
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have  been  well  performed,  the  evolution  of  gas 
generally  ceases  suddenly.  The  lire  should 
then  be  brightened  up  through  the  whole 
length  of  the  tube,  either  by  fanning  or  by 
raising  the  furnace  slightly  from  the  bricks  by 
two  flat  pieces  of  iron  ;  but  the  heal 
never  lo  be  allowed  to  rise  above  a  dull  red 
heat. 

142.  As  soon  as  the  evolution  of  gas  ceases, 
the  potassic  solution  begins  to  rise  into  the 
bulb,  in,  from  the  absorption  of  the  carbonic 
acid  gas  contained  in  the  apparatus.  The 
charcoal  is  then  removed  from  the  outer  end 
of  the  furnace,  and  the  pointed  end  of  the  cora- 
bustion-tube  broken  off  by  a  pair  of  pliers,  and 
the  open  tube  h,  Fig.  3,  from  12  to  15  inches 
long,  attached  by  a  perforated  cork  to  the 
opened  end.  The  potassa  absorbs,  then,  in  the 
lapse  of  a  few  minutes,  nearly  all  the  carbonic 
acid  in  the  apparatus,  which  is  replaced  by 
atmospheric  air  through  the  tube  h.  To  com- 
plete the  absorption,  the  suction-tube  B  is  ap- 
plied to  the  open  end  of  the  potassa  apparatus, 
and  by  the  mouth,  so  much  air  as  would  be 
equal  to  about  twice  the  capacity  of  the  whole 
apparatus,  slowly  drawn  through  it.  All  the 
vapor  and  carbonic  acid  that  still  remain  in 
the  combustion-tube  are  thus  carried  into  the 
chloride  of  calcium  tube  and  the  potassa  appa- 
ratus, and  completely  absorbed.  The  potassa 
apparatus  and  the  chloride  of  calcium  tube  arc 
then  removed  and  weighed. 

143.  By  the  analysis  of  highly  carbonaceous 
substances  with  oxide  of  copper,  some  carbon 
is  apt  to  remain  unoxidized,  which,  according 
to  Liebig,  is  completely  oxidized  by  the  subse- 
quent suction  of  atmospheric  air  through  the 
tube  while  it  is  still  ignited.  In  such  cases,  it 
is,  however,  better  to  employ  chromate  of  lead. 
The  inconvenience  may  be  avoided,  even  with 
oxide  of  copper,  by  introducing  at  the  sealed 
end  of  the  tube  a  mixture  of  one  part  of  cau- 
tiously fused  and  pulverized  chlorate  of  potassa 
and  8  parts  of  oxide  of  copper.  This  mixture 
causes,  at  the  end  of  the  combustion,  an  evolu- 
tion of  oxygen,  by  which  the  remaining  carbon 
is  oxidized.  Liebig  remarks  that  if,  by  the 
suction  of  air  through  the  apparatus,  no  em- 
pyreumatic  taste  be  perceived,  the  combustion 
has  been  perfect.  If  otherwise,  it  does  not 
indicate  positively  that  the  analysis  has  been 
unsuccessful,  since  two  analyses  will  often 
yield  exactly  the  same  results,  though  in  one 
case  an  empyreumatic  taste  be  perceived,  and 
none  in  the  other. 

144.  To  the  foregoing  methods,  as  practised 
by  Liebig,  and  described  by  him  in  his  pamphlet 
on  organic  analysis,  Berzelius  has  made  some 
objections  in  the  7th  volume  of  his  Chemistry. 
In  the  first  place,  he  rejects  the  use  of  a  cork 
for  connecting  the  combustion-tube  with  the 
chloride  of  calcium  tube,  on  account  of  its 
hygroscopic  properties,  stating  that  if  the  cork 
be  previously  dried,  it  absorbs  moisture  during 
the  combustion,  which  cannot  be  expelled  by 
heating  the  cork  from  the  outside.  To  avoid 
the  use  of  the  cork,  Berzelius  draws  the  com- 
bustion-tube out  before  the  blowpipe-lamp, 
giving  it  first  a  bend  upward  and  then  down- 
ward, to   prevent   the   oxide  of  copper   from 

i  falling  out,  and  connects  it  with  the  apparatus 
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for  the  collection  of  the  water  by  a  short 
caoutchouc  tube.  After  the  operation,  the  end 
connected  with  the  latter  is  broken  off  by  a  cut 
with  a  file  and  weighed  with  the  apparatus  for 
collecting  the  water,  and  subsequently  discon- 
nected, dried,  and  its  weight  deducted.  His  ap- 
paratus for  collecting  the  water  has  also  no  chlo- 
ride of  calcium  in  its  bulby  part,  which  enables 
him  to  collect  the  greater  part  of  the  water  by 
itself  and  test  its  purity.  Berzelius  also  objects 
to  Liebig's  method  of  absorbing  the  portion  of 
gas  remaining  in  the  apparatus,  by  suction  with 
the  mouth,  because  it  does  not  allow  sufficient 
time  to  the  gases  contained  in  the  pores  of  the 
remaining  oxide  to  be  replaced  by  the  atmo- 
spheric air.  He  also  contends  that  the  latter, 
being  derived  from  the  upper  proximity  of  the 
coal-fire,  contains  more  carbonic  acid  and 
vapor  than  common  atmospheric  air,  which  it 
deposits  in  the  apparatus ;  while,  on  the  other 
hand,  being  deprived  of  its  vapor  by  passing 
through  the  chloride  of  calcium  tube,  it  absorbs 
and  carries  off  some  water  from  the  potassa 
apparatus.  Berzelius  remedies  these  points 
by  attaching  to  the  open  end  of  the  potassa 
apparatus  a  short  tube  containing  small  frag- 
ments of  fused  caustic  potassa.  He  also  per- 
forms the  suction  of  atmospheric  air  very 
slowly  by  a  small  draining  apparatus,  by  which 
the  flow  of  the  water  is  regulated  by  a  stop- 
cock, and  he  connects  the  broken  end  of  the 
combustion-tube,  where  the  air  enters,  with 
another  tube  containing  pieces  of  fused  caustic 
potassa,  to  free  the  air  that  enters  from  its  car- 
bonic acid  and  moisture.  Berzelius  states  that 
by  a  comparison  of  analyses  performed  after 
this  method,  using  Liebig's  potassa  apparatus, 
and  subsequently  drawing  atmospheric  air 
through  the  apparatus,  with  others,  by  which 
the  carbonic  acid  was  collected  over  mercury, 
and  no  passage  in  the  combustion-tube  made 
for  the  escape  of  the  gases,  but  the  latter 
expelled  by  oxygen  generated  from  a  mix- 
ture of  chlorate  of  potassa  and  chloride  of 
sodium  introduced  at  the  bottom  of  the  tube, 
the  latter  method  yields  the  most  accurate 
results,  although  it  requires  a  more  expensive 
apparatus. 

145.  Liquid  volatile  substances  are  weighed  in 
small  glass  bulbs,  the  weights  of  which  are 
ascertained  with  accuracy.  The  liquid  is  in- 
troduced into  the  bulb  by  heating  them  to  expel 
some  of  the  air,  and  then  quickly  dipping  the 
open  end  of  their  neck  into  the  liquid.  On 
cooling,  a  portion  of  the  liquid  will  enter  into 
the  bulb  to  supply  the  air.  The  bulb  is  then 
again  heated  gently  to  expel  the  remaining  air 
by  the  vapors  of  the  substance,  and  once  more 
the  end  of  the  neck  immersed  into  the  liquid, 
when  it  will  become  nearly  filled.  The  bulbs 
should  be  about  three-fourths  full.  They  are 
then  sealed  and  weighed  again.  By  deducting 
the  weight  of  the  empty  bulbs  from  the  filled 
ones,  the  weight  of  the  contained  liquid  is  ob- 
tained. Two  bulbs,  containing  together  from 
0-4  to  0'5  grammes  of  the  substance,  are  suffi- 
cient. The  combustion-tube  is  first  filled  with 
about  one  to  one  and  a  half  inch  of  oxide  of 
copper ;  one  of  the  bulbs  is  then  introduced 
into  the  mouth  of  the  combustion-tube,  the 
sealed  end  broken  off  and  dropped  with  the 
26 
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bulb  into  the  tube.  Two  or  three  inches  of 
oxide  of  copper  is  then  filled  on  top  of  it,  the 
other  bulb  dropped  down  in  the  same  way, 
and  the  rest  of  the  oxide  added  on  top,  and  the 
tube  immediately  adjusted  in  the  furnace.  As 
the  usual  process  of  the  subsequent  desicca- 
tion of  the  oxide  of  copper  in  the  combustion- 
tube  cannot  be  employed,  additional  care  ought 
to  be  bestowed  in  preventing  the  oxide  of 
copper  from  attracting  moisture  during  its 
cooling,  after  previous  ignition  and  its  subse- 
quent introduction  into  the  tube.  If  the  sub- 
stance be  very  volatile,  the  parts  of  the  tube 
containing  the  two  bulbs  ought  to  be  protected 
by  additional  screens,  till  the  forepart  of  the 
tube  has  become  thoroughly  ignited,  when 
the  screens  are  removed,  and  the  place  where 
the  nearest  bulb  is  situated  is  slightly  heated 
by  an  ignited  coal.  The  pointed  extremity  of 
the  combustion-tube  ought  also  to  be  sur- 
rounded with  a  few  ignited  coals  to  prevent  the 
liquid  from  condensing  in  it. 

146.  Liquids  of  less  volatility  may  be  distri- 
buted into  3  bulbs;  and  if  their  volatility  be 
very  inconsiderable,  they  may  be  emptied  after 
connecting  the  combustion-tube  with  the  ex- 
hausting-syringe by  a  single  stroke  of  the  latter, 
causing  the  air  contained  in  the  bulb  to  expand 
and  expel  the  liquid.  Fixed  oils  may  be 
weighed  in  a  small  and  short  test-tube,  which 
is  slipped  down  into  the  combustion-tube  after 
the  introduction  of  2  inches  of  oxide  of  copper; 
then  introducing  the  rest  of  the  oxide  and 
inclining  the  combustion-tube,  the  oil  is  made 
to  flow  out  and  mix  with  the  oxide.  Fatty 
solid  substances  may  be  weighed  on  small 
oblong  dishes  made  out  of  short  glass  tubes, 
cracked  lengthwise  in  two,  and  their  extremi- 
ties bent  upward. 

147.  The  combustion  of  substances  contain- 
ing chlorine  must  always  be  performed  by 
chromate  of  lead,  since,  by  the  employment  of 
oxide  of  copper,  they  form  always  some  proto- 
chloride  of  copper,  which  is  volatile,  and  de- 
posits in  the  chloride  of  calcium  tube,  while 
the  chloride  of  lead  does  not  volatilize.  In  the 
combustion  of  organic  substances  containing 
sulphur,  some  sulphurous  acid  is  apt  to  be 
formed,  unless  the  mixture  of  the  substance 
with  the  oxide  of  copper  be  performed  very 
intimately.  When  the  formation  of  sulphurous 
acid  is  apprehended,  a  tube  containing  hyper- 
oxide  of  lead  is  interposed  between  the  chloride 
of  calcium  tube  and  the  potassa  apparatus. 
The  hyperoxide  of  lead  absorbs  the  sulphurous 
acid,  but  does  not  react  with  the  carbonic  acid. 
The  sulphurous  acid  is  not  absorbed  by  the 
chloride  of  calcium. 

148.  Nitrogenized  Substances.  The  carbon  and 
hydrogen  of  nitrogenized  substances  are  deter- 
mined exactly  as  described  before  for  non- 
nitrogenized  substances.  The  presence  of  ni- 
trogen is  indicated  by  gas-bubbles  passing 
through  the  potassa  apparatus  even  to  the  last 
of  the  operation.  The  presence  of  nitrogen  in 
a  substance  may  be  discovered  by  fusing  it  in 
a  test-tube  with  10  to  15  times  its  weight  of 
caustic  potassa,  or  with  pulverized  soda-lime, 
the  preparation  of  which  will  presently  be 
given.  Nitrogenized  substances  are  hereby 
decomposed,  and  all  their  nitrogen  converted 

201 


ANALYSIS. 


ANALYSIS. 


into  ammonia,  the  characteristic  odor  of  which 
is  evolved,  and  may  moreover  be  made  mani- 
fest by  litmus-paper  and  other  reagents. 

149.  The  quantity  of  the  nitrogen  is  gene- 
rally determined  by  a  separate  experiment. 
The  nitrogen  may  be  collected  as  gas,  and 
either  the  whole  quantity  given  off  by  the  sub- 
stance measured,  or  the  relative  proportion 
of  the  carbonic  acid  and  nitrogen  gas  which  it 
yields,  determined;  the  absolute  quantity  of 
the  former  gas  being  ascertained  by  a  previous 
analysis ;  or  the  nitrogen  may  be  converted  by 
ignition  with  alkali  into  ammonia,  and  the 
quantity  of  this  be  absorbed  by  an  acid  in  an 
apparatus  somewhat  similar  to  that  used  for 
the  absorption  of  the  carbonic  acid,  and  from 
the  quantity  of  ammonia  thus  yielded,  the 
quantity  of  nitrogen  calculated.  The  latter 
method,  which  has  been  contrived  but  lately,  is 
much  the  easiest  and  most  accurate,  and  likely 
to  supersede  those  formerly  used  altogether. 

150.  The  difficulties  to  be  contended  with  in 
the  analysis  of  nitrogenized  substances  by 
oxide  of  copper,  are,  avoiding  the  formation  of 
nitric  oxide  gas  and  the  presence  of  a  portion 
of  atmospheric  air  in  the  apparatus,  which 
always  renders  its  measurement  uncertain.  In 
regard  to  the  formation  of  nitric  oxide,  Liebig 
states  that  the  more  intimately  the  mixture 
with  the  oxide  of  copper  be  made,  and  the 
slower  the  combustion  be  performed,  the  less 
is  the  danger  of  its  formation.  To  secure 
against  its  formation,  the  combustion-tube 
should  be  made  3  or  4  inches  longer  than  usual, 
and  on  top  of  the  oxide  a  layer  of  copper  turn- 
ings be  placed,  which  have  been  previously 
oxidized  on  their  surface,  by  heating  in  the 
open  air,  and  then  again  reduced  in  a  current 
of  hydrogen  ;  or  the  substance  may  be  mixed 
for  its  combustion  with  oxide  of  copper  that 
has  been  already  employed  once  for  analysis, 
and  therefore  contains  a  large  amount  of 
metallic  copper. 

151.  The  examination  of  the  gas  obtained 
by  the  combustion  for  the  relative  proportion 
of  nitrogen  and  carbonic  acid  may  be  per- 
formed by  an  arrangement,  as  represented  in 
PI.  I.,  Fig.  9.  The  substance,  which  for  this 
purpose  need  not  be  weighed,  is  mixed,  as 
usual,  with  oxide  of  copper,  and  the  mixture 
introduced  into  the  combustion-tube,  which  it 
should  only  half-fill  to  (i.  Of  the  other  half 
of  the  tube  the  next  fourth  is  filled  with  pure 
oxide  of  copper  to  d,  and  the  last  fourth  with 
turnings  of  metallic  copper.  By  placing  the 
screen  at  m,  the  metallic  copper  is  first  made 
to  ignite,  and  subsequently  the  oxide  of  copper. 
As  soon  as  they  are  both  at  a  red  heat,  another 
screen,  n,  is  placed  about  half  an  inch  from  the 
other  extremity  and  this  surrounded  with  ignited 
charcoal,  and  the  combustion  then  proceeded 
with  in  the  ordinary  way,  beginning,  however, 
from  the  opposite  end  of  the  tube.  The  gases 
are  collected  over  mercury  in  tubes  of  ^  inch 
in  diameter  and  12  to  15  inches  long,  and  di- 
vided accurately  into  volumes.  The  first  por- 
tions of  gas  collected  are  used  in  the  examina- 
tion for  nitric  oxide,  by  elevating  the  tube  when 
$  full,  above  the  level  of  the  mercury,  and 
allowing  the  mercury  in  the  tube  to  run  out; 
if  any  nitrous  oxide  be  present,  it  produces,  by 
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the   admixture   of   the    atmospheric   air,  red 
fumes,  of  which   the  smallest  trace   may  be 
observed  by  looking  into  the   tube  from   the 
open  end.    This  test  should  be  repeated  several 
times  in  the  course  of  the  analysis.    As  soon 
as  the  atmospheric  air  is  thoroughly  expelled, 
the  gas  is  preserved  in  the  tubes,  of  which  6  to 
8  are  obtained.     They  are  then  successively 
transferred  to  the  tall  glass  cylinder,  Fig.  6, 
filled  with  mercury;  the  height  of  the  mercury 
outside  and  inside  the  tube  being  brought  to 
the  same  level,  the  volume  of  the  gas  is  read 
off.     A  solution  of  caustic  potassa  is  then  in- 
troduced into  the  tube.     This  is  done  by  aid  of 
the  pipette  represented  by  fig.  7.     The  latter  is 
filled  with  the  potassic  solution,  its  lower  ex- 
tremity, a,  closed  by  mercury  and  introduced 
through  the  mercury  in  the  cylinder,  Fig.  6, 
into   the   mouth   of  the   tube.     Applying  the 
mouth  to  its  upper   extremity,  /?,  a  sufficient 
quantity  of  the  potassic  solution  is  forced  into 
the  tube.     By  gentle  shaking,  the  carbonic  acid 
is  soon  absorbed  completely,  and  the  volume 
of  the  remaining  nitrogen  read  off,  after  having 
restored  the  mercury  outside  and  inside  of  the 
tube  to  the  same  level.     The  rest  of  the  tubes 
containing  the  gas  are  treated  in  the  same  way. 
If  the  proportion  of  nitrogen  and  carbonic  acid 
be  found  to  remain  the  same  during  the  whole 
analysis,  and  no  nitric  oxide  fumes  be  per- 
ceived, the  quantity  of  nitrogen  may  be  com- 
puted from   this   proportion   and    the  known 
quantity  of  carbon  contained  in  the  substance; 
equal  volumes  of  carbonic  acid  and  nitrogen 
corresponding  to  an  equal  number  of  atoms  of 
these  elements. 

152.  If,  on  the  contrary,  the  proportion  of 
nitrogen  and  carbonic  acid  vary  at  different 
stages  of  the  analysis,  or  if  the  proportion  of 
nitrogen  is  smaller  than  g  of  the  carbonic  acid, 
it  becomes  necessary  to  collect  and  measure 
the  whole  volume  of  gas  given  off  by  a  weighed 
quantity  of  the  substances. 

PI.  I.,  Fig.  4,  a,  represents  the  apparatus  em- 
ployed for  this  purpose.  A  is  a  strong  glass 
cylinder  filled  with  mercury,  and  having  three 
imperfect  rings  of  cork  of  the  shape  repre- 
sented in  Fig.  5,  X  and  Y,  cemented  into  it,  one 
at  the  bottom  and  the  two  others  at  m  and  n. 
B  is  a  graduated,  narrow,  and  cylindrical  bell- 
glass,  of  the  capacity  of  from  200  to  250  cubic 
centimeters,  which  moves  up  and  down  inside 
the  cork  rings.  C  is  a  bent  glass  tube,  the 
inner  limb  of  which  reaches  above  the  edge 
of  the  cylinder  containing  the  mercury,  so  as 
not  to  be  filled  by  the  latter  when  at  its  highest 
level.  By  placing  the  graduated  bell-glass  over 
the  open  end  of  this  limb,  and  depressing  it 
into  the  mercury  till  its  upper  closed  top 
nearly  reaches  the  open  end  of  the  limb,  most 
of  the  air  will  be  expelled  through  the  latter; 
the  other  end  of  the  tube  is  then  connected 
with  the  combustion-tube  containing  the  mix- 
ture of  the  substance  to  be  analyzed,  arranged 
as  in  the  former  case,  excepting  that  the  quan- 
tity employed  for  analysis  has  been  accurately 
weighed.     After  the  connection  with  the  tube 

C,  the  tightness  of  the   joints  is   ascertained 
by  elevating  the  bell-glass  by  aid  of  the  stand 

D,  so  as  to  cause  the  level  of  the  mercury 
inside  to  be  about  an  inch  higher  than  outside 
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if  it  remain  so  for  some  time,  the  joints  are 
tight.    The  bell-glass  is  then  again  depressed, 
till  the  level  of  the  mercury  outside  and  inside 
is  the  same,  and  the  volume  of  gas  contained 
in  it  read  off,  and  also  the  temperature  and  the 
barometric   pressure   of   the   atmosphere  ob- 
served.    The  combustion  is  then  performed  as 
in  the  former  case.    The  gas  enters  the  bell- 
glass  and  depresses  the  mercury,  which  ought 
to  be  kept  on  the  same  level  with  that  outside, 
by  gradually  raising  the  bell-glass,  in  order  to 
avoid  any  pressure  on  the  inside  of  the  com- 
bustion-tube, by  which  it  would  be  blown  out. 
After  the   completion  of  the   combustion,  the 
coals  are  removed  and  the  apparatus  allowed 
to  cool,  and  after  the  adjustment  of  the  level 
of  the  mercury  outside  and  inside,  the  volume 
is  again  determined,  with  the  due  correction 
for  a  difference  in  the  temperature  and  baro- 
metric  pressure,  if   such  have   taken   place. 
Having  deducted  the  volume  contained  in  the 
bell-glass  before  the  combustion,  the  difference 
indicates    the   volume    of  carbonic   acid   and 
nitrogen  yielded  by  the  weighed  quantity  of 
the  substance.     The  volume  of  carbonic  acid 
which   it    yields   being  calculated    from    the 
known  quantity  of  the  carbon  which  it  con- 
tains, and  deducted  from  the  whole  mixture  of 
gas,  the  difference  is  the  nitrogen  yielded  by  it, 
the  weight  of  which  is  calculated  from  its 
volume. 

153.  This  method  has  the  inconvenience 
that  only  small  portions  of  the  substance  can 
be  employed  for  the  analysis,  as  the  joint 
volume  of  the  two  gases  otherwise  requires  a 
bell-glass  of  too  great  a  capacity  for  their  col- 
lection. This  is  avoided  by  the  next  method, 
in  which  the  carbonic  acid  is  absorbed  and 
only  the  nitrogen  left,  which  may  then  be 
measured  directly ;  but  both  methods  have  the 
defect  that  if  the  level  of  the  mercury  be  not 
kept  the  same  outside  and  inside  the  bell-glass 
during  the  analysis,  by  gradually  raising  the 
latter,  the  consequent  difference  of  pressure 
outside  and  inside  the  ignited  combustion-tube 
is  apt  to  alter  its  bulb  and  thereby  affect  the 
volume  of  the  gas.  To  avoid  this,  Liebig  pre- 
scribes always  surrounding  the  combustion- 
tube  with  thin  sheet-copper,  lined  with  char- 
coal dust  to  prevent  adhesion,  or,  still  better, 
with  platinum  foil. 

154.  By  the  latter  method  the  same  appa- 
ratus may  be  employed  for  the  collection  of 
the  nitrogen  ;  but  at  the  bottom  of  the  combus- 
tion-tube (see  Fig.  4,  b),  which  should  be  at 
least  18  inches  long,  is  first  introduced  about 
2  to  2^  inches  of  dry  hydrate  of  lime,  weighing 
at  least  from  4  to  5  grammes,  after  which  one 
inch  of  oxide  of  copper,  and  then,  as  usual,  the 
mixture  of  the  oxide  with  the  substance,  the 
rinsings,  the  pure  oxide,  and,  finally,  turnings 
of  metallic  copper  on  top.  The  combustion- 
tube  is  then  connected  with  a  tube  somewhat 
resembling  the  usual  chloride  of  calcium  tube, 
but  having  an  additional  bulb  «,  Fig.  4,  b, 
which  is  left  empty,  the  rest  of  the  tube  being 
filled  with  dry  caustic  potassa.  The  apparatus 
is  then  adjusted  in  the  furnace  and  connected 
with  the  former  apparatus  for  collecting  the 
gas,  A,  B,  C,  D,  Fig.  4,  a.  The  combustion  is 
performed  as  in  the  former  case,  but  from  the 


front  to  the  back  end  of  the  tube.  By  the  pas- 
sage through  the  fused  caustic  potassa,  all  the 
carbonic  acid  and  water  are  absorbed,  and 
nitrogen  only  left  to  enter  into  the  bell-glass.  At 
the  end  of  the  operation,  when  the  heat  reaches 
the  hydrated  lime,  its  water  is  given  off  as 
vapor  and  expels  the  carbonic  acid  yet  remain- 
ing in  the  combustion-tube  into  the  potassa 
apparatus,  where  it  is  absorbed.  The  increase 
in  volume  of  gas  by  the  combustion  is  then 
the  whole  volume  of  nitrogen  yielded  by  the 
quantity  of  the  substance  used  for  analysis, 
from  which  its  weight  is  calculated.  This 
method  always  yields,  however,  according  to 
Liebig,  one  per  cent,  less  of  nitrogen  than  it 
ought,  probably  from  an  absorption  of  the 
oxygen  of  the  atmospheric  air,  which  is  con- 
tained in  the  apparatus  from  the  beginning  of 
the  analysis. 

155.  It  will  be  seen  that  the  estimation  of 
nitrogen  by  these  methods  is  connected  with  a 
great  deal  of  difficulty  and  uncertainty;  it  is, 
therefore,  probable  that  the  method  lately  de- 
scribed by  Varrentrapp  and  Will,  which  is  both 
easy  of  execution  and,  at  the  same  time,  more 
accurate,  will  entirely  supersede  all  others. 
It  consists  in  igniting  the  substance  in  the 
usual  combustion-tube  with  a  mixture  of 
caustic  soda  and  lime,  whereby  all  the  nitrogen 
is  converted  into  ammonia,  which  is  absorbed 
in  an  apparatus  (see  B,  Fig.  10)  somewhat 
similar  to  Liebig's  potassa  bulbs,  but  filled  with 
dilute  chlorohydric  acid  instead  of  potassa. 
The  quantity  of  ammonia  is  then  determined 
by  precipitating  it  with  a  solution  of  chloride 
of  platinum,  forming  an  insoluble  compound 
chloroplatinate  of  ammonium,  the  quantity  of 
which  is  determined  by  weight,  and  the  amount 
of  nitrogen  computed  from  it. 

156.  Preparation  of  caustic  Soda-lime.  Caustic 
soda  lye  is  prepared  in  the  usual  way  by  boil- 
ing a  solution  of  carbonate  of  soda  of  the 
proper  dilution  with  freshly  slacked  lime, 
straining,  clearing,  and  evaporating  the  lye ; 
when  it  becomes  concentrated,  its  strength  is 
ascertained  (by  a  hydrometer),  and  so  much 
lime  added  as  will  form  3  equivalents  of  lime 
to  1  equivalent  of  soda.  The  mixture  is  then 
evaporated  to  perfect  dryness,  ignited  in  a  well- 
covered  crucible,  pulverized,  and  kept  in  well- 
stoppered  bottles.  Potassa  cannot  be  employed 
with  equal  advantage,  on  account  of  its  greater 
fusibility  and  its  hygroscopic  properties,  and 
especially  on  account  of  the  insoluble  com- 
pound which  it  forms  with  chloride  of  platinum, 
if  any  particle  of  it  be  carried  over  by  the 
gases  during  the  ignition. 

157.  The  apparatus  employed  for  the  decom- 
position of  the  nitrogenized  substance  is  repre- 
sented in  Fig.  10,  PI.  I.  It  consists  of  an  ordi- 
nary combustion-tube  16  to  18  inches  long, 
which  contains  the  mixture  of  the  substance 
with  the  soda-lime  ;  the  one  extremity  of  it  is, 
as  usual,  drawn  out  to  a  point  and  bent  up- 
wards, while  the  edges  of  the  other  and  open 
end  are  rounded  in  the  fire.  By  aid  of  a  per- 
forated cork,  which  need  not  be  desiccated,  the 
tube  is  to  be  connected  with  the  apparatus,  B, 
which  resembles  Liebig's  potassa  apparatus, 
but  has  only  one  small  bulb  in  the  middle,  and 
the    extremities    of  which    are    not    twisted 
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together,  in  order  to  facilitate  the  subsequent 
removal  of  the  contained  liquid  without  loss. 
This  apparatus  is  filled  with  chlorohydric  acid 
of  1-13  spec.  grav.  to  the  height  represented  in 
the  figure.  To  have  a  measure  for  the  quan- 
tity of  the  soda-lime  to  be  mixed  with  the  sub- 
stance, the  combustion-tube  is  filled  about  half- 
full,  and  this  quantity  then  thoroughly  mixed 
with  a  weighed  quantity  of  the  finely  pulverized 
and  desiccated  substance,  amounting  to  from 
0-2  to  0-4  grammes,  according  to  its  greater  or 
smaller  content  of  nitrogen.  The  mixture 
should  be  made  very  gently,  without  pressure 
against  the  sides  of  the  mortar,  to  avoid  adhe- 
sion. It  is  then  introduced  into  the  tube,  the 
mortar  and  pestle  rinsed  out  several  times  with 
small  portions  of  soda-lime,  which  are  added 
on  top  of  the  mixture,  and  the  rest  of  the  tube 
filled  with  soda-lime  till  within  an  inch  of  the 
open  end.  Will  and  Varrentrapp  prescribe  the 
use  of  a  loose  plug  of  asbestus  to  prevent  par- 
ticles of  the  soda-lime  being  carried  over  by 
the  gases,  which,  by  the  employment  of  potassa- 
lime,  would  spoil  the  result.  The  tube  is  then 
adjusted  in  the  furnace,  and  combined  with 
the  apparatus  containing  the  chlorohydric  acid. 
To  ascertain  whether  the  apparatus  be  tight,  a 
few  air-bubbles  should  be  expelled  by  a  live 
coal  at  the  inner  bulb  of  the  acid  apparatus  ; 
the  acid  will  then  retain  some  time  the  higher 
level  in  the  inner  bulb,  to  which  it  rises  on 
removing  the  charcoal.  The  tube  is  then  ig- 
nited gradually  in  the  furnace  from  one  end  to 
the  other,  care  being  taken  to  keep  the  cork  so 
warm  as  not  to  allow  any  water  to  condense  at 
it,  which  would  retain  some  ammonia.  By 
this  process,  the  water  contained  in  the  hydrated 
soda  is  decomposed,  the  oxygen  combines  with 
the  carbon  of  the  substance,  while  all  the 
nitrogen  of  the  latter  combines  with  the  libe- 
rated hydrogen  to  ammonia,  which  is  expelled 
and  absorbed  by  the  chlorohydric  acid.  At  the 
same  time,  the  hydrogen  of  the  substance  is 
liberated  and  given  off,  or  it  combines  with 
portions  of  the  carbon  to  carburetted  hydrogen, 
which  pass  through  the  acid  without  being 
absorbed.  During  the  ignition,  no  apprehen- 
sion need  be  entertained  lest  the  ammonia 
should  not  be  perfectly  absorbed ;  on  the  con- 
trary, the  ignition  must  go  on  so  rapidly  as  to 
prevent  a  sudden  and  violent  retrogression  of 
the  outer  air  by  the  too  rapid  absorption  of  the 
ammonia,  by  which  a  portion  of  the  acid  might 
be  forced  into  the  combustion-tube.  This  is  so 
apt  to  take  place  with  some  substances,  that  it 
becomes  necessary  to  prevent  it  by  the  addi- 
tion to  the  mixture  of  sugar  or  some  other 
non-nitrogenized  substance,  in  the  proportion 
of  about  equal  weight  with  that  of  the  sub- 
stance to  be  analyzed. 

158.  When  the  ignition  is  completed  and 
the  evolution  of  gas  has  ceased,  the  pointed 
extremity  of  the  ignition-tube  should  be  broken 
off,  and,  as  usual,  a  volume  of  atmospheric  air 
about  equal  to  twice  the  capacity  of  the  appa- 
ratus drawn  through  it  by  the  suction-tube,  by 
which  all  remaining  ammoniacal  vapors  are 
drawn  through  the  acid  and  absorbed.  The 
apparatus  is  then  disconnected  and  emptied 
of  its  contents  into  a  porcelain  capsule,  and 
its  inside  rinsed  first  with  a  mixture  of  alcohol 
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and  ether,  and  then  with  pure  water,  for  which 
purpose  one  to  one  and  a  half  ounces  of  liquid 
will  suffice.  These  liquids  are  added  to  the 
original  solution,  which  is  mixed  with  a 
tion  of  pure  chloride  of  platinum,  evap 
to  dryness  in  a  water-bath,  and  treated  with  a 
mixture  of  two  volumes  of  strong  alcohol  ami 
one  volume  of  ether.  This  mixture  dil 
the  excess  of  the  chloride  of  platinum,  and 
ought,  therefore,  to  have  a  yellow  color,  if  a 
sufficient  quantity  of  the  latter  has  been  added, 
while  all  the  ammonia  remains  as  a  combina- 
tion of  chloride  of  ammonium  with  chloride 
of  platinum  (chloroplatinate  of  ammonium). 
The  latter  is  collected  on  a  counterpoised  filter, 
dried,  and  weighed.  As  a  check,  it  may  be 
calcined  and  the  weight  of  the  remaining  me- 
tallic platinum  ascertained.  From  the  quan- 
tity of  the  chloroplatinate  of  ammonium  or  the 
metallic  platinum,  the  quantity  of  nitrogen 
contained  in  the  substance  is  calculated;  the 
former  containing  6-349  per  cent,  of  mi 
and  the  latter  corresponding  to  14-353  percent, 
of  the  same  element.  Will  and  Varrentrapp 
state  that  this  method  is  applicable  to  all 
nitrogenized  substances,  except  those  where 
the  nitrogen  exists  as  nitric  acid,  or  has  been 
added  to  the  substance  by  oxidation  with  this 
acid. 

159.  Having  thus  determined  the  percentage 
composition  of  an  organjc  substance,  the  rela- 
tive number  of  atoms  is  obtained  in  the  usual 
way  (see  p.  168).  The  absolute  number  of 
atoms  of  the  different  elements,  which  consti- 
tute one  atom  of  the  organic  substance,  or  its 
atomic  weight,  can  only  be  ascertained  by  com- 
bining it  with  some  other  substance,  the  atomic 
weight  of  which  is  known.  This  will  best  be 
illustrated  by  an  example.  Prout  found  by 
analysis  the  percentage  composition  of  urea  to 
be:  carbon  19-99,  hydrogen  6-65,  nitrogen  46-65, 
oxygen  26-63.  If  we  divide  these  numbers  by 
the  atomic  weights  of  the  same,  we  obtain: 

Carbon HH>9  _ 

6-01 

Hydrogen — —  =  6-65. 

Nitrogen Tf^^  3*287, 

Oxygen |^  =  3-325. 

Now  3-326  :  6-65  :  3-287  :  3325 
=  1  :  20    :  0-992  :  1-0 

Which  last  numbers,  therefore,  represent  the 
relative  numbers  of  the  atoms  of  carbon,  hy- 
drogen, nitrogen,  and  oxygen,  in  urea,  and  are 
very  nearly  as  1  :  2  :  1  :  1.  But  to  obtain  the 
absolute  number  of  these  atoms  contained  in 
one  atom  of  urea,  or,  in  other  words,  to  ascer- 
tain whether  one  atom  of  urea  contains  one, 
two,  or  three,  &c,  atoms  of  carbon  and  a  cor- 
responding number  of  atoms  of  the  other 
elements,  it  becomes  necessary  to  combine  the 
urea  with  another  substance,  the  atomic  com- 
position of  which  is  known,  and  with  which  it 
may  be  considered  to  form  a  neutral  combina- 
tion ;  such  a  substance  is,  in  this  case,  oxalic 
acid.    Now,  the  oxalate  of  urea,  which,  there- 
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fore,  may  be  considered  as  containing  one  atom 
of  urea  and  one  atom  of  oxalic  acid,  has  been 
found  to  consist  of: 

In  100  parts. 

Urea 57-24 

Oxalic  acid 34-25 

Water 8-51 

But  57-24  urea  contains,  according  to  the 
above  analysis,  11-56  carbon,  while  34-25  oxalic 
acid  contains  11-45  carbon  ;  one  atom  of  urea 
and  one  atom  of  oxalic  acid  contain,  therefore, 
the  same  amount  and  consequently  the  same 
number  of  atoms  of  carbon,  which,  being  in 
oxalic  acid,  two  (C203)  must  be  the  same  in 
urea,  and  one  atom  of  the  latter,  therefore,  con- 
tains 2  at.  carbon,  4  at.  hydrogen,  2  at.  nitrogen, 
and  2  at.  oxygen  (C2H4N202).  In  order  to  ob- 
tain the  atomic  weight  of  urea,  we  merely 
have  to  add  together  the  atomic  weights  of  the 
above  numbers  of  atoms  of  its  elements  ;  or  it 
may  be  obtained  directly  from  the  composi- 
tion of  the  oxalate  of  urea  by  the  proportion, 

Atom,  weight      At.  weight 
of  oxalic  acid.         of  urea. 

as     34-25     :     57-24     =     36-05     :      x 
or  the  atomic  weight  of  urea  =  60-24. 

160.  If,  therefore,  the  substance  be  an  acid, 
we  combine  it  with  a  base  to  a  neutral  com- 
pound, and  ascertain  the  quantity  of  base  with 
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which  it  combines  ;  or,  if  it  be  a  base,  we  then 
combine  it  with  an  acid  and  determine  the 
quantity  of  the  latter.  Many  organic  sub- 
stances, although  of  a  neutral  or  indifferent 
nature,  combine  with  oxide  of  lead,  which 
combinations  then  afford  the  means  of  deter- 
mining their  atomic  or  combining  weight,  by 
estimating  the  quantity  of  oxide  of  lead  which 
these  combinations  contain.  This  is  generally 
done  by  incineration,  heating  the  substance  in 
an  open  porcelain  crucible  or  capsule  with 
free  access  of  the  air,  when  the  organic  sub- 
stance often  takes  fire  and  burns  away  sponta- 
neously. The  mixture  of  metallic  lead  and 
oxide  of  lead  which  is  left,  may  then  be 
weighed,  and  the  latter  dissolved  from  the 
former  by  acetic  acid,  and  its  weight  ascer- 
tained by  the  loss,  and  the  weight  of  the  remain- 
ing metallic  lead  computed  as  oxide  and  added 
to  it.  Or  the  whole  mixture  of  oxide  and 
metallic  lead  may  be  dissolved  in  nitric  acid 
and  evaporated  to  dryness,  after  the  addition 
of  sulphuric  acid,  and  the  weight  of  the  sul- 
phate of  lead  ascertained,  from  which  that  of 
the  oxide  is  computed.  When  a  substance 
cannot  be  made  to  combine  with  any  other 
substance,  its  atomic  weight,  or  the  number  of 
atoms  of  its  elements  which  it  contains,  cannot 
be  determined. 


TABLES 


FOR  CALCULATING  THE  RESULTS  OF  CHEMICAL  ANALYSIS. 


The  following  tables  are  employed  to  facili- 
tate the  calculations  of  analytical  results.  The 
first  column  contains  the  name  of  the  substance, 
the  weight  of  which  has  been  determined  by 
analysis,  while  the  second  contains  the  name 
of  the  substance,  the  corresponding  weight  of 
which  is  to  be  computed  from  the  former.  The 
third  column,  headed  with  1.,  shows  how  much 
of  the  substance  in  the  second  column  corres- 
ponds with  1.  of  that  in  the  first  column;  and  by 
moving  the  decimal  point  to  the  right  or  left, 
we  get  tlse  corresponding  quantity  in  10,  100, 
1000,  &c;  or,  0-1,  -01,  -001,  &c.  The  remain- 
ing columns,  headed  2.,  3.,  4.,  &c,  show  the 
quantity  of  the  substance  in  the  second  column 
corresponding  to  2,  3,  4,  &c.  parts  of  the  sub- 


stance in  the  first  column;  and  likewise, 
whether  units,  tens,  hundreds,  &c,  or  tenths, 
hundredths,  &c,  by  changing  the  decimal  point. 
These  numbers  may  be  employed  for  grammes, 
grains,  or  any  other  denomination  of  weight, 
while  the  column  headed  1-  expresses  the  per- 
centage of  the  substance  in  the  second  column 
contained  in  that  in  the  first  column. 

A  few  examples  will  be  sufficient  to  show 
the  method  of  employing  these  tables.  Sup- 
pose we  wish  to  find  how  much  metallic  iron 
is  contained  in  2-174  grammes  of  peroxide  of 
iron.  Look  in  the  Table  Iron,  for  Peroxide  of 
Iron  in  the  first  column  with  Iron  in  the  second 
column. 


From  column,  headed  2.  write  1-38677  without  changing  the  point. 

"       1-      "        -06934  removing  the  point  1  place  to  the  left. 
"       7.      "       -04853  removing  the  point  2  places  to  the  left. 
"  "  "       4.      "       -00277  removing  the  point  3  places  to  the  left. 


By  addition    1-50741  grammes  expresses  that  2-174  of  peroxide  of  iron 
contain  1-50741  of  metallic  iron. 

If  sulphur,  contained  in  a  substance  under 
analysis,  had  been  converted  into  sulphuric 
acid,  and  then  combined  with  baryta,  the  Table 
Sulphur,  and  the  line,  with  Sulphate  of  Baryta 
in  the  first  and  Sulphur  in  the  second  column, 
will  give  the  quantity  of  sulphur  in  the  sub- 
stance, which  had  been  thus  converted.  Sup- 
pose the  sulphate  of  baryta  to  weigh  25-739 
grains.     Write  the  amount  for  the  2  of  thef25  3-5511 


from  the  column  headed  2.,  removing  the  point 

one  place  to  the  right. 

From  column  2.  write  2-7594 

"     "    5.  "    -6898 

"    7.  "    -0966 

3.  «   -0041 

"    "   9.  "    -0012 


?rs.  of  sulphur. 
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ANATASE.  Min.  (*vctret.(ric,  elongation,  from 
the  height  of  the  octahedra).  Syn.  Octahe- 
drite  (from  its  occurrence  in  Octahedra), 
Oisanite  (from  its  locality  Oisans),  Pyramidal 
Titanium-ore,  Titane  Anatase. 

Descrip.  Small  crystals  of  tetragonal  system, 
adjacent  sides  of  radical  8-hedron  =  97°  38', 
opposite  sides  =  137°  10/;  combin.  the  1st 
obtuser  8-hedron  on  the  edges  of  the  radical, 
with  a  sharper  and  a  flatter  of  same  order, 
2  flatter  8-hedra  of  same  order  with  the  radical, 
a  dioctahedron,  terminal  plane,  and  vertical 
square  prism  on  edges  of  radical;  radical 
on  term,  plane  =  1110  25'.  Cleavage  perfect 
parallel  to  radical  and  terminal  plane. 
H.  =  5-5—6.  G.  =  3-857,  Haiiy ;  3-826,  Mohs. 
Color  blue,  passing  into  brown,  red,  and  black, 
greenish  yellow  by  transmitted  light;  lustre  of 
fragments  splendent,  submetallic;  translucent, 
opake  ;  brittle ;  grayish  white  streak.  By  heat 
it  phosphoresces  reddish  yellow  for  a  moment. 
Behavior.  Like  pure  titanic  acid,  infusible 
before  the  blowpipe ;  dissolves  in  borax  to  a 
colorless  glass,  becoming  in  the  inner  flame 
yellow  and  amethystine;  difficultly  soluble  in 
mic.  salt,  the  bead  generally  becoming  blue  in 
the  reducing  flame.  Acids  do  not  attack  it ; 
rendered  soluble  by  ignition  with  a  mixture  of 
2  pts.  carbonate  of  soda  and  2  pts.  carbonate  of 
potassa.  (See  Titanic  acid  under  Titanium.) 
Analysis  has  shown  it  to  be  pure  titanic  acid, 
but  it  has  not  been  latterly  examined. 

Localities  chiefly  at  Oisans  Dauphine,  asso- 
ciated with  felspar,  epidote,  axinite,  chrichtou- 
ite,  &c.  in  granite  and  mica-slate  ;  in  the  latter 
rock  in  the  Grisons ;  at  Tavatsch  in  Tyrol ;  in 
clay-slate,  Norway;  in  granite  in  Cornwall  and 
Spain ;  in  detached  crystals  and  nodules,  and 
in  quartz,  at  Itabira,  Brazil. 

ANAUXITE.  Min.  (avsw£»c,  without  in- 
crease). Found  in  the  neighborhood  of  Bilin 
in  veins  of  disintegrated  volcanic  rock,  and 
resembles  Pyrophyllite.  Greenish-white,  trans- 
lucent on  the  edges,  composed  of  fine  grains, 


with  lamellar  structure.  G.  =  2265.  Gives 
water  in  the  matrass,  burns  white  before  the 
blowpipe,  its  edges  becoming  slightly  rounded, 
splits  off  without  swelling,  unlike  pyrophylliw 
(hence  its  name).  With  the  fluxes  and  cobalt- 
solution  it  shows  its  content  of  iron,  silica  and 
alumina.  An  incomplete  analysis  by  Planner 
gave  55-7  silica,  11-5  water,  much  alumina, 
some  magnesia,  and  protoxide  of  iron.  Berz. 
and  Ram. 

ANCHUSIC  ACID,  ANCHUSINE.  Chem. 
See  Alkanet. 

ANDALUSITE.  Min.  Syn.  Chiastolite, 
Made,  Crucite.     Felspath  apyre,  Haiiy. 

Descrip.  Cryst.  right-rhombic  prism  of  91° 
33'  and  88°  27',  the  edges  levelled  by  another 
vertical  4-sided  prism,  the  adjacent  sides  of 
which  =  128°  6',  or  with  the  main  prism  = 
161°  43';  the  larger  terminal  plane  with 
small  planes  of  a  horizontal  prism  =  144°  44'. 
Cleavage  parallel  to  the  main  rhombic  prism. 
Occurs  also  subcolumnar  and  granular. 
H.  =  7-5.     G.  =3-13—3-32. 

Color  gray  or  reddish  ;  lustre  vitreous  ;  sub- 
translucent-opake ;  streak  white ;  tough,  with 
uneven  fracture  ;  streak  white.  Chiastolite  is 
now  associated  with  andalusite,  although  they 
appeared  to  differ  from  the  impurities  asso- 
ciated with  the  former;  hence  its  hardness 
varying  from  3  to  7-5,  and  the  variations  in 
analyses.  The  crystals  of  chiastolite  generally 
appear  to  consist  of  four  individuals,  arranged 
in  a  right  or  oblique  cruciform  manner. 

Behavior.  Infusible  alone,  dissolves  with  dif- 
ficulty in  borax  to  a  clear  glass ;  decomposed 
with  greater  difficulty  by  mic.  salt ;  with  soda 
swells  without  fusion;  with  cobalt-solution 
gives  a  blue.     Not  attacked  by  acids. 

Analysis.  Of  Andalusite,  1.  from  Spain  by 
Vauquelin  ;  2.  from  Herzogau  in  Oberpfalz  by 
Bucholz ;  and  from  the  Linsenz  Alp,  Tyrol, 
3.  by  Brandes,  4.  by  Bunsen,  and  5.  by  Thom- 
son ;  of  Chiastolite  from  Lancashire,  Massa- 
chusetts, 6.  by  C.  T.  Jackson,  7.  by  Bunsen. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

38 
52 

2 

8 

36-5 

60-5 

4-0 

34-000 
55-750 
3-375 
0-625 
0-375 
2-125 
2-000 
1-000 

40-17 
58-62 

0-51 

0-28 

35-304 

60-196 

(FeO  1-324 

1-000 
2-032 

33-0 
61-0 
4-0) 

1-5 

39-09 
58-56 

0-53 

0-21 
Vol.  mat.  0-99 

Peroxide  of  Iron  . . 
Ox.  of  Manganese  . 

1 

100 

101-0 

99-250 

99-58 

99-856 

99-5 

99-38 

The  analyses  of  Bunsen  are  probably  more 
to  be  relied  on  for  purity  of  material,  and,  ac- 
cording to  them  it  is  a  |  basic  silicate  of 
alumina.  Formula,  4  A1203,  3  Si03,  which,  by 
calculation,  gives  SiO3=40-27-f-  A120  359-73  = 
100.  According  to  Berzelius,  some  large  and 
soft  crystals  of  chiastolite  are  a  variety  of  talc, 
as  shown  by  an  analysis  of  the  same  from 
Bretagne  by  Arfvedson  who  found  Si0346-3-f- 
A1203  360  +  Fe203  2-6  +  MgO  2-7  +  KO  1 1-3 
-f  HO  11  =  100.     Its  formula  would  be 

3MgO^Sl°3+6Fe:033?Si0a- 


Localities.  In  primary  rocks.  First  found 
in  Andalusia,  Spain.  In  the  Linsenz  Alp, 
Tyrol,  in  large  crystals;  Braunsdorf,  Saxony; 
Landeck,  Silesia;  Guldenstein,  Moravia;  Ba- 
varia ;  Herzogau,  Pfalz ;  Forez,  France  ;  Elba; 
Botriffney,  Banffshire ;  Killeny,  Ireland.  In  the 
United  States  at  Westford,  Mass.,  abundant; 
Litchfield  Conn.,  rare;  Chester,  Del.  Co.,  Pa.; 
Chiastolite  at  Jago  di  Compostella,  Spain; 
Bareges,  Pyrenees  ;  Cumberland,  England  ;  in 
the  United  States,  Lancashire  and  Sterling 
Mass.;  Bellows  Falls,  Vt.     Ram. 

ANEMONIN.     Chem.    A  neutral  principle 
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apparently  a  camphor  or  stearopten,  found  in 
Anemone  Pulsatilla,  nemorosa  and  pralensc. 

Prep.  Pour  over  the  bruised  and  fresh  plant 
twice  its  weight  of  water,  distil  off  the  half, 
redistil  f  of  the  distillate  and  set  it  in  a  cool 
place ;  the  anemonin  crystallizes  out  in  a  few 
weeks. 

Prop.  White  scales  or  needles,  of  an  ex- 
tremely pungent  odor  and  taste,  heavier  than 
water ;  very  soluble  in  ether,  slightly  in  water; 
heated  it  fuses  and  volatilizes  with  an  extremely 
pungent  acrid  odor,  violently  attacking  the  eyes 
and  nose,  but  it  cannot  be  distilled  unchanged. 
Long  ebulition  with  nitric  acid  decomposes  it, 
but  chlorine,  iodine,  and  bromine  scarcely 
attack  it;  soluble  in  cold  sulphuric  acid,  from 
which  water  precipitates  it,  but  the  solution  is 
decomposed  by  heat;  concentrated  chloro- 
hydric  acid  converts  it  into  anemanic  acid. 
Form.,  C7H304.  Lowig.  Fehling  found  A.  very 
soluble  in  hot  alcohol,  difficultly  in  ether  and 
water;  the  alcoholic  solution  always  left  a 
white,  pulverulent  substance,  insoluble  in  those 
three  menstrua,  as  well  as  in  the  fixed  and 
volatile  oils.  His  4  analyses  give  C6H202. 
By  boiling  it  with  oxide  of  lead  and  water,  he 
obtained  a  crystalline  compound  of  the  formula, 
C15H606,  PbO. 

Mnemonic  acid  (Ger.  Anemoninsilure)  is  ob- 
tained, according  to  Lowig,  by  boiling  ane- 
monin with  barytic  water,  removing  the  excess 
of  baryta  by  carbonic  acid,  precipitating  the 
filtered  solution  with  acetate  of  lead,  decom- 
posing the  yellow  anemonate  of  lead  by  sul- 
phuretted hydrogen,  and  evaporating  the  fil- 
tered solution  of  anemonic  acid  to  dryness. 
It  is  a  brown,  translucent,  brittle,  amorphous 
mass,  easily  rubbed  to  a  yellow  powder;  deli- 
quescent, very  soluble  in  water,  not  in  ether, 
with  difficulty  in  alcohol ;  tastes  and  reacts 
acid,  decomposing  carbonates ;  decomposed  by 
distillation ;  its  salts  are  amorphous.  Form., 
C_H403,  HO.  Lowig.  Schwarz's  anemic  acid 
(Anemonsiiure)  requires  confirmation. 

ANGELICA.  Bot.  The  root  of  this  plant 
(Archangelica,  angelica),  growing  abundantly 
in  Northern  Europe  ;  has  at  first  a  sweet  taste, 
then  hot,  aromatic,  bitter.  The  analyses  of  the 
root  are  by  John,  and  by  Bucholz  and  Brandes. 

John.  Buch.  &.  Br. 

Vol.  oil,  sharp  taste,  trace 0-70 

Resin.... Do 6-7     6-02 

Bitter  extract 12-5     Extractive 26-40 

Gum  33-5     (with  salt) 31-75 

Starch  (Inulin),  .  4-0  (not  Inulin)  . . .  5-40 
Soluble  in  potassa    7-3     Extr.  deposit. . .    0-66 

Woody  fibre  ....  30-0     8-60 

Water ?      Rn     17-50 

Loss   3      b'U     2-00 

Albumen 0-97 


100 


100 


B.  and  B.  term  the  acrid,  soft  resin  Angelica- 
balsam,  on  which,  with  the  oil,  the  active 
properties  of  the  seeds  and  root  depend.  To 
prepare  it,  extract  the  dry  root  with  alcohol, 
and  add  water,  which  dissolves  the  extractive. 
The  balsam  is  blackish  brown,  soluble  in  sul- 
phuric acid  with  brownish  red  color,in  potassa- 
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lye  by  heat,  in  alcohol,  ether,  spt.  terpentine, 
and  almond  oil,  with  a  yellow  color. 

ANGLARITE.    Mm,     See  Viviavj tk. 

ANGLESITE.   Mm.     See  Lead-vithm.i.. 

ANGOSTURA.  Bot.  Syn.  Angustura.  The 
bark  of  Galipca  officinalis  and  Cugparia  (the 
latter  Bonplandia  trifoliata),  from  the  i. 
of  tropical  America.  It  should  not  be  con- 
founded with  the  bark  of  the  Nux-Vomica  tree, 
sometimes  termed  False  Angustura.  Fischer's 
analysis  of  the  true  Ang.  bark  gives  : 

Volatile  oil 0-3 

Bitter  hard  resin 1-7 

Balsamic  resin 1-9 

Elastic  resin 0-2 

Bitter  extract 3-7 

Gum 5-7 

Lignin 89-1 


102-6 


Pfaff's  analysis  gave  beside  the  above,  free 
tartaric  acid,  tartrate,  sulphate  and  muriate  of 
potassa,  and  sulphate  of  lime.  Saladin  dis- 
covered in  it  a  peculiar  principle  (the  bitter 
extract)  which  he  termed  Cusparin. 

The  volatile  oil  is  obtained  by  distilling  the 
bark  with  water.  It  is  yellowish  white,  lighter 
than  water,  peculiar  odor,  acrid  taste.  The 
hard  resin  is  brown,  bitter,  soluble  in  alcohol, 
acetic  ether,  and  potassa;  insoluble  in  common 
ether  and  oil  of  terpentine.  The  soft  resin  is 
greenish  yellow,  acrid.soluble  in  alcohol,  ether, 
oil  of  terpentine,  and  almonds;  insoluble  in 
potassa;  colored  red  by  nitric  acid. 

Cusparin.  Syn.  Angosturin.  This  princi- 
ple, the  bitter  extract,  is  prepared,  according  to 
Saladin,  by  extracting  1  pt.  bark  by  3  pts.  abso- 
lute alcohol,  and  evaporating  spontaneously  at 
16°  Fahr. ;  the  crystalline  aggregations  are 
separated  from  the  liquid,  pressed,  rinsed  with 
a  little  water,  treated  with  ether,  dissolved  in 
alcohol  of  0-833,  shaken  with  freshly  precipi- 
tated oxide  of  lead,  the  greater  part  of  the 
alcohol  distilled  off,  and  the  residue  exposed 
to  18° — 20°.  Concentric  groups  of  crystals 
are  formed.  Cusparin  forms  irregular  tetra- 
hedra,  fuses  at  a  gentle  heat,  losing  23-09  per 
cent,  of  its  weight,  with  higher  heat  inflames, 
without  giving  an  odor  of  nitrogenous  matter, 
and  without  a  residue  ;  1000  water  at  59°  dis- 
solve 5-45,  at  212°  11-04;  100  alcohol  of  0-8536 
dissolve  37  at  53-6°;  insoluble  in  ether  and 
vol.  oils;  soluble  in  alkali.  Chlorine  changes 
it  into  a  peculiar  acid;  iodine,  bromine,  nitric 
and  sulphuric  acids  change  its  color.  Its 
aqueous  solution  is  not  precipitated  by  neutral 
salts  of  both  oxides  of  iron,  nor  neutral  or 
basic  acetate  of  lead;  while  infusion  of  galls 
produces  a  caseous  precipitate. 

Use.  In  Pharmacy.  A  powerful  aromatic 
or  stimulant  tonic,  its  stimulant  properties 
being  due  to  the  oil  and  resin,  its  tonic  to  the 
bitter  principle. 

ANHYDRITE.  Min.  (name  signifies  without 
water).  Syn.  Cubespar  (Ger.  Wurfelspath), 
Muriacite,  Vulpinite,  Karstenite,  Prismatic 
Gypsum  Haloide. 

Description.  Cryst.  Right  square  prismatic. 
Combinations   are    the  prism   with   terminal 


ANHYDROUS. 

plane,  and  sometimes  a  2d  prism  replacing  the 
edges  of  the  1st,  the  angles  of  the  two  adjoin- 
ing prisms  =  129°  56'  and  140°  4' ;  cleaves 
parallel  to  main  prism,  less  perfectly  parallel 
to  terminal  plane.  Structure  also  lamellar  and 
fibrous,  often  contorted,  granular,  and  some- 
times impalpable. 
H.  =  3—3-5.     G.  =  2-9— 2-957 

(2-96  in  vacuo  at  39°). 
Color  white,  grayish,  bluish,  or  reddish, 
brick-red;  lustre  pearly  on  the  prism, vitreous 
on  terminal  plane,  and  rather  vitreous  in  the 
lamellar  and  fibrous  ;  transparent,  translucent; 
has  double  refraction. 

Behavior.    Yields  no  water,  or  only  a  trace, 

l. 

Sulphuric  acid 59-78 

Lime 43-06 

Sesquioxide  of  Iron 0-10 

Silica 0-25 

Water — 

Carbonic  acid — 

Bitumen — 


ANIMAL  CHEMISTRY. 

in  a  matrass  ;  fuses  with  difficulty  on  charcoal 
to  a  white  enamel,  and  by  strong  fire  is  reduced 
to  sulphuret,  either  alone  or  mixed  with  soda. 
Forms,  with  borax,  a  clear  glass,  becoming 
yellow  or  brownish  on  cooling,  according  to 
the  quantity  in  the  bead.  Fuses  into  a  clear 
bead  with  fluor-spar,  becoming  an  opake  white 
enamel  on  cooling,  and  by  continued  heating 
swells  without  fusion.  Very  slightly  soluble 
in  water  and  acids. 

Analysis.  1.  Of  a  blue  variety  from  Sulz  on 
the  Neckar ;  2.  of  the  fibrous  from  Ilfeld  ;  3.  of 
the  coarse;  and,  4.  of  the  fine  granular  from 
Vulpino ;  1  by  Klaproth,  2,  3,  and  4  by  Stro- 
meyer :  ' 


2. 

55-801 

40-673 

•254 

•231 

2-914 

•087 

•040 


56-7765 

41-4056 

■0324 

•2596 

•9428 


58-0075 
41-7042 

•0900 
•0725 


103-19  100 


99-4169  99-8742 


Formula,  CaO,  S03,  or  anhydrous  sulphate 
of  lime. 

Localities.  Well  crystallized  at  salt-mines  of 
Bex,  Switzerland;  and  at  Hall  and  Bochnia, 
Tyrol ;  at  Aussee,  crystallized  and  massive, 
the  latter  brick-red;  at  Sulz  on  the  Neckar; 
Bleiberg,  Carinthia;  Himmelsberg  near  Ilfeld; 
Berechtesgaden,  Bavaria;  salt  mines  of  Wie- 
liczka,  Poland;  Vulpino  near  Bergamo,  Italy, 
where  its  unusual  hardness  renders  it  useful 
for  cutting  into  ornaments.  In  the  United 
States  at  Lockport,  New  York,  of  fine  blue, 
usually  lamellar  and  transparent. 

ANHYDROUS.  Chem.  From  *v,  without, 
Wag,  water.  A  term  frequently  applied  to  sub- 
stances destitute  of  water.  The  metallic  oxides 
are  usually  precipitated  as  hydrates,  i.  e.  chemi- 
cally combined  with  water,  which  they  lose  by 
heat,  becoming  anhydrous  or  dry  oxides.  Al- 
cohol and  other  organic  bodies  have  a  strong 
attraction  for  water,  although  they  may  not 
combine  with  it  in  definite  proportion,  and 
when  freed  from  it  they  are  also  termed  anhy- 
drous. Anhydrous  alcohol  is  also  termed  ab- 
solute alcohol. 

ANHYDROUS  SILICATE  OF  IRON.  Min. 
H  =  4.  G=  3-884.  Foliated  masses,  cleav- 
ing readily  into  4-sided  prisms,  dark,  brown, 
opake,  brittle,  magnetic.  Heated  in  a  closed 
tube  loses  about  2  per  cent,  of  volatile  matter, 
including  ammoniacal  vapor;  infusible  alone, 
but  in  reducing  flame  assumes  metallic  lustre  ; 
soluble  in  chlorohydric  acid,  leaving  silica  in 
flakes.  An  analysis  by  Thompson  gives  silica 
29-60  +  protoxide  of  iron  68-73  -f-  protox.  of 
manganese  1-78  =  100-11.  Form.,  3  FeO,  Si03, 
or  §  protosilicate  of  iron.  Locality  at  Sclav- 
carrach,  Mourne  mountains,  Northern  Ireland. 
See  Chloroph.eite,  Fatalite,  and  Silicates  of 

ANIL  or  NIL,  ANILIN,  ANILIC  ACID. 
See  Indigo. 

ANIMAL  CHARCOAL.  Tech.  The  residue 
from  the  dry  distillation  of  various  parts  of 


animals,  bones,  blood,  flesh,  scrapings  of  hides, 
and  leather,  clippings  of  hoofs  and  horns, 
woollen  and  silk  rags,  &c.  They  are  distilled 
either  for  their  volatile  matters  as  a  chief  pro- 
duct, or  for  the  residuary  coal,  which  is  em- 
ployed either  in  the  manufacture  of  prussiate 
of  potassa,  or  for  decolorizing  and  purifying 
solutions  of  sugar,  spirits,  and  other  liquids. 
For  the  volatile  products  see  Manufacture  of 
Sal-ammoniac  under  Ammonium.  For  the 
uses  of  the  charcoal,  see  Ferrocyanide  of  Potas- 
sium under  Cyanogen  ;  and  for  the  last  pur- 
pose, Bone-black. 

ANIMAL  CHEMISTRY.  Organic  bodies 
are  distinguished  from  inorganic  by  always 
consisting  of  2  or  more  of  a  few  elements,  car- 
bon, hydrogen,  oxygen,  and  nitrogen,  with  a 
few  others ;  by  consisting  usually  of  a  large 
number  of  equivalents  and  by  consequently 
being  complex  in  their  composition;  by  their 
ready  decomposition  or  separation  into  simpler 
forms  of  matter.  Many  of  them  have  also  a 
compound  radical,  as  basis,  composed  of  2  or 
3  elements,  carbon  and  hydrogen,  or  these  with 
nitrogen,  which  act  as  elements  combining 
oxygen,  sulphur,  &c,  and  their  oxides  with 
acids.  We  may  distinguish  between  organic 
and  organized  bodies ;  the  latter,  while  in  con- 
nection with  the  plant  or  animal,  partaking  of 
its  vitality  and  consequently  not  being  obedient 
to  the  decomposing  laws  of  affinity,  but  rather 
employing  these  forces  to  elaborate  materials 
from  the  organic  matters  around  them  in  order 
to  reproduce  themselves.  The  fibrin  and  al- 
bumen of  the  blood  are  of  this  character. 
Organic  bodies  are  produced  by  the  joint 
action  of  those  organized,  such  as  sugar,  gum, 
oily  matters,  vegetable  acids,  alkaloids,  &c. 

The  organic  and  organized  matters  produced 
by  plants  constitute  the  food  of  animals,  which 
employ  them  partly  for  nutrition  and  partly  for 
combustion.  The  important  organized  con- 
stituents of  the  animal  system  are  all  nitro- 
genous ;  and  hence  the  necessity  of  nitrogenous 
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food  to  supply  their  gradual  waste  and  decay. 
Starch,  gum,  sugar,  oils,  &c,  containing  no 
nitrogen,  support  life  but  for  a  short  time,  their 
principal  use  being  to  supply  carbon  for  com- 
bustion, wherewith  the  heat  of  the  body  is 
maintained. 

In  respiration  the  amylaceous  and  oily  sub- 
stances, &c.  are  burned,  their  oxygen  uniting 
with  as  much  of  their  hydrogen  as  is  neces- 
sary to  form  water,  while  their  carbon  and  the 
excess  of  hydrogen  are  converted  into  car- 
bonic acid  and  water.  The  dark  venous  blood 
absorbs  oxygen  from  the  air  in  the  lungs 
becoming  of  a  florid  red,  and  arterialized ;  but 
the  greater  part  of  the  oxidation  takes  place  in 
the  extreme  capillaries,  from  which  the  venous 
blood  conveys  carbonic  acid  to  the  lungs, 
where  it  parts  with  it,  takes  up  oxygen,  and 
becomes  again  arterialized.  This  oxidation 
appears  to  be  sufficient  to  account  for  animal 
heat,  and  hence  we  may  view  the  animal  frame 
as  an  apparatus  of  combustion,  in  which  the 
organized  and  organic  substances  generated  by 
plants  are  burned  and  converted  into  simpler 
forms  of  matter,  carbonic  acid,  water,  &c. 

To  supply  this  combustion  and  the  waste  of 
the  animal  body,  the  organic  materials  of  food 
enter  into  the  system  by  simple  absorption, 
animals  merely  assimilating  without  organizing 
them.  It  has  been  shown  by  the  analyses  of 
Mulder  and  others  that  fibrin,  albumen,  and 
casein  have  the  same  composition,  whether 
obtained  from  vegetables  or  animals,  whence 
Liebig  draws  the  conclusion  that  animals  do 
not  organize  them,  but  draw  them  ready  formed 
from  plants,  the  herbivorous  receiving  them 
directly,  carnivorous  animals  indirectly. 

The  minutiae  of  the  operations  of  respira- 
tion, digestion,  and  the  various  animal  func- 
tions are  still  subjects  of  speculation  and 
research,  nor  is  it  desirable  in  a  practical 
work  to  enter  on  this  field  until  it  shall  have 
been  more  fully  explored.  Dumas,  Bous- 
singault,  and  others  maintain  that  the  fatly 
matters  are  not  organized  by  the  animal,  but 
received  ready  formed  from  plants ;  while 
Liebig  holds  that  they  are  due  to  the  metamor- 
phosis of  amylaceous  and  other  portions  of 
food  within  the  animal  frame. 

Certain  it  is  that  a  path  of  research  has 
been  opened  by  the  surprising  discoveries  in 
Organic  Chemistry,  which  bids  fair  to  unfold 
many  of  the  hitherto  concealed  operations  in 
the  complex  system  of  animals,  which  were 
formerly  referred  to  the  indefinite  action  of 
vitality,  and  promises  a  clearer  view  of  the 
cause  and  state  of  disease,  with  a  more  certain 
application  of  remedies  on  sound  chemical 
principles.  For  farther  details,  refer  to  Respi- 
ration and  Digestion;  to  the  substances, 
Albumen,  Casein,  Fibrin,  Gluten,  Legumin, 
and  Protein  ;  and  farther,  to  the  articles  Bile, 
Blood,  Chyle,  Fat,  Urine,  &c. 

ANIME.  Tech.  A  resin,  of  which  there  are 
two  varieties,  the  American  and  the  Oriental. 
The  American  Anime  is  said  to  flow  from  inci- 
sions in  the  Hymencea  Courbaril,  a  tree  growing 
in  Brazil  and  the  West  Indies.  The  purer 
resin  occurs  in  pale-yellow  pieces,  with  a 
vitreous  fracture  and  dusty  surface;  softens  in 
the  mouth,  tastes  like  mastic,  and  has  an 
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agreeable  odor,  especially  when  heated;  spec, 
grav.  1-03;  combustible  with  a  lively  flame. 
Warm  oil  of  olives  or  lavender  dissolve  it;  it 
is  wholly  soluble  in  boiling  alcohol,  the  solu- 
tion reddening  litmus,  although  the  acid  [j 
scarcely  extracted  by  water.  Cold  alcohol 
separates  it  into  two  resins,  the  soluble  (54-3 
percent.)  resembles  the  resin  itself;  the  diffi- 
cultly soluble  resin  (42-8  percent.)  precipitates 
from  a  boiling  alcoholic  solution,  drying  to  a 
tasteless  mass,  slightly  odorous  and  lighter 
than  water.  It  also  contains  about  2-4  per 
cent,  of  a  volatile  oil,  which  passes  off  by 
heating  alone  or  with  water.  A  brown  variety 
does  not  soften  in  the  mouth. 

The  Oriental  anime  has  a  spec.  grav.  1-0272, 
appears  to  be  a  mixture  of  2  resins,  one  pale- 
yellow,  brittle,  not  softening  in  the  mouth,  the 
other  reddish  yellow,  softer ;  it  does  not  contain 
the  difficultly  soluble  resin,  and  its  alcoholic 
solution  has  a  less  acid  reaction.  It  is  not  de- 
composed by  nitric  acid,  even  at  the  heat  of 
fusion. 

Anime  was  formerly  employed  in  Phar- 
macy, but  is  now  chiefly  used  for  scenting  pas- 
tilles, &c. 

ANISE.  Tech.  Phar.  The  seed  of  Pimpi- 
nella  Anisurn  (or  Anisum  sativum),  a  native  of 
Scio  and  Egypt,  extensively  cultivated  in  Ger- 
many, Spain,  &c.  The  following  are  the 
analytic  results  of  Brandes  and  Reimann : 

Volatile  oil 3-00 

Resin 0-58 

Crystal,  fat  and  chlorophyll.  . .  0-12 

Fat  oil 3-38 

Phy  tocol  1  (extractive,  &c.) . . .  7-85 

Uncryst.  sugar 0-65 

Gum 6-50 

Extractive 0-50 

Anise-Ulmin? 8-60 

Gummoin 2-90 

Salts  of  lime  and  potassa 8-17 

Inorganic  salts,  &c 3-55 

Lignin 32-85 

Water 2300 


101-65 


The  fat  oil  was  of  a  buttery  consistence, 
soluble  in  alcohol,  leaving  a  resin;  saponifia- 
ble  by  potassa,  leaving  a  white  substance,  not 
examined.  Neither  the  anise-ulmine  nor  the 
gummoin  can  be  regarded  as  simple  bodies. 
The  salts  of  lime  and  potassa  are  malates  and 
bimalates,  acetates,  phosphates,  and  sulphates, 
the  inorganic  include  silicic  acid  and  oxide 
of  iron. 

Oil  of  anise  is  prepared  by  distilling  the  seed 
with  water,  about  2  per  cent,  being  the  yield. 
It  is  transparent  and  colorless,  or  slightly 
yellow,  with  the  aromatic  odor  and  taste  of  the 
seed ;  spec.  grav.  0-979  fresh,  increasing  to 
0-985  when  old;  congeals  at  50°  and  liquefies 
at  62°;  these  points  varying  with  the  variable 
proportion  of  elaopten  and  stearopten.  It  is 
rniscible  in  all  proportions  with  alcohol  of 
0-806,  soluble  at  77°  in  2-4  pts.  alcohol  of  8-4. 
It  slowly  oxidizes  in  the  air,  becoming  thicker, 
resinous,  and  loses  the  property  of  depositing 
its    stearopten.     With    fuming   nitric   acid,  it 
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forms  an  orange-colored,  soft  resin  and  oxalic 
(or  benzoic)  acid.  It  consists  of  elaopten  and 
stearopten,  the  latter  often  |  of  the  oil.  The 
former  has  not  been  studied. 

Anisc-Slearopten  or  Camphor.  The  solid  con- 
stituent of  the  oil  or  the  stearopten,  is  proved 
by  Cahours  to  be  identical  with  the  stearoptens 
of  Fennel  and  Star-anise.  It  is  prepared  from 
anise-oil,  in  which  it  exists  in  greater  quantity, 
^  of  the  whole,  by  pressing  the  oil  at  32° 
between  bibulous  paper  until  it  ceases  to 
absorb  oil,  when  the  solid  is  crystallized  several 
times  from  alcohol  of  0-85  to  obtain  it  pure. 

Prop.  White,  shining  laminoe,  about  as 
heavy  as  water,  with  a  feebler  and  more  agreea- 
ble odor  than  the  crude  oil,  is  brittle,  especially 
at  32°  ;  fuses  at  about  64°,  boils  at  432°,  vola- 
tilizing almost  unchanged  at  this  temperature, 
but  becoming  yellow.  The  solid  stearopten  is 
not  altered  by  long  contact  with  oxygen  or  air, 
but  when  kept  fluid  it  gradually  loses  its  crys- 
tallizability.  The  analyses  of  Blanchet  and 
Sell,  Dumas,  and  lately  of  Cahours, prove  that  its 
composition  is  either  C10H6O,  or  C2oH1202 ;  the 
latter  being  deduced  by  Cahours  from  its  com- 
bination with  chlorohydric  acid;  it  is  therefore 
isomeric  with  cuminole  or  hydruret  of  cumyl. 

Anise-stearopten,  treated  with  dry  bromine, 
and  purified  by  solution  from  ether,  forms 
large,  shining,  colorless,  inodorous  crystals, 
insoluble  in  water,  somewhat  soluble  in  alcohol, 
more  so  in  ether,  decomposing  above  212°. 
Form.,  C20H9,  Br302,  3  eq.  hydrogen  being 
replaced  by  3  of  bromine.  Chlorine  displaces 
hydrogen  in  a  similar  manner,  but  it  seems  in 
proportion  to  the  quantity  of  chlorine.  The 
former  is  termed  by  Cahours  Bromanisal. 

jlnisoin.  One  pt.  stearopten  rubbed  with  1^ 
oil  of  vitriol  is  changed  into  a  resinous  mass, 
from  which  the  greater  part  of  the  acid  can  be 
extracted  by  boiling  with  water.  The  resin  is 
then  distilled,  part  passing  over  as  a  solid,  but 
the  greater  part  decomposed  into  a  volatile 
aromatic  oil.  The  solid  is  white,  inodorous, 
fuses  above  212°,  insoluble  in  water,  slightly 
soluble  in  alcohol,  more  so  in  ether,  from 
which  it  crystallizes.  Form.,  C20H12O2,  being 
isomeric  with  the  stearopten.  The  same  sub- 
stance is  formed  by  strong  phosphoric  acid, 
and  by  the  dry  chlorides  of  tin  and  antimony. 

Anisic  acid.  Prepared  by  boiling  anise- 
stearopten  with  nitric  acid  of  1*2,  washing  the 
separated  crystals  with  cold  water,  and  sub- 
liming them;  colorless,  shining  needles, slightly 
soluble  in  cold, readily  in  hot  water,  very  solu- 
ble in  alcohol  and  ether,  forms  cryslallizable 
salts  with  alkalies,  crystalline  precipitates  with 
the  oxides  of  lead  and  silver.  Formula  of  the 
crystallized  acid,  C16H605  -f-  HO,  the  water 
being  replaced  in  salts  by  a  metallic  oxide. 

Anisole  is  formed  by  the  distillation  of  anisic 
acid  from  an  excess  of  baryta  or  lime.  It  is  a 
very  mobile,  colorless,  aromatic  liquid,  boiling 
above  302°,  insoluble  in  water,  soluble  in  al- 
cohol and  ether;  it  forms,  with  bromine,  chlo- 
rine, and  nitric  acid,  crystallized  products. 
Anisole  is  formed  by  the  abstraction  of  2  eq. 
carbonic  acid  from  cryst.  anisic  acid;  thus, 
C16H70-2C02  =  CUH702. 

Nitranisic  acid.  The  stearopten  boiled  with 
strong  nitric  acid  of  1*33  is  first  resolved  into 


an  oily  body,  but  when,  by  continued  action,  it 
is  dissolved,  the  solution  is  diluted,  and  the 
nitranisic  acid  separates  in  yellow  flocculse. 
It  is  washed,  combined  with  ammonia,  crys- 
tallized several  times,  and  precipitated  by 
nitric  acid  to  render  it  pure.  It  is  soluble  in 
boiling  water,  more  in  alcohol ;  its  alkaline 
salts  are  readily  soluble,  its  alkalino-earthy  dif- 
ficultly. Form,  of  the  cryst.  acid  =  C16H5N09 
+  HO,  of  the  dry  acid  =  C16H504  +  NO.. 
Another  substance  obtained  by  the  action  of 
fuming  nitric  is  termed  Nitranisid. 

ANKERITE.   Min.     See  Magnesite. 

ANNEALING.  Tech.  Syn.  Nealing,  Tem- 
pering. Lat.  Recoquere.  Fr.  Recuire,  Recuit. 
Ger.  Anlassen.  Saxon.  Anhelan.  Many  sub- 
stances, after  undergoing  the  rapid  processes 
of  the  manufacturer,  become  more  or  less 
brittle,  and  consequently,  less  adapted  to  the 
employment  for  which  they  are  designed;  and 
in  order  to  restore  the  desired  toughness  they 
are  subjected  to  the  operation  of  annealing  or 
tempering.  Glass  vessels  were  almost  useless 
unless  annealed.  Thus,  melted  glass  dropped 
into  water  forms  Prince  Rupert's  drops  or  tears, 
the  small  end  of  which  being  broken  off,  the 
whole  drop  bursts  into  powder  with  an  explo- 
sive force  and  noise.  A  vial  or  thin  tumbler, 
suffered  to  cool  in  the  air  (called  the  Bologna- 
vial),  will  often  bear  the  stroke  of  a  leaden 
bullet  or  other  blunt  and  soft  body  suffered  to 
fall  into  it  without  fracture,  but  if  a  flint  or 
sharp  piece  of  sand  be  dropped  into  it,  the 
vessel  will  violently  fly  to  pieces.  This  lia- 
bility to  fracture  is  greatly  lessened  by  placing 
the  vessels  as  soon  as  made  in  the  annealing 
furnace,  where  they  are  slowly  cooled  for  some 
hours  or  even  days,  according  to  the  thickness 
of  the  glass.  Several  metals  becoming  more 
or  less  brittle  by  hammering  and  rolling,  re- 
ceive their  wonted  toughness  by  heating  to  red- 
ness. Brittle  cast  iron  may  be  made  softer 
and  tougher  by  maintaining  it  for  some  time  at 
a  full  red  heat  and  cooling  it  slowly.  The  pro- 
cess of  tempering  steel  depends  on  the  same 
principles.  It  is  heated  and  suddenly  plunged 
into  a  cold  liquid,  which  hardens  it  and  renders 
it  more  or  less  brittle  ;  by  heating  this  hardened 
metal  to  different  temperatures,  its  hardness  is 
diminished  in  proportion  to  the  temperature,  a 
process  termed  tempering. 

The  particles  of  glass  or  metal  in  the  brittle 
state  are  supposed  to  be  in  a  state  of  high  co- 
hesive tension,  and  by  the  operation  of  reheat- 
ing are  restored  to  a  state  better  adapted  to  the 
exertion  of  cohesive  force. 

ANORTHITE.  Min.  Syn.  Anorthotomous 
Felspar,  Christianite,  Biotin. 

Descrip.  Cryst.  Doubly  oblique  rhombic 
system,  with  a  perfect  cleavage  parallel  to 
main  plane,  P,  and  lateral  plane,  M.  It  occurs 
also  columnar. 

H.=6.     G.  =  2-65— 2-78. 
Color    white;    lustre    vitreous,    pearly    on 
cleavage-planes;  transparent,  translucent;  frac- 
ture conchoidal.     Resembles  felspar. 

Behavior.  It  behaves  like  felspar  before  the 
blowpipe,  but  yields  with  soda  only  a  white 
enamel.  Soluble  in  chlorohydric  acid,  the 
silica  not  gelatinizing. 
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Analysis.      1.    From   Monte   Somma  by   G. 

Rose,  and  2.  by  Abich  ;  3.  from  Java  by  Rein- 

wardt : 

1.  2.  3. 

Silica 44-49         44-98  46 

Alumina 34-46         33-84  37 

Lime 15-68         18-07  14-5 

Magnesia 5-26  1-56  — 

Perox.  of  Iron...     0-74  0-33  — 

Potassa —  0-88  — 

Soda —  trace  0-6 


100-63 


99-66 


98-1 


Rose  subsequently  found  2  per  cent,  potassa. 

Localities.  Old  lavas  of  Monte  Somma,inchlo- 
ritic  masses  with  ice-spar,  augite,  mica,  ido- 
crase ;  on  the  island  Procida  near  Naples ;  Java. 


ANNATTO.     See  Aiinotto. 
ANTHOPHYLLITE.      Mm. 


See    Honx- 


ANTHRACEN.  Chem.  See  Paranapldhalin 
under  Naphthalin-. 

ANTHRACITE.  Geol.  A  coal  formation, 
containing  little  or  no  bituminous  matter,  and 
sometimes  as  high  as  95  per  cent,  carbon.  The 
largest  formation  is  composed  in  the  several 
basins  in  central  Pennsylvania,  east  of  the 
Susquehanna  river;  other  formations  are  in 
England  and  France,  beside  smaller  deposits 
of  the  same  geological  age ;  and  a  few  locali- 
ties where  basalt  intruded  through  the  brown 
coal,  appears  to  have  deprived  it  of  its  bitumen, 
and  converted  it  into  a  species  of  anthracite. 
The  following  analyses  will  exhibit  the  che- 
mical character  of  this  coal: 


Pennsylvania  Anthracite. 
Nesquehoning  mines,  Northampton  county 

Summit  mines,  Lehigh  Company , 

Tamaqua  mines,  Schuylkill  co , 

Schenoweth  vein,  Pottsville , 

Sharp  Mountain,  Pinegrove 

Black  Spring  Gap,  Dauphin  co 

Lykens  Valley,  Dauphin  co 

Wilkesbarre,  Luzerne  co 

Carbondale,  Luzerne  co 


Foreign  Anthracite. 

Durham,  England 

Wales 

Mons,  France 

Rolduc 

Fresne 

Lamure 

Baconniere 


Spec.  grav. 


1-57 
1-50 
1-54 
1-44 

1-403 
1-404 


1-34 
1-36 
1-608 


Carbon. 


86-60 
88-50 
92-07 
94-10 
79-57 
82-47 
88-25 
88-90 
90-23 


82-0 
88-0 
85-0 
87-0 
86-3 
91-3 
66-5 


Vol.  matter. 


6-40 

7-00 

7-50 

4-00 

5-03 

2-90 

1-40 

4-50 

7-15 

3-28 

9-53 

8-00 

8-85 

2-90 

7-68 

3-49 

7-07 

2-70 

13-0 

5-0 

8-6 

3-4 

12-7 

2-3 

10-3 

2-7 

9-4 

4-3 

6-0 

2-7 

8-5 

25-0 

Ashes. 


The  following  analyses  by  Jacquelin  {An.  de 
Ch.  de  Ph.  lxxiv.  200)  show  the  ultimate  com- 
position of  some  foreign  anthracites.     1.  from 

I. 

Carbon 90-58 

Hvdrogen 3-60 

Nitrogen 0-29 

Oxygen 3-81 

Ashes 1-72 

The  volatile  matter  in  the  purer  varieties  is 
almost  exclusively  water;  but  in  the  same 
basin  in  Pennsylvania  may  be  traced  a  gradual 
transition  from  those  burning  without  flame  to 
those  containing  a  sufficient  quantity  of  bitumen 
to  burn  more  freely  and  with  flame.  This  fact 
has  been  clearly  shown  in  the  most  southern 
basin,  where  numerous  analyses  made  along  the 
whole  line  from  Pottsville,  in  a  southwesterly 
direction  towards  the  Susquehanna,  show  the 
gradual  increase  of  volatile  matter  from  2 — 5 
per  cent,  to  12 — 16  per  cent.,  so  that  the  latter 
coals  towards  the  S.  W.  termination  of  the 
basin  approximate  to  bituminous  coals.  The 
ashes  of  anthracite  necessarily  varies  in  com- 
position, consisting  of  a  silicate  of  alumina, 
with  variable  quantities  of  oxide  of  iron,  mag- 
nesia, lime,  &c,  the  two  last  being  often  absent. 
Sulphur  (in  sulphuret  of  iron,  pyrites)  is  also 
a  variable  constituent,  from  £  to  1  per  cent., 
being  usually  much  less  than  the  proportion  in 
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Coalbrook,  Caermarthenshire,  2.  from  Sable 
Sarthe,  3.  from  Vizille,  Isere,  4.  from  Isere,  5. 
from  Pembrokeshire,  analyzed  by  Schafhiiutl. 


2. 

3. 

4. 

5. 

87-22 

94-09 

94-00 

94-100 

2-49 

1-85 

1-49 

2-390 

2-31 

2-85 

0-58 

0-874 

1-08 

— 

— 

1-336 

6-90 

1-90 

4-00 

1-300 

bituminous  coals.  From  our  own  experiments 
the  existence  of  nitrogen  is  shown  from  the 
ammoniacal  salt,  which  can  be  detected  in  the 
fine  ashes  frequently  found  in  the  flues  leading 
from  anthracite  stoves.  Moreover,  where  the 
flues  are  of  sheet-iron  and  not  porous  earthen- 
ware, some  50  per  cent,  of  this  ash  is  chloride 
of  ammonium  (sal-ammoniac) ;  the  presence 
of  chlorine  would  hence  indicate  the  marine 
character  of  the  coal. 

Uses.  Anthracite  has  been  employed  in 
Philadelphia  for  heating  apartments  since  1820; 
and  within  10  years  successfully  for  culinary 
operations,  both  in  close  stoves  and  open 
grates.  The  advantages  it  possesses  for  these 
purposes  are  the  long-continuance  and  uniform 
combustion  of  the  fire,  the  little  attention  it 
requires,  freedom  from  smoke,  its  greater 
cleanliness,  and  the  little  liability  to  communi- 
cate fire  from  sparks,  &c.  Its  disadvantages 
are  the  intensity  and  very  drying  character  of 
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the  heat,  although  the  latter  difficulty  may  be 
obviated  by  the  use  of  open  vessels  of  water, 
with  stoves  and  hot-air  furnaces. 

The  same  advantages  render  it  very  supe- 
rior as  a  fuel  for  numerous  technical  processes. 
After  many  unsuccessful  attempts  made  in 
Pennsylvania  to  employ  it  in  the  reduction  of 
iron  from  its  ores,  Mr.  Crane  fully  succeeded  at 
his  iron-works  in  Wales,  England,  in  1837,  by 
the  use  of  the  hot-blast,  since  which  it  has  been 
employed  with  variable  success  in  the  United 
States.  For  some  technical  operations  it  is  less 
valuable,  such  as  in  the  manufacture  of  glass,  in 
some  reverberatories,  where  the  transported 
heat  of  flame  appears  to  be  better  adapted  to  the 
purposes  required.  Notwithstanding  the  great 
number  of  practical  applications  which  anthra- 
cite has  received,  we  have  yet  to  witness  its  far 
more  varied  and  general  employment  both  in 
domestic  economy  and  in  manufactures. 

ANTHRACONITE.  Ira,  See  Calcareous 
Spar. 

ANTHRANILIC  ACID.   Chem.    See  Indigo. 

ANTHOSIDERITE.  Min.  {^K,flm.ver,<nh^, 
iron).  Description  by  Hausmann.  Fine  fibrous, 
radiated,  flower-like.  H  =  6-5.  G  =  about  3-0. 
Color  grayish,  ochre-brown ;  lustre  feeble  silky, 
somewhat  opalescent ;  translucent  in  very  thin 
lamina; ;  very  rough.  Apparently  not  dissolved 
by  borax  and  mic.  salt,  even  in  powder,  but 
the  bead  has  an  iron  color. 

Analysis  by  Wohler : 


Experiment.  Equivs. 

Silica 60-08  3 

Peroxide  of  Iron..  34-99  1 

Water 3-59  1 


98-66 


Calcul. 

61-36 

34-66 

3-98 

100 


Formula,  Fe203,  3  Si03  +  HO.  Wohler  be- 
lieves that  the  same  mineral  occurs  in  those 
hydrated  oxides,  which  leave  a  portion  of  gela- 
tinous silica  after  dissolving  the  oxide  of  iron 
by  treatment  with  muriatic  acid.  The  mineral, 
accompanied  by  magnetic  iron,  was  from 
Antonio  Pereiro,  Minas  Geraes  in  Brazil.  Berz. 
Jahresb.  xxii.  194. 

ANTIARIN.  Phar.  The  active  principle  in 
the  celebrated  Upas-poison,  derived  from  the 
Antiaris  toxicaria,  a  tree  growing  in  Java, 
Sumatra,  and  Borneo  to  the  height  of  60  to  100 
ft.  The  poison  is  prepared  by  making  inci- 
sions into  the  tree  and  inspissating  the  milky 
juice,  with  other  materials,  to  a  thick  fluid  of  a 
fawn  color  and  unpleasant  odor.  Although  a 
violent  poison,  the  former  narrations  of  its 
dreadful  character  are  entirely  fabulous. 

Mulder's  late  analyses  of  the  pure  gum-resin 
give  the  following  results  : 

Vegetable  albumen 16-14 

Gum 12-34 

Sugar 6-31 

Resin 20-93 

Myricin 7-02 

Antiarin 3-56 

Extractive  matter 33-70 


100-00 


Antiarin.    Colorless,  crystalline  scales,  solu- 
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ble  at  72-5°  in  251  water,  in  70  alcohol,  and 
2792  ether ;  soluble  in  27-4  boiling  water ;  more 
soluble  in  acid  and  alkaline  than  in  pure  water; 
neutral.  It  does  not  combine  with  ammoniacal 
nor  muriatic  acid  gas.  Its  formula  deduced 
from  analysis  and  its  chemically  combined 
water  is  C14H10O5,  and  the  crystals  have  2  eq. 
water. 

The  resin  is  acid,  and  its  alcoholic  solution 
precipitated  with  acetate  of  lead,  gave  23-44 
oxide  of  lead  +  76-56  resin  =  100.  This  an- 
tiar-resinate  contains  3  times  as  much  oxygen 
as  the  oxide  of  lead,  so  that  the  equiv.  of"  the 
resin  is  3  times  as  great  as  in  the  formula,  or 
the  salt  is  a  triresinate.     Formula  =  C1GH120. 

The  myricin  resembles  myricin  of  bees  or 
myrtle  wax  in  every  respect  except  in  compo- 
sition, in  which  it  differs  slightly.  Formula, 
C10H9O. 

ANTIGORITE.  Min.  Descrip.  Occurs  like 
talc  in  slaty  masses  of  a  blackish  green  color, 
and  may  be  split  into  translucent  flakes,  thin 
laminae  of  which  are  transparent ;  lustre  glim- 
mering.  H  =  2-5.  G  =  2-622. 

Behavior.  Yields  water  in  the  matrass;  fuses 
in  very  thin  lamina?  on  the  edges  to  a  yellowish 
brown  slag;  ignited  in  a  crucible  becomes 
silver-white,  with  feeble  metallic  lustre ;  dis- 
solves in  borax  and  mic.  salt,  giving  an  iron 
color;  the  bead  with  mic.  salt  becomes  milky 
on  cooling.  Soluble  with  difficulty  in  chloro- 
hydric  acid,  the  silica  separating  in  flocculse  ; 
more  readily  decomposed  by  sulphuric  acid. 

Analysis  by  Schweizer. 

Silica 46-22  46-18 

Protoxide  of  Iron....  13-05  12-68 

Magnesia 34-39  35-19 

Alumina 2-08  1-89 

Water 3-70  3-70 


99-44 


99-64 


Probable  formula,  jj  J?gO  I  2  Sio3^_  Mg0)  H0? 

which  allies  it  to  serpentine.  It  occurs  in  Anti- 
gorio  valley,  near  Domo  d'  Ossola  in  Piemont. 
Schweizer  in  Berz.  Jahresb.  xxi.  175. 

ANTIMONIAL  ORES.  The  following  list 
comprises  nearly  all  known  ores  of  antimony 
with  their  formula: 

1.  Native  Antimony. . .  =  Sb. 

2.  Antimonial  Nickel Ni2Sb. 

3.  Antimonial  Silver Ag4Sband  Ag6Sb. 

4.  Sulphantimonial 

Nickel NiS2+NiSb  (As). 

5.  Oxide  of  Antimony.  Sb03. 

6.  Antimonious  acid. .  Sb04. 

7.  Romein 4  CaO+3  Sb04. 

8.  Antimonic  acid....  SbO.. 

9.  Gray  Antimony....  SbS3. 

10.  Red  Antimony Sb03  -f-  2  SbS3. 

11.  Zinkenite PbS,  SbS3. 

12.  Miargyrite AgS,  SbS3. 

13.  Berthierite  (see  18)  FeS-f-SbS  . 

14.  Antimonial  Copper  (see  this). 

15.  Cupreous  Antimony  Cu2S-f- SbS3. 

16.  Plagionite 3  (PbS,  SbS  )  f  PbS. 

17.  Jamesonite 2  (PbS,  SbS  )  -f  PbS 

18.  Berthierite  (see  13)  2  (FeS,  SbS3)  -f  FeS 

19.  Feather  ore PbS,  SbS3  -f  PbS. 
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20.  Boulangerite. .  PbS,  SbS3-f  2  PbS. 

21.  Ruby  Silver    7  a    c  olo     .    „  »    o 

(dark) £AgS,SbS3+2AgS. 

22.  Bournonite....  (CujS,  SbS3  +  2Cu2S)  + 

2(PbS,SbS3+2PbS). 

23.  Gray  Copper.,  (see  this). 

24.  Geokronite....  PbS,  SbS3  +  4 PbS. 

25.  Kilbrickenite..  PbS,  SbS3  +  5  PbS. 

26.  Brittle  Silver. .  AgS,  SbS3+  5  AgS. 

»-»*^-- &}»&{+•?.# 

28.  Kobellite £b|  2  SbS3+ 10  |  b?S  1  + 

(3FeS). 

ANTIMONIAL  COPPER.  Mm.  Ger.  Anti- 
monkupferglanz.  Fuses  on  charcoal  with  in- 
tumescence to  a  lead-gray  metallic  globule, 
which,  by  continued  calcination  with  soda, 
gives  a  globule  of  copper;  the  charcoal  is  coated 
yellow  and  white.  Fuses  in  a  closed  tube  to  a 
reddish  brown  slag,  with  the  sublimation  of 
sulphur  and  sulphuret  of  arsenic.  The  anti- 
monial  copper  from  St.  Gertraud  in  the  Levant- 
thale,  Carinthia,  yielded  in  Schrotter's  analysis, 

Lead 29-902 

Copper 17-352 

Antimony 16-647 

Arsenic 6-036 

Iron 1-404 

Sulphur 28-602 

This  result  will  not  permit  the  establishment 
of  a  formula,  for  calculating  the  metals  as,  PbS, 
CuS,  FeS2,  SbS3,  AsS3,  the  quantity  of  sulphur 
taken  up  would  be  only  25-229  instead  of 
28-602.     Rammelsberg. 

ANTIMONIAL  NICKEL.  Min.  Syn.  An- 
timoniuret  or  Antimoniet  of  Nickel.  Descrip. 
Thin  hexagonal  plates.  H  =  about  5-5.  Color 
on  fresh  surfaces  light  copper-red  with  violet 
tint;  lustre  metallic,  splendent;  opake ;  streak 
reddish-brown  ;  fracture  uneven,  small  subcon- 
choidal ;  brittle  ;  not  magnetic. 

Behavior.  Some  antimony  sublimes  in  a 
closed  tube  ;  it  gives  a  heavy  coating  of  anti- 
mony on  charcoal ;  difficultly  fusible  in  minute 
pieces.  Difficultly  soluble  in  acids,  readily  and 
fully  in  aqua  regia. 

Two  analyses  by  Stromeyer,  give — 

Nickel 28-946  27-054 

Antimony 63-734  59-706 

Iron 0-866  0-842 

Galena 6-437  12-557 

99-983         99-959 


Calculated  in  its  pure  state,  free  from  galena, 
its  formula  is  Ni2Sb. 

ANTIMONIAL  SILVER.  Min.  Syn.  Anti- 
moniuret  or  Antimoniet  of  Silver,  Prismatic  or 
Octahedral  Antimony.  Ger.  Spiessglassilber. 
Fr.  Argent  Antimonial. 

Descrip.  Cryst.  probably  right  rhombic,  with 
distinct  cleavage  parallel  to  a  horizontal  prism ; 
combinations  similar  to  arragonite ;  faces 
deeply  striated  longitudinally.  It  generally 
occurs  massive  and  loose  granular. 

H  =  3-5.     G  =  9-44  —  9-82. 

Color  silver-white,  often  externally  tarnished 
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yellow,  gray,  or  black  ;  lustre  metallic;  opake; 
somewhat  brittle  ;  fracture  uneven. 

Behavior.  Fuses  on  charcoal  to  a  gray,  brittle 
globule,  fuming  like  antimony,  but  less;  cal- 
cined to  a  certain  point  it  congeals  crystalline; 
by  a  longer  heat  it  leaves  pure  silver;  charcoal 
is  coated  by  white  antimony,  sometimes  red- 
dish;  it  yields  white  oxide  in  the  open  tube, 
and  the  residue  is  surrounded  by  a  dark  yellow 
glass.  Soluble  in  nitric  acid,  leaving  oxide  of 
antimony. 

Analysis.     1.  Coarse  grained  ;  2.  fine  gn 
from  Wolfach  ;  3.  lamellar  granular  from  An- 
dreasberg,  by  Klaproth  ;  and,  4.  by  Vauqudlin. 

1.  2.  3.  4. 

Silver 76         84         77        78 

Antimony 24         16         23        22 

If  the  analyses  are  all  correct,  1.  3,  and  4 
have  a  formula,  Ag4Sb,  and  2  is  nearly  Ag6Sb. 

Loral.  Wolfach  in  Baden,  Andreasberg  on 
the  Harz,  Guadalcanal  in  Spain,  Allemont  in 
France. 

ANTIMONIC  ACID.  Min.  It  appears  to 
occur  native  ;  it  becomes  dark-yellow  by  heat, 
and  loses  oxygen. 

ANTIMONIOUS  ACID.  Min.  Yields  water 
in  a  closed  tube;  not  reduced  alone  on  char- 
coal, but  gives  a  slight  coating;  easily  reduced 
with  soda. 

Formula,  SbO,-f  m  HO. 

ANTIMONIATES.  Client.  Salts  of  anti- 
monic  acid.     See  Antimony. 

ANTIMONITES.  Chem.  Salts  of  antimo- 
nious  acid.     See  Antimony. 

ANTIMONY.  Chem.  Syn.  Gr.  <ntptu  or 
o-Tiyg/.  Lot.  Stibium,  Antimonium.  Ger.  Spiess- 
glanz,  Spiessglas.     Fr.  Antimoine. 

Symb.  Sb.  —  Equiv.  129-24  (or,  O=100, 
1612-90). — Berzelius  terms  this  equiv.  2  atoms; 
one  atom  therefore  =  64-62  (or  806-45). 

History.  The  sulphuret  was  known  in  the 
most  ancient  times  under  the  names  above 
given  and  others,  such  as  7rK*rv(4&**fiu,v,  having 
large  eyes,  from  its  use  by  females  as  a  pigment 
for  the  eyes.  The  metal  and  many  of  its  com- 
pounds were  the  results  of  the  researches  of 
alchemists,  and  were  described  by  Basil  Valen- 
tine about  1490.  Antimony  is  rather  an  abun- 
dant metal,  occurring  chiefly  as  sulphuret  (see 
Gray  Antimony),  the  quantity  of  ore  imported 
into  England  at  present  averaging  650  tons 
annually.  It  is  employed  as  a  metal  to  impart 
hardness  to  other  metals,  in  its  compounds  in 
pharmacy  and  a  few  technical  operations. 

Non-Saline  Compounds  of  Antimony. 

Formula.  H=l  O=100 

Antimony Sb  129-2  1612-9 

Alloys —  —         — 

Oxide  of  Antimony...   Sb03  153-2  1912-9 

Antimonious  acid Sb04  161-3  2012-9 

Antimonic  acid Sb03  169-3  2112-9 

Sulphuret  of  A SbS3  177-5  2216-4 

Oxysulphuret  of  A.. .  2|^3^  508"2  6345'7 

Sulphantimonious  acid  Sb04  193-7  2417-56 

Sulphantimonic  acid. .  SbO;.  209-8  2618-73 

Phosphuret  of  A —  —         — 

Antimon.  hydrogen...  SbH3  132-2  1650-4 
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I.  Antimony  and  its  Metalloidai.  Compounds. 

The  metal  occurs  in  the  mineral  kingdom 
(Native  Antimony),  but  is  prepared  by  re- 
ducing the  sulphuret  in  several  ways. 

Reduction  of  Antimony. 

1.  By  metallic  Iron.  Crucibles,  containing 
granulated  bar-iron  (nails)  free  from  rust,  are 
heated  to  a  red  heat,  then  2  or  2|  times  as 
much  sulphuret  of  antimony  (crude)  added, 
and  the  whole  heated  to  fusion.  The  fused 
mass  is  poured  out,  the  metal  separated  from 
the  slag  (sulphuret  of  iron),  and  refused  to 
separate  more  slag.  SbS3  -f-  3  Fe  =  3  FeS  -(- 
Sb.  The  iron  combines  with  the  sulphur,  form- 
ing sulphuret  of  iron,  while  metallic  antimony 
is  set  free ;  but  the  slag  and  antimony  having 
nearly  the  same  spec,  grav.,  a  white  heat  should 
be  employed  towards  the  close  of  the  opera- 
tion. The  iron  and  crude  antimony  should  be 
in  equivalent  quantities,  for  an  excess  of  iron 
produces  an  alloy  of  the  two  metals ;  to  free 
the  regulus  from  iron,  it  might  be  heated  with 
a  little  saltpeter  or  nitrate  of  soda,  were  it  not 
too  expensive.  The  more  finely  divided  the 
iron  the  more  rapid  is  the  reduction,  with  less 
loss  of  crude  antimony  by  volatilization.  In 
any  case,  this  method  is  not  economical,  for  it 
yields  50 — 55  per  cent,  metal,  with  a  loss  of 
22 — 17  per  cent.  It  might  undoubtedly  be  im- 
proved, for  the  dry  assay  by  iron  produces  63-5 
per  cent,  antimony. 

2.  By  Bon  and  Alkali.  By  mingling  alkaline 
sulphurets  with  the  sulphuret  of  iron,  it  be- 
comes more  fusible  and  specifically  lighter, 
and  obviates  the  difficulty  of  separation  alluded 
to  (1).  This  may  be  done  by  adding  the  car- 
Crude  antimony 100 

Oxide  of  iron 40 

Forge  cinder — 

Carb.  soda 50— 1 00 

Sulph.  soda — 

Charcoal 8—10 
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bonated  or  sulphated  alkali  and  charcoal  to  the 
mixture  of  metallic  iron  and  sulphuret  of  anti- 
mony. SbS3  -f  3  NaO  =  3  NaS  -f  Sb03  and 
Sb03  -f-  C3  =  3  CO  +  Sb.  The  following  re- 
sults were  obtained  by  Berthier  : 

Crude  antimony.  100  100  100 

Iron 42  42  25 

Dry  carb.  soda...    50  10  100 

Charcoal 5  1  10 


Antimony  obtained. . .  65 
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From  this  it  is  evident  that  with  the  equiv. 
of  iron,  the  greatest  yield  is  obtained  by  using 
2  crude  antimony  to  1  carb.  soda,  and  yV  of 
charcoal ;  where  the  quantity  of  soda  is  di- 
minished, cset.  par.,  the  yield  is  less.  By  in- 
creasing the  alkali,  the  quantity  of  the  iron 
may  be  diminished,  as  shown  in  the  3d  column. 

Sulphate  of  soda,  with  }  charcoal,  is  reduced 
to  sulphuret  and  may  be  substituted  for  soda ; 
but  the  following  results  show  that  the  quan- 
tity of  soda  must  not  be  too  great. 

Crude  antimony 100  100 

Iron 42  42 

Sulphate  of  soda 100  10 

Charcoal 20  2 


Antimony  obtained 22 
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Magnetic  oxide  of  iron,  smithy  slack,  good 
forge  cinders,  or  any  rich  oxide  of  iron  may 
be  substituted  for  metallic  iron,  employing  an 
alkaline  flux  and  more  charcoal  than  is  suffi- 
cient to  reduce  the  oxide  of  iron.  The  follow- 
ing are  Berthier's  results : 


100 

100 

100 

100 

100 

40 

58 

58 

80 

— 

— 

— 

— 

— 

80 

100 

10 

50 

50 
17 

50 

14 

10 

10 

10 

Antimony  obtained 56 


65 


58 


66 


57 
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These  experiments  derived  from  Berthier's 
"Essai  par  la  voie  seche"  may  lead  to  an  im- 
provement of  the  processes  for  reducing  anti- 
mony from  its  ores.  It  is  evident,  that  with 
lime,  or  its  sulphate,  and  a  rich  iron  ore,  the 
materials  are  all  economical,  and  that  a  rever- 
beratory  may  be  employed  instead  of  crucibles. 

PI.  III.  figs.  1  and  2  represent  a  reverberatory 
for  reducing  antimony  directly  from  the  ore,  as 
successfully  executed  by  Funck  at  Linz  in 
Germany.  The  hearth  consists  of  well-rammed 
sand  and  clay,  sloping  from  all  sides  towards 
the  centre,  where  it  is  connected  with  the  orifice 
a,  for  running  out  the  metal,  which  is  closed 
by  heavy  ashes;  b  is  the  air-channel  through  the 
bridge,  d;  c,  the  door  for  charging  with  the  pre- 
pared ore  and  drawing  off  the  slag;  e  the  grate  ; 
/  the  door  for  firing;  g  the  chimney.  Scale 
1  :  100.  2  to  3  cwt.  ore  require  8 — 10  hours 
heat,  but  the  metal  being  very  impure  is  refused 
in  portions  of  20  to  30  lb.,  covered  with  coal 
dust,  in  crucibles  arranged  in  a  reverberatory. 

The  metal  obtained  by  these  processes  con- 
tains considerable  quantities  of  iron,  sulphur, 


and  frequently  arsenic,  lead,  and  copper.  To 
obtain  it  pure,  especially  free  from  arsenic,  for 
medical  purposes,  Liebig  proposes  the  follow- 
ing method.  Fuse  16  pts.  antimony  with  1  pt. 
sulphuret  of  antimony  and  2  pts.  dry  carbonate 
of  soda  in  a  Hessian  crucible  for  1  hour,  break 
the  crucible  after  cooling,  and  carefully  sepa- 
rate the  metal  from  the  slag.  The  metal  is 
then  fused  again  with  1£  pts.,  and  a  third  time 
with  1  pt.  carbonate  of  soda.  The  slag  of  the 
first  fusion  is  dark  brown,  of  the  2d  light 
brown,  and  of  the  3d  yellowish  white.  Coal 
should  be  carefully  prevented  from  falling  into 
the  crucible.  Two  fusions  are  generally  suffi- 
cient to  obtain  the  metal  perfectly  pure,  but  the 
3d  insures  it,  except  when  lead  is  present. 

The  sulphuret  is  used  to  form  sulphurets  of 
iron  and  copper,  which  form  fusible  com- 
pounds with  sulphuret  of  sodium.  mSb-{-  Cn, 
Fe2,  As  and  3  NaO  +  SbS,  =  m  Sb  +  CuS, 
2  FeS,  3  NaS-f  As03.  If  the  metal  contain 
no  arsenic,  a  part  of  the  oxygen  of  the  soda 
oxidizes  a  small  portion  of  antimony  which 
remains  in  the  slag,  but  if  it  contain  arsenic, 
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this  metal  is  first  oxidized  and  proportionally 
less  antimony.  100  crude  metal  and  6^  sul- 
phuret  yield  94  pure  antimony.  When  the 
percentage  of  iron  is  high,  more  sulphuret  of 
antimony  must  be  employed,  such  as  8  crude 
metal,  2  crude  antimony,  and  2  carbonate,  for 
unless  the  iron  be  wholly  sulphurized  the 
arsenic  cannot  be  separated. 

Wbhler  deflagrates  10  antimony  with  12  salt- 
peter and  15  carbonate  of  soda,  washes  out 
the  arseniate  carefully,  and  reduces  the  remain- 
ing antimoniate  of  potassa  by  black  flux,  but 
this  purified  metal  still  retains  its  copper  and 
iron.  Berzelius  fuses  2  pts.  finely  powdered 
antimony  with  1  pt.  oxide  of  antimony,  by 
which  the  other  metals  and  sulphur  (excepting 
lead)  are  oxidized  and  remain  in  the  slag.  A 
better  process,  according  to  Liebig,  is  to  fuse 
4  pts.  antimony  with  1  pt.  binoxide  of  manga- 
nese, and  to  fuse  the  resulting  regulus  with  T\ 
carbonate  of  soda  during  an  hour. 

Lead  can  be  separated  from  antimony  only 
in  the  humid  way.  For  a  method  of  freeing 
crude  antimony  from  arsenic,  see  the  Sul- 
phuret below. 

Properties.  Commercial  antimony  has  a 
grayish  white  color,  a  splendent  fracture  with 
large  lamellar  structure,  fuses  on  charcoal  be- 
fore the  blowpipe  with  greater  difficulty  than 
the  pure  metal,  often  gives  at  the  first  moment 
an  arsenical  odor  and  becomes  coated  with  a 
slag  of  metallic  sulphurets.  The  granular 
structure  of  the  fractured  surface  is  no  test  of 
its  purity,  according  to  Capitaine,  unless  in 
small  masses,  for  a  quantity  of  the  pure  metal 
fused  and  slowly  cooled  exhibits  a  large 
lamellar  structure,  and  the  impure  exhibits  a 
granular  structure  by  rapid  cooling. 

Pure  antimony  is  silver-white,  with  a  splen- 
dent lustre,  crystallizes  readily  by  fusion, 
breaking  the  congealed  surface  and  pouring 
out  the  still  liquid  metal.  Cryst.  Obtuse 
rhombohedron,  nearly  cubical,  of  117°  15'  and 
62°  45',  with  perfect  cleavage  parallel  to  ter- 
minal plane,  less  perfect  parallel  to  rhombic 
planes.  It  is  brittle,  easily  pulverized.  Spec, 
grav.  =  6-702  —  6-86.  It  fuses  at  about  800°, 
just  below  redness,  and  volatilizes  at  a  white 
heat ;  if  heated  violently  in  contact  with  air, 
it  burns  with  a  brilliant  white  flame,  giving  off 
dense  white  fumes  of  antimonious  acid,  which 
form  by  condensation  flowers  of  antimony.  It 
does  not  change  in  air  or  water  at  common 
temperatures  ;  but  ignited  in  steam  it  oxidizes 
with  explosive  force.  It  takes  fire  sponta- 
neously in  chlorine.  Organic  acids,  dilute  sul- 
phuric and  muriatic,  scarcely  act  on  it;  nitric 
readily  oxidizes  it,  and  it  is  perfectly  soluble  in 
aqua  regia.  Heated  with  nitrate  or  chlorate 
of  potassa  and  carbonate  of  soda  it  deflagrates, 
forming  antimoniated  alkali. 

The  analysis  of  compounds  of  antimony  is 
sometimes  attended  with  difficulty.  Its  presence 
may  be  ascertained  as  directed  in  Analysis. 
Its  compounds  heated  on  charcoal  by  the  blow- 
pipe, give  off  copious  white  fumes,  especially 
if  mingled  with  soda,  often  forming  fine  crys- 
tals of  the  oxide  around  the  test,  and  coating 
the  coal  white.  The  usual  tests  are  sulphuretted 
hydrogen  and  sulphydrate  of  ammonium,  which 
precipitate  all  the  oxides  as  yellowish  or  red- 
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dish  sulphurets  from  an  acidulated  solution; 
but  the  sulphurets  are  soluble  in  an  excess 
of  the  sulphydrate,  most  perfectly  b] 
with  the  yellow  stale  sulphydrate.  Anothi 
is  given  below  under  antimoniuretted  hi/, 
To  determine  the  quantity  of  metal,  acid 
the  solution  with  chlorohydric  or  tartaric  acid 
to  prevent  milkiness  upon  dilution,  and  pass 
sulphuretted  hydrogen  through  it,  gently  warm 
to  expel  the  excess  of  this  gas,  and  collect  and 
weigh  on  a  balanced  filter  ;  dissolve  a  weighed 
quantity  of  the  sulphuret  in  chlorohydric  acid 
after  previous  oxidation  by  nitric  ;  collect  the 
sulphur  and  weigh  ;  collect  the  sulphuric  acid 
by  chloride  of  barium,  calculate  its  sulphur, 
and  subtract  the  sum  of  the  two  portions  of 
sulphur  from  the  sulphuret;  the  balance  is 
metallic  antimony.  Or  heat  the  sulphuret  in  a 
stream  of  sulphuretted  hydrogen  in  an  appa- 
ratus as  represented  in  Fig.  24  under  Analysis, 
excepting  that  ef  is  a  single  tube  with  a  bulb 
blown  in  the  middle  at  i,  into  which  bulb  the 
sulphuret  is  introduced,  weighed,  and  reduced; 
the  residue  is  metallic  antimony. 

To  separate  antimony  from  other  metals,  a 
practical  but  not  accurate  method,  with  an 
alloy,  is  to  dissolve  in  nitric  acid,  evaporate 
nearly  to  dryness,  and  dissolve  in  water;  nearly 
all  the  oxide  of  antimony  remains  undissolved, 
together  with  the  oxide  of  tin.  To  separate  it 
from  nearly  all  other  metals,  except  tin  and 
arsenic,  precipitate  by  sulphuretted  hydrogen 
from  an  acidulated  solution  and  digest  the  pre- 
cipitate with  sulphydrate  of  ammonia,  which 
should  contain  free  sulphur;  the  sulphuret  of 
antimony  dissolves.  To  separate  it  from 
arsenic,  see  Aiisenic.  To  separate  it  from  tin, 
obtain  both  in  the  state  of  oxides  (Sb03  and 
Sn02),  weigh  them,  dissolve  in  chlorohydric 
acid,  and  precipitate  the  antimony  by  a  bar  of 
metallic  tin,  with  the  assistance  of  a  little 
warmth,  taking  care  to  keep  the  solution  acid, 
filter  and  weigh  the  metallic  antimony;  the 
balance  is  tin,  after  reducing  the  mixed  oxides 
to  metal  by  calculation.  Or  digest  the  mixed 
and  weighed  oxides  for  some  time  in  tartaric 
acid  or  bitartrate  of  potassa,  which  dissolves 
out  the  oxide  of  antimony. 

Antimony  is  thrown  down  from  its  solutions 
in  the  metallic  state  by  lead,  tin,  cobalt,  cad- 
mium, iron,  and  zinc. 

Uses.  Besides  its  use  for  making  chemical 
preparations  of  antimony,  it  is  largely  em- 
ployed in  certain  alloys  of  lead  and  tin,  to 
impart  to  them  greater  hardness.  See  Bri- 
tannia Metal,  Piwtf.ii,  Tkpk  Metal. 

Alloys.  Antimony  unites  readily  with  other 
metals,  either  by  direct  fusion  or  when  one  or 
both  are  in  their  nascent  state,  generally  form- 
ing harder  and  more  brittle  metals. 

Potassium  or  Sodium.  These  two  metals 
readily  alloy  with  antimony  in  a  similar 
manner.  By  healing  tartar  emetic  (tartrate  of 
antimony  and  potassa)  strongly  for  several 
hours  in  a  well-closed  crucible,  an  anti- 
moniuret  of  potassium  is  formed,  mingled  with 
carbon.  If,  previous  to  heating,  some  of  the 
carbon  be  burned  off,  either  by  calcination  or 
by  mixing  it  with  TV-  its  weight  of  nitre,  the 
alloy  is  obtained  in  a  button.  It  is  more  easily 
obtained  and  more  highly  charged  with  potas- 
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sium  by  heating  an  intimate  mixture  of  equal 
parts  of  carbonized  cream  of  tartar  and  me- 
tallic antimony.  This  alloy  is  softer  and  less 
brittle  than  antimony,  and  much  less  volatile, 
decomposes  water  and  alcohol,  and  heats  spon- 
taneously in  the  air,  burning  combustibles  on 
which  it  is  placed;  it  contains  about  |  its 
weight  of  potassium. 

A  pyrophorus  is  formed  by  heating  100  pts. 
tartar  emetic  with  3  pts.  lamp-black  in  a  closed 
crucible  for  3  hours,  suffering  it  to  cool  for  6  or 
7  hours,  and  quickly  putting  it  in  a  broad- 
mouthed  and  well-stoppered  bottle,  without  the 
slightest  contact  of  moisture.  If  taken  out 
before  cooling  it  explodes,  but  when  well  pre- 
pared will  keep  for  years.  It  detonates  when 
brought  in  contact  with  the  least  moisture. 

Double  antimoniurets  of  potassium  may  be 
obtained  by  adding  to  the  above  mixtures  other 
metals  or  other  oxides. 

Arsenic  and  antimony  heated  together  com- 
bine in  all  proportions  with  evolution  of  light. 
The  compound  of 
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is  fusible  at  commencing  redness,  grayish- 
white,  compact,  tenacious,  of  a  granular  and 
crystalline  texture.  Berthier.  An  arsenical  an- 
timony occurs  as  a  mineral.  Other  alloys 
see  under  Copper,  Gold,  Iron,  Lead,  Silver, 
Tin. 

1.  Oxide  of  Antimony.  Syn.  Protoxide  of 
antimony,  Hypantimonious  acid.  Lat.  Vitrum 
antimonii,  Antimonium  oxydatum  vitrificatum, 
Oxidum  Stibicum.  Ger.  Spiessglanzoxydul 
(the  impure),  Spiessglanzglas.  A  grayish 
black  suboxide  appears  to  form  by  long  expo- 
sure of  metallic  antimony  to  moist  air,  and  also 
by  the  galvanic  battery. 

2.  Oxide  of  antimony  occurs  as  a  mineral, 
see  Oxide  of  Antimony.  It  is  prepared,  I,  by 
digesting  1  pt.  metallic  antimony  with  2  pts. 
nitric  acid,  diluted  with  4  pts.  water,  and  wash- 
ing the  oxide  until  the  water  ceases  to  give  an 
acid  reaction.  2.  Dissolve  sulphuret  of  anti- 
mony in  muriatic  acid  in  a  retort,  distil  off  the 
acid  and  water,  and  then  the  chloride  of  anti- 
mony into  a  clean  receiver ;  this  chloride  is 
decomposed  by  water,  the  precipitate  boiled 
with  carbonate  of  soda,  washed  with  water,  and 
dried.  3.  To  make  an  oxide  for  the  preparation 
of  tartar  emetic,  deflagrate  a  mixture  of  6  anti- 
mony, 3  saltpeter,  and  2  bisulphate  of  potassa, 
throwing  it  portionwise  into  an  ignited  cruci- 
ble.   The  oxide  is  in  crystals,  which  are  boiled 


with  pure  water  to  remove  sulphurets  of  anti- 
mony and  arsenic,  then  with  water  acidulated 
with  sulphuric  acid.  The  oxide  is  then  wholly 
soluble  in  bitartrate  of  potassa,  and,  if  iron 
were  present  it  remains  undissolved,  if  oxide 
of  antimony  were  in  excess;  boneblack  re- 
moves the  iron  from  the  tartar  emetic.  Preuss. 
4.  Keep  metallic  antimony  fused  in  a  deep 
crucible  in  a  slightly  inclined  position ;  the 
oxide  coats  the  metal,  and  at  a  high  tempera- 
ture sublimes  to  the  upper  portions  of  the  cru- 
cible, in  the  form  of  brilliant  white  needles. 

Properties.  Pure  oxide  of  antimony  is  of  a 
brilliant  white  color,  that  prepared  in  the  liquid 
way  pearly  white;  it  crystallizes  in  2  forms, 
the  regular  octahedron  and  prismatic,  both  of 
which  may  be  observed  together  in  the  sub- 
limed crystals  of  process  4.  Mitscherlich 
(Pogg.  An.  xlix.  409)  has  shown  that  octahedra 
may  be  obtained  by  dissolving  oxide  of  anti- 
mony in  a  boiling  solution  of  caustic  soda  to 
saturation,  and  cooling  the  solution  slowly  in  a 
stoppered  vessel;  and  that  by  mixing  boiling 
solutions  of  carbonate  of  soda  and  terchloride 
of  antimony  the  precipitate  is  prismatic ;  if 
the  solutions  be  mixed  cold,  the  precip.  appears 
to  be  octahedral.  Oxide  of  antimony  is  there- 
fore dimorphic,  and  it  is  isodimorphic  with 
arsenious  acid.  It  is  probably  allotropir,  for 
Berzelius  observes  that  by  dissolving  oxide  of 
antimony  in  bitartrate  of  potassa,  two  kinds  of 
salts  are  produced,  the  one  crystallizing  (tartar- 
emetic),  the  other  drying  to  a  gummy  mass,  in 
both  of  which  the  metal  is  in  the  same  state  of 
oxidation.  (See  Tartrate  of  Antimony  and 
Potassa.)  Spec.  grav.  5-56.  By  heat  it  becomes 
yellow,  fuses  at  a  red  heat  to  a  yellowish  liquid, 
which  congeals  to  a  pearl-gray,  crystalline 
mass ;  it  may  be  sublimed  at  a  higher  tempera- 
ture. Heated  in  the  air  it  oxidizes  to  antimo- 
nious  acid.  It  is  easily  reduced  to  the  metallic 
state  by  charcoal  or  hydrogen.  It  is  somewhat 
soluble  in  water  without  action  on  litmus,  but 
does  not  form  a  hydrate. 

It  appears  to  act  the  part  of  a  feeble  acid 
towards  the  alkalies,  although,  according  to 
Mitscherlich,  these  compounds  cannot  be  ob- 
tained in  the  liquid  way.  The  oxide  is  soluble 
in  dilute  caustic  alkali,  the  solution  absorbing 
oxygen  to  form  antimonites.  Fused  with  car- 
bonated alkali  it  expels  the  carbonic  acid,  form- 
ing KO  (NaO)-f- Sb03;  but  these  compounds 
treated  with  water  separate  into  caustic  alkali 
and  insoluble  oxide  of  antimony.  It  is  the 
only  oxide  of  antimony  forming  salts  with 
acids. 
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Form.,  Sb03  (Sb203,  Berz.). 

Uses.  The  salts  of  oxide  of  antimony  have 
been  tried  in  manifold  ways  in  medicine,  and 
a  few  of  them  are  still  extensively  employed. 
A  proposition  has  lately  been  made  to  prepare 
oxide  of  antimony  from  the  sulphuret  and  em- 
ploy it  as  a  substitute  for  white-lead. 

2.   Antimonious   acid.     Syn.      Lat.    Acidum 


Stibiosum.  Ger.  Antimonige  oder  Spiess- 
glanzige  Saure. 

Prep.  1.  Oxidize  antimony  by  nitric  acid, 
evaporate  to  dryness,  and  ignite ;  2.  ignite 
strongly  antimonic  acid;  3.  calcine  sulphuret 
of  antimony  thoroughly  in  the  air. 

Prop.  A  snow-white  powder,  becoming  yel- 
low by  heat,  but  infusible  and  not  volatile,  more 
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difficult  to  reduce  than  the  oxide.  Fused  with 
caustic  or  carbonated  alkali,  it  forms  a  soluble 
antimonite  from  the  solution  of  which  acids 
precipitate  hydrated  antimonious  acid ;  this 
acid  is  slightly  soluble  in  water,  has  an  acid 
reaction,  contains  5-26  per  cent,  water  (the 
ignited  is  insoluble  and  does  not  redden  litmus). 

H  =  l        0=100    In  100  pts 
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It  is  slightly  soluble  in  oil  of  vitriol,  not  in 
nitric,  easily  in  chlorohydric  acid,  from  which 
water  precipitates  it;  it  is  soluble  n 
change  in  alkaline  sulphurets,  sulphuretted 
hydrogen  being  evolved ;  by  fusion  with  me- 
tallic antimony  it  is  reduced  to  oxide. 
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Form.,  Sb04  (Sb204,  Berz.).  The  hydrate= 
Sb04-f-  HO.  Mitscherlich  endeavored  to  prove 
that  it  is  not  a  true  acid,  but  an  antimoniate  of 
oxide  of  antimony,  thus  2  Sb04  =  Sb03-f  Sb05 
(similar  to  hyponitric  acid),  and  that  it  is  de- 
composed by  alkalies  in  the  oxide  of  antimony 
and  antirnonic  acid. 

Use.  Some  of  its  compounds  employed  to 
give  a  yellow  color  to  glass,  or  with  oxide  of 
iron  an  orange.    See  its  salts  below. 

3.  Antirnonic  acid.  Syn.  Lat.  Acidum  Stibi- 
cum.     Ger.  Spiessglanzsiiure. 

Prep.  1.  Dissolve  antimony  in  aqua  regia, 
evaporate  to  dryness,  add  nitric  acid,  and  heat 
it  to  a  point  below  redness  to  remove  the  nitric 
acid.  2.  Mix  1  pt.  powdered  antimony  with 
4 — 5  pts.  saltpeter,  project  the  mixture  portion- 
wise  into  an  ignited  crucible,  wash  with  water, 
extract  the  alkali  by  nitric  acid,  dry,  and  heat 
it  to  below  ignition. 

Prop.    A  light  yellow  powder,  by  heat  be- 
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coming  darker  yellow,  by  ignition  losing 
oxygen  and  becoming  antimonious  acid;  in- 
soluble in  water  and  of  neutral  reaction; 
bustibles  abstract  oxygen  by  ignition  with  it 
and  reduce  it  to  a  lower  oxide  or  to  metal.  It 
does  not  decompose  the  carbonated  alkalies  in 
the  humid  way,  but  expels  carbonic  acid  by 
fusion  with  them ;  it  is  soluble  in  boiling 
caustic  alkali.  Acids  precipitate  from  these 
solutions  white  hydrated  antirnonic  acid.  The 
hydrate  is  also  obtained  by  the  above  pro- 
cesses, by  omitting  the  final  heating.  It  is 
slightly  soluble  in  water,  reddens  litmus,  con- 
tains 5-09  per  cent,  water,  is  soluble  in  caustic 
alkali  and  strong  chlorohydric  acid  ;  the  latter 
solution  is  precipitated  by  the  successive  addi- 
tion of  small  quantities  of  water,  but  not  by 
immediately  adding  a  large  quantity;  it  is 
soluble  without  change  in  the  alkaline  sul- 
phurets, with  the  evolution  of  sulphuretted 
hydrogen. 
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Form.,  Sb05  (Sb20.,  Berz.). 

Use.  The  antimoniate  of  lead  is  employed 
as  a  pigment,  Naples  yellow.  See  its  salts 
below. 

1.  Sulphuret  of  Antimony.  Syn.  Antimony 
ore,  Crude  Antimony,  Sesquisulphuret  of  Anti- 
mony. Lat.  Sulphuretum  Stibicum,  Stibium 
sulphuratum  nigrum,  Lupus  metallorum.  Ger. 
Schwefelspiessglanz,  Anderthalb-Schwefelanti- 
mon,  Rohes  Antimon.  The  Greek  and  Latin 
names  now  applied  to  the  metal  formerly  desig- 
nated this  sulphuret. 

Eliquation  of  Crude  Antimony. 

The  sulphuret  of  antimony  is  generally  dis- 
seminated in  a  quartzose  gangue,  from  which 
it  is  separated  by  eliquation,  advantage  being 
taken  of  its  fusibility  over  that  of  its  associated 
substances.  From  the  great  brittleness  of  the 
sulphuret  the  ore  cannot  easily  be  subjected  to 
the  operations  of  stamping  and  washing  to 
obtain  it  richer,  although  Berthier  has  shown 
that  such  a  preparatory  step  would  give  a 
greater  yield  of  crude  antimony,  his  experi- 
ments on  a  small  scale  having  produced  72 
per  cent,  of  pure  sulphuret  from  a  rich  ore. 

1.  The  oldest  method  of  running  out  crude 
antimony,  and  still  practised  in  Hungary,  con- 
sists in  throwing  coarsely-broken  ore  into  a 
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large  pot  or  crucible,  perforated  on  the  bottom, 
which  is  set  upon  a  smaller  one  ;  the  latter  is 
buried  in  the  earth,  the  upper  one  closed  with 
a  cover  and  luted,  and  a  fire  built  around  it. 
The  crude  antimony  flows  through  the  perfora- 
tions into  the  lower  vessel,  and  the  gangue, 
mixed  with  some  sulphuret,  remains  in  the 
upper  vessel.  The  process  is  very  defective 
in  economy. 

2.  An  improvement  of  this  process  consists 
in  placing  a  large  number  of  eliquation  pots 
(pots  de  charge)  in  a  circular  reverberatory, 
the  receiving  pots  (pots  a  boulet)  on  the  out- 
side of  the  furnace,  and  connected  with  the 
former  by  curved  earthenware  tubes.  The  pots 
can  be  emptied  and  recharged  without  cooling 
the  furnace.  PI.  IV.  figs.  1,  2,  and  3  exhibit 
such  a  furnace  as  employed  in  France,  aaa 
represent  the  pots  for  containing  the  mineral; 
b  b  the  curved  tube  through  which  the  sulphuret 
flows  into  the  recipients  ccc,  all  of  which  are 
earthenware;  d  the  grate  of  the  furnace;  fig.  3 
is  the  enlarged  pot,  conducting-tube,  and  re- 
cipient. 

3.  PI.  IV.  figs.  4  and  5  represent  a  reverbera- 
tory employed  in  Dep.  Vendee  in  France ;  a  fire- 
place ;  b  bridge  ;  c  hearth  on  which  the  mineral 
is  placed;  d  substratum  of  the  hearth  ;  e  con- 
ducting-tube ;  /  recipient;  g,  fig.  5,  the  grate. 
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The  simplicity  of  this  arrangement,  with  the 
usual  advantages  of  a  reverberalory,  deserve 
the  attention  of  the  metallurgist,  for  it  might  be 
so  improved  as  to  supersede  other  arrange- 
ments. With  a  rich  ore  a  charge  of  8  cwt. 
ore  yield  4  cwt.  crude  antimony,  and  the  3 
charges  of  a  summer's  day  consumed  80  cub. 
ft.  wood. 

4.  PL  III.  figs.  3, 4,  and  5  exhibit  the  arrange- 
ment contrived  by  M.  Panserat  of  Alais,  and 
employed  at  the  mines  of  Malbosc  in  Ardeche, 
France.  Fig.  3,  the  ground  plan  taken  at  the 
height  of  the  flues  gg  in  the  line  E  F  of  fig.  4; 
fig.  4  a  vertical  section  taken  in  the  line  A  B  of 
fig.  3 ;  fig.  5  another  vertical  section  in  the  line 
C D  of  fig.  3.  abc  are  3  grates,  4J  ft.  long  by 
nearly  1  ft.  broad,  between  which  are  2  square 
galleries,  de,  running  through  the  furnace  and 
separated  from  the  fire-places  by  walls  having 
alternate  openings,  fgh,  the  ends  of  the  galle- 
ries being  closed  by  iron  doors,  ii.  In  each 
gallery  are  two  conical  crucibles  of  cast-iron 
into  which  the  crude  antimony  flows,  and  to 
prevent  its  adhesion  they  are  coated  with  clay ; 
they  rest  on  iron  stands  running  on  4  wheels, 
to  remove  them  from  the  gallery.  Both  galle- 
ries are  covered  with  flat  tiles  of  fire-brick  1 1, 
which  serve  at  the  same  time  as  basis  for  the 
upright  and  slightly  conical  fire-clay  cylinders, 
mm,  for  the  eliquation;  the  tiles  are  somewhat 
bent  towards  the  centre  to  receive  the  lower 
part  of  the  cylinders,  which  have  a  small 
opening,  n,  through  which  the  sulphuret  flows 
into  the  iron  recipients ;  o  are  orifices  several 
inches  in  height,  turned  outward,  by  which  the 
cylinders  may  be  reached  from  the  front  and 
back  part  of  the  furnace  by  conical  openings, 
pp,  in  the  walls ;  the  orifices,  o,  are  closed  with 
clay  stoppers  during  working,  and  opened  to 
draw  out  the  gangue  and  slags.  The  cylinders 
pass  through  openings  in  the  furnace  arch,  qq, 
which  are  a  little  larger  than  the  cylinders,  and 
are  covered  with  clay  covers,  rr.  The  arch  at 
the  top,  ss,  is  arched  cylindrically,  forming  a 
double  cross-arch.  The  flame,  after  playing 
around  the  cylinders,  passes  out  through  3 
openings  and  flues  into  the  chimney,  t;  u  is  one 
opening,  v  the  other  two,  provided  with  valves. 
W  is  a  chimney  for  conducting  off  antimonial 
fumes,  which  arise  while  drawing  out  the  slags 
and  exhausted  ore ;  another  chimney,  x,  begins 
above  yy,  where  the  cylinders  are  charged  ;  a 
partition-wall,  z,  divides  the  chimney  into  2 
parts,  so  that  the  workman  while  operating  on 
one  side  is  not  inconvenienced  by  the  fumes  of 


the  other  side ;  a' a!  and  b'b'  are  iron  and  wooden 
beams  and  bands  to  brace  the  chimneys;  cV 
conical  arches  on  both  sides  of  the  furnace, 
closed  wilh  well-fitting  plates,  d'd',  designed  to 
observe  from  time  to  time  the  condition  of  a 
cylinder  and  to  repair  it.  Each  cylinder  is 
charged  with  490  lbs.  ore,  previously  warmed  on 
the  arch  ;  the  coarsest  and  richest  ore  is  placed 
at  the  bottom  ;  as  soon  as  the  eliquation  is  com- 
pleted, the  slags  and  exhausted  ore  are  drawn 
out  through  the  openings  o,  and  the  cylinders 
recharged.  The  antimony  should  have  a  blue 
color  and  not  a  red,  for  the  latter  indicates  too 
high  a  heat.  When  the  iron  recipients  are  £ 
filled,  they  are  drawn  out,  cooled,  and  the  lump 
of  crude  antimony,  weighing  about  88  lbs.,  re- 
moved. The  charges  are  made  every  3  hours, 
and  about  100  lbs.  crude  antimony  can  be  ob- 
tained per  hour,  when  in  successful  operation. 
The  cylinders  last  on  an  average  some  20  days. 
The  quantity  yielded  is  said  to  be  50  per  cent, 
crude  antimony.  This  furnace  is  superior  to 
all  others  hitherto  employed  in  smaller  con- 
sumption of  fuel,  less  labor,  and  more  perfect 
eliquation. 

Prepared  on  a  large  scale,  the  sulphuret  of 
antimony  (crude  antimony)  is  never  pure,  but 
contains  variable  quantities  of  sulphurets  of 
lead,  iron,  copper,  and  arsenic,  so  that  its  streak 
is  usually  black  instead  of  reddish-black. 
These  metals  may  be  detected  in  the  usual 
way  by  qualitative  analysis. 

To  prepare  the  sulphuret  pure  in  the  dry 
way,  fuse  13  pts.  pure  antimony  with  5  pts. 
flowers  of  sulphur  in  a  crucible,  adding  the 
mixture  portionwise,  and  pour  out  the  sul- 
phuret. The  little  regulus  uncombined  may 
be  easily  detached. 

Properties.  Pure  sulphuret  of  antimony  is 
steel-gray,  the  native  darker,  of  a  shining 
metallic  lustre,  with  a  fibrous  crystalline  struc- 
ture, brittle,  with  a  reddish  black  streak ;  easily 
fusible,  but  less  so  than  the  metal,  boils  at  a 
high  temperature,  and  partially  distils  in  a  cur- 
rent of  gas;  at  a  white  heat  in  crucibles,  loses 
10 — 12  per  cent,  sulphur.  Calcined  in  the  air 
it  is  oxidized ;  at  a  white  heat  with  charcoal 
sulphuret  of  carbon  passes  off  and  the  metal 
remains.  Ignited  in  a  current  of  hydrogen  it 
is  entirely  sulphurized,  and  many  metals  rob 
it  readily  of  its  sulphur  by  ignition.  It  is  more 
readily  dissolved  by  acids  than  the  metal ; 
heated  with  strong  chlorohydric  it  evolves  sul- 
phuretted hydrogen.  It  fuses  unchanged  with 
oxide  of  antimony. 
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Form.,  SbS3  (Sb883,  Berz.). 

It  combines  in  a  few  cases  as  a  sulphobase 
with  a  higher  metallic  sulphuret,  but  usually 
acts  as  a  sulpho-acid,  forming  Hyposulphanti- 
mantles,  many  of  which  are  found  in  the  mineral 
kingdom.  (See  Antimonial  ores  above  and 
Sulfhosalts  below.) 

Use.  Its  principal  use  should  be  to  prepare 
metallic  antimony,  but  it  is  often  improperly 


employed  in  its  crude  and  impure  state  for 
pharmaceutic  preparations.  The  presence  of 
lead,  copper,  and  arsenic  should  prevent  the 
latter  use.  Lead  may  be  detected,  when  present 
in  some  quantity,  by  needle-shaped  crystals  of 
chloride  of  lead,  after  cooling  the  solution  in 
chlorohydric  acid;  or  after  acting  upon  it  by 
dilute  nitric  acid,  it  will  remain  with  sulphur, 
&c,  as  a  sulphate  of  lead;  copper  shows  itself 
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in  the  chloride  solution  by  its  blue  color,  espe- 
cially after  the  addition  of  ammonia.  To 
detect  arsenic,  dissolve  in  chlorohydric  acid 
until  sulphuretted  hydrogen  ceases,  boil  again 
with  the  same  acid,  add  tartaric,  wash  the 
residue,  and  test  it  as  sulphuret  of  arsenic. 

Weigand  slates  that  it  may  be  almost  wholly 
freed  from  sulphuret  of  arsenic  by  pulverizing 
and  washing  over  to  get  the  finest  powder,  by 
pouring  over  this  twice  as  much  by  weight  of 
ammonia  and  shaking  it  frequently  during  48 
hours.     Berz,  Jahrb.  xxi.  116. 

Sulphuret  of  Antimony  prepared  in  the  humid 
way.  1.  Precipitate  a  solution  of  tartar  emetic 
by  sulphuretted  hydrogen  or  a  sulphydrate ; 
the  precipitate  is  of  a  fiery  red  color  and  is  the 
sulphuret  (according  to  Liebig  it  is  the  hy- 
drated  sulphuret). 

2.  Digest  Kermes-mineral,  with  warmth,  with 
a  solution  of  tartaric  acid,  which  extracts  oxide 
of  antimony  and  potassa,  if  present. 

3.  Digest  1  crude  antimony,  1  pearlash,  and 
1^  dry  slacked  lime,  with  15  water  in  a  closed 
vessel  for  2  hours,  filter,  dilute  largely,  add 
dilute  sulphuric  acid  as  long  as  it  precipitates, 
boil  the  precipitate  with  the  same  dilute  acid, 
and  wash  with  water.  It  is  a  loose  and  light, 
amorphous  powder,  with  a  bright,  brown  color, 
and  a  reddish-brown  streak,  inodorous  and 
tasteless,loses  all  hygroscopic  moisture  at  212°, 
fuses  to  common  gray  sulphuret  without  loss 
of  weight,  readily  calcines  into  antimonious 
acid  and  oxide ;  it  is  completely  soluble  in 
caustic,  carbonated,  and  sulphuretted  alkali; 
kept  several  days  in  chlorohydric  acid  at 
common  temperatures,  it  passes  from  its 
colored  amorphous  state  into  that  of  the  gray 
crystallized  sulphuret.  If,  by  warm  digestion 
with  tartaric  acid,  it  evolve  sulphuretted  hy- 
drogen, it  indicates  the  presence  of  an  alkaline 
sulphuret;  if  the  precipitate  produced  by  sul- 
phuretted hydrogen  in  the  tartaric  solution  be 
bright  red,  oxide  of  antimony  was  present. 
{Liebig.) 

Kermes-mineral.  Is  the  precipitated  sulphuret 
of  antimony  frequently  containing  a  sulphan- 
timoniated  alkaline  sulphuret  and  oxide  of 
antimony.  The  presence  of  the  latter  was 
believed  to  be  essential  to  its  constitution, 
and  hence  Liebig's  view  that  it  is  an  oxy- 
sulphuret  of  antimony,  Sb03-f-  2SbS3;  the 
researches  of  Berzelius,  and  lately  of  Rose, 
have  shown  that  it  is  essentially  sulphuret  of 
antimony. 

Prep.  1.  One  part  pure  carbonate  of  potassa 
is  well  mingled  with  2-f  pts.  finely  powdered 
sulphuret  of  antimony,  and  slowly  heated  in  a 
covered  crucible  until  it  fuses  without  boiling; 
it  is  the  hepar  antimonii,  deliquescent  and  of  a 
liver-brown  color;  boil  it  with  water  and  filter 
through  a  filter  heated  to  212°;  the  kermes 
separates  on  cooling.  If  the  clear  liquid  from 
which  the  kermes  has  precipitated  be  boiled 
over  the  first  insoluble  residue,  it  dissolves 
more  kermes,  and  by  repeated  boiling  leaves 
finally  a  residue  of  oxysulphuret. 

2.  It  may  also  be  prepared  by  fusing  2  me- 
tallic antimony,  1  sulphur,  and  3  carbonate  of 
soda,  or  16  crude  antimony,  3  sulphur,  and  32 
carbonate  of  potassa,  or  by  heating  3 — 4  pts. 
cream  of  tartar  and  1  crude  antimony  in  a 
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crucible  until  the  vapors  of  decomposed  tar- 
taric acid  disappear;  the  mass  is  boiled  and 
filtered  as  before. 

3.  By  boiling  sulphuret  of  antimony  in 
powder  with  a  solution  of  carbonated  or  caustic 
alkali. 

Theory  of  its  formation.  The  kermes  obtained 
by  boiling  with  dilute  carbonated  alkali  con- 
tains  no  oxide  of  antimony.  Rose  found  that 
when  there  was  more  alkali  than  the  sulphuret 
of  antimony  could  saturate,  it  consisted  of 

Antimony 69-00 

Potassium 2-25 

Sulphur 28-41 

99-66 

The  sulphur  is  just  sufficient  to  form  KS3 
and  SbS3;  there  was,  however,  no  KS3  present 
but  KS,  SbS.,  which  did  not  appear  to  be  com- 
bined with  the  sulphuret  of  antimony.  When 
the  concentrated  carbonated  alkaline  solution 
is  boiled  to  saturation  with  the  crude  antimony, 
the  kermes  which  separates  on  cooling,  con- 
tains oxide  of  antimony,  the  first  portion  less, 
the  latter  more  oxide  ;  but  when  examined, 
after  washing  and  drying,  by  a  compound  mi- 
croscope, the  crystals  of  oxide  of  antimony  and 
the  flocculae  of  the  kermes  are  very  distinct. 
In  a  dilute  alkaline  solution  the  oxide  remains 
dissolved,  while  a  strong  solution  dissolved 
more,  which  separated  in  part  and  slowly  on 
cooling.  A  portion  of  the  sulphuret  of  anti- 
mony exchanges  sulphur  for  oxygen  of  the 
potassa  (or  soda),  forming  some  sulphuret  of 
potassium  and  oxide  of  antimony,  so  that  the 
hot  solution  contains  hypantimonite  of  potassa 
and  hypo-sulphantimonite  of  potassium. 

When  kermes  is  formed  by  fusion  of  the 
sulphuret  and  carbonated  alkali,  the  same  in- 
terchange takes  place,  but  a  portion  of  crude 
antimony  is  reduced  to  the  metallic  slate,  the 
sulphur  which  it  lost  having  united  with  a  por- 
tion of  sulphuret  of  antimony  to  form  the 
higher  sulphuret  SbS5. 

Kermes  formed  by  boiling  the  sulphuret  with 
caustic  potassa  does  not  contain  a  trace  of 
oxide,  but  is  a  compound  of  KS,  SbS.-J- 
2  SbS3,  and  by  continued  washing  with  boiling 
water  is  reduced  to  KS,  SbS5  -)-  4  SbS3. 

Use.  Kermes  was  known  to  Glauber,  and 
introduced  into  medicine  as  a  secret  remedy  in 
1707,  when  it  was  purchased  and  published  by 
the  French  government.  It  is  still  employed 
in  medicine.     (See  Sulpilosalts  below.) 

2.  Oxysulphuret  of  Antimony.  Syn.  Oxy-sul- 
phuretum  slibicum,  Crocus  of  Ant.  Ger.  Anti- 
monsafran,  Vitrum  antimonii,  Glass  of  Ant. 
Ger.  Spiessglanzglas.  This  compound  is  found 
as  a  mineral  (see  Red  Antimony),  but  the  arti- 
ficial crocus  and  glass  of  antimony  are  the 
same  in  a  more  or  less  impure  state. 

Crocus  of  A.  1.  Prepared  by  deflagrating 
portionwise  equal  parts  saltpeter  and  crude 
antimony  in  a  heated  iron  crucible  or  mortar, 
removing  the  upper  layer  (liver  of  A.)  and 
lixiviating  the  lower  with  water;  the  saffron 
powder  is  oxysulphuret,  containing  hypanti- 
monite of  potassa. 

2.  Digest  crude  A.  with  chlorohydric  acid 
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until  sulphuretted  hydrogen  evolves,  and  after 
some  time  mix  with  water;  the  yellow  precipi- 
tate is  oxysulphuret. 

Glass  of  A.  Calcine  crude  antimony  par- 
tially to  oxidize  a  portion  of  the  metal,  ignite 
it  in  a  crucible  to  fusion.  A  fused  mass  of 
vitreous  fracture,  with  a  dark  brown  color  and 
opake,  or  hyacinth  red  and  translucent.  It  is 
the  same  oxysulphuret  as  the  crocus,  contain- 
ing an  excess  of  oxide  when  transparent,  or  an 
excess  of  sulphuret  when  dark  brown  and 
opake. 

The  pure  oxysulphuret  is  composed  of 

H  =  l      0=  100  In  100  pts. 

Sb03 153-2         1912-9         30-14 

2  SbS„  . . . .  355-0         4432-8         69-86 
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inodorous  and  tasteless,  perfectly  soluble  in 
alkali;  very  unstable  in  its  isolated  condition, 
giving  off  its  sulphur  by  heat  and  being  re- 
duced to  the  sulphuret,  SbS3.  Bisulphuret  of 
carbon  likewise  reduced  it  to  the  same  by 
removing  sulphur.  It  forms  sulphosalts  with 
sulphobases,  which  see  below. 

H=  1      O  =  100   In  100  pts. 

Sb 129-2  1612-90       61-59 

S 80-5         1005-83       38-41 


508-2 


6345-7       100 


Form.,  Sb03  -f  2  SbS3  (Sb203  -f  2  Sb2S3, 
Berz.). 

The  oxysulphurets  are  very  fusible ;  they 
combine  with  earthy  silicates  and  corrode  cru- 
cibles as  powerfully  as  litharge ;  hence  the 
commercial  articles  usually  contain  silica  and 
alumina. 

3.  SuJphantimonious  jlcid.  Syn.  Tetrasulphuret 
of  A.,  Sulphidum  stibiosum,  Antimoniges  Sulfid, 
Berz.  Dissolve  antimonite  of  potassa  or  soda 
in  chlorohydric  acid,  dilute  largely  with  water, 
and  pass  sulphuretted  hydrogen  through  the 
liquid.  A  fiery  red  precipitate,  soluble  in  chlo- 
rohydric acid  with  evolution  of  sulphuretted 
hydrogen  and  a  residue  of  sulphur;  heated 
dry  it  evolves  sulphur,  leaving  the  sulphuret. 
If  tartaric  acid  be  added  to  the  chlorohydric 
solution  of  the  antimonite,  sulphuretted  hy- 
drogen precipitates  the  next  acid  (4). 

H  =  1   O  =  100  In  100  pts.     H.  Rose. 
Sb..  129-2       1612-9        66-72      66-14      66-55 
S.  ..    64-4        804-66      33-28      33-86      33-45 


193-7      2417-56    100 


100 


100 


Form.,  SbS4  (Sb2S4,  Berz.,  according  to  which 
it  may  be  termed  a  bisulphuret  of  A.).  It  may 
be  viewed  as  a  sulphantimoniate  of  sulphuret 
of  A. ;  thus,  2  SbS4  =  SbS3  -f-  SbS5. 

4.  Sulpkantimonic  Jlcid.  Syn.  Persulphuret 
of  A.,  Golden  sulphuret  of  A.  Lat.  Sulphidum 
stibicum,  Sulphur  auratum  antimonii.  Ger. 
Spiessglanzschwpfel,  Goldschwefel,  Antimon- 
sulfid,  Berz.     A-persulfid,  Liebig. 

Prep.  1.  Pass  sulphuretted  hydrogen  through 
a  solution  of  antimonic  acid  or  perchloride  of 
antimony.  2.  Add  dilute  sulphuric  acid  to  a 
solution  of  sulphantimoniate  of  sodium  or 
potassium.  3.  Mitscherlich  directs,  as  the  best 
method,  to  fuse  together  18  pts.  crude  antimony, 
12  pts.  anhydrous  carbonate  of  (35  crystallized) 
soda,  13  pts.  caustic  lime,  and  3£  pts.  sulphur, 
dissolve  in  boiling  water,  filter,  and  precipitate 
by  chlorohydric  acid.  The  lime  is  added  to 
render  the  soda  caustic.  The  solution  contains 
so  much  sulphantimoniate  of  sodium  and  anti- 
moniate  of  soda,  as  to  separate  exactly  into 
chloride  of  sodium  and  sulphantimonic  acid. 

Prop.  A  light  amorphous  powder  of  a  lively 
orange  color  (often  with  a  brownish  red  tint), 
30 


209-: 


2618-73     100 


Form.,  SbS5  (Sb2S.,  Berz.). 

Use.  Formerly  employed  in  medicine,  but 
now  discarded. 

Phosphuret  of  Antimony.  Formed  by  fusing 
phosphorus  or  phosphoric  acid  and  antimony. 
It  has  metallic  lustre,  a  white  color,  a  laminated 
texture,  is  very  fusible,  and  burns  in  the  air 
with  a  greenish  flame  and  white  vapors. 

Antimoniuretted  Hydrogen.  Ger.  Antimonwas- 
serstoff.  Prep.  1.  Fuse  2  pts.  zinc  with  1  pt. 
antimony,  add  water  and  sulphuric  acid.  Capi- 
taine.  The  gas  is  mixed  with  hydrogen.  2.  A 
better  method  is  to  add  a  little  sulphuric  acid 
to  a  saturated  solution  of  tartar  emetic  and  dis- 
solve zinc  in  it.  Wiikler.  A  colorless  gas,  com- 
bustible, insoluble  in  water,  neutral.  It  pre- 
cipitates salts  of  mercury  and  of  many  metals, 
but  not  copper,  by  which  it  is  distinguished 
from  arseniuretted  hydrogen.  It  closely  re- 
sembles the  latter  gas  in  constitution  and  de- 
composition. When  burned  it  forms  water 
and  deposits  black  metallic  antimony  or  the 
oxide,  and  might  hence  be  confounded  with  ar- 
seniuretted hydrogen.  See  Testing  for  Ahsenic. 
Formula,  SbH3. 

II.  Salts. 

The  salts  of  antimony  not  wholly  insoluble 
have  a  feeble  metallic  taste,  the  soluble  are 
generally  clouded  by  dilution  with  water;  the 
haloid  and  oxysalts  are  precipitated  with  a  red 
or  brownish  color  by  sulphydrates,  the  sulpho- 
salts with  the  same  or  a  yellow  color  by  acids. 

Haloid  Salts. 

Chloride  of  Antimony  SbCI3  235-7 

Oxychloride SbCl3  -f  3  Sb03-f-  3  HO 

or2SbCl3+9Sb03. 

Tetrachloride SbCI4  271-2 

Perchloride SbCl.  306-7 

Bromide SbBr3 

Iodide Sbl3 

Fluoride .- SbF3 

1.  Chloride  of  Antimony.  Syn.  Sesquichlo- 
ride  of  A.,  Butter  of  A.  Lat.  Chloretum  stibi- 
cum, Oleum  seu  Butyrum  antimonii,  Caus- 
ticum  antimoniale.  Ger.  Antimonchlorid,.Z?«-z.; 
A.  chlorur,  Liebig;  Spiessglanzbutter,  Salz- 
saures  Spiessglanzoxydul. 

Prep.  Mix  3^  pts.  corrosive  sublimate  with 
1  pt.  finely  powdered  metallic  antimony,  or  7 
pts.  corr.  sublim.  with  3  pts.  sulphuret  of  anti- 
mony, and  distil  in  a  retort.  The  chloride 
passes  over  and  metallic  or  sulphuret  of  mer- 
cury remain;  in  the  former  case,  the  brown 
color,  according  to  Capitaine,  is  due  to  an 
arsenio-chloride  bf  arsenic.  2.  For  technical 
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purposes  dissolve  antimony  or  its  oxide  in  sul- 
phuric acid,  evaporate  to  dryness,  mix  it  with  a 
little  more  than  twice  its  weight  of  common  salt, 
and  distil.  Bcrz.  Or  for  the  same  uses  ;  3.  Dis- 
solve 1  pt.  finely  powdered  sulphuret  of  A.  in  5 
pts.  strong  muriatic  acid  (22°  Beaume)  with  a 
gentle  heat,  until  all  the  sulphuretted  hydrogen 
is  expelled,  evaporate  in  porcelain  until  a  test 
drop  put  on  a  glass-pane  crystallizes ;  then 
transfer  to  a  retort,  distil  until  a  drop  put  on  a 
cold  metallic  surface  begins  to  congeal,  and 
distil  the  residue  into  a  clean  receiver. 

Prop.  White,  semi-transparent,  crystalline, 
of  buttery  consistence,  fuses  at  162°,  flowing 
like  an  oil,  boils  at  446°,  Capitaine;  exposed  to 
the  air,  it  fumes  slightly,  attracts  water, becomes 
liquid  ;  with  more  water  it  precipitates  a  white 
powder,  the  oxychloride,  which  is  soluble  in  an 
excess  of  chlorohydric  acid ;  a  previous  addi- 
tion of  tartaric  acid  prevents  the  precipitation. 
Heated  with  nitric  acid,  it  is  converted  into 
antimonic  acid,  with  chlorine  into  perchloride ; 
heated  with  sulphocyanide  of  potassium,  it 
forms  sulphantimonious  acid,  mellonide  of 
potassium,  while  sulphuret  of  carbon  is 
evolved.  Dry  fused  chloride  absorbs  ammonia, 
forming  a  brittle  solid.  Rose.  Sulphuretted 
hydrogen  passed  through  a  solution  of  the  chlo- 
ride in  muriatic  acid,  forms,  at  first,  a  yellow 
precipitate  containing  5 — 6  per  cent,  chloride  ; 
when  dilute,  it  is  pure  sulphuret.     L.  Gmelin. 

H  =  1  O  =  100  In  100  pts.  Gobel.  H.  Rose. 
Sb..  129-2  1612-90  54-84  54-98  53-27 
CI,  .  106-5     1327-95       45-16       45-02        46-73 


235-7     2940-86     100 


100 


100 


Form.,  SbCl    (Sb2Cl3,  Berz.). 

Uses.  Rarely  employed  in  medicine  as  a  caus- 
tic. It  fumes  more  strongly  than  the  pure  chlo- 
ride, being  a  solution  of  oxide  or  chloride  in 
muriatic  acid,  is  oily,  of  spec.  grav.  1-35 — 1-4. 
The  same  solution  is  also  employed  for  brown- 
ing iron,  gun-barrels,  &c,  and  is  then  termed 
Bronzing  sail.  It  is  mingled  with  olive-oil, 
rubbed  over  the  iron  slightly  heated,  and  ex- 
posed to  the  air  till  the  desired  color  is  attained; 
the  operation  of  the  bronzing  salt  is  sometimes 
hastened  by  following  it  with  nitric  acid. 
When  browned,  the  surface  of  iron  is  polished 
by  a  burnisher,  or  by  wax,  or  by  a  varnish  of 
2  oz.  shellac  and  3  drachms  dragons  blood  dis- 
solved in  2  quarts  spirit  of  wine.  The  brown 
color  is  chiefly  due  to  peroxide  of  iron,  and 
hence  other  metals  are  employed  often  contain- 
ing copper. 

2.  Oxychloride  of  A.  Syn.  Powder  of  Alga- 
roth,  Mercury  of  Life.  Lat.  Oxychloretum 
Stibicum.  Ger.  Basisches  Antimonchlorid. 
Berz. 

Prep.  Add  water  to  the  preceding;  or  dis- 
solve sulphuret  of  antimony  in  muriatic  acid 
until  all  the  sulphuretted  hydrogen  is  expelled, 
and  after  cooling  add  water  in  small  portions 
until  it  becomes  cloudy,  filter,  and  add  5 — 10 
times  as  much  water;  wash  the  precipitate 
until  the  water  has  no  acid  reaction. 

Prop.  A  heavy,  white  amorphous  powder, 
but  if  the  precip.  be  allowed  to  remain  several 
hours  in  the  water  previous  to  washing,  or  if 
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a  little  boiling  instead  of  cold  water  be  added, 
the  salt  becomes  crystalline  or  crystallized. 
Decomposed  by  heat,  chloride  of  A.  p 
over  and  the  oxide  remaining;  carbonated 
alkali  extracts  chlorine,  converting  the  whole 
into  oxide,  which  retains  alkali;  continued 
boiling  or  washing  also  decomposes  it. 

Berzelius  calculates  from  Phillip's  analysis 
the  formula,  SbCl3  +  3  Sb03  +  3  HO ;  but  from 
the  more  recent  analyses  of  Malaguti  and 
Johnson,  it  would  appear  to  be  2  SbCl3-j-9  SbO,. 

3.  Tetrachloride  of  Antimony.  Syn.  Bichlo- 
ride of  A.  Gcr.  Antimonsuperchlorur,  Berz. 
Known  only  in  solution  ;  made  by  dissolving 
antimonious  acid  in  concentrated  chlorohydric 
to  saturation.  A  yellow  solution,  easily  decom- 
posed.   Form.,  Sb04  (Sb204,  Berz,). 

4.  Perchloride  of  Antimony.  Syn.  Permuriate 
of  A.,  Pentachloride  of  A.  Lat.  Chloridum 
Stibicum.     Gcr.  Antimonsuperchlorid,  / 

Heat  powdered  antimony  gently  in  chlorine, 
or  pass  the  gas  over  the  metal ;  the  perchlo- 
ride distils  over  as  a  colorless  or  faint  yellowish 
liquid,  which  fumes  in  the  air  with  a  disagree- 
able odor,  deliquesces,  forming  crystals  of  the 
perchloride  with  crystal-water.  The  crystals 
attract  more  water  and  become  liquid.  Sud- 
denly mixed  with  much  water  it  becomes 
heated,  hydrated  antimonic  acid  precipitates, 
and  chlorohydric  acid  remains  in  solution. 
Rose.  It  absorbs  olefiant  gas,  becoming  heated, 
and  is  resolved  into  chloride  of  antimony  and 
chlorine-ether.     Wohler. 

It  unites  with  phosphuretted  hydrogen  to  a 
red  solid,  with  evolution  of  some  chlorohydric 
acid;  water  expels  the  phosphur.  hydrogen. 

It  absorbs  also  dry  ammonia,  forming  a 
brown  compound,  which  becomes  colorless  by 
sublimation  without  change. 

H=l       O=100  In  100 pts.  H.Rose. 
Sb  ..  129-2         1612-9  42-16        40-56 

CL..  177-5         2213-26        57-84         59-44 


306-7 


3826-16       100 


100 


Form.,  SbCl5  (Sb2Cl5,  Berz.). 

Bromide  of  Antimony.  Antimonbromid,  Berz. 
Throw  small  pieces  of  metallic  antimony  into 
bromine  in  a  retort;  they  unite  with  combus- 
tion ;  when  saturated,  distil  over.  Colorless 
needles,  fusing  at  194°,  boiling  at  518°,  deli- 
quescing in  the  air,  decomposed  by  water. 
Form.,  SbBr3  (Sb2Br3,  Berz.). 

Iodide  of  Antimony.  Antimonjodid,  Berz.  Ant. 
and  iodine  unite  also  without  heat  to  a  dark- 
red  fusible  solid,  which  may  be  distilled  over, 
and  decomposes  by  water  into  iodohydric  acid 
and  oxide  of  antimony.  Brandes  says  that  the 
distilled  liquid  congeals  to  an  almost  vermil- 
lion-red  shining  mass,  which  water  decom- 
poses into  a  brown  liquid  and  a  precipitate  of 
basic  iodide.     Form.,  Sbls,  (Sb2I3,  Berz.). 

Iodo-sulphuret  of  A.  Formed  by  subliming  at 
a  very  gentle  heat  equal  parts  of  dry  sulphuret 
of  ant.  and  iodine.  The  red  vapors  condense 
to  transparent  shining  red  crystalline  scales, 
of  a  disagreeable  odor  and  taste,  decomposed 
by  water  into  iodohydric  acid,  oxide  of  anti- 
mony, and  sulphur.  It  appears  from  the 
analyses  of  Henry  and  Garot  to  be  Sb,  S3,  I3. 
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Fluoride  of  Antimony.  Fluoraniimon,  Berz. 
Dissolve  oxide  of  antimony  in  fluorohydric 
acid  and  evaporate.  Colorless  crystals,  solu- 
ble in  water.  Form.,  SbF3.  There  are  also  a 
tetrafluoride,  SbF4,  and  a  perfluoride,  SbF5, 
soluble  in  water,  which  yield  double  salts  with 
metallic  fluorides.  Antimonqfluoride  of  potassium 
is  very  soluble  in  the  liquid  with  an  excess  of 
acid;  by  slow  evaporation  it  yields  prismatic 
crystals,  which  fall  to  powder  by  rapid  desic- 
cation. 

OXTSALTS. 

Salts  of  Oxide  of  Antimony. 

In  the  neutral  salts  there  are  3  equivs.  of 
acid  to  one  of  the  oxide.  They  are  colorless 
with  a  colorless  acid ;  difficultly  soluble  in 
water,  and  with  much  water  (especially  hot) 
are  generally  separated  into  oxide  or  a  basic 
salt  and  an  acid  salt,  which  can  be  prevented  by 
the  addition  of  tartaric  acid.  Their  acid  solu- 
tions are  precipitated  white  by  caustic  and  car- 
bonated alkali, yellow  by  sulphuretted  hydrogen, 
reddish  brown  by  alkaline  sulphurets,  in  an 
excess  of  which  the  precip.  sulphuret  is  solu- 
ble ;  iron,  zinc,  and  tin  wholly  precipitate  the 
metal  as  a  black,  pyrophoric  powder.  The 
most  important  double  salt  of  tartaric  acid, 
with  antimony  and  potassa,  tartar  emetic,  is  a 
%  basic  salt.     (See  under  Tartrate.) 

Oxide  of  antimony  fused  with  carbonate  of 
potassa  or  soda  expels  the  carbonic  acid  and 
forms  definite  compounds  in  which  the  oxide 
of  antimony  seems  to  act  the  part  of  an  acid, 
and  the  salts  may  be  termed  hypantimonites. 
The  oxide  freshly  precipitated  from  the  chlo- 
ride and  digested  with  strong  caustic  potassa, 
soda,  or  ammonia,  forms  these  compounds. 
They  are  nearly  insoluble  in  water.  Form.,  KO 
(NaO  or  NH40)  +  Sb03.  Other  hypantimo- 
nites have  not  been  examined. 

1.  Sulphate  of  Antimony.  Syn.  Lat.  Sulphas 
Stibicus.     Ger.  Schwefelsaures  Antimonoxyd. 

Prep.  Boil  antimony  with  oil  of  vitriol ;  sul- 
phurous acid  is  evolved  and  a  white  saline 
mass  remains,  which  is  the  neutral  sulphate. 
Water  decomposes  into  a  soluble  acid  salt  and 
an  insoluble  basic  salt ;  the  solution  evapo- 
rated, yields  needle-shaped  crystals  of  the 
former,  which  are  deliquescent.  The  neutral 
salt  is  soluble  in  somewhat  diluted  sulphuric 
acid,  from  which  water  throws  down,  accord- 
ing to  Brandes,  a  basic  salt,  Sb03,  S03,  but 
the  acid  is  wholly  removable  by  boiling  water. 
Form,  of  the  neutral  salt,  Sb03  +  3  S03. 

Eq.  273-5  (3416-4,  0  s=  100).     Sb03,  55-99  -f 
S03,  44-01  =  100. 

2.  Sulphite  of  Antimony.  Syn.  Sulphis  Stibi- 
cus. Ger.  Schwefligsaures  Antimonoxyd.  Di- 
gest oxide  of  antimony  with  liquid  sulphurous 
acid,  or  pass  sulphurous  acid  gas  through  chlo- 
ride of  antimony.  A  white  powder  insoluble 
m  water.    Form.,  Sb03  -f-  3  S02. 

Nitrate  of  Antimony.  Syn.  Nitras  Stibicus. 
Ger.  Salpetersaures  Antimonoxyd.  Concen- 
trated nitric  acid  attacks  antimony  in  the  cold, 
the  dilute  by  boiling ;  both  water  and  acid  are  de- 
oxidized and  nitrate  of  ammonia  formed.  With 
little  acid,  nearly  all  the  metal  is  precipitated 
as  a  basic  salt ;  the  solution  retains  a  small 


quantity,  part  of  which  deposits  as  fine  crys- 
tals on  the  glass.  The  whole  of  the  acid  may 
be  removed  from  the  salt  by  repeated  digestion 
with  water. 

1.  Phosphate  of  Antimony,  a.  Neutral.  Phos- 
phas  Stibicus.  Ger.  Neutrales  phosphorsaures 
Antimonoxyd.  Formed  by  digesting  oxide  of 
A.  with  phosphoric  acid.  Form.,  2  Sb03  -f- 
3  P05.  Brandes  says  that  if  the  acid  be  satu- 
rated, there  is  formed  a  crystallized  neutral 
salt  containing  4  per  cent,  or  2  eq.  water. 

b.  Phosphate  of  A.,  Basic.  Formed,  according 
to  Brandes,  by  washing  the  neutral  salt  with 
cold  water,  which  leaves  the  basic  salt  as  a 
white  powder.  Form.,  2  Sb03  +  P05.  Ac- 
cording to  the  same  chemist,  another  basic 
salt,  4  SbOg-r-  P05,  is  obtained  by  boiling  the 
preceding  with  water.  It  may  be  a  mixture  of 
oxide  and  the  basic  salt.     Berz. 

2.  Phosphite  of  Antimony.  Syn.  Phosphis 
Stibicus.  Ger.  Phosphorigsaures  Antimonoxyd. 
Precipitated  by  mixing  solutions  of  tartar 
emetic  and  terchloride  of  phosphorus.  It  is 
colorless  and  when  heated  evolves  pure  hy- 
drogen, becoming  phosphate  of  antimony. 
Form.,  2  Sb03+  3  P03. 

Salts  of  Antimonious  Acid. 

Antimoniles.  Antimonious  acid  forms  neutral 
and  acid  salts ;  the  neutral  alkaline  salts  are 
soluble;  all  others,  acid  and  neutral,  are  either 
insoluble  or  difficultly  soluble.  Acids  precipi- 
tate an  insoluble  acid  antimonite  from  neutral 
solutions.  The  alkaline  antimonites  are  formed 
by  dissolving  the  hydrated  acid,  or  by  fusing 
the  acid  with  caustic  or  carbonated  alkali;  the 
rest  by  double  decomposition.  The  dry  salts 
heated,  generally  give  off  crystal-water,  become 
luminous  before  ignition,  appearing  to  undergo 
combustion,  and  become  lighter  colored  and 
more  fixed  compounds,  which  are  decomposed 
by  acids  with  difficulty.  This  is  especially  the 
case  with  antimonites  of  copper,  cobalt,  and 
zinc. 

Antimonite  of  Potassa.  Lat.  Stibiis  Kalicus. 
Ger.  Antimonigsaures  Kali.  Fuse  antimonious 
acid  with  carbonated  or  caustic  potassa,  dis- 
solve out  the  alkali  and  wash  the  residue 
several  times  with  cold  water;  dissolve  the 
remainder,  which  is  the  neutral  salt,  in  boiling 
water.  The  solution,  by  evaporation,  dries  to 
yellowish  gummy  mass,  soluble  in  water,  with 
an  alkaline  and  metallic  taste.  Acids,  even 
the  carbonic,  precipitate  an  acid  antimonite, 
which  is  decomposed  by  an  excess  of  acid. 
Form,  of  the  neutral  salt,  KO  +  Sb04. 

Antimonites  of  Soda  and  Ammonia  are  both 
soluble  in  water.  The  latter  exposed  to  the 
air  loses  ammonia,  and  a  white,  pulverulent, 
acid  antimonite  remains. 

Antimonite  of  Baryta.  Prepared  by  double 
decomposition,  as  a  white  powder;  obtained 
crystallized  by  adding,  dropvvise,  a  boiling 
dilute  solution  of  antimonite  of  potassa  to  a 
boiling  dilute  solution  of  chloride  of  barium. 
It  deposits  flat,  silvery  needles,  unchangeable 
in  the  air.     Form.,  BaO  -f-  Sb04. 

Antimonites  of  Lime  and  Protoxide  of  Iron  are 
white,  insoluble;  the  latter  becomes  yellow  in 
the  air. 

Antimonite  of  Cobalt,  CoO,  Sb04,  a  volumi- 

235 


ANTIMONY. 


ANTIMONY. 


nous  powder,  of  a  pale  violet  tint,  slightly  solu- 
ble in  water.  Heated,  it  loses  its  crystal-water, 
becoming  black,  then  appears  to  undergo  com- 
bustion, and  becomes  white. 

Antimonite  of  Copper,  CuO,  Sb04,  green,  in- 
soluble, less  crystalline  than  the  antimoniate. 
When  heated,  it  acts  like  the  preceding  without 
becoming  black. 

Salts  of  Antimonic  Acid. 

It  forms  neutral  and  acid  salts  with  the  alka- 
lies, the  former  soluble,  the  latter  less  so  ;  all 
other  salts  are  difficultly  soluble  or  insoluble. 
The  alkaline  are  formed  by  fusing  antimony 
with  an  alkaline  nitrate,  the  rest  by  double 
decomposition.  The  salts  of  antimonic  acid 
exhibit  a  similar  combustion  with  the  corres- 
ponding salts  of  antimonious  acid. 

Antimoniate  of  Potassa.  Syn.  Lat.  Stibias 
Kalicus.     Ger.  Antimonsaures  Kali. 

Prep.  1.  Fuse  caustic  potassa  and  anti- 
monic acid.  2.  Project  into  a  heated  crucible, 
portionwise,  a  mixture  of  1  pt.  powdered  anti- 
mony with  3 — 4  pts.  saltpeter  and  1  carbonate 
of  potassa,  keep  it  in  fusion  one  hour ;  lixiviate 
the  powdered  mass  with  cold  water,  which 
extracts  nitrate  and  carbonate  of  potassa,  then 
boil  with  water,  which  dissolves  the  antimo- 
niate and  leaves  a  small  quantity  of  binanti- 
moniate,  together  with  oxide  of  iron,  lead,  &c. 
By  evaporation  it  yields  granular  crystals, 
little  soluble  in  cold  water;  formula,  according 
to  Rammelsberg,  KO,  Sb05  4-  5  HO  ;  or  it  may 
be  evaporated  until,  on  cooling,  it  congeals  to 
a  white  saline  mass.  When  pure,  the  solution 
has  a  slight  metallic  taste  and  scarcely  alka- 
line reaction.  It  is  precipitated  by  acids  (even 
the  carbonic)  as  an  acid  or  binantimoniate  of 
potassa.  KO,  2  Sb05  +  6  HO,  Guibourt.  The 
former  officinal  preparation,  still  employed  to 
a  limited  extent,  was  made  by  deflagrating  anti- 
mony or  its  sulphuret  and  saltpeter,  dissolving 
out  by  cold,  and  the  residue  by  boiling  water, 
and  precipitating  the  latter  solution  by  sul- 
phuric or  muriatic  acid.  A  better  precipitant 
is  carbonic  or  acetic  acid.  But  the  precipi- 
tated binantimoniate  usually  contains  antimo- 
nious acid  and  oxide  of  antimony. 


H  =  l 

KO 47-2 

SbOr 169-2 


0=100   In  100  pts. 

589-92         21-83 
2112-90         78-17 


216-4 


2702-82       100 


Form.,  KO  -f  Sb05  (KO  -f-  Sb205,  Berz.). 

Use.  Rarely  employed  in  medicine,  and  lat- 
terly recommended  by  Fremy  and  by  Wacken- 
roder  as  a  test  for  soda. 

Antimoniate  of  Soda.  Syn.  Stibias  Natricus, 
Antimons.  Natron.  Formed  like  the  preceding, 
with  caustic  or  nitrate  of  soda,  or  by  adding 
antimoniate  of  potassa  to  a  solution  of  soda, 
and  shaking  the  liquid.  In  the  latter  case, 
microscopic  crystals  deposit  belonging  to  the 
quadratic  system,  being  4-sided  prisms,  with 
terminal  truncations.  Wackenroder.  Good  crys- 
tals are  best  obtained  from  a  solution  contain- 
ing an  excess  of  caustic  soda.  Mitscherlicli.  It 
is  nearly  insoluble  in  water.  Form.,  NaO-j- 
Sb05  (S'b205,  Berz.). 
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Antimoniate  of  Ammonia.  Digest  hydrated 
antimonic  acid  with  strong  liquid  ammonia. 

It  is  decomposed  by  evaporation,  yielding  the 
binantimoniate  as  a  white  powder,  with  acid 
reaction.     Form.,  NII40  4-  8b06. 

Antim.  of  Baryta.    Mix   antimoniate  of  po- 
tassa and  chloride  of  barium.    A  white,  i 
phous    precipitate,  slightly   soluble   in  water, 
unaltered  in  air,  and  by  carbonic  acid.  Form., 
BaO  +  SbOs. 

Antim.  of  Lime.  Ger.  Ant.  Kalkerde.  Mingle 
antim.  of  potassa  and  chloride  of  calcium.  A 
white  crystalline  powder,  very  slightly  soluble 
in  water.  Form.,  CaO  -f-  Sb05.  The  antimo- 
niates  of  the  earths  are  insoluble,  white  com- 
pounds. 

Protantimon.  of  Manganese.  Mingle  antim.  of 
potassa  and  protosulphate  or  chloride  of  man- 
ganese; the  first  portions  of  the  precipitate 
redissolve.  It  is  a  white  powder,  unaltered  in 
air,  difficultly  soluble  in  water;  by  ignition  it 
becomes  gray,  by  a  higher  heat  white,  and  is 
then  insoluble  in  acids. 

Antimon.  of  Protoxide  of  Iron.  Ger.  Ant.  Eisen- 
oxydul.  White  precipitate  becoming  yellow 
in  the  air.  The  salt  of  peroxide  is  pale  yellow, 
insoluble. 

Antim.  of  Cobalt,  formed  by  double  decompo- 
sition with  a  hot  cobalt-solution,  redissolves  at 
first,  but  subsequently  deposits  as  a  pale  red 
crystalline  powder,  nearly  insoluble  in  water. 
At  a  high  temperature  it  loses  crystal-water, 
becoming  dark  violet,  nearly  black ;  by  ignition 
it  exhibits  a  lively  combustion,  becoming  white, 
with  a  faint  reddish  tint,  and  is  insoluble  in 
acids.     Form.,  CoO+ SbOg. 

Antim.  of  Nickel,  greenish  white,  insoluble  in 
water.     Form.,  NiO  4-  Sb05. 

Antim.  of  Zinc.  When  antim.  of  potassa  is 
added  to  a  neutral  solution  of  zinc,  the  precipi- 
tate at  first  redissolves,  but  on  adding  more,  it 
remains  undissolved  as  a  white  powder;  por- 
tions of  it  separate  from  the  liquid  in  a  few 
hours  as  minute  crystals  on  the  sides  of  the 
glass.  When  heated  it  exhibits  the  same  phe- 
nomena as  the  salt  of  cobalt,  and  is  not  then 
reduced  nor  fused  with  alkali  on  charcoal  be- 
fore the  blowpipe.     Form.,  ZnO  +  Sb06. 

Antim.  of  Lead.  Ger.  Ant.  Bleioxyd.  Forms 
a  white,  caseous  precipitate,  by  double  decom- 
position; it  is  also  formed  by  treating  antimo- 
niuret  of  lead  by  nitric  acid.  Insoluble  in 
water;  by  heat  becomes  yellow,  is  infusible, 
but  reducible  on  charcoal  by  the  blowpipe  to 
antimoniuret  of  lead.  Decomposed  imperfectly 
by  acids,  even  when  freshly  precipitated. 
Form.,  PbO  +  Sb05. 

Antim.  of  Copper.  Ant.  Kupferoxyd.  A  green, 
insoluble,  crystalline  powder,  losing  19-5  per 
cent,  or  between  5  and  6  eq.  water  by  heat,  and 
becoming  black ;  at  a  higher  heat  it  exhibits 
combustion  like  the  salt  of  cobalt,  and  is  then 
undecomposable  by  acids  or  alkalies  in  the 
humid  way;  it  is  easily  reduced  on  charcoal 
before  the  blowpipe  to  a  pale  globule  of  copper. 

Antim.  of  Red  Oxide  of  Mercury.  Formed  by 
double  decomposition  in  the  humid  way,  it  is 
an  orange-yellow  precipitate.  It  is  also  ob- 
tained by  heating  in  a  retort  a  mixture  of  1  pt. 
powdered  antimony  and  6 — 8  pts.  red  oxide  of 
mercury;  mercury  distils  over, and  the  antimo- 
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niate  of  mercury  remains  of  a  dark  olive-green  I  antimoniate  of  potassa,  and  has  the  composi- 
tion 3  KS,  SbS5  +  KO,  Sb05  +  10  HO.  Cold 
water  removes  the  sulphosalt  and  leaves  the 
oxysalt;  boiling  water  dissolves  the  whole 
without  decomposition. 

Sulphant.of  Sodium.  Natrium-Sulfant.,  Berz. 
Obtained  by  igniting  4  pts.  sulphuret  of  anti- 
mony, 8  pts.  dry  sulphate  of  soda,  and  2  pts. 
charcoal,  dissolving  in  hot  water,  and  boiling 
the  solution  with  1  pt.  sulphur ;  or  by  Mitscher- 
lich's  process  given  above  under  Sulphantimonic 
acid,  omitting  the  precipitation  by  acid.  Color- 
less crystals  of  the  regular  system,  generally 
the  hemioctahedron  (tetrahedron)  predominat- 
ing; combinations  are  the  right  and  left  hemi- 
octahedron, the  same  or  one  hemioctahedron, 
with  the  rhombic  12-hedron  on  the  corners,  or 
with  the  hemi-48-hedron,  appearing  with  G 
planes  on  the  corners.  The  salt  is  soluble  in 
2-9  water  at  59°  ;  it  fuses  in  its  crystal-water 
by  heat,  loses  it,  but  regains  it  in  the  air ;  apart 
from  air  it  bears  fusion  at  ignition,  and  dis- 
solves again  in  water.  Its  solution  gradually 
decomposes  in  air  into  carbonate  and  hyposul- 
phite of  soda  and  sulphuret  of  antimony;  thus 

2  (3  NaS-j-  SbS.)+C02+  16  0  =  NaO',  C02-f- 
5  (NaO,  S202)  -f  2  SbS3.  Form,  of  the  cryst. 
salt,  3NaS,  SbS5  +  18  HO. 

Sulphant.  of  Ammonium,  prepared  by  dissolv- 
ing SbS5  in  sulphydrate  of  ammonium.  It  is 
decomposed  by  evaporation  and  by  alcohol; 
the  dry  salt  is  unknown. 

The  salt  of  Barium  is  prepared  by  dissolving 
SbS5  in  a  solution  of  sulphuret  of  barium  and 
precipitating  with  alcohol ;  it  forms  groups  of 
radiated  needles  not  deliquescent,  but  decom- 
posed in  the  air.     Form.,  3  BaS,  SbS5-f-  6  HO. 

The  St7-ontium-sa.lt  is  not  crystallizable,  al- 
cohol precipitates  it  as  an  oily  liquid.    Form., 

3  SrS  +  SbS5. 
The  salt   of  Calcium  is  prepared   like   the 

barium-salt,  and  resembles  the  preceding. 

The  Magnesium-salt  is  prepared  from  sulphy- 
drate of  magnes.  and  SbS5 ;  is  yellow,  deliques- 
cent, does  not  crystallize,  and  is  decomposed 
by  alcohol. 

The  metallic  salts  are  prepared  by  adding  a 
metallic  solution  to  a  solution  of  the  above 
sodium-salt,  and  not  by  the  reverse  process. 

The  protosalt  of  Manganese  is  reddish  brown, 
somewhat  soluble  ;  that  of  Iron  black,  and  de- 
composed easily  by  the  air.  The  salts  of  Cobalt 
and  Nickel  are  black  precipitates. 

The  salt  of  Zinc  is  dark  orange,  and  some- 
what soluble.  By  precipitating  sulphate  of 
zinc  with  the  sodium  sulpho-salt,  a  similarly 
colored  precipitate  is  produced,  consisting  of 
ZnS,SbS5+ZnO. 

The  Cadmium-salt  is  orange-red;  the  proto- 
Tm-salt  yellowish  brown;  the  salt  of  Bismuth 
dark-brown  ;  that  of  Uranium  yellowish  brown. 

The  Lead-salt,  3  PbS,  SbS5,  is  dark-brown  ; 
potassa  extracts  the  sulphantimonic  acid  and 
leaves  sulphuret  of,  lead  ;  by  heat  it  loses  sul- 
phur and  becomes  3  PbS,  SbS3,  which  is  artifi- 
cial Boulangerite.  The  Copper-salt  is  dark- 
brown. 

The  salt  of  Mercury,  3  Hg2S,  SbS5,  is  black. 
The  salt  from  red  oxide  of  mercury,  3  HgS, 
SbS5,  is  orange-colored,  becoming  brown  by 


color;  like  the  salts  of  cobalt,  zinc,  &c,  it  is 
not  decomposable  by  acids  or  alkalies  in  the 
humid  way;  it  is  slightly  soluble  in  boiling 
chlorohydric  acid,  from  which  ammonia  throws 
down  a  light-green  precipitate.  It  is  easily  de- 
composed by  a  high  heat  into  oxygen,  mercury, 
and  antimonious  acid.    Form.,  H90  +  Sb05. 

SuLPHOSALTS. 

There  are  three  orders  of  sulphosalts  of  an- 
timony, consisting  of  one  of  the  three  sul- 
phurets  of  antimony  united  to  a  sulphobase. 
Of  those  containing  the  sulphuret,  Sb03,  termed 
hyposulphantimonites,  few  have  been  formed 
artificially,  but  several  are  found  in  the  mineral 
kingdom.  Of  the  sulphantimonites  still  less  is 
known.  The  sulphantimoniates  have  been 
latterly  investigated  by  Eammelsberg.  The 
sulphosalts  of  antimony,  with  alkaline  base, are 
soluble  in  water,  and  crystallizable. 

Hyposulphantimonites. 
For  the  salts  of  sulphuret  of  antimony,  com- 
bined with  sulphuret  of  lead  in  different  pro- 
portions, see  Zinckenite,  Plagionite,  Jamesonite, 
Feather-ore,  Boulangerite,  Geokronite,  and  Kil- 
brickenite.  For  those  containing  sulphuret  of 
silver,  see  Miargyritc,  Ruby  Silver,  and  Brittle 
Silver.  Berthierite  contains  sulphuret  of  iron  ; 
Jlntimonial  Copper  and  Cupreous  Antimony  con- 
tain sulphuret  of  copper,  Cu2S.  More  complex 
are  Bournonite,  Gray  Copper,  Polybasite,  and  Ko- 
bellite.  The  artificial  salts  are  too  little  known 
to  admit  of  description. 

Sulphantimoniates. 
The  sulphantimoniates  are  prepared,  accord- 
ing to  Rammelsberg,  1.  by  combining  a  sulpho- 
base or  a  sulphydrate  with  sulphantimonic 
acid;  2.  decomposing  an  antimoniate  by  sul- 
phuretted hydrogen ;  3.  dissolving  sulphanti- 
monic acid  in  caustic  or  carbonated  alkali;  4. 
fusing  an  alkaline  sulphuret  with  sulphuret  of 
antimony,  dissolving  in  water,  and  boiling  with 
sulphur. 

The  salts  with  an  alkaline  or  alkalino-earthy 
base  are  soluble  in  water,  insoluble  in  alcohol ; 
all  others  insoluble  in  both  menstrua.  From 
the  solutions  of  the  former  acids  (even  car- 
bonic), precipitate  sulphantimonic  acid  (golden 
sulphuret),  while  sulphuretted  hydrogen  es- 
capes.   Their  general  formula  is  3  RS-f-  SbS3. 

Sulphantimoniate  of  Potassium.  Syn.  Sulfanti- 
monias  sesqui-kalicus,  Kalium-Sulfantimoniat, 
Berz.  Prepared  by  fusing  18  sulphuret  of  anti- 
mony, SbS3, 15  carbonate  of  potassa,  13  caustic 
lime,  and  3£  sulphur,  dissolving  in  boiling 
water,  filtering,  and  crystallizing.  It  forms  yel- 
lowish crystals,  which  deliquesce  in  moist  air, 
and  decompose  on  the  surface.  Their  formula 
is  3  KS,  SbS5  -f  9  HO. 

When  sulphantimonic  acid,  SbOs,  is  dis- 
solved in  moderately  strong  caustic  potassa,  a 
white  powder  remains,  KO,  2  Sb05  -f-  6  HO ;  if 
the  solution  be  evaporated,  a  colorless  salt 
crystallizes  out,  not  deliquescent,  although  de- 
composing superficially  in  the  air.  The  same 
salt  is  obtained  by  the  above  process  for  sul- 
phantimoniate, if  the  lime  be  omitted.    It  is  a 


double  salt  of  the  above  sulphantimoniate,  with  j  drying.    By  digesting  while  still 


moist  with 
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ANTRIMOLITE. 


APHANESITE. 


chloride  of  mercury,  or  bw  adding  the  sodium 
sulphosalt  to  a  solution  of  the  chloride,  a  white 
compound  is  formed  of  the  sulphantimoniate 
with  oxychloride  of  mercury,  =  3  HgS,  SbS.+ 
3  HgCl  +  3  HgO. 

The  Saver-salt,  3  AgS,  SbS5,  is  blackish  brown 
and  wholly  insoluble.  Ignited  in  close  vessels, 
sulphur  sublimes,  and  there  remains  3  AgS, 
SbS3,  which  is  artificial  Ruby-silver.  Rammels- 
berg  in  Pogg.  An.  lii.  193—242. 

ANTRIMOLITE.  Min.  A  hydrated  silicate 
of  alumina  and  alkali,  found  at  Bengane, 
Antrim,  Ireland,  and  analyzed  by  Thomson. 
It  fuses  before  the  blowpipe  to  a  white  enamel 
without  effervescence.  Decomposed  by  chlo- 
rohydric  acid,  with  the  separation  of  gelati- 
nous silica. 

Analysis.  Si03  43-47  +  A1203  3026  -f-  CaO 
7-5  -f  KO  4-1  +  FeO  0-19  4-  CI  0-098  4-  HO 
15-32=  100-938.  It  is  difficult  to  construct  a 
probable  formula  from  the  analysis,  but  it  re- 
sembles Mesotype.     Rammelsberg. 

APATITE.  Min.  (urartu*,  to  deceive).  Syn. 
Phosphate  of  lime,  Asparagus-stone,  Morox- 
ite,  Chrysolite,  Rhombohedral  Fluor-Haloide 
(Mohs).  Ger.  Spargelstein.  Fr.  Chaux  phos- 
phatee. 

Descrip.  Cryst. ;  hexagonal  system,  usually 
the  hexagonal  prism  terminated  by  the  6-sided 
pyramid  and  terminal  plane  ;  combinations  are 
2  hexag.  prisms,  and  several  hexag.  pyramids 
on  each  prism ;  prism  on  main  pyramid  = 
130°  12',  term,  plane  on  1st  pyramid  =  157°  6', 
on  2d  or  main  pyram.=  130°  12',  on  3d  pyrm.= 


120°  36'.    The  edges  often  rounded  by  partial 
fusion.    Cleavage  imperfect   parallel  to  main 
prism  and  terminal  plane.    Crystalline \  globu- 
lar, reniform,  fibrous,  granular,  the 
also  phosphorite.     H.  =  5.     G.  =  31  — 8«S85. 

Prevailing  color  green,  also  bluish,  yellow, 
brown,  red,  gray,  white;  vitreous  ;  translucent, 
rarely  transparent — opake;  streak  while;  frac. 
ture  subconchoidal ;  brittle;  some  crystals 
phosphoresce  by  heat;  others  are  electric  by 
friction. 

Behavior.  Fuses  with  great  difficulty  in  ex- 
tremely thin  pieces  to  a  colorless,  transparent 
glass ;  soluble  in  borax  to  a  clear  glass,  that 
may  be  flamed  milk-white;  mic.  salt  dissolves 
more,  and  when  nearly  saturated,  clouds  on 
cooling,  and  exhibits  facets;  when  saturated 
it  is  milk-white  without  facets ;  with  si 
swells  with  intumescence,  the  soda  enters  the 
charcoal  and  leaves  a  white  mass;  dissolved 
with  difficulty  by  boracic  acid,  exhibiting  phos- 
phoric reaction  with  iron-wire  ;  moistened  with 
sulphuric  acid,  it  tinges  the  blowpipe  flame 
greenish.  The  powder  is  wholly  soluble  in 
chlorohydric  or  nitric  acid ;  heated  with  sul- 
phuric acid  in  a  platinum  crucible,  it  evolves 
fluohydric  acid. 

Analysis  of  6  specimens  by  G.  Rose,  1.  from 
Snarum,  Norway,  not  crystal.,  G.  at  46-5°  = 
3-174;  2.  from  Capo  de  Gata,  Spain,  cryst.,  G. 
at  46-5°  =  3-235 ;  3.  Arendal,  Norway,  grass- 
green,  G.  :=3-222 ;  4.  Greiner,  massive,  G.= 
3-175  ;  5.  Faldigl,  cryst.,  G.  at  63°  =  3-166 ;  and, 
6.  Gotthard,  Tyrol,  cryst.,  G.  at  62°  =3-197. 


Lime 54-75 

Chlorohydric  acid 2-10 

Phosphoric,  fluohydric  }      4.0.15 


2. 
55-300 
0-434 


3. 

55-890 

0-393 


acid  and  loss. 


44-266         43-717 


100 


100 


100 


4. 
55-575 
0-073 

44-352 


100 


5. 

55-870 

0-049 

44-081 


100 


0. 
55-66 
0-02 

44-32 


100 


The  apatites  consist  of  3  eq.  basic  phosphate 
of  lime  with  1  eq.  of  chloride  or  fluoride  of  cal- 
cium, or  both,  and  their  formulEe  are 

Chloric  apatite  =  CaCI  4-  3  (3  CaO,  P05). 

Fluoric  apatite  =  CaF  4.  3  (3  CaO,  P05). 

or  Ca  5^4-3(3  CaO,  P05). 

The  apatite  from  Snarum  (1)  would  there- 
fore consist  of 

Chloric  apatite 40-30 

Fluoric  apatite 59-70 

100 


Localities.  It  is  mostly  found  in  primary 
rocks,  and  in  some  abundance.  Fine  pink 
crystals  occur  at  Ehrenfriedersdorf,  Saxony; 
the  bluish  green,  called  Moroxite,  at  Arendal, 
Norway,  at  Bolton,  Massachusetts,  and  Wil- 
mington, Delaware,  United  States.  The  most 
celebrated  locality  of  apatite  in  the  United 
States  is  at  Gouverneur,  St.  Lawrence  county, 
New  York,  where  crystals  have  been  found  6 
inches  in  length  and  1$  in  diameter;  other  lo- 
calities are  Amity,  Greenfield,  Green  Pond  and 
Anthony's  Nose,  in  the  Highlands,  New  York, 
Germantown,  near  Philadelphia,  of  a  light 
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green  and  transparent,  Chester  county,  Penn- 
sylvania, near  Wilmington,  Delaware,  &c. 
Breithaupt's  Pseudo- Apatite  is  probably  apatite. 

Use.  Finely  pulverized,  it  may  be  employed 
for  the  soil  or  for  preparing  phosphorus  and 
its  compounds. 

APHANESITE.  Min.  (apavw,  not  manifest). 
Syn.  Diatomous  Habroneme-Malachite,  Mohs; 
Radiated  acicular  Olivenite,  Jam.  Strahlerz. 
Hoffm.   Oblique  prismatic  Arseniate  of  Copper. 

Descrip.      Cryst.   doubly   oblique   rhombic; 
P  on  M  =  85°  and  95°,  M  on  M  =  56°  and  124°; 
very  minute  crystals,  with  combinations  of  x,y, 
&c,  and  cleavage  perfect  parallel  to  P. 
H.  =  2-5— 3-0.     G.  =  4-192. 

Color  and  streak  verdigris  green,  often  exter- 
nally black,  internally  bluish  green,  sometimes 
dark-blue;  lustre  pearly  on  P;  transparent, 
subtranslucent;  sub-brittle. 

Behavior,  &c.  Deflagrates,  fusing  readily, 
and  emitting  arsenical  vapors.  According  to 
Chenevix  it  contains  CuO,  22-54-  Fe003  27-54 
AsO533-54-SiO33-0+HO  12-0=98-5.  Found 
in  Cornwall  with  other  similar  minerals.  See 
Cupreous  Aksexiates  and  Phosphates.  Rich- 
ardson's analysis  places  this  mineral  with 
Olivenite. 


APHLOGISTIC  LAMP. 


APPARATUS. 


APHLOGISTIC  LAMP.  A  lamp  without 
flame,  first  contrived  by  Sir  H.  Davy.  It  may 
be  made  by  coiling  fine  platinum  wire  around 
the  wick  of  a  spirit-lamp  or  a  piece  of  camphor, 
inflaming  it  and  blowing  it  out  after  the  lapse 
of  a  few  moments,  by  a  sudden  puff  of  air. 
The  heated  metal  causes  the  vapors  still  rising, 
to  enter  into  a  low  combustion,  which  maintains 
the  ignition  of  the  metal,  until  the  combustible 
is  consumed.  The  heat  is  not  sufficient  to 
cause  it  to  burst  into  a  flame ;  and  the  products 
of  low  combustion  are  usually  different  from 
the  ultimate  products  of  complete  combustion, 
carbonic  acid  and  water.  See  Combustion, 
Flame,  and  Heat. 

APHRITE.     Min.     See  Calcareous  Spar. 

APHRIZITE.     Min.     See  Turmaline. 

APHRODITE.  Min.  (ap^s,  foam).  A  species 
of  Meerschaum  found  at  Langbanshyttan, 
Sweden,  closely  resembling  Meerschaum  in  its 
external  characters.     Berlin's  analysis  gives 

Silica 51-55  51-58 

Protox.  of  manganese    1-62  1-49 

Protox.  of  iron 0-59  0-55 

Magnesia 33-72  34-07 

Alumina 0-20  0-13 

Water 12-32  11-34 


100-00 


99-16 


It  is  therefore  a  hydrous  silicate  of  magnesia, 
with  the  formula,  4  (3  MgO  +  2  Si03  )-f  3  HO. 
Berz.  Jahresb.  xxi.  170. 

APHTHITALITE.  Min.  See  Sulphate  of 
Potass  v. 

APIRIN.  Chem.  A  base  supposed  by  Bizio 
to  exist  in  the  fruit  of  Cocos  lapidea.  Obtained 
by  extracting  with  water  and  muriatic  acid  and 
precipitating  by  ammonia.  It  is  white,  re- 
sembling starch,  inodorous  and  tasteless,  pro- 
ducing a  pungency  after  some  time,  soluble  in 

l. 

Silica 53-90 

Lime 25-00 

Potassa 6-13 

Fluohydric  acid. .     — 
Water 15-70 


600  pts.  cold  water,  has  not  alkaline  reaction ; 
the  solution  clouds  by  heating  and  becomes 
clear  on  cooling;  soluble  in  acids;  precipitated 
by  basic  acetate  of  lead,  not  by  tannic  acid. 
Berz. 

APLOME.     Mm.     See  Garnet. 

APOPHYLLITE.  Mm.  (*m,off,l>uhhov,ledf). 
Syn.  Ichthyophthalmite,  Fischaugenstein,  Al- 
bin,W,;  Pyramidal  Kouphonespar, M. :  Pyram. 
Zeolite,  Jam.;  Tesselite,  Brews.;  Mesotype 
epointee,  H. 

Descrip.  Cryst.  Quadratic  ;  the  octahedron, 
with  the  terminal  plane  and  a  square  prism  of 
2d  order;  the  term,  planes  often  so  large  as 
to  make  tabular  crystals  ;  adjacent  planes  of 
octahedron,  o  on  o=  104°  18',  terminal  planes 
P  ono=  120°  5',  2d  prism  M  on  o=  128°  20'. 
Cleavage  very  perfect  parallel  to  P,  nearly  as 
perfect  parallel  to  M.  Sometimes  crystalline, 
of  a  lamellar  structure. 

H.  =  4-5— 5-0.     G.  =  2-3— 2-5. 

Color  white,  gray  with  reddish,  greenish,  or 
yellowish  tints ;  lustre  on  P  pearly,  on  other 
planes  vitreous;  transparent — opake;  brittle, 
with  uneven  fracture. 

Behavior.  Gives  much  water  in  a  tube,  be- 
comes dull  by  heat,  swelling  in  the  direction 
of  its  laminas,  and  fuses  with  intumescence  to 
a  white  vesicular  enamel;  dissolves  easily  in 
borax,  the  saturated  bead  can  be  flamed  white  ; 
leaves  a  skeleton  of  silica  in  mic.  salt;  forms 
a  clear  bead  with  soda;  strongly  heated  in  a 
tube,  it  tests  of  fluohydric  acid.  It  exfoliates 
in  muriatic  acid,  forming  a  pasty  mass  without 
gelatinizing;  unchanged  by  acid  after  ignition. 

Analyses  of  apoph.  from  Disco  Eiland,  Green- 
land, 1.  by  C.  Gmelin,  and,  2.  by  Stromeyer; 
3.  from  Fassa,  Tyrol,  by  Stromeyer ;  from  Uton, 
Sweden,  4.  by  Berzelius,  5.  by  Thomson;  6. 
from  Faroe  Islands  by  Berz. ;  7.  var.  Oxhaverite 
bv  Turner. 


100-73 


2. 

3. 

4. 

5. 

6. 

7. 

51-856 

51-864 

52-13 

51-008 

52-38 

50-76 

25-224 

25-199 

24-71 

26-236 

24-98 

22-39 

5-307 

5-137 

5-27 

5-888 

5-37 

4-18 

— 

— 

0-82 

— 

0-64 

trace. 

16-905 

16-044 

16-20 

16-500 

16-20 

17-36 

19-292 

98-244 

99-13 

99-632 

99-57 

94.69 

Berzelius  writes  the  formula,  after  abstract- 
ing fluohydric  acid,  KO,  2  Si03  -f  8  (CaO, 
Si03)-f-  16  HO;  but  if  the  fluorine  be  ab- 
stracted as  silico-fluoride  of  calcium,  which,  in 
that  from  Uton  amounts  to  4-82  per  cent.,  and 
that  from  Faroe  to  3-53  per  cent. ;  the  formula 

might  be  |  £q°  ^  4  Si03  +  6  HO.     Ram. 

Localities.  Besides  the  above,  it  occurs  also 
at  Andreasberg  in  silver  veins  ;  in  the  Bannat; 
Puy  de  la  Piquette,  Auvergne,  in  limestone; 
Werner's  white,  opake  Jllbin,  at  Aussig,  Bo- 
hemia ;  Oxhaverite,  pale  green,  on  petrified 
wood,  from  Oxhaver  Springs,  Iceland ;  Brew- 
ster's Tesselite,  from  Nalsiie,  Faroe  Islands, 
nearly  cubical,  exhibiting,  upon  optical  exami- 
nation, a  tesselated  structure. 

APOSEPIDIN.     See  Casein. 

APOTHEM.    Phar.    When  a  watery  infu- 


sion or  decoction  of  a  dried  plant  or  the  ex- 
pressed juice  of  a  fresh  plant  is  evaporated  to 
the  consistence  of  extract,  and  water  is  again 
added,  a  brown  powder  separates,  which  has 
been  termed  oxidized  extractive  matter,  but  incor- 
rectly ;  and  hence  Berzelius  denotes  it  by 
Jtpothem  (u7ro,  from,  biy.*.,  deposit),  or  extract-de- 
posit. It  is  slightly  soluble  in  water,  coloring 
it  yellowish  or  reddish,  and  depositing  again 
by  evaporation  ;  more  soluble  in  alcohol,  much 
more  in  hot  alcohol;  very  soluble  caustic 
alkali  forming  a  dark  brown  solution,  when 
concentrated;  soluble  in  carbonated  alkali, 
from  which  acids  precipitate  it,  combined  with 
some  of  the  acid.  See  Extract,  Humin,  Ulmin. 
APPARATUS.  Ohm.  Phys.  A  combina- 
tion of  several  things  arranged  for  experiment. 
in  order  to  exhibit  the  phenomena  of  chemistry 
or  physics,  or  to  determine  their  laws. 
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APPLE. 


ARGILLACEOUS. 


APPLE.  Bot.  The  fruitof  the  Pyrus  Mains. 
It  has  the  same  composition  as  the  pear.  See 
Pinus. 

AQUA.  The  Latin  word  for  water.  It  is 
often  abbreviated  in  chemical  formulae,  and 
written  uq.  instead  of  HO,  especially  to  express 
crystal-water. 

AQUA  FORTIS.  Signifying  strong  water. 
A  term  formerly  applied  to  nitric  acid,  and  still 
used  in  the  arts.     See  Nitric  Acid. 

AQUA  REGIA,  or  Royal-water.  A  mixture 
of  nitric  and  muriatic  acids,  employed  by  the 
alchemists  to  dissolve  the  king  of  metals,  gold, 
whence  its  name.  See  Chlorohydric  and 
Nitiuc  acids. 

AQUEOUS.  Containing  or  produced  by 
water;  thus,  an  aqueous  solution  or  infusion 
is  one  in  which  water  is  the  solvent. 

ARABIN.  Chem.  A  name  for  that  kind  of 
gum  which  constitutes  the  principal  part  of 
Arabian  gum.     See  Gum. 

ARCHIL.  Tech.  See  Ohchii,  Cudbear, 
Litmus,  and  Lichens. 

ARCTOSTAPHYLOS  and  ARBUTUS.  See 
Bearberrt. 

ARENDALITE.     Min.    See  Ep;dote. 

AREOMETER.     Tech.     See  Hydrometer. 

ARFWEDSONITE.  Min.  See  Hornblende. 

ARGAL  or  ARGOL.  Tech.  A  name  for  the 
crude  bitartrate  of  potassa  deposited  in  wine- 
casks.     See  Tartaric  Acid  and  Tartrates. 


ARGENTAN.    T«h.     An  alley  com 

of  copper,  nickel,  and  zinc,  which  has  been 
made  and  employed  for  a  long  tunc  in  China 
under  the  name  of  Pack-fong  (white  copper), 
and  within  the  last  half  century  has  been 
largely  manufactured  in  Europe.  Syn.  Pack- 
fong.  Cor.  Argentan,  Neusilber,  Weisskupfer. 
JFV.  Cuivre  blanc,  Maillechort.  Engl.  \ 
tan,  German  Silver,  British  Plate. 

An  alloy  of  copper  and  nickel  may  be  made 
as  white  as  silver,  but  nickel  being  an  expen- 
sive metal,  a  portion  of  it  is  replaced  1 
without  a  diminution  of  the  whiteness  of  the 
metal.     In   fusing    the   three    metals    tog 
there  is  always  a  loss  of  zinc  by  volatili 
which  may  be   lessened  by  placing  the  zinc 
below  the  copper  in  the  crucible;,  or  by  thrust- 
ing the  zinc  under  the  melted  copper,  or  lastly, 
by  first  melting  the  zinc  at  a  low  temperature, 
and  gradually  introducing  strips  ol 
form  a  kind  of  brass,  which  is  then  bn 
mingled  with  the  balance  of  the  copper  and 
nickel,  and  melted. 

The  qualities  and  adaptation  of  argentan 
vary  with  the  proportion  of  the  metals  and 
purity  of  the  nickel.  If  the  latter  contain 
arsenic,  the  argentan  will  be  more  or  less 
brittle ;  only  pure  nickel  should  therefore  be 
employed.  The  following  table  exhibits  the 
composition  of  argentan: 


1. 

...88 
.  .  .     8-75 

2. 

43-8 
15-6 
40-6 

100 

3. 

40-4 
31-6 
25-4 

2-6 

4. 

53-4 
17-5 
29-1 

5. 
50-0 
18-7 
31-3 

0. 
65-0 
16-8 
130 

3-4 

7. 
50 
25 
25 

100 

8. 
55 
20 
25 

100 

9.           10. 
60        57 
20        20 
20        20 

,  ,     1-75 

—  lead  3 

98-5 

100 

100 

100 

98-2 

100       100 

The  first  6  are  the  results  of  analysis.  No. 
1  is  the  Suhler  white  copper,  made  a  century 
since  at  Suhl,  in  Germany,  and  analyzed  by 
Brandes ;  2  and  3  are  Chinese  Pack-fong,  2 
analyzed  by  Engstrdm  in  1776,  and  3  by  Fyfe, 
who  detected  the  iron  in  it  in  1821.  This  speci- 
men, 3,  was  very  similar  to  silver,  took  a  high 
polish,  was  highly  sonorous,  could  be  ham- 
mered, rolled,  and  drawn  at  ordinary  tempera- 
tures ;  spec.  grav.  =  8-432  at  54-5°.  Nos.  4 
and  5  are  the  results  of  Frick's  experiments; 
the  metal  was  very  like  18  carat  (75  per  cent.) 
silver,  but  harder,  very  tough,  ductile,  becom- 
ing softer  by  quenching.  Spec.  grav.  =  8-556 
at  67°.  No.  6  is  Maillechort,  made  at  Paris  ; 
it  laminates  well,  receives  a  fine  polish  or  gild- 
ing ;  spec.  grav.  7-18 ;  it  loses  12  per  cent,  at  a 
high  heat,  becoming  much  whiter.  ,  Berthici: 
Nos.  7 — 10  are  the  proportions  given  by  Gers- 
dorff  of  Vienna,  7  is  adapted  to  forks,  &c. ;  8  for 
decoration  of  knife-handles,  &c. ;  9  for  rolling; 
10  for  objects  which  require  soldering,  such  as 
lamps,  &c. 

It  will  be  observed  that  the  composition,  as 
above  given,  varies,  and  an  alloy,  similar  in 
appearance,  may  be  made  with  less  than  10 
per  cent,  nickel;  but  the  wearing  quality  of 
the  metal  is  decidedly  injured  by  too  great  a 
reduction  in  the  quantity  of  nickel.  During 
the  operations  of  hammering  and  rolling,  the 
tenacity  of  the  metal  is  injured  and  must  be 
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restored  by  reheating,  which  should  be  done 
carefully,  not  beyond  a  low  red  heat,  in  order 
to  avoid  the  formation  of  oxide  on  the  surface. 
A  small  amount  of  iron  or  steel  added,  some 
2 — 3  per  cent.,  increases  considerably  the 
whiteness  of  the  metal,  but  renders  it  harder 
and  more  brittle. 

As  German  silver  is  frequently  used  as 
spoons,  forks,  and  other  domestic  utensils, 
some  cautions  may  be  given  with  propriety. 
An  experiment  made  with  No.  5,  by  treating  it 
with  acetic  acid,  proved  that  it  lost  about  one 
grain  more  than  silver-plate  containing  75  per 
cent,  silver;  it  behaved  similarly  to  olive  oil 
and  butter.  The  trace  of  arsenic  it  may  con- 
tain is  of  no  account.  It  should  not  be  used 
in  vinegar  or  with  acid  fruits,  and  its  surface 
should  always  be  kept  clean  and  bright.  It  is 
far  less  likely  to  prove  injurious  than  vessels 
of  copper,  brass,  or  bell-metal,  for  which  it  may 
be  substituted  with  advantage.  See  Allots, 
Nickel. 

ARGENTIFEROUS  GOLD.  Min.  See  Gold. 

ARGENTINE.  Min.  See  Calcareous  Spab. 

ARGILLACEOUS.  Gcol.  Containing  clay, 
clayey.  Applied  chiefly  to  slates,  sometimes 
to  sandstone-formations.  The  appearance  of  a 
geological  specimen  often  indicates  the  pre- 
sence of  clay.  It  may  be  also  determined  by 
breathing  on  the  specimen,  which  emits  an 
urgillaceous  odor. 


ARGILLITE. 

ARGILLITE.  Geol.  See  Clay-slate. 
ARICIN.  A  vegetable  base,  discovered  by 
Pelletier  and  Carriol  in  the  bark  known  as 
China  de  Cusco  or  Arica  bark,  from  which  it 
is  obtained  in  the  same  way  as  quinin  and 
cinchonin  from  the  other  barks.  This  bark  is 
often  fraudulently  mingled  with  the  others. 
Guibourt  considers  the  Cusco  to  be  identical 
with  the  Arica  bark,  but  the  only  alkaloid  he 
obtained  from  it  was  cinchonin,  about  one 
drachm  from  a  pound. 

Aricin  crystallizes  in  shining,  white,  trans- 
parent needles,  tasteless  at  first,  subsequently 
bitter,  astringent,  unalterable  in  air;  fuses 
readily,  decomposed  before  it  volatilizes;  in- 
soluble in  water,  more  soluble  in  alcohol  than 
cinchonin,  soluble  in  ether;  colored  green  by 
strong  nitric  acid,  combines  with  the  dilute. 
Pelletier's  analysis  leads  to  the  formula, 
C20H12NO3,  which,  he  observes,  makes  it  the 
tritoxide  of  the  same  radical  as  exists  in  quinin 
and  cinchonin;  it  requires  re-examination. 

The  salts  of  aricin  have  a  bitter  taste,  are 
soluble  in  water  and  alcohol,  but  not  in  ether. 
The  neutral  sulphate,  by  concentration  and 
cooling,  forms  a  jelly,  by  evaporation  to  dry- 
ness, a  translucent  horny  mass  ;  it  crystallizes 
from  a  hot  saturated  solution  in  alcohol.  The 
bisulphate  crystallizes  in  needles.  The  action 
of  aricin  on  the  system  has  not  been  deter- 
mined.    See  Quinin. 

ARISTOLOCHIA.    Phar.    See  Snake-root. 

ARMORACIA.     Phnr.     See  Horseradish. 

ARNICA.  Phar.  The  Arnica  mora yana  (Ger. 
Wolverley)  of  the  tribe  Senecionideoe,  order 
Compositse,  inhabits  the  cooler  portions  of 
Europe.     The  root  yielded  to  Pfaff: 

Volatile  oil 1-5 

Acrid  resin 6-0 

Extractive 32-0 

Gum 9-0 

Fibre 51-5 


100 


Weber's  analyses  of  the  flowers,  gave 

Acrid  resin 7-5 

Extractive  (with  malic  acid  and 

acetates) 15 

Brownish  gray  resin  (with  ma- 

lates  and  acetates) 17-5 

Insoluble  in  alcohol 60 


100 


Besides  the  above,  Lassaigne  and  Feneulle 
detected  in  the  flowers,  a  yellow  coloring 
matter,  albumen  and  gallic  acid.  The  leaves 
of  the  plant  contain  principles  similar  to  the 
above,  but  less  of  the  resin. 

The  vol.  oil  of  the  root  is  yellowish,  lighter 
than  water,  of  an  aromatic  burning  taste.  The 
vol.  oil  of  the  flowers  is  blue,  Martini.  The 
acrid  resin,  called  Arnicin,  appears  to  be  the 
active  principle ;  from  the  flowers  it  is  greenish 
yellow,  from  the  root  green  or  brownish,  solu- 
ble in  alcohol  with  the  same  color,  of  a  burning-, 
bitter  taste.  The  extractive  is,  according  to 
Lassaigne,  bitter,  acrid,  nauseous,  soluble  in 
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ARRACK. 

water  and  alcohol;  analogous  to  Cytisin.     It 
is  employed,  but  rarely,  in  Pharmacy. 

ARNOTTO.  Tech.  Syn.  Anatto,  Terra 
Orellana.  Fr.  Roucou.  Ger.  Orlean.  A 
doughy,  odorous  colouring  matter  derived  from 
the  seed  pulp  of  Bixa  Orellana,  a  native  of  the 
West  Indies. 

Prep.  The  seeds,  surrounded  by  the  colored 
pulp,  are  kneaded  under  warm  water,  the  liquid 
passed  through  fine  sieves,  evaporated  to  a 
stiff  paste,  and  dried  in  the  shade.  It  is  sold 
in  the  form  of  cakes,  brown  without,  of  a  fire- 
color  within.  John's  analysis  gave  28  resin, 
with  coloring  matter,  20  colored  extractive,  26 
gum,  20  fibre,  with  free  acid  and  an  aromatic 
substance.  The  coloring  matter  is  slightly 
soluble  in  water  with  a  yellow  color;  much 
more  in  alcohol  with  orange  yellow;  still  more 
in  ether  with  a  red  color.  Caustic  alkali 
extracts  the  color  of  a  dark  orange  when  strong, 
and  acids  precipitate  it  again  orange-yellow. 
Oil  of  vitriol  colors  arnotto  first  blue,  then 
green,  lastly  violet.  Cold  nitric  acid  poured 
over  it  produces  no  change;  with  a  little  acid 
it  becomes  syrupy  and  explodes  by  a  gentle 
heat.  Chevreul  found  two  coloring  matters  in 
it,  a  yellow,  soluble  in  water,  alcohol,  and 
slightly  in  ether,  a  red,  soluble  in  alcohol, 
ether,  and  slightly  in  water.  A  decoction  of 
arnotto  produces  in  solutions  of  alum  and  cop- 
peras an  orange-yellow  precipitate,  in  sulphate 
of  copper  a  brownish  yellow,  in  tin-salt  a 
lemon-yellow. 

Use.  It  was  formerly  used  for  imparting  an 
orange  color  to  wool,  cotton,  and  silk,  but  is 
now  almost  exclusively  confined  to  silk-dyeing. 
For  this  purpose  it  is  dissolved  by  boiling  in 
water  with  its  own  weight  of  pearlash  or  less 
of  soda-ash.  The  scoured  silks  are  immersed 
in  a  bath  of  luke-warm  water,  to  which  the 
alkaline  solution  of  arnotto  is  added  according 
to  the  depth  of  shade  required,  and  when  the 
color  is  full  they  are  washed  to  remove  the 
excess  of  arnotto.  As  the  alkali  graduates  the 
color  more  into  yellow,  an  orange  is  attained 
by  using  a  solution  made  with  less  alkali  than 
that  above  given,  or  by  dyeing  as  above,  and 
then  brightening  by  passing  through  alum, 
vinegar,  or  lime-juice ;  the  acid,  by  neutralizing 
the  alkali,  restores  the  original  reddish  hue. 
For  a  more  red  tint,  pass  through  a  weak  bath 
of  Brazil-wood.  The  colors  from  arnotto  are 
brilliant  but  fugitive. 

It  is  farther  employed  to  impart  a  faint 
orange  tint  to  cheese,  at  the  rate  of  one  ounce 
or  less  to  a  cwt. ;  for  tinting  butter;  to  color 
varnishes,  fixed  or  volatile  oils,  tinctures,  &c. 
The  average  importation  into  England  in 
1834—5  was  200,000  1b. 

AROMA  (a.?u>p'x,  spire).  Aromatic  sub- 
stances generally  owe  their  peculiar  odor  to 
volatile  oils  which  they  contain.  See  Essen- 
tial Oils. 

ARRACK.  Tech.  This  term  is  applied  in 
general  to  spirituous  liquids  in  India  and  the 
adjacent  Islands,  but  specially  denotes  the  dis- 
tilled liquid  from  Toddy.  The  latter  is  a  liquid 
obtained  by  incision  from  the  upper  part  of 
Cocoa-nut  tree,  Cocos  nucifera.  Goa  and  Co- 
lumbo  arrack  is  always  made  from  toddy;  Ba- 
tavia  and  Jamaica  arrack  from  molasses  and 
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rice,  with  some  toddy.  The  Pariah-arrack  is 
also  said  to  contain  Cannabis  saliva  and  a 
species  of  Datura,  which  render  it  more  intoxi- 
cating and  pernicious,  but  the  term  may  only 
designate  an  inferior  spirit.  A  very  large 
amount  of  arrack  is  consumed  in  the  East; 
6 — 700,000  galls,  are  annually  exported  from 
Ceylon,  and  some  30,000  imported  into  Eng- 
land. 

ARRAGONITE.  Mitt.  Syn.  Prismatic  Lime- 
Haloide,  Moks;  Needle-Spar,  Flos-ferri,  Igloite, 
Eisenbluthe,  Wern. 

rip.  Cryst.  Right  rhombic  ;  usually  the 
vertical  prism  =  116°10',  with  large  terminal 
plane  of  a  lateral  axis,  and  terminated  with 
one  or  more  8-hedra  and  horizontal  prisms,  and 
sometimes  the  terminal  plane  of  main  axis. 
Macled  crystals  are  frequently  found  consisting 
of  2  or  more  crossing  each  other,  sometimes 
distinct,  but  often  the  re-entering  angles  filled, 
exhibiting  their  union  only  by  stria?  on  the  sur- 

1. 

Carbonate  of  lime 97-096 

Carbonate  of  strontia..    2-461 
H vd rated  perox.  of  iron.      — 
Water 0-410 


face  meeting  at  an  angle;  in  such  combina- 
tions, the  predominating  form  of  each  crystal 

is  the  vertical  pnsm  with  large  lateral  terminal 
planes.    Cleavage  parallel  t"  vertical  prism. 
Ii  occurs  also  in  straighl  or  divergent  ci 
and  fibres.    The  flos-ferri  is  a  corralloidal  form 
of  fine  fibrous  and  granular  Structure, 

H.=  3-5— 40.     G. as 2-981, Molu,  2-995, 

Color  white,  sometimes  yellowish,  grayish, 
greenish,  bluish ;  lustre  vitreous;  transparent, 
translucent;  double  refraction  feeble;  I 
subconchoidal  fracture;  streak  white. 

Behavior.  Similar  to  that  of  calcareous  spar, 
except  that  it  phosphoresces  on  red-hot  iron, 
and  by  a  heat  below  ignition  it  loses  a  little 
water,  falling  to  a  light,  florescent  powder, 
which,  under  the  microscope,  proves  to  be  of 
the  form  of  calcareous  spar.  Rarely  givea 
traces  of  oxide  of  lead. 

Analysis.     1 — 5  by  Stromeyer,  6  by  Buttger: 


2. 

3. 

4. 

5. 

0. 

97-983 

97-184 

98-000 

98-946 

95-910 

1-093 

2-239 

1014 

0-507  PbO,  C02 

aa   3-859 

— 

0-221 

0145 

01 43 

— 

0-258 

0-308 

0-214 

0-198 

0-157 

99-967       99-334       99-952       99-373       99-794 


99-95(5 


It  has  been  shown  that  the  form  of  arragonite 
can  be  obtained  artificially,  without  the  pre- 
sence of  strontia  or  any  other  isomorphic  base, 
and  hence  its  formula  is  the  same  as  that  of 
calcareous  spar,  CaO-f-  C02. 

Lien!.  It  occurs  frequently  in  basaltic  rocks  ; 
associated  with  gypsum  as  in  Arragon,  Spain, 
whence  the  name ;  in  beds  of  iron-ore,  called 
hence  flos-ferri.  Found  in  many  localities  in 
the  United  States. 

ARROW-ROOT.  Tech.  A  form  of  starch 
derived  from  the  tubers  of  the  root  of  the 
Mar  ant  a  amndinacea. 

Benzon's  analysis  of  the  root  gives : 

Volatile  oil 0-07 

Starch 26-00 

Albumen 1-58 

Gummy  extract 0-50 

Chloride  of  calcium 0-25 

Insoluble  fibre 600 

Water 65.60 


100-00 


To  prepare  the  starch  the  tubers  of  a  year 
old  are  washed,  stamped  in  wooden  mortars  to 
a  pulp,  thrown  into  a  tub  of  water,  the  fibrous 
parts  removed,  the  liquid  passed  through  a 
hair-sieve,  suffered  to  settle,  and  the  clear  water 
run  off.  The  sediment  is  again  washed  with 
water,  and  after  settling,  dried  in  the  sun.  It 
is  sometimes  adulterated  with  potato-starch,  or 
the  latter  is  wholly  substituted  for  it,  but  they 
may  be  distinguished  by  a  good  microscope. 
See  Percira's  Mat.  Med.  It  is  employed  as  an 
article  of  food,  or  as  a  nutritious, easily-digested 
diet  for  invalids  and  infants.  The  quantity 
imported  into  England  annually  rises  above 
100  tons.  For  its  composition  and  chemical 
tehavior,  see  Starch. 
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ARSENIC.  Sometimes  improperly  termed 
Cobalt.  Syn.  Arsenicum.  Ger.  Arsenic,  Flie- 
genstein.     Fr.  Arsenic,  Pierre  a  mouches. 

Sym.  As.  Equiv.  75-3  (or  940-08  when 
O  =  100.  Berzelius  and  others  take  the  atom 
of  arsenic  to  be  ^  the  above,  =  37-6  or  470-04). 

Some  of  the  compounds  of  this  metal  were 
known  to  the  ancients  ;  Hippocrates  empl 
'Af'ptviKcv  (Orpiinait),  and  Sav/ageoui  (A'i  , 
Dioscorides  mentions  'a^o-iiukcv  (Orpirm  nt).  The 
Arabian  Geber,  8th  century,  mentions  White 
Arsenic  (arsenious  acid),  and  may  have  known 
the  metal.  Brandt  obtained  the  metal  in  1773. 
It  enters,  as  an  important  agent,  into  many 
branches  of  the  arts,  although  the  quantities 
employed  are  comparatively  limited;  anil  it  is 
chiefly  used  as  arsenious  acid,  sulphurct,  and 
in  the  metallic  state. 

Metallutigjc  Treatment  of  Arsenic  ai  Oiies. 

Arseniurets  of  iron  and  other  metals  are 
rather  abundant,  and  yield  arsenious  acid  by 
calcination.  Hence  it  is  often  a  secondary 
product  in  treating  the  ores  of  several  metals, 
such  as  those  of  tin,  cobalt,  and  nickel;  but 
arsenical  iron-ores  are  sometimes  employed 
solely  for  obtaining  the  acid  or  metallic  arsenic. 
The  latter  is  the  case  at  Altenberg  and  Reich- 
enstein  in  Silesia,  where  the  operations  are 
calcination  and  refining. 

Calcination.  PI.  III.  figs.  6,  7,  8,  represent  the 
arsenical  furnace  of  Altenberg;  fig.  6  a  vertical 
section  of  the  condensing  chambers  (Giftthurm, 
Giftfang),  with  an  outline  of  the  adjoining 
furnace;  fig.  7,  a  section  of  the  muffel-furnace; 
fig.  8,  a  cross  section  of  the  same,  a  is  the 
muffel,  b  the  opening  for  stirring  the  charge, 
ccc  flues  through  which  the  fire  and  smoke 
pass  into  the  escape-flue  e;  d  is  the  opening  for 
charging  the  muffel  with  shliech  (schliech, 
prepared  ore),  f  two  flues   for  the  exit  of  the 
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arsenical  fumes,  which  pass  into  two  others  g, 
unite  in  one  at  h,  pass  into  the  vault  B,  from 
this  through  the  door  i  into  the  gallery  k,  from 
the  farther  end  of  which  they  pass  by  a  door,  I, 
successively  through  the  condensing  chambers 
m,  n,  o,  p,  q,  r,  and  the  uncondensed  gases  escape 
at  s.  The  covers,  t,  are  removed  at  the  close 
of  the  operations  to  throw  the  condensed  ma- 
terial into  the  lower  chambers. 

The  muffel  is  charged  with  9 — 10  cwt.  shliech 
through  d  (which  is  then  closed),  and  spread 
upon  the  inclined  hearth  through  6,  to  the 
depth  of  2 — 3  inches.  A  rapid  fire  is  given  to 
a  red-heat,  followed  by  a  lower  temperature, 
which  is  maintained,  until  after  some  12  hours 
the  exhausted  shliech  is  raked  out.  The  front 
of  the  furnace  being  kept  open,  the  air  enters 
and  passes  through  in  consequence  of  the  heat 
and  inclination  of  the  murTel,  oxidizing  the 
metals  exposed  on  the  hearth;  and  in  order  to 
complete  the  oxidation  throughout,  the  shliech 
is  repeatedly  raked. 

Sulphurous  acid  and  air  pass  out  through  s; 
arsenious  acid  condenses  in  the  various  flues 
and  chambers,  the  purest  collecting  in  the  lower 
chambers,  while  the  upper  contain  sulphur. 
The  oxidation  of  the  materials  undoubtedly 
assists  in  heating,  and  hence  the  small  con- 
sumption of  fuel,  amounting  to  4^  bshl.  per 
charge.  Every  8  or  10  weeks  the  product, 
some  25  tons,  is  removed  from  the  chambers. 
The  crude  product,  consisting  mainly  of  ar- 
senious acid,  is  generally  refined  to  make  the 
commercial  article. 

Refining.  PI.  III.  figs.  9  and  10  exhibit  the 
refining  furnace  at  Reichenstein.  Fig.  9  repre- 
sents in  A  a  vertical  section,  in  B  a  front  view; 
fig.  10  a  plan  of  the  4  fireplaces,  a  the  grates, 
b  the  ash-pits,  c  the  fire-doors,  d  the  fireplace, 
e  iron  kettles  charged  with  the  crude  acid, /fire- 
flues  conducting  to  the  chimney  g.  h  iron 
drums,  i  caps,  k  tubes  leading  to  the  condenser  I, 
m  openings  to  introduce  probing  wires. 

The  kettle  is  nearly  filled  with  3^  cwt.  crude 
acid,  the  drums  fastened  on  by  a  lute  of  loam, 
blood,  and  hair,  and  gently  heated  at  first,  which 
in  a  |  hour  is  increased.  The  acid  vapors 
rise  and  condense  on  the  cylinders  as  a  white 
dust  or  crystals,  which,  by  continued  firing, 
cement  into  a  transparent  layer,  of  2  inches 
ihickness,  arsenical  glass,  5  of  which  is  white, 
the  upper  part  brownish.  The  latter  is  sub- 
jected to  one  or  more  resublimations  to  get  it 
pure.     See  Arsenious  Acid  below,  Cobalt,  Tin. 

Metallic  Arsenic  is  prepared  by  subjecting 
native  arsenic  or  arsenical  iron  to  sublimation 
in  earthenware  retorts,  with  receivers  attached, 
in  which  is  generally  introduced  a  piece  of 
sheet  iron  rolled  up  to  collect  the  greater  por- 
tion of  the  sublimate.  Another  method  is  to 
reduce  arsenious  acid  by  mingling  the  brown 
arsenical  glass  with  charcoal  or  black  flux 
and  subliming.     See  Arsenic,  below. 

Realgar  is  prepared  from  ores  of  arsenical 
iron,  containing  much  iron  pyrites,  by  filling 
earthen  retorts  $  full  of  the  shliech,  giving  a 
gentle  heat  for  1£ — 2  hours,  which  is  gradually 
increased  to  redness  and  maintained  so  for 
8 — 10  hours.  The  earthen  recipient  contains 
red  arsenical  powder,  which  is  added  to  a 
fresh  charge,  and  red  arsenical  glass,  which  is 


refined.  For  this  purpose  some  20  to  25  lb. 
are  fused  in  cast-iron  kettles  (or  sheet-iron 
cylinders)  under  a  chimney  with  good  draft; 
the  slags  drawn  off,  the  realgar  tested  by  taking 
out  a  little  on  a  test-iron ;  if  too  dark,  sulphur 
is  added,  if  too  light,  a  darker  realgar ;  it  is 
then  cast  in  cylinders  of  sheet-iron. 

Orpiment  is  also  prepared  in  the  refining 
kettles,  with  sheet-iron  cylinders,  for  arsenious 
acid,  as  described  above.  The  directions  are 
to  introduce  a  mixture  of  7  pts.  arsenious  acid 
and  1  pt.  roll-sulphur,  and  give  a  gradually  in- 
creasing heat  which  developes  sulphurous 
acid  and  sublimes  orpiment.  (1)  The  inferior 
kind  is  added  to  a  fresh  charge.  It  usually 
contains  quantities  of  arsenious  acid,  which 
had  not  been  reduced.  It  may  be  observed 
that  to  reduce  arsenious  acid,  according  to 
the  formula,  1  eq.  of  acid  requires  4^-  eq.  sul- 
phur to  form  orpiment  and  burn  off  the  oxy- 
gen; 10  pts.  of  acid  would  therefore  require 
about  7  pts.  sulphur,  a  proportion  very  dif- 
ferent from  that  stated  above.  To  convert 
realgar  into  orpiment,  7  pts.  require  1  of  sul- 
phur, so  that  in  the  above  directions  for  making 
orpiment,  the  7  pts.  arsenious  acid  should  read 
7  pts.  realgar  or  red  arsenical  glass.  There 
was,  however,  an  orpiment  made  according  to 
those  directions,  which  consisted,  according  to 
Guibourt,  of  94  per  cent,  arsenious  acid  and  6 
per  cent,  sulphuret  of  arsenic. 

ARSENIC  AND  ITS  METALLOID AL  CoMBI N ATIOJTS. 

Arsenic.  Prepared  impure,  see  above.  It 
may  be  easily  prepared  on  a  small  scale  by 
subliming  in  a  glass  retort  a  mixture  of  arse- 
nious acid  and  charcoal  or  oil;  or  1  pt.  of  the 
acid  and  3  pts.  black  flux,  in  a  crucible,  with 
another  inverted  over  it  as  a  cover;  the  latter 
being  kept  cool,  the  metal  condenses  on  its 
inner  surface. 

Prop.  The  condensed  vapor  crystallizes  in 
irregular  rhombohedra,  like  antimony.  Me- 
tallic arsenic  has  a  steel-gray  color,  brilliant 
metallic  lustre,  is  brittle;  spec.  grav.  =  5*7,  or 
heated  to  ignition  =  5-96.  Guibourt.  It  va- 
porizes at  356°  without  previous  fusion  ;  spec, 
grav.  of  vapor  =  10362;  the  vapor,  in  contact 
with  air,  has  a  peculiar  odor,  resembling  phos- 
phorus or  garlic,  by  which  its  presence  is  often 
recognised.  Its  surface  tarnishes  in  the  air 
with  a  dull  grayish  black  coating  of  suboxide ; 
it  deflagrates  violently  when  heated  with  salt- 
peter, and  explodes  by  a  stroke  with  chlorate 
of  potassa.  It  burns  when  heated  in  oxygen, 
spontaneously  in  chlorine,  with  a  brilliant, 
white  light,  and  is  converted  into  arsenious  acid. 
Its  use  is  very  limited,  being  confined  chiefly  to 
alloys,  with  lead  and  copper,  which  see  below. 
It  unites  readily  with  most  metals,  rendering 
the  malleable  more  brittle ;  those  difficult  of 
fusion  more  fusible;  and  the  colored  whiter.  It 
is  difficult  to  remove  it  wholly  by  calcination. 

1.  Suboxide  of  Arsenic.  Syn.  Flypowder.  Me- 
tallic arsenic  usually  becomes  coated  with  a 
black  layer  of  suboxide,  and  sometimes  the 
whole  falls  to  a  black  powder.  It  separates  by 
heat  or  acids  into  arsenious  acid  and  metallic 
arsenic. 

2.  Arsenious  Acid.  Syn.  Arsenic,  White 
Arsenic,  Oxide  of  Arsenic,  Ratsbane;  Acidura 
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arsenicosum.     Ger.  Arsenige  Saure,  Gifimehl, 
Hiittenrauch,  Rattenpulver,  Arsenik. 

It  occurs  native  (see  Arsenious  Acid),  but 
is  prepared  either  as  a  principal  or  secondary 
product  by  the  calcination  of  arsenical  ores 
(see  above).  The  commercial  article  is  white, 
transparent,  and  glassy  when  fresh,  becoming 
milky  and  opake  by  exposure,  so  that  the  two 
states  are  usually  observed  on  breaking  a  mass 
which  is  opake  on  the  exterior.  Rose's  inves- 
tigations seem  to  prove  that  these  are  two 
allotropic  or  dimorphic  states  of  the  acid,  pos- 
sessing different  properties.  The  transparent 
or  vitreous  has  a  spec.  grav.  of  3-739  and  9-68 
pts.  are  soluble  in  100  pts.  boiling  water,  and 
the  solution  reddens  litmus-paper;  the  opake 
has  a  spec.  grav.  of  3-699  and  11-74  pts.  are 
dissolved  by  100  boiling  water,  and  its  solution 
faintly  blues  litmus,  which  had  been  reddened 
by  acids ;  the  former  solution  on  cooling  to  59°, 
retained  1-78,  the  solution  of  the  opake  2-9  of 
the  acid;  100  water  at  common  temperature 
dissolve  0-96  of  the  vitreous  and  1-25  of  the 
opake.  When  slowly  sublimed,  arsenious  acid 
crystallizes  in  regular  octahedra  of  a  brilliant 
lustre,  but  Wohler  observed  in  crystallized 
acid,  arising  from  the  calcination  of  cobalt- 
ores,  thin,  transparent,  pearly,  6-sided  laminae, 


which  were  flexible  and  cleavable  parallel  to 
the  predominating  plane.  When  sublimed,  the 
latter  crystallize  in  regular  octahedra,  or  they 
pass  gradually  and  without  heat  into  a  milky 
mass  composed  of  octahedra  ;  but  if  the  trans- 
parent kind  be  dissolved  in  muriatic  acid,  the 
separation  of  each  octahedral  crystal  from  tin- 
cooling  solution  is  attended  by  a  flash  of  light. 
When  ammonia  is  poured  over  the  vitreous 
acid,  and  afterwards  washed  out  by  water,  the 
acid  appears  to  have  changed  into  the  opake 
variety.  To  obtain  it  in  large  crystals,  pass  sul- 
phurous acid  through  a  cold  solution  of  a 
acid.  Wohler.  Arsenious  acid  has  a  faintly 
sweetish  taste,  leaving  a  rather  acrid  sen 
but  its  taste  is  not  well  defined.  Strongly  heated 
in  a  sealed  vessel,  it  fuses  to  a  transparent  glass, 
but  in  open  vessels  it  sublimes  at  380°,  first 
becoming  soft  but  without  previous  fusion;  the 
spec.  grav.  of  its  vapor  is  13670.  It  is  soluble 
in  several  acids,  but  does  not  appear  to  be 
electro-positive  in  reference  to  them  ;  it  is  also 
soluble  in  oils  and  alcohol;  some  organic 
matters  impair  its  solubility.  It  is  decomposed 
with  heat  by  carbon,  hydrogen,  sulphur,  and 
phosphorus  (the  two  last  forming  sulphuret  and 
phosphuret),  by  potassium,  sodium  (the  two 
last  with  combustion),  and  by  other  metals. 


As., 


H=l 
.  75-3 
.  24-0 


O  =  100 

940-08 
300 


In  100  pts.    Thdnard. 
75-81  74-24 

24-19  25-76 


99-3         1240-08 


100 


100 


Davy. 
75 
25 

100 


Proust. 
75-2 
24-8 

100 


Mitscherl.        Bcrzel. 
75-73  75-782 

24-27  24-218 


100 


100 


Form.,  As03  (As203,  Berz.). 

Uses.  Arsenious  acid  or  white  arsenic  is 
employed  in  glass-making  to  convert  protoxide 
of  iron  into  the  sesquioxide,  which  colors  the 
glass  less  ;  metallic  arsenic  is  volatilized.  See 
Glass.  It  is  also  employed  for  making  various 
arsenical  preparations,  which  are  used  in  the 
manufacture  of  Scheele's  Green  (see  below) 
in  calico-printing,  &c.  It  is  used  to  a  limited 
extent  in  medicine.  From  its  poisonous  effects 
on  the  animal  system,  it  has  been  administered 
to  destroy  life;  from  this  property  it  may  be 
usefully  employed  to  protect  organic  specimens 
in  natural  history  (stuffed  animals)  from  the 
ravages  of  insects.     See  Preservation. 

3.  Arsenic  Acid.  Syn.  Acidum  Arsenicum  or 
Arsenicicum.  Ger.  Arseniksaure.  Prepared 
by  boiling  8  pts.  arsenious  acid  with  2  pts.  con- 
centrated chlorohydric  acid  of  spec.  grav.  1-2, 
and  gradually  adding  24  pts.  nitric  acid  of  spec, 
grav.  1  -25,  evaporating  in  glass  to  a  syrup,  then 
in  platinum  to  a  temperature  near  to  ignition, 
at  which  point  it  is  maintained  until  all  the 
nitric  acid  is  expelled. 

Prop.  Milk-white,  anhydrous.  It  dries  by 
evaporation  to  a  syrupy  mass,  which  becomes 
opake  when  the  water  is  expelled ;  if  the  dry 
acid  be  allowed  to  deliquesce  slowly  in  the  air, 
it  forms  at  a  certain  point  large  crystals  more 
deliquescent  than  chloride  of  calcium.     Mits- 


As. 
C%. 


H=l 
.  75-3 
.  40-0 


115-3 


O  =  100 
940-08 
500-00 

1440-08 


In  100  pts. 
65-28 
34-72 

100 


chcrlich.  By  evaporating  so  far  that  at  248°  it 
begins  to  deposit,  a  thick  liquid  is  obtained  of 
spec.  grav.  2-55,  containing  71  per  cent,  acid, 
which  may  be  cooled  to — 15°  without  di 
ing.  Vogel.  It  attracts  moisture  from  the  air 
until  it  has  a  spec.  grav.  =  1-935.  Its  solution 
reddens  litmus  strongly.  Like  dry  phosphoric 
acid,  it  dissolves  only  partially  in  water,  leav- 
ing a  white  powder,  which  dissolves  slowly  but 
entirely,  especially  by  frequent  agitation.  A 
portion  of  the  acid  is  decomposed  by  ignition, 
forming  a  fused,  glassy  mass,  consisting  of 
arsenic  and  arsenious  acids,  the  former  of 
which  may  be  dissolved  out  by  water;  at  a 
higher  heat  it  is  entirely  volatilized  as  arsenious 
acid  and  oxygen.  Heated  with  carbon,  hydro- 
gen, phosphorus,  and  most  oxidable  metals,  it 
is  reduced  either  to  metal  or  arsenious  acid. 
The  dry  acid  absorbs  sulphuretted  hydrogen, 
forming  water  and  sulphuret  of  arsenic;  its 
solution  is  slowly  decomposed  by  that  gas, 
more  rapidly  by  an  alkaline  sulphydrate.  It 
is  precipitated  white  by  an  excess  of  baryta, 
strontia,  and  lime.  In  solution  it  is  reduced  to 
arsenious  acid  by  sulphurous  acid. 

It  is  one  of  the  strongest  acids,  neutralizing 
the  alkalies  perfectly,  and  by  heat  expelling  all 
volatile  acids  from  combination,  even  the  sul- 
phuric. It  closely  resembles  phosphoric  acid. 
See  its  salts  below. 


Thomson. 
65-62 
34-38 

100 


Thdnard. 
65-4 
34-6 

100 


Mitscherl. 
65-04 
34-96 

100 


Berzel. 
65-283 
34-717 

100 
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Arseniuretted  Hydrogen.  Ger.  Arsenikwasser-  j 
stoffgas.  It  is  formed  when  arsenic  is  in  con- 
tact with  nascent  hydrogen.  Prep.  1.  By  heat- 
ing equal  parts  finely  granulated  zinc  and 
powdered  arsenic  in  an  earthen  retort,  combus- 
tion and  fusion  ensue;  pulverize  finely  and 
pour  over  it  in  a  retort  sulphuric  acid,  diluted 
with  3  times  its  weight  of  water.  Zn3As  -f- 
3  (S03,  HO)  =  3  (ZnO,  S03)  -f  AsH3.  Soubei- 
ran.  2.  Mix  2  pts.  sulphuret  of  antimony,  2 
cream  of  tartar,  and  1  arsenious  acid,  and 
ignite  to  redness  for  2  hours ;  place  the  regulus 
obtained  (avoiding  contact  with  the  hands) 
under  a  bell-glass  filled  with  freshly  boiled 
water,  when  the  gas  is  slowly  evolved.  Serullcis. 
3.  Add  muriatic  acid  to  an  aqueous  solution 
of  arsenious  acid,  and  immerse  a  piece  of  zinc 
in  it.     As03+H6=3HO  +  AsH3. 

Prop.  A  colorless  gas,  of  a  disagreeable 
odor  (which  may  not  belong  to  the  pure  gas), 
highly  poisonous;  spec.  grav.  =  2-694;  at — 40° 
condenses  into  a  clear,  ethereal  liquid,  which 
rises  again  in  vapor  at  a  few  degrees  higher 
temperature;  slightly  soluble  in  water,  not  in  a 
saline  solution;  kept  over  water  containing  air 
it  slowly  deposits  arsenic;  it  has  no  action  on 
litmus  paper,  and  appears  to  have  no  affinity 
for  alkalies  or  earths ;  depositing  arsenious 
acid  or  metallic  arsenic  according  to  the  supply 
of  oxygen  ;  burns  with  a  brilliant  white  flame, 
detonates  when  mingled  with  oxygen  or  the 
air,  either  by  flame  or  the  electric  spark ;  heated 
with  sulphur,  phosphorus,  potassium,  tin,  &c, 
they  unite  with  it  eliminating  hydrogen;  if 
chlorine  be  passed  up  into  arseniuretted  hy- 
drogen over  mercury,  each  bubble  inflames, 
forming  chlorohydric  acid  and  brownish  fumes 
of  metallic  arsenic.  A  full  red  heat  alone 
resolves  it  into  the  metal  and  hydrogen,  the 
former  being  deposited  a  little  beyond  the  flame 
in  the  glass  tube  through  which  the  gas  is 
streaming. 

It  is  decomposed  by  nitric,  nitromuriatic, 
boiling  sulphuric  acids,  and  by  chlorine  water, 
yielding  water  with  metallic  arsenic,  arsenious 
or  arsenic  acid.  It  is  not  altered  by  chloro- 
hydric or  phosphoric  acids,  &c.  The  more 
reducible  metallic  oxides  and  their  salts  are 
decomposed  by  it,  and  the  arsenic  set  free  as 
metal  or  arsenious  acid.  In  solutions  of  gold 
and  silver,  the  noble  metals  are  deposited  and 
water  and  arsenious  acid  formed ;  in  solu- 
tions of  several  other  metals,  such  as  copper, 
the  hydrogen  only  is  oxidized  and  an  arseniuret 
precipitated.  When  passed  over  chloride  of 
copper,  heated  to  about  400°,  both  are  decom- 
posed, 3  CuCl  +  AsH3  =  AsCu3  +  3  HC1.  It 
is  absorbed  by  dry  sulphate  of  copper,  yield- 
ing water  and  a  blackish  compound  of  sul- 
phuric acid  and  arseniuret  of  copper. 

Its  action  on  chloride  of  mercury  (corrosive 
sublimate)  is  characteristic,  so  that  it  can  be 
detected  in  other  gases  when  only  y^.^,  ¥  part 
is  present ;  brought  in  contact  with  this  salt, 
the  latter  is  immediately  coated  with  a  mixture 
of  arsenious  acid  and  calomel,  and  the  coating 
is  then  covered  with  a  dark  layer  of  metallic 
arsenic  and  mercury,  which  becomes  darker. 
When  the  mutual  action  of  the  gas  and  the 
liquid  has  ceased,  the  other  gases  remain,  and 
arsenious  acid  is  in  solution  when  the  cor. 


subl.  was  in  sufficient  quantity ;  if  this  were 
not  the  case,  the  decomposition  is  imperfect, 
and  by  agitation  an  amalgam  of  mercury  and 
arsenic  is  formed.  The  decomposition  is  in- 
stantaneous when  the  gas  is  passed  through  a 
concentrated  solution.     Berz. 

Arseniuretted  hydrogen  is  not  changed  by 
alcohol  or  ether;  it  dissolves  sparingly  in  the 
fixed  oils,  giving  them  a  darker  color  and 
greater  consistence;  oil  of  turpentine  acts 
strongly  on  it,  becoming  thick,  milky,  reddening 
litmus,  depositing  small,  white  crystals,  which, 
thrown  on  ignited  coals,  smell  of  arsenic  and 
terpentine. 

H=l      0  =  100  In  100  pts.  By  vol. 
As....  75-3         940-08  98-05  1 

H„....    3  37-50  1-95  6 


78-3 


977-58 


100 


Form.,  AsH3  (As2H3,  Berz.)  See  testing  for 
arsenic  below. 

Sulphurets  of  Arsenic.  Arsenic  and  sulphur 
may  be  fused  together  in  every  proportion,  the 
sulphur  becoming  darker  and  the  streak  more 
yellow.  Subjected  to  distillation,  sulphur 
passes  over  at  first  and  becomes  successively 
more  arseniuretted.  There  are,  however, 
several  distinct  sulphurets. 

1.  Black  Sulphuret  of  Jrsenic.  Digest  the  red 
sulphuret  (Realgar)  with  a  solution  of  potassa. 
A  brownish  black  powder,  yielding  by  distilla- 
tion common  sulphuret  of  arsenic  and  then 
metallic  arsenic.  Form.,  As6S,  containing  3-44 
per  cent,  sulphur. 

2.  Bisulphuret  of  Arsenic.  Syn.  Realgar,  Red 
Sulphuret  of  A.,  Hyposulpharsenious  acid. 
Ger.  Unterarseniges  Sulfid,  Rothes  Arsenikglas, 
Arsenikrubin.  For  its  manufacture,  see  the 
Treatment  of  Arsenical  Ores  above.  For  the 
native  compound  see  Realgar.  The  artificial 
compound  is  opake,  brownish,  or  blood-red,  or 
even  transparent,  ruby  red ;  of  conchoidal 
fracture ;  fuses  and  distils  over  unchanged, 
burns  with  bluish  flame,  and  an  odor  of  sul- 
phurous acid  and  metallic  arsenic;  is  insoluble 
in  water  and  alcohol.  Nitric  acid  oxidizes  the 
arsenic,  then  the  sulphur;  it  deflagrates  with 
saltpeter.  It  combines  with  sulpho-bases, 
forming  salts  of  difficult  solubility  in  water. 


Ac 

H=l 
..  75-3 

0=  100 
940-08 
402-33 

In  100  pts. 
7003 

s,,.. 

..  32-2 

29-97 

107-5 


1342-41 


100 


Form.,  AsS2  (As2S2,  Berz.). 

3.  Sulphorsenious  Acid.  Syn.  Orpiment,  Yel- 
low Sulphuret  of  A.,  Tersulphuret  of  A.  Ger. 
Operment,  Rauschgelb,  Gelbes  Arsenikglas, 
Auripigment;  Arseniges  Sulfid,  Berz.  For  the 
mineral  see  Orpiment.  Prep.  1.  See  Treat- 
ment of  Arsenical  Ores  above.  2.  Precipitate 
a  muriatic  solution  of  arsenious  acid  or  an 
arsenite  by  sulphuretted  hydrogen. 

Prop.  It  has  a  bright  yellow  color,  passing 
into  orange ;  is  opake  ;  the  fused  has  a  flat  con- 
choidal fracture,  is  crystalline  after  cooling;  it 
is  slightly  soluble  in  water, as  when  an  aqueous 
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and  not  acid  solution  of  arsenious  acid  is  pre- 
cipitated by  sulphuretted  hydrogen.  It  is  in- 
soluble in  acids,  is  oxidized  by  nitric  and 
nitro-muriatic  acid ;  soluble  with  a  yellow 
color  in  caustic  and  carbonated  alkalies,  ex- 
pelling carbonic  acid,  and  forming  solutions 
of  alkaline  arsenite  and  sulpharsenite;  it  ab- 
sorbs ammonia  and  is  converted  into  a  yellow 
powder.  Heated  in  close  vessels,  it  fuses  and 
sublimes;  in  open  vessels  it  burns  with  a  pale 
bluish  flame.  It  is  one  of  the  strongest  sulpho- 
acids.    See  its  salts  below. 

0=  100    In  100  pts.    Bcrz. 
940-08  6090  61 

603-50  39-10  39 


As. 
S„. 


H=l 
. .  75  3 
, .  48-3 

83-6 


1543-58 


100 


100 


Form.,  AsS3  (As2S3,  Berz.). 

Use.  Both  realgar  and  orpiment  have  been 
and  are  still  somewhat  employed  as  pigments 
in  oil-paiuting  and  lacquering;  but  the  King's 
Yellow  is  a  mixture  of  arsenious  acid  and  orpi- 
ment, and  should  never  be  employed,  from  its 
poisonous  character.  They  are  also  used  for 
reducing  indigo,  which  dissolves  in  the  potassa 
employed  at  the  same  time.  Orpiment  has 
been  applied  to  silks,  &c,  by  dissolving  it  in 
ammonia,  passing  the  goods  through  the  solu- 
tion, and  hanging  them  in  a  stove-room  to 
remove  the  ammonia  and  fasten  the  color. 
Realgar  was  formerly  employed  for  a  white 
fire  in  fire-works,  but  is  now  rarely  used ;  the 
composition  is  24  saltpeter,  7  sulphur,  and  2 
realgar.  For  all  the  objects  named,  both  sul- 
phurets  should  be  abandoned  from  the  greater 
or  less  injurious  effects  resulting  from  their 
use. 

4.  Sulpharsenic  Acid.  Syn.  Persulphuret  of 
A.,  Arseniksulfid,  Bcrz.  Prepared  by  passing 
sulphuretted  hydrogen  through  a  moderately 
strong  solution  of  arsenic  acid,  or  an  alkaline 
arseniate,  and  adding  muriatic  acid  in  the 
latter  case.  It  closely  resembles  3  in  color, 
but  has  a  lighter  yellow  tint.  It  fuses  at  a 
higher  temperature  than  sulphur,  and  becomes 
reddish  and  darker;  distils  over  as  a  tough, 
reddish  brown  amorphous  mass,  which  is 
transparent  and  yellowish  red  when  cold. 
Boiled  with  alcohol  before  fusion,  sulphur  is 
extracted,  and  the  sulphuret  has  a  deeper  color. 
It  reddens  litmus  temporarily  when  held  in 
steam  or  boiled  in  the  blue  fusion.  It  readily 
dissolves  in  the  caustic  alkalies,  alkaline  earths 
and  strong  ammonia,  expels  sulphuretted  hy- 
drogen from  the  sulphydrates,  and  carbonic 
acid  from  neutral  and  bicarbonates.  See  its 
salts  below. 


H  =  l 

O  =  100 

In  100  pts. 
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..  75-3 

940-08 

48-31 

8... 

..  80-5 

1005-83 

51-69 

155-8 


1945-91 


100 


Form.,  AsS.  (As2S.,  Berz.). 

5.  Hypersulphurct  of  Arsenic.  Arsenikiiber- 
sulfid,  Berz.  Precipitate  a  neutral  solution  of 
sulpharseniate  of  potassium  or  sodium  by  alco- 
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hoi,  distil  off  £  of  the  alcohol  from  the  filtered 
liquid;  it  deposits  small,  yellow,  sliinmg,  crys- 
talline scales  as  fusible  as  sulphur,  and  con- 
taining traces  of  the  alkaline  sulphuret    A 

slow  evaporation  of  the  remaining  liquid  often 
deposits   a  lower   sulphuret   of  a    red 
The  hypersulphuret  contains  26-61  As-| 
S  =  100.    Form.,  AsS18  (AsSj,  Berz.). 

Sale niuret  of  Arsenic.     Add  arsenic!  to 
selenium.     It  is  black,  very  fusible,  les 
tile   than   either  of  its   elements,  so  that  an 
excess  of  either  can  be  volatilized.     At  a  red 
heat  it  boils,  giving  a  sublimate  whii  h  it 
to  be  a  perseleniuret ;  the  residue  then  flows 
quietly,  but  at  a  full  white  heat  it  also  distils 
over  in  drops,  which,  on  cooling,  are  black, 
with  brownish  tint,  with  a  brilliant  surface  and 
vitreous  fracture. 

Phosphuret  of  Arsenic  is  formed  by  fusing  equal 
parts  of  phosphorus  and  arsenic  in  a  retort  or 
under  water.  It  is  black,  shining,  brittle,  and 
must  be  kept  under  water. 

Alloys  of  Arsenic.  1.  Potassium  and  Sodium. 
Arsenic  combines  readily  with  these  metals 
with  the  evolution  of  much  heat;  the  alloy 
placed  in  water  decomposes  it,  evolving  ar- 
seniuretted  hydrogen,  while  the  alkaline  metal 
is  oxidized  and  arsenic  separates  in  brown 
flocculce.  Boiled  with  a  concentrated  solution 
of  caustic  potassa,  arsenic  is  acidified  and 
hydrogen  evolved;  heated  with  fused  aqtfeou 
caustic,  potassa,  some  arsenite  of  potassa  is 
formed  and  hydrogen  evolved;  but  the  brown 
color  of  the  mass  is  due  to  arseniuret  of  potas- 
sium, and  evolves  arseniuretted  hydrogen  in 
water.  If  the  heat  be  carried  fully  to  redness, 
the  arsenite  is  changed  to  arseniate;  at 
is  partly  sublimed  and  partly  acts  on  more  of 
the  potassa,  forming  arseniate  and  arseniuret 
of  potassium.  The  action  is  similar  but  less 
energetic  with  caustic  soda,  and  almost  ceases 
with  the  alkaline  earths,  even  when  the  vapor 
of  arsenic  is  conducted  over  them. 

2.  Aluminum.  When  heated  together  to  igni- 
tion, they  unite  with  combustion.  A  dark-gray 
powder  evolving  arseniuretted  hydrogen  slowly 
in  cold,  rapidly  in  hot  water. 

3.  Glucinum.  Formed  similarly  and  has 
similar  properties. 

II.  Salts. 
Arsenic  forms  a  few  compounds  with  the 
halogen  bodies,  which  are  included  under  the 
salts  like  the  similar  compounds  of  other 
metals.  Of  the  oxysalts  there  are  two  classes, 
arsenites  and  arseniates.  Of  sulphosalts  there 
are  three  classes,  hyposulpharsenites,  sulphar- 
senites,  and  sulpharseniates. 

Halogen  Compounds. 
Bichloride  of  Arsenic.  Prep.  Introduce  into 
a  tubulated  retort  a  mixture  of  1  pt.  arsenious 
acid  and  10  pts.  by  weight  of  oil  of  vitriol,  heai 
it  to  212°,  and  add,  in  successive  poi 
fragments  of  sea-salt,  and  collect  the  chloride 
in  cooled  vessels.  A  little  water  passes  over 
towards  the  close  of  the  operation,  but  the  hy- 
drated  portion  swims  on  the  surface  of  the  rest 
The  pure  chloride  may  be  separated  from  the 
hydrated  by  distilling  the  mixture  with  oil  of 
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vitriol.  Form.,  AsCl2.  Gmelin  and  Dumas.  By 
distilling  a  mixture  of  metallic  arsenic  and 
calomel,  a  dark  brown  sublimate  is  obtained, 
and  arsenical  amalgam  remains  in  the  retort. 
It  is  probably  a  bichloride  of  arsenic-}-  sub- 
chloride  of  mercury.  It  is  insoluble  in  water; 
caustic  potassa  dissolves  out  arsenious  acid, 
forming  chloride  of  potassium  and  arsenical 
amalgam.     Berz. 

Terchloride  of  Arsenic.  Syn.  Sesquichloride 
of  A.,  Fuming  liquor  of  A.,  Arseniksuper- 
chloriir,  Berz.  Prep.  When  powdered  arsenic 
is  thrown  into  chlorine  at  common  tempera- 
tures, it  inflames  spontaneously,  producing 
white  fumes  of  the  terchloride.  It  is  best  ob- 
tained by  distilling  a  mixture  of  1  pt.  metallic 
arsenic -f-  6  pts.  corrosive  sublimate. 

Prop.  A  colorless,  oily,  heavy  liquid,  fuming 
in  the  air,  boiling  at  270°,  and  not  congealing 
at  —  20°.  Decomposed  by  water  into  arsenious 
and  chlorohydric  acids.  It  dissolves  sulphur 
and  phosphorus  by  warm  digestion,  but  they 
separate  on  cooling;  it  absorbs  10  times  its 
volume  of  chlorocarbonic  acid,  which  is 
evolved  upon  the  addition  of  water;  it  unites 
with  oil  of  terpentine,  resin,  and  olive  oil. 
Form.,  AsCl3,  which,  therefore,  corresponds 
with  arsenious  acid.  Berz.  It  absorbs  ammo- 
niacal  gas,  forming  a  white  powder,  soluble  in 
water  ;  it  consists  of  75-14  per  cent,  terchloride 
of  arsenic  and  24-86  per  cent,  ammonia;  its 
formula  is  therefore  2  AsCl3  -4-  7  NH3,  and  by 
solution  in  water,  produces  salammoniac  and 
binarsenite  of  ammonia.  2  AsCl3  4-  7  NH3  4- 
7HO  =  6NH4,  Cl6-fNH40,  2As03.     Rose. 

Terbromide  of  Arsenic.  Add  gradually  to  bro- 
mine powdered  arsenic,  and  when  combustion 
ceases,  distil.  A  colorless  or  slightly  yellowish 
liquid,  crystallizing  in  the  receiver,  by  cooling 
the  gas  it  forms  long  prisms  ;  congeals  at  68°; 
becomes  liquid  between  68°  and  77°,  boils  at 
428°  ;  it  fumes  but  slightly  in  the  air,  but  is  de- 
liquescent; with  much  water,  decomposes  like 
the  terchloride.    Form.,  AsBr3. 

Teriodide  of  Arsenic.  Digest  3  pts.  finely  pow- 
dered arsenic,  10  pts.  iodine,  and  100  pts.  water 
as  long  as  the  odor  of  iodine  is  perceived, 
evaporate  the  clear  liquid,  which,  at  a  certain 
state  of  concentration,  yields  red  crystals  of  the 
teriodide ;  to  obtain  it  anhydrous,  evaporate  to 
dryness,  and  heat  it  to  fusion,  it  is  then  brick- 
red  and  crystalline.  Plisson.  In  a  flask  with 
a  long  and  wide  neck  fuse  1  pt.  arsenic  and 
3  pts.  iodine,  heat  to  sublimation  and  remove 
the  shining  red  crystals  from  time  to  time  ;  or 
dissolve  the  mass  in  boiling  alcohol  to  satura- 
tion, when  darker  colored  crystalline  scales 
separate  from  the  solution.  Bette.  It  is  solu- 
ble in  a  large  quantity  of  water,  but  with  less 
water,  iodohydric  acid  dissolves,  and  white 
crystalline  scales  separate,  which  consist  of 
variable  quantities  of  arsenious  acid,  teriodide 
of  arsenic,  and  water;  this  compound  loses 
water  and  becomes  yellow  by  a  gentle  heat,  but 
at  a  higher  temperature,  iodide  of  arsenic  sub- 
limes, followed  by  arsenious  acid.  Plisson. 
Form,  of  the  teriodide,  AsF3.  It  is  apt  to  con- 
tain arsenious  acid,  especially  when  prepared 
in  the  moist  way. 

Terfluoridc  of  Arsenic.     Prepared  by  distilling 
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a  mixture  of  fluor  spar,  arsenious  and  sul- 
phuric acids.  A  colorless,  fuming  liquid,  spec. 
grav.  =  2-73,  decomposed  by  water  into  fluo- 
hydric  and  arsenious  acids,  by  glass  into  fluo- 
silicic  and  arsenious  acids. 

OXVSAXTS. 

Arsenitcs. 

Ger.  Arsenigsaure  Salze.  The  alkaline  salts 
may  be  prepared  by  the  direct  action  of  ar- 
senious acid  and  potassa,  soda  or  ammonia; 
they  are  very  soluble  in  water,  and  have  an 
alkaline  reaction  ;  most  other  formed  by  double 
decomposition  are  insoluble,  or  sparingly  solu- 
ble in  water;  but  all  are  dissolved  by  acids 
which  do  not  form  insoluble  compounds  with 
their  bases.  The  soluble  arsenites  are  charac- 
terized by  forming  a  yellow  precipitate  with  a 
strong  neutral  solution  of  nitrate  of  silver,  a 
peculiar  green  (Scheele's)  with  salts  of  copper ; 
when  acidulated,  they  precipitate  orpiment  im- 
mediately with  sulphuretted  hydrogen.  The 
insoluble  are  readily  decomposed  by  caustic 
alkali  or  by  boiling  with  carbonates  of  potassa 
or  soda.  They  are  all  decomposed  by  heat  in 
close  vessels,  arsenious  acid  being  sublimed, 
or  an  arseniate  formed,  and  metallic  arsenic 
sublimed.  With  black  flux  or  formiate  of  soda, 
they  are  easily  reduced.  Before  the  blowpipe 
they  reduce  easily,  giving  the  characteristic 
arsenical  odor. 

Arsenite  of  Potassa,  2  KO,  As03,  white,  amor- 
phous mass,  it  is  the  active  ingredient  in 
Fowler's  solution;  it  is  best  obtained  by  de- 
composing arsenite  of  baryta  by  sulphate  of 
potassa;  A.  of  soda,  white  granular,  crystal- 
line; of  ammonia,  known  only  in  solution; 
of  baryta,  white  powder;  of  strontia,  soluble. 
Neutral  arsenite  of  lime,  2  (2  CaO,  As03)4-3  HO, 
is  obtained  by  precipitating  lime-water  with 
arsenious  acid,  leaving  an  excess  of  lime  in 
solution;  it  aitracts  carbonic  acid  from  the  air, 
forming  carbonate  of  lime  and  the  following 
acid  salt.  The  latter  is  obtained  by  saturating 
alkali  with  as  much  arsenious  acid  as  it  can 
take  up,  and  precipitating  with  a  salt  of  lime  ; 
it  is  much  looser  powder  and  permanent  in 
the  air ;  formula,  2  (CaO,  As03)  -f  HO.  Both 
are  converted  by  a  strong  heat  into  arseniate  of 
lime,  with  the  development  of  metallic  arsenic. 
A.  of  magnesia  is  white,  insoluble.  Protarsen. 
of  iron,  2  FeO,  As03-|-  7  aq.,  white,  soluble  in 
caustic  ammonia.  The  neutral  pcrarsenite  of 
iron  consists  of  2  Fe203,  3  As03  -f-  7  HO.  Gui- 
bourt  found  that  when  fresh  and  moist,  hydrated 
peroxide  of  iron  is  digested  to  saturation,  with 
a  solution  of  arsenious  acid,  it  forms  the  com- 
pound, 4  Fe203,  As03  +  12  HO.  The  arsenite  of 
cobalt,  2  CoO,  As03,  insoluble,  rose-red,  changed 
by  nitric  acid  into  arseniate,  decomposed  by 
caustic  potassa,  dissolved  by  caustic  ammonia; 
of  nickel,  2  NiO,  As03,  insoluble,  apple-green, 
becoming  first  black  by  ignition,  subliming  ar- 
senious acid  and  leaving  a  light  green  basic  salt. 
(See  Cobalt  and  Nickel-Bloom.)  The  salt 
of  lead,  PbO,  As03,  formed  by  arsenite  of  am- 
monia and  sugar  of  lead,  and  a  basic,  2  PbO, 
As03,  by  basic  acetate  of  lead,  are  both  white 
powders,  containing  combined  water,  and  fuse 
by  heat  to  a  yellowish  glass,  which  become 
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strongly  electric.  Arsenite  of  peroxide  of  tin, 
2SnO,  As03,  is  a  gelatinous  insoluble  powder, 
unchanged  by  ignition,  and  requiring  a  high 
heat  for  fusion. 

Arsenite  of  Copper,  2  CuO,  As03,  produced  by 
digesting  carbonate  of  copper  with  water  and 
arsenious  acid,  is  a  green  solution,  precipitable 
neither  by  acids  nor  alkalies,  giving,  by  evapo- 
ration, a  yellowish  green  salt,  which  appears 
to  have  an  excess  of  acid.     The  green  neutral    ments,  but  in  using  them  it  should  not  be  for 


Oxide  of  copper 81-243 

Arsenious  acid 

Acetic  acid 10'lSfi 

100 

According  to  which  its  formula  is  CuO,  \-t. 
3  (2  CuO,  As03). 
Both  the  above  greens  are  employed  as  pig. 


salt  is  obtained  by  adding  arsenite  of  potassa 
to  sulphate  of  copper ;  with  an  excess  of  alkali, 
the  color  is  richer,  but  soon  changes  to  dark 
brown,  containing  arseniate  of  oxide  and  ar- 
senite of  suboxide. 

Scheele's  Green.  Seheele  gave  the  following 
method  of  preparing  this  color.  Dissolve  2  lbs. 
sulphate  of  copper  in  3  galls,  warm  water;  in 
another  vessel  dissolve  2  lbs.  pure  potash  and 
11  ozs.  arsenious  acid  in  1  gall,  water,  filter  both 
through  linen,  and  add  the  latter  portionwise, 
with  constant  stirring,  to  the  former  while 
still  warm;  let  the  precipitate  settle,  draw 
off  the  clear  liquid,  pour  over  it  a  gallon  or 
more  hot  water,  and  wash  it  with  a  second 
portion;  throw  it  on  a  filter  and  dry  by  a 
gentle  heat.  The  above  proportions  give  1  lb. 
6'|  ozs.  of  the  green.  It  is  employed  as  a 
pigment. 

Jirsenite,  uith  Acetate  of  Copper,  first  made  in 
1814  at  Schweinfurth,  and  hence  called  Schwein- 
furth  Green;  is  an  exceedingly  brilliant  green 
pigment.  Upon  mixing  strong  solutions  of 
arsenious  acid  and  acetate  of  copper,  the  pre- 
cipitate is  arsenite  of  copper  {Ehrmann)  of  an 
olive  green  color,  and  acetic  acid  is  set  free ; 
but  if  they  remain  together  for  a  long  time,  or 
be  boiled  for  a  few  minutes,  the  precipitate 
becomes  a  brilliant  green.  Diffuse  10  pts.  ver- 
digrise  through  sufficient  warm  water  to  make 
a  thin  paste  and  pass  it  through  a  sieve.  Dis- 
solve 8 — 9  pts.  finely  powdered  arsenious  acid 
in  100  pts.  water,  filter  hot  and,  while  still  boil- 
ing, add  to  it  gradually  the  infusion  of  verdi- 
grise ;  a  few  minutes  boiling  is  sufficient  to 
produce  the  full  tone  of  color.  If  cold  water 
be  added,  after  the  hot  solutions  are  mixed, 
without  boiling,  the  change  is  retarded,  but  the 
color  is  richer  and  more  crystalline.  Ehr- 
mann's analysis  gave 


gotten  that  they  are  highly  poisonous. 

Arsenite  of  black  Oxide  of  Mercury,  pre] 
by  double  decomposition,  or  by  digesting  mer- 
cury with  arsenic  acid;  is  a  white  powder  in- 
soluble in  water,  soluble  in  chlorohydric  acid. 
The  salts  of  the  red  oxide  is  white,  insolubl 
luble  in  arseniate  of  potassa  with  a  brown  color. 

Jirsenite  of  Silver,  prepared  by  double  < 
position,  is  a  yellow  powder,  graduallj  i 
ing   to  a   dark   gray  color.     See  Testing  for 
Arsenic,  below. 

Jirsenite  of  Antimony,  formed  by  digesting  an- 
timony with  a  strong  solution  of  arsenic  acid 
and  precipitating  by  water. 

Sulphate  of  Arsenious  Acid.  Schafhiutl  ob- 
served a  deposit  in  the  Hues  from  the  calcina- 
tion of  copper-ore  in  South  Wales,  foi 
small  crystalline  laminae,  so  extremely  deli- 
quescent as  to  evolve  heat  by  attracting 
ture  from  the  air;  water  decomposed  them. 
They  consisted  of 

Arsenious  acid 68  250 

Sulphuric  acid 27-043 

Protoxide  of  iron 3-029 

Oxide  of  copper 0-420 

Oxide  of  nickel 0-65G 


99-998 


Their  formula,  omitting  the  metallic  salts,  is 
AsOs+S03. 

ArscKiat.es. 

Ger,  Arseniksaure  Salze.  The  arseniates 
closely  resemble  the  corresponding  salts  of 
phosphoric  acid,  but  as  far  as  known,  are 
only  tribasic.  One  or  more  of  the  3  equiva- 
lents of  basic  water  may  be  replaced  by  an 
equiv.  of  a  metallic  oxide,  and  are  called  acid, 
neutral,  and  subsalts.     Thus  we  have 


3  NaO,         -f-  AsO.  -f-  24  HO  =  subarseniate  of  soda. 
2  NaO,  HO  -f  AsOj  -f-  14  HO  =  neutral  arseniate  of  soda. 
NaO,  2  HO  +  As05  -j-    2  HO  =  binarseniate  of  soda. 


3  HO  +  AsO. 

The  binarseniates  are  soluble,  the  others  in- 
soluble, or  sparingly  soluble,  in  water,  except- 
ing the  alkaline  salts.  The  insoluble  dissolved 
in  nitric  acid,  or  muriatic  acid,  produce,  with 
basic  acetate  of  lead,  basic  arseniate  of  lead, 
which  fuses  by  the  blowpipe,  giving  off  abun- 
dant arsenical  fumes.  Any  of  the  arseniates 
may  be  reduced  by  the  blowpipe,  and  yield  the 
characteristic  arsenical  fumes.  They  are  dis- 
tinguished from  the  arseniates  by  giving  a 
reddish  brown  precipitate  with  a  salt  of  silver; 
their  dilute  and  acidulated  solutions  are  decom- 
posed with  much  greater  difficulty  by  sul- 
phuretted hydrogen,  which  produces  the  light, 
yellow  sulphuret,  AsS.. 

Arseniate  of  Potassa.  Ger.  Arseniksaures  Kali. 
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=  arsenic  acid. 

The  neutral  salt  is  obtained  by  saturating 
arsenic  acid  with  potassa,  or  by  fusing  ar- 
senious acid  and  caustic  potassa;  in  the  latter 
case,  the  arsenious  acid  is  oxidized  by  the 
oxygen  of  the  water  and  hydrogen  liberated. 
It  is  a  deliquescent  saline  mass.  Form.,  2K0, 
HO  +  AsO.. 

The  acid  or  binarseniate  is  formed  by  adding 
as  much  more  arsenic  acid  to  the  neutral  salt, 
or  by  adding  until  litmus-paper  dipped  into  it 
retains  its  redness;  formed  also  by  igniting 
equal  parts  of  arsenious  acid  and  saltpeter; 
dissolve  in  water,  evaporate  to  crystallization. 
The  crystals  belong  to  the  quadratic  system  and 
are  unalterable  in  the  air.  Form.,  KO,  2  HO  -f- 
AsO- 
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The  basic  or  subarseniate  is  formed  by  adding 
potassa  to  the  neutral  salt  and  concentrating 
by  evaporation.  Fine,  deliquescent  needles. 
Form.,  3KO+ As05. 

Arseniate  of  Soda.  1.  Neutral.  Add  carbonate 
of  soda  to  a  hot  solution  of  arsenic  acid  as  long 
as  effervescence  occurs ;  the  solution  has  an 
alkaline  reaction.  It  forms  large  efflorescent 
crystals, containing 24 eq. crystal-water.  Form., 
2  NaO,  HO  -f  As05  +  24  aq.  When  a  concen- 
trated solution  evaporates  spontaneously  at 
about  68°,  it  forms  different  crystals,  of  the 
formula,  2  NaO,  HO  -f-  As05  +  14  aq. 

The  acid  salt  is  obtained  by  adding  to  the 
preceding  as  much  more  arsenic  acid,  or  by 
adding  the  acid  until  the  solution  ceases  to 
precipitate  chloride  of  barium.  It  forms  large, 
permanent  crystals  of  the  right-rhombic  system, 
containing  19-72  per  cent,  water.    Form.,  NaO, 

2  HO  -f  As05  +  2  aq. 

The  basic  salt  is  formed  by  adding  caustic 
soda  to  the  neutral  salt,  evaporating  rapidly, 
and  setting  aside  to  crystallize.  It  forms 
6-sided  prisms,  containing  50-82  per  cent,  water; 
100  pts.  water  dissolve  28  pts.  at  60°;  they  are 
unalterable  in  the  air,  and  fuse  at  186°;  the 
solution  absorbs  carbonic  acid  from  the  air. 
Form.,  3  NaO,  As05  4-  24  aq. 

Arseniate  of  Potassa  and  Soda.  Add  carbonate 
of  soda  to  binarseniate  of  potassa  as  long  as 
effervescence  occurs.  Form.,  2  KO,  AsO-4- 
2 NaO,  As054-  17  aq. 

Jlrseniate  of  Ammonia.  1.  Neutral.  Add  am- 
monia to  a  strong  solution  of  arsenic  acid,  until 
a  precipitate  begins  to  form,  and  suffer  it  to 
evaporate  spontaneously.  It  forms  large  oblique 
rhombic   prisms    containing    15-33   per  cent. 

Basic 

Picropharmacolite 

Haidingerite 

Pharmacolite 

Acid 

Arseniate  of  Lime  and  Ammonia.  Add  a  warm 
solution  of  basic  arseniate  of  ammonia  to  a 
warm  solution  of  nitrate  of  lime.  It  crystal- 
lizes out  in  small  rhombic  plates,  is  difficultly 
soluble  in  water.  Form.,  2  CaO,  AsO,4-NH„4 
14  HO.  3 

Arseniate  of  Magnesia.  The  neutral,  2  MgO, 
HO,  As05,  is  insoluble;  the  acid,  MgO,  2  HO, 
As05,  is  soluble  and  dries  to  a  gummy  mass. 
Arseniate  of  M.  and  Ammonia  resembles  the  salt 
of  phosphoric  acid,  and  is  obtained  in  a  simi- 
lar manner. 

Arseniate  of  Alumina.    The  neutral,  2  AI„034- 

3  AsO.,  is  insoluble  in  water,  but  soluble  in 
arsenic  acid,  forming  the  acid  salt.  A.  of  Glu- 
cina  resembles  it.  The  salt  of  Yltria  is  insolu- 
ble, and  changed  to  a  basic  salt  by  ammonia. 
A.  of  Zirconia  is  insoluble.  A.  of  Thorina  is 
insoluble  in  water  and  an  excess  of  arsenic 
acid.  A.  of  protoxide  of  Cerium  is  insoluble  in 
water,  soluble  in  arsenic  acid,  forming  an  un- 
crystallizable  basic  salt. 

A.  of  Manganese  is  white,  insoluble  in  water, 
soluble  in  excess  of  acid.  A  double  salt  is 
formed  by  adding  a  warm  solution  of  chloride 
of  manganese  to  a  warm  solution  of  basic 
arseniate  of  ammonia;  it  is  a  crystalline 
32 
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water,  which  effloresce  in  the  air,  losing  am- 
monia and  becoming  2.  Form.,  2  NH50,  H04" 
AsO.,  or  2 NH3  4-  As06  +  3  HO. 

2.  Acid.  The  binarseniate  is  formed  by  the 
efflorescence  of  1,  or  by  supersaturating  1  with 
arsenic  acid.  It  contains  16'93  per  cent,  water. 
Form.,  NH40, 2HO 4  As05,  or  NH3+  As054- 
3  HO.    The  basic  arseniate  is  difficultly  soluble. 

Arseniate  of  Baryta.  I.  Neutral.  Add  a  solu- 
tion of  arseniate  of  soda  (2  NaO,  As05)  to  a 
solution  of  chloride  of  barium.  The  first  pre- 
cipitate redissolves,  and  the  neutral  salt  then 
separates  as  a  white,  scaly,  crystalline  mass; 
difficultly  soluble  in  water,  which  separates  it 
into  basic  and  acid  salts;  it  contains  11-82  per 
cent,  water.   Form.,  2  BaO,  HO  +  AsO.  4-  3  aq. 

2.  Basic.  Wash  the  preceding  well  with 
boiling  water,  or  the  precipitate  made  with 
3  NaO,  AsOs.  A  white,  insoluble  powder. 
Form.,  3  BaO  +  As05. 

3.  Add.  Formed  by  dissolving  either  of  the 
preceding  in  arsenic  acid,  or  by  adding  baryta 
to  arsenic  acid  until  a  precipitate  begins  to 
form.  It  is  very  soluble,  and  may  be  crystal- 
lized. Form.,  BaO,  2H0  4- As05.  If  chloride 
of  barium  be  added  to  an  excess  of  arseniate 
of  soda,  the  acid  salt  is  in  solution  and  the 
precipitate  is  a  mixture  of  neutral  and  basic. 
The  carbonic  acid  of  the  air  affects  these  ar- 
senates. An  insoluble  hyperbasic  salt  is 
formed  by  treating  the  above  with  ammonia. 
Form.,  5  BaO  4  2  AsO.. 

Arseniatc  of  Strontia  resembles  that  of  baryta. 

Arseniate  of  Lime.  Formed  similarly  to  the 
salt  of  baryta,  acid,  neutral  and  basic.  The 
neutral  and  hyperbasic  salts  occur  as  minerals. 
They  all  have  the  following  formula? : 

3  CaO  +     As06. 

5  CaO  +  2  AsO.  4.  12  HO. 
HO,  2  CaO  4-      AsO!  -f    3  HO. 
HO,  2  CaO  4-      As06  4-    5  HO. 
2  HO,     CaO  4-      AsOs. 

powder,  white,  with  a  reddish  tint.  Form., 
2MnO,  AsOs4-NH84-  12  HO. 

Protar&eniate  cj "Iron  precipitates  as  a  white 
powder,  changing  to  a  dirty  green  by  partial 
oxidation,  is  slightly  soluble  in  ammonia. 
Form.,  2  FeO,  AsO..  By  distillation  it  becomes 
gray,  subliming  arsenious  acid  and  leaving  the 
iron  higher  oxidized.  Pefarseniate  is  a  white 
powder,  insoluble  in  water,  soluble  in  acids; 
when  heated  gently  it  loses  water  and  becomes 
red,  but  heated  nearly  to  ignition,  it  exhibits  a 
feeble  combustion,  becoming  yellowish.  Form., 
2  Fe203,  3  As05  4-  12  HO.  The  fresh  precipi- 
tate dissolves  in  ammonia  to  a  clear  red  solu- 
tion, which  loses  ammonia  by  standing,  and 
dries  down  to  a  ruby-red  mass,  which  is  a 
basic  double  salt.  A  basic  perarseniate  is  ob- 
tained by  oxidizing  the  neutral  protarseniate 
by  nitric  acid,  evaporating  or  precipitating  by 
ammonia.  Form.,  Fe203  4-  As05.  Caustic 
potassa  removes  a  portion  of  acid,  forming  a 
still  more  basic  salt,  which,  at  a  commencing 
red  heat,  exhibits  a  lively  combustion.  For 
the  mineral  arseniates  of  iron,  see  Cuiie-oiie, 

IttOTT-SINTEK,  ScORODITE. 

Arseniatc  of  Cobalt  forms  a  rose-red  powder, 
insoluble  in  water,  soluble  in  excess  of  acid,  in 
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white  flocculcc,  which   it  rcdissolves.     A.  of 
oxide  of  Vanadium,  YO„  AsO§.    A  solution  of  it, 
with  excess  of  acid,  deposits  a  granular  crys- 
talline crust  of  a  light  blue  color;  the  < 
of  acid  can  be  removed  by  washing;  almost 
insoluble  in  water, or  water  containing  ai 
acid,  very  soluble  in  chlorohydric  acid  ;  all 
precipitates   it.      By    treating    this    salt   with 
nitric  acid,  it  gives  a  lemon-yellow  arseniate 
of  vanadic  arid,  which  resembles  the  phosphate. 
Arseniate  of  Chromic,  oxide  is  agreen  precipitate. 

ScLPHOSALTS. 

Hyposulpharsenites.  They  are  formed  in  the 
dry  way  by  fusing  realgar  with  sulphobases,  or 
sulpharsenites  with  arseniurets.  They  are 
decomposed  by  water,  changing  into  sulphar- 
seniates,  and  depositing  brownish  black  sol- 
phuret  of  arsenic.  They  are  obtained  in  the 
humid  way  by  boiling  orpiment  with  a  some- 
what concentrated  solution  of  carbonate  of 
potassa  or  soda  and  filtering,  when  the  salt 
separates  on  cooling  as  brown  fiocculae.  They 
are  also  formed  by  evaporating  sulpharsenites. 
They  are  red  or  dark  brown,  generally  insolu- 
ble in  water;  the  alkaline  are  decomposed  by 
pure  water  into  a  soluble  basic  and  an  insoluble 
acid  salt ;  acids  separate  realgar. 

Hyposulpharsenite  of  Potassium.  Its  solution 
in  water  is  dark  red,  containing  the  basic  salt; 
the  precipitate  is  the  bi-salt,  KS,  2  AsS2.  It 
fuses  to  a  dark-red,  transparent  mass;  soluble 
in  water.  The  salt  of  sodium  resembles  that  of 
potassium.  The  salt  of  ammonium  deposits  as 
a  dark-brown  crust  from  a  very  concentrated 
solution  of  sulpharsenite  kept  for  a  long  time 
in  a  bottle.  The  salt  of  barium  is  a  red,  insolu- 
ble powder  ;  of  calcium  and  magnesium  reddish 
lii  own  ;  of  zirconium  dark  brown  ;  of  manganese, 
a  dark  red  precipitate. 

Sulpharsenites. 
They  are  prepared  neutral  and  solid  in  the 
dry  way,  for  their  solutions,  by  concentration, 
deposit  a  brownish  hyposulpharsenite,  while 
the  liquid  contains  sulpharseniate.  The  alka- 
line salts  are  not  decomposed  by  distillation, 
the  rest  are  decomposed,  orpiment  passing  over, 
while  the  residue  is  either  a  basic  salt  or  the 
sulphobase  alone.  They  resemble  the  sulphar- 
seniates  in  their  reaction  with  oxides,  acids, 
&c,  and  under  the  influence  of  the  air.  Form., 
(1,  2,  or  3)  MO -f  AsS3. 

Sulpharsenite  of  Potassium.  Dissolve  orpi- 
ment in  sulphydrate  of  potassium  at  com- 
mon temperatures,  until  sulphuretted  hydrogen 
ceases  to  evolve.  The  solution  contains  the 
bisulpharsenite,  KS,  AsS3,  but  it  deposits  the 
following  salt  as  a  brown  powder.  The  neutral 
salt  is  obtained  by  heating  neutral  sulphar- 
seniate in  a  retort,  when  sulphur  sublimes  and 
the  sulpharseniate  remains  as  a  fused  mass; 
yellowish  when  cold.  By  heating  carbonate 
of  potassa  in  a  retort,  with  orpiment  in  excess, 
and  distilling  off  the  excess,  an  acid  sulphar- 
senite is  obtained.  The  sulpharsenites  of  so- 
dium and  lithium  resemble  the  salt  of  potas- 
sium. The  neutral  salt  of  ammonia,  2  NH40, 
AsX„.  is  formed  by  dissolving  orpiment  in 
caustic  and  sulphydrated  ammonia.  If  alcohol 
alcohol  decomposes  the  crystals,  separating  ,  be  added  to  the  solution,  containing  an  excess 
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muriatic  acid  with  a  red,  in  ammonia  with  a 
purple  color.  The  basic  salt  occurs  native  ; 
see  Cobalt-Bloom.  An  arseniate  is  prepared 
on  a  large  scale,  called  Chain  Mctallique,  either, 
1,  by  dissolving  a  good  arsenical  cobalt  ore  in 
nitric  acid,  precipitating  by  potash  until  the 
white  precipitate  (arseniate  of  iron)  begins  to 
be  red,  and  then  precipitating  the  clear  liquor 
drawn  off  by  potash ;  or,  2,  the  ore  is  simply 
calcined  to  expel  sulphur  and  part  of  the 
arsenic ;  or,  3,  ignited  with  potash  and  a  little 
quartz,  which  remove  sulphur,  copper,  iron, 
and  arsenic,  and  leave  a  richer  speise  or  ar- 
seniuret  of  cobalt ;  this  is  powdered  and  again 
fused  with  potash,  leaving  a  speise,  free  from 
iron,  which  is  carefully  calcined  at  first  gently, 
then  more  powerfully  with  free  access  of  air. 
This  basic  arseniate  of  cobalt  is  employed  to 
communicate  a  blue  color  to  twice  as  much 
alumina,  to  color  glass,  to  paint  on  enamel  and 
porcelain.     See  Cobalt. 

A.  of  Nickel.  A  pale,  green,  insoluble  powder, 
soluble  in  excess  of  acid;  ignited  it  loses 
crystal-water,  assuming  first  a  hyacinth  red, 
then  a  light-yellow  color.  Form.,  2  NiO,  As05. 
According  to  Berthier,  it  is  basic  salt.  For  the 
native  salt,  see  Nickel-Bloom. 

A.  of  Zmc.  The  neutral  salt,  2  ZnO,  As05,  is 
a  white  insoluble  powder,  dissolving  in  arsenic 
acid,  and  crystallizing  from  the  solution  as  an 
acid  salt  in  cubical  crystals.  It  is  also  formed 
by  digesting  zinc  with  liquid  arsenic  acid, 
arseniuretted  hydrogen  being  evolved. 

A.  of  Lead  is  a  white,  insoluble  powder,  solu- 
ble in  nitric  and  chlorohydric  acids,  fusing  at 
a  white  heat  to  an  opake,  yellowish  glass. 
Form.,  2  PbO,  As05.  The  basic  salt,  3  PbO, 
AsO-,  prepared  by  treating  the  neutral  salt  with 
ammonia,  is  a  white,  insoluble  powder.  When 
a  neutral  arseniate  is  mixed  with  neutral  ace- 
tate of  lead,  the  basic  salt  precipitates,  and  free 
acetic  acid  is  in  the  solution.  For  the  native 
compounds,  see  Ausenio-piiosphates. 

A. of  Bismuth  is  insoluble  in  water  and  nitric 
acid,  soluble  in  chlorohydric.  The  salt  of 
Uranium  is  light  yellow,  insoluble.  The  neutral 
salt  of  Copper,  2  CuO,  As05,  precipitates  as  an 
insoluble,  green  powder.  Several  basic  salts 
are  found  as  minerals.  See  Aphanesite,  Cop- 
per-froth, Copper-mica,  Erinite,  Euchhoite, 
Liroconite,  Olivenite,  and  the  general  ar- 
ticle Cupreous  Arsexio-phosphates. 

A.  of  black  oxide  of  Mercury,  2Hg20,  AsC5,  is 
a  white  insoluble  powder,  soluble  in  chlorohy- 
dric acid.  The  salt  of  the  red  oxide  is  yellow, 
insoluble  in  an  excess  of  acid.  A.  of  Silver. 
Only  the  basic  salt  is  known,  3  AgO,  As05 ;  it 
is  a  reddish  brown  powder,  soluble  in  acids. 
The  salt  of  Palladium  is  a  yellow  powder. 

A.  of  Antimony  is  a  white  powder.  The  pro- 
tosalt  of  Molybdenum,  2  MoO,  As05,  formed  by 
chloride  of  molybd.,  MoCl,  and  arseniate  of 
soda,  is  dark  gray,  closely  resembles  the  phos- 
phate. The  persalt  is  formed  from  the  bichlo- 
ride, MoCl2.  An  acid  salt  is  obtained  by  dis- 
solving the  hydrated  oxide  of  molybd.  in  arsenic 
acid  ;  it  has  a  strong  tendency  to  become  blue. 
Arseniate  of  molybdic  add  forms  a  colorless 
solution  and  a  lemon-yellow  basic  salt;  the 
solution   evaporated   to  a  syrup  crystallizes; 
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of  sulphydrate.it  deposits  white,  feathery  crys- 
tals, which  are  the  basic  salt.  Bineau  found 
that  orpiment  absorbed  so  much  dry  ammonia 
as  to  produce  the  formula,  NH3,  2  AsS3. 

The  neutral  salt  of  barium,  2  BaS,  AsS3,  is 
reddish  brown,  very  soluble  in  water,  from 
which  solution  alcohol  precipitates  the  basic 
salt  in  crystalline  flocculse.  The  neutral  salt 
of  calcium  is  obtained  by  digesting  orpiment 
with  slacked  lime  and  water;  the  colorless 
solution  yields,  by  evaporation,  fine  feathery 
crystals  of  a  basic  salt,  and  the  amorphous 
brown  neutral  salt.  If  alcohol  be  added  to  a 
solution  containing  an  excess  of  sulphuret  of 
calcium,  the  solution  contains  the  neutral  salt, 
and  the  white  precipitate  has  the  composition, 
3  CaS,  AsS3  -f-  15  aq.  The  neutral  salt  of  mag- 
nesium is  light  brown,  amorphous,  soluble  in 
water  and  alcohol;  a  concentrated  solution, 
cooled  to  23°,  separates  into  sulpharseniate  and 
hyposulpharsenite.  The  salt  of  glucinum  is  a 
light  yellow  precipitate,  somewhat  soluble. 
The  salts  of  yttrium  and  zirconium  resemble  it 
closely. 

Sulpharscnite  of  Protosulphuret  of  Cerium. 
2CeS,  AsS3,  is  a  brilliant  orange-yellow  pre- 
cipitate, somewhat  soluble,  more  brilliant  when 
dry ;  it  fuses  at  commencing  redness,  becoming 
transparent,  loses  some  of  its  sulpharsenious 
acid,  but  retains  its  fluidity  and  transparency; 
it  is  easily  calcined  into  sulphate.  The  salt  of 
manganese,  2  MnS,  AsS3,  is  an  orange-yellow 
precipitate,  darkening  by  drying,  with  a  dark- 
yellow  streak.  It  yields  orpiment  by  subli- 
mation, leaving  a  yellowish  green,  infusible 
powder,  a  basic  anhydrous  salt.  The  salt  of 
protosulphuret  of  iron  is  brownish  black,  slightly 
soluble  in  an  excess  of  the  precipitant,  with  a 
brownish  yellow  color  ;  it  decomposes,  by  dry- 
ing, into  oxide  of  iron  and  the  following  com- 
pound. The  salt  of  sesquisulphuret  of  iron  is  an 
olive-green  precipitate,  somewhat  soluble  in 
excess  of  the  precipitant,  with  a  black  color; 
when  dry  it  is  green,  readily  fusible,  becoming 
yellowish  and  translucent,  with  a  yellowish 
green  powder  before  and  after  fusion.  Both 
salts  yield  up  their  sulphuret  of  arsenic  by  dis- 
tillation, leaving  sulphuret  of  iron  free  from 
arsenic.  The  salt  of  cobalt  is  dark  brown, 
soluble  in  an  excess  of  the  precipitant,  becom- 
ing black  on  drying ;  that  of  nickel  black,  re- 
maining so  when  dry.  The  salt  of  zinc  is 
lemon-yellow,  voluminous,  pale  orange-yellow 
when  dry;  sublimation  at  a  red  heat  leaves  a 
yellow  basic  salt,  at  a  white  heat  sulphuret  of 
zinc.  The  cadmium  salt  is  pale  yellow,  drying 
to  orange-yellow,  fusible,  and  leaving,  by  dis- 
tillation, a  basic  compound. 

Sulpharsenite  of  Lead,  2  PbS,  AsS3,  is  reddish 
brown,  black  when  dry,  fusing  readily  without 
decomposition;  of  protosulphuret  of  tin,  2  SnS, 
AsS3,  dark  reddish  brown,  when  dry  and  moist, 
yielding  a  portion  of  its  orpiment  by  sublima- 
tion ;  of  bisulphuret  of  tin,  SnS2,  AsS3,  yellow, 
orange-yellow  when  dry,  distilling  like  the  pre- 
ceding; of  bismuth,  reddish  brown,  nearly  black 
when  dry,  fusible,  leaving  a  basic  salt  by  sub- 
limation of  orpiment;  of  uranium,  dark  yellow, 
fusible,  yielding  part  of  its  orpiment;  of  sul- 
phuret of  copper,  2  CuS,  AsS3,  is  dark  brown, 
drying  to  blackish  brown.    The  salt  of  disul- 


phuret  of  Mercury,  2  Hg2S,  AsS3,  is  black,  de- 
crepitating by  heat  with  explosive  force,  yield- 
ing metallic  mercury,  and  the  salt  of  sulphuret 
of  mercury,  2  HgS,  AsS3 ;  the  latter  is  an  orange- 
red  voluminous  precipitate,  which,  when  the 
liquid  contains  an  excess  of  corrosive  subli- 
mate, soon  becomes  white ;  by  drying,  the  red 
color  becomes  brownish  ;  it  fuses  and  yields  a 
sublimate,  which  is  bisulpharsenite.  The  sulph- 
arsenite of  silver,  2  AgS,  AsS3,  is  light  brown, 
becoming  black  ;  a  saturated  solution  of  chlo- 
ride of  silver,  in  ammonia,  added  to  a  bisulph- 
arsenite, produces  a  yellow  precipitate  of  a 
5-fold  basic  sulpharsenite  of  silver.  The  salt 
of  bisulphuret  of  platinum,  PtS2,  AsS3,  is  dark 
yellow,  becoming  dark  brown  or  black ;  it  fuses, 
parting  with  orpiment,  but  a  white  heat  does 
not  remove  all  of  the  arsenic  or  sulphur.  The 
salt  of  gold,  2  Au2S3,  3  AsS3,  is  yellow,  becom- 
ing black;  fuses  easily,  giving  off  some  orpi- 
ment, and  after  cooling  is  dark,  yellowish  red, 
and  transparent;  a  white  heat  leaves  metallic 
gold.  Sulpharsenite  of  chrome  is  grayish  yellow, 
becoming  greenish  yellow  by  drying;  it  fuses, 
yielding  orpiment,  and  even  at  a  high  heat  it 
retains  a  portion  ;  it  easily  calcines  in  the  air 
to  oxide  of  chrome. 

SuLPHAHSEXIATES. 

These  salts  vary  in  color,  being  generally 
yellowish  or  brownish,  they  have  a  peculiar 
hepatic  taste,  are  decomposed  by  acid  with  the 
evolution  of  sulphuretted  hydrogen,  which  can 
always  be  perceived  except  when  too  dilute ; 
the  alkaline  and  earthy  and  a  few  metallic 
salts  are  generally  soluble,  the  rest  insoluble. 
They  form  neutral  and  basic  and  acid  salts, 
the  basic  being  usually  crystallizable,  and  the 
acid  sails  rare;  the  neutral  are  converted  into 
sulpharsenites  by  dry  distillation;  the  alkaline 
basic  are  not  decomposed  by  a  white  heat,  the 
other  basic  salts  are  more  or  less  decomposed ; 
they  are  all  readily  calcined  in  the  air,  becom- 
ing oxide,  sulphate,  or  arseniate.  Their  strong 
solutions  keep  in  the  air,  the  dilute  decompose 
slowly;  they  are  so  decomposed  by  oxymetallic 
solutions  that  oxarseniate  is  formed  and  basic 
sulpharseniate  precipitates.  They  have  a  ten- 
dency to  form  double  salts,  and  the  alkaline 
salts  dissolve  the  metallic  sulpharseniates. 
Their  general  formula  is  (1,  2,  3)  MS  -f-  AsS5. 

Sulpharseniate  of  Polassa.  1.  Neutral.  Pass 
sulphuretted  hydrogen  through  neutral  oxar- 
seniate, or  digest  the  sulphuret  of  arsenic,  AsS., 
with  sulphydrate  of  potassium.  A  tough, yellow- 
mass,  exhibiting  some  signs  of  crystallization. 
Form.,  2KS,  AsS5.  Alcohol  separates  it  into, 
2,  a  basic  salt,  3  KS,  AsS.,  which  precipitates 
as  an  oily  liquid;  it  congeals  by  heat  into  a 
fibrous  mass,  deliquescent;  and  into,  3,  the 
bisulpharseniate,  KS,  AsS5,  known  only  in  solu- 
tion. A  hyperacid  salt,  KS,  12AsS5,  is  ob- 
tained as  a  yellow  powder  by  precipitating  the 
neutral  compound  with  carbonic  acid. 

Sulphar.  of  Soda.  1.  Neutral.  When  dry, 
lemon-yellow,  deliquescent,  fuses  in  its  com- 
bined water,  which  passes  off.  2.  The  basic 
salt  is  obtained  by  precipitating  the  neutral 
with  alcohol,  or  adding  sulphydrate  of  sodium 
to  it  and  suffering  it  to  evaporate  spontaneously. 
The  alcoholic  precipitate  consists  of  snowy, 
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crystalline  scales,  which  crystallize  in  several 
forms.  From  a  solution  of  AsS5  in  caustic 
soda  they  form  irregular  rhombic  plates. 
From  a  solution  of  the  alcoholic  precipitate  in 
boiling  water  it  separates  on  cooling  in  long 
flat  6-sided  prisms  with  acute  angles,  by  spon- 
taneous evaporation  or  slow  cooling  in  4-sided 
rhombic  prisms  terminated  by  2  planes  and  by 
a  still  slower  cooling  below  32°  in  white  opake 
rhombic  octahedra.  They  are  permanent  in 
the  air,  very  soluble  in  water;  lose  their  crystal- 
water  by  a  gentle  heat  without  change  of  form. 
Heated  in  a  retort  it  fuses  gradually,  loses  its 
crystal  water,  and  finally,  without  decomposi- 
tion, fuses  to  a  dark  red  liquid,  which  is  yellow 
on  cooling,  dissolves  perfectly  in  water,  after 
reassuming  its  crystal-water  and  becoming 
white.  Form.,  3  NaS,  AsS6  +  15  aq.  3.  The 
bisulpharseniatc,  NaS,  AsS.,  obtained  dissolved 
in  alcohol,  which,  when  distilled  to  a  certain 
point,  deposits  crystalline  scales  of  a  super- 
sulphuret:  4.  The  yellow  pulverulent  super- 
salt  is  obtained  like  that  of  potassium.  The 
double  basic  sulpharseniate  of  potassium  and 
sodium  crystallizes  in  colorless  or  slightly 
yellowish  4-sided  plates. 

The  neutral  salt  of  lithium  is  lemon-yellow, 
soluble ;  the  acid  and  supersalts  resemble  those 
of  potassium  and  sodium.  The  basic  salt, 
3  LS,  AsS5,  formed  like  the  corresponding  salts 
of  potassium  and  sodium,  precipitates  in  large 
colorless  crystalline  scales,  which,  dissolved  in 
water  and  rapidly  cooled,  crystallize  in  6-sided 
prisms,  by  spontaneous  evaporation,  in  4-sided 
rhombic  prisms.  The  sulpharseniates  of  am- 
monium are  obtained  similar  to  those  of  sodium 
and  potassium;  the  neutral,  2  NH4S,  AsS., 
dries  to  a  tough,  gluey,  yellow  mass,  with  a 
slight  decomposition ;  the  basic,  formed  by 
mixing  the  neutral  with  sulphydrate  of  ammo- 
nium, gently  warming  and  snaking  with  hot 
alcohol,  crystallizes  on  cooling  in  colorless 
prisms,  which,  by  distillation,  become  the 
neutral  salt;  by  distilling  its  solution  it  de- 
posits the  super-salt  as  a  yellow  powder :  the 
acid  salt  remains  dissolved  in  the  alcohol. 
Sulphuret  of  arsenic,  AsS.,  absorbs  ammo- 
niacal  gas,  forming  the  sulpharseniate  of  am- 
monia, of  a  faint  yellowish  color,  soluble  in 
water,  in  which  it  soon  decomposes.  The 
double  basic  salt  of  ammonium  and  sodium  ob- 
tained by  mingling  them  together  and  shaking 
with  warm  alcohol,  or  by  adding  a  suitable 
quantity  of  sal-ammoniac  to  a  cold  aqueous 
solution  of  the  basic  sodium-salt,  crystallizes 
in  clear,  colorless,  or  slightly  yellowish,  6  or 
4-sided  prisms,  permanent  in  the  air,  very  solu- 
ble in  water. 

The  neutral  salt  of  barium  is  soluble  in  every 
proportion  in  water,  and,  if  dried,  reassumes  its 
crystal-water;  the  basic  salt  resembling  the 
neutral,  is  obtained  by  heating  the  latter  in  a 
retort,  or  by  mixing  it  with  sulphuret  of  barium ; 
or  precipitating  it  with  alcohol;  evaporated  and 
cooled  in  vacuo,  the  mixture,  with  sulphuret 
of  barium,  becomes  crystalline  ;  the  acid  salt 
is  in  the  alcoholic  solution  and  deposits  a  yel- 
low powder  by  evaporation,  which  appears  to 
be  a  sex-sulpharseniate.  The  neutral  and 
basic  salts  of  strontium  and  calcium  closely  re- 
semble those  of  barium,  but  the  basic  are  not 
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crystalline.  The  magnesium  neutral  salt  is 
very  soluble  in  water,  and  evaporate  to  a 
lemon-yellow  mass  with  signs  of  crystalliza- 
tion ;  its  solution  is  not  p  !  by  alcohol; 
the  basic  salt,  formed  by  mingling  the  neutral 
with  sulphydrate  of  magnesium,  as  loi 
sulphuretted  hydrogen  is  evolved,  and 
rating  in  vacuo  or  cooling  its  concentrated 
solution  to  a  low  temperature,  forms  radiated, 
colorless,  deliquescent  crystals,  limn 
alcohol  extracts  the  neutral  salt,  leaving  one 
still  more  basic:  it  forms  a  double  basic  salt 
with  sulpharseniate  of  ammonium,  winch  pre- 
cipitates in  crystalline  needles  from  the  alco- 
holic mixture.  The  salts  of  glucinuin  ami 
yttrium  are  only  known  in  solution.  Th 
conium  salt  is  precipitated  both  by  the  neutral 
and  basic  potassium  salt;  it  is  lemon-yellow, 
becoming  more  orange  in  drying,  and,  like  the 
sulphuret  of  zirconium,  is  not  in  the  slightest 
degree  attacked  by  acids. 

The  neutral  and  basic  compounds  of  sul- 
phuret of  cerium,  CeS,  are  yellow  precipitates; 
the  salt  of  sesquisulphuret,  2  Ce2S3,  3  AsS.,  is 
somewhat  soluble.  The  neutral  salt  of  m 
ruse,  2  MnS,  AsS6,  is  best  obtained  by  dijesting 
freshly  precipitated  and  still  moist  sulphuret 
of  manganese  with  water  and  sulphuret  of 
arsenic,  AsS3;  by  evaporation  leaves  a  lemon- 
yellow  mass.  If  strong  ammonia  be  poured 
over  this  neutral  compound,  it  leaves  a  light 
red  powder,  the  basic  salt,  3  MnS,  AsS6.  The 
salt  of  protosulphuret  of  iron  is  a  brownish 
black  precipitate,  soluble  with  a  similar  color 
in  an  excess  of  the  precipitant.  The  com- 
pound of  sesquisulphuret  of  iron,  2  Fe2S3, 
3  AsS5,  is  precipitated  by  the  neutral  salt  of  a 
dirty,  grayish  green  color,  which  is  the  color 
of  the  liquid  with  an  excess  of  the  precipitant; 
the  basic  salt  has  a  similar  color:  both  salts 
keep  on  drying,  becoming  grayish  green,  and 
are  extremely  fusible.  The  salts  of  cobalt  and 
nickel  are  dark-brown  precipitates,  becoming 
black,  soluble  in  excess  of  the  precipitant;  the 
neutral  and  basic  salts  of  zinc  are  bright 
orange-yellow  precipitates,  that  of  cadmium 
light  yellow. 

Neutral  sulpharseniate  of  lead  is  dark  brown, 
the  basic  bright  red,  both  changing  to  black. 
The  neutral  and  basic  salts  of  protosulphuret 
of  tin  are  chesnut-brown  ;  those  of  bisulphuret 
orange-yellow.  The  salts  of  bismuth  are  dark 
brown,  soluble  in  excess  of  the  precipitant. 
The  neutral  and  basic  compounds  of  uranium 
are  dark  yellow,  soluble  in  excess  of  the  pre- 
cipitant. Sulphar.  of  sulphuret  of  < 
2  CuS,  AsS.,  is  dark  brown,  becoming  black, 
and  is  often  obtained  in  analysis,  when  sul- 
phuretted hydrogen  is  passed  through  a  solu- 
tion containing  copper  and  arsenic  acid,  this 
salt  first  separating,  followed  by  the  yellow 
sulphuret  of  arsenic.  The  salt  of  sulphuret 
of  mercury,  2  Hg2S,  AsS5,  precipitates  black, 
if  the  solution  contained  no  red  oxide,  other- 
wise yellowish;  by  distillation,  it  decrepitates 
violently  at  a  certain  temperature,  giving  off 
mercury,  when  the  following  salt  sublimes: 
the  salt  obtained  by  precipitation,  2  HgS,  AsSG, 
both  neutral  and  basic,  is  dark  yellow,  the  sub- 
limed is  black,  shining,  and  has  a  red  streak. 
The  salt  of  silver,  neutral  and  basic,  is  black, 
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fuses,  without  loss,  to  a  shining,  gray,  metallic 
mass,  which  is  soft  and  malleable,  and  calcines 
in  the  air,  leaving  sulphuret  of  silver.  Sulphar. 
of  bisulphuret  of  iridium,  both  neutral  and 
basic,  gives  a  dark-yellow  solution,  becoming 
dark  brown,  in  which  copperas  produces  a 
brownish  black  precipitate.  The  neutral  com- 
pound of  sesquisulphuret  of  gold  is  soluble  in 
water,  with  a  reddish  brown  color;  the  basic 
precipitates  of  a  dark  brown  color,  dissolves 
by  washing  on  the  filter,  and  precipitates  yel- 
lowish brown  with  copperas.  The  neutral  and 
basic  sulpharseniate  of  chrome  is  a  dirty  yellow 
precipitate. 

Testing  for  Aiisenic. 

The  greater  part  of  the  following  on  arsenical 
tests  is  taken  from  the  excellent  essay  on 
Analysis  by  Fresenius. 

Odor.  If  arsenious  or  arsenic  acid,  or  their 
salts,  be  exposed  on  a  charcoal  support  to  the 
1 1  >','  ing  flame  of  a  blowpipe,  a  highly  character- 
istic odor  of  garlic  will  be  perceived,  espe- 
cially if  some  carbonate  of  soda  be  added  to 
the  test  specimen.  This  odor  is  owing  to  the 
reduction  and  reoxidation  of  the  arsenic,  and 
enables  us  to  detect  even  minute  quantities  of 
this  substance.  This  test,  however,  cannot 
be  implicitly  relied  upon  alone,  but  is  very 
valuable  in  connection  with  others.  The 
garlic  odor  belongs  neither  to  the  vapor  of 
arsenious  acid,  nor  to  those  of  arsenic,  but 
probably  to  a  lower  degree  of  oxidation  of  the 
latter  substance.  It  is  always  perceived  on 
exposing  arsenic  to  heat,  with  the  free  access 
of  air. 

Crystalline  form.  If  arsenious  acid,  or  an 
arsenite  mixed  with  boracic  acid,  be  heated  in 
the  end  of  a  narrow  tube,  drawn  out  and  closed, 
it  sublimes  and  condenses  in  small  crystals, 
which,  under  a  microscope,  exhibit  the  trian- 
gular facets  of  the  regular  octahedron.  When 
this  is  observed,  in  connection  with  other  tests, 
it  may  be  implicitly  relied  on. 

Reduction.  If  either  arsenical  acid  or  its 
salt  be  mixed  with  carbonate  of  soda  and  char- 
coal, and  the  mixture  (which  must  be  perfectly 
dry)  be  then  heated  over  a  spirit-lamp  to  red- 
ness, in  a  well-dried  glass  tube,  closed  at  one  end, 
and  drawn  out  into  a  point  at  the  other,  (Fig. 
27,)  the  charcoal  will  oxidize  at  the  expense 
of  the  oxygen  of  the  arsenious  acid,  and  arsenic 
will  become  liberated,  which  volatilizes  and 
condenses  above  the  heated  part  of  the  tube, 
forming  a  more  or  less  dark-brown  metallic 
mirror  of  great  lustre.  This  crust  may  be 
further  driven  on  in  the  tube  by  gradually  heat- 
ing the  latter  to  redness  towards  its  emission 
aperture,  and  may  thus  finally  be  expelled, 
when  the  characteristic  odor  of  arsenic  (on 
volatilizing  in  the  air)  will  afford  a  further 


proof  of  its  presence.  For  the  reduction  of 
the  free  arsenious  acid,  a  mere  fragment  of 
charcoal  is  used,  instead  of  carbonate  of  soda 
and  charcoal;  the  arsenious  acid  is  introduced 
into  the  drawn-out  point  of  the  tube,  the  frag- 
ment of  charcoal  is  placed  over  it  and  heated 
to  redness;  heat  is  then  applied  to  the  point  of 
the  tube.  This  process  has  the  advantage  over 
the  former  of  not  soiling  the  tube,  which  is 
done  when  operating  with  carbonate  of  soda 
and  charcoal.  The  non-appearance  of  the  me- 
tallic crust  is  not  always  a  sure  sign  that  no 
arsenic  is  present,  when  testing  a  supposed 
arseniate  by  means  of  carbonate  of  soda  and 
charcoal,  as  there  are  several  compounds  of 
arsenious  acid,  especially  of  those  with  heavy 
metallic  oxides,  as  e.  g.  oxide  of  iron,  which  do 
not  yield  metallic  mirrors. 

If  either  of  the  acids  of  arsenic,  an  arsenite, 
arseniate,  or  a  sulphuret  of  arsenic  be  fused 
together  with  a  mixture  of  dry  carbonate  of 
soda  and  cyanide  of  potassium,  all  the  arsenic 
contained  in  the  test  specimen  will  become 
reduced,  under  all  circumstances,  and  some- 
times the  bases  also,  if  their  properties  admit 
of  this  reduction ;  in  this  process,  the  oxygen 
which  these  substances  lose,  converts  a  portion 
of  the  cyanide  of  potassium  into  cyanate  of 
potash.  The  operation  is  conducted  in  the  fol- 
lowing manner: — the  arsenic  compound,  which 
must  he  perfectly  dry,  is  put  into  a  small  glass 
tube,  expanded  into  a  bulb  at  one  end,  and 
covered  with  six  times  its  quantity  of  the  mix- 
ture of  perfectly  dry  carbonate  of  soda  and 
cyanide  of  potassium.  The  quantity  of  the 
whole  mass  must  not  fill  more  than  half  of  the 
bulb,  or  else  the  cyanide  of  potassium,  when 
in  fusion,  will  get  into  the  tube.  The  heat  of  a 
spirit-lamp  is  then  applied  to  the  bulb,  and 
continued,  as  the  arsenic  often  requires  some 
time  for  its  complete  sublimation.  The  mirrors 
which  are  obtained  in  this  process  are  of  ex- 
ceeding purity.  These  crusts  are  produced 
from  all  arsenites,  the  bases  of  which  remain 
either  altogether  unreduced  or  are  converted 
into  such  arseniurets  as  partly  or  totally  lose 
their  arsenic  on  the  simple  application  of  heat. 
This  method  may  be  especially  recommended 
on  account  of  its  simplicity,  neatness,  and 
cleannes^,  as  well  as  for  the  certainty  of  its 
results,  even  though  but  minute  quantities  of 
arsenic  be  present.  It  is  especially  adapted 
for  the  direct  production  of  arsenic  from  sul- 
phuret of  arsenic,  and  is  in  this  respect  superior 
to  all  other  methods  suggested.  The  most 
exact  results  are  obtained  by  placing  the  sul- 
phuret of  arsenic,  rubbed  together  with  twelve 
times  its  amount  of  a  mixture  consisting  of 
three  parts  of  dry  carbonate  of  potash,  and  one 
part  of  cyanide  of  potassium  into  a  glass  tube 
open  at  its  anterior  extremity. 

27. 


The  mixture  is  best  introduced  into  the  tube 
by  means  of  a  slip  of  paper,  folded  into  the 
shape  of  a  gutter.  This  paper  containing  the 
mixture  is  inserted  into  the  tube,  and  the  latter 
then  being  turned  half  way  round  its  axis,  the 


powder  falls  into  it  (at  the  spot  a  c)  without 
soiling  any  other  part.  The  tube  is  then  gently 
heated  in  its  entire  length,  transmitting,  at  the 
same  time,  a  very  slow  stream  of  dry  carbonic 
acid  gas  (dried  by  means  of  sulphuric  acid) 
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through  it,  till  all  water  is  expelled.  The  spot 
o  is  then  heated  to  a  feeble  degree  of  redness, 
when,  as  this  point  is  attained,  the  mixture  is 
heated  from  a  towards  r,  by  means  of  a  second 
lamp.  The  arsenic  condenses  at  d,  forming  a 
crust  of  admirable  purity.  In  this  manner  the 
most  distinct  metallic  mirrors  may  be  obtained 
from  one  260th  part  of  a  grain  of  sulphuret  of 
arsenic  and  even  less.     (Fresenius  and  Babo.) 

Precipitates.  1.  Arsenious  acid.  Nitrate  of 
silver  produces,  in  neutral  solutions  of  the  ar- 
senites,  a  yellow  precipitate  of  arscnite  of  silver 
(2  AgO,  AsOa),  which  is  soluble  both  in  dilute 
nitric  acid  and  in  ammonia.  Ammonio-niiratc 
of  silver  yields  the  same  precipitate  with  solu- 
tions of  arsenious  acid  or  arsenites  when  con- 
taining free  acid.  Sulphate  of  copper  and  am- 
monio-sulphate  of  copper  produce,  under  the  same 
circumstances  as  the  salts  of  silver,  yellow 
green  precipitates  of  arsenite  of  copper  (2  CuO, 
As03).  If  arsenious  acid  be  dissolved  in  solu- 
tion of  caustic  potash  in  excess,  or  if  the  solu- 
tion of  an  alkaline  arsenite  be  mixed  with 
caustic  potash,  and  a  few  drops  of  a  dilute  solu- 
tion of  sulphate  of  copper  be  added  and  the 
mixture  boiled,  a  red  precipitate  of  protoxide 
of  copper  is  formed,  and  arseniate  of  potash 
remains  in  solution.  This  reaction  is  highly 
sensible,  provided  only  a  minute  quantity  of 
solution  of  blue  vitriol  be  used.  If  the  red  pre- 
cipitate of  protoxide  of  copper  is  no  longer  dis- 
tinctly visible  on  the  light  falling  through  the 
tube  in  which  the  solution  is  contained,  it  will 
yet  be  distinctly  seen  on  looking  in  at  the  top 
of  the  tube.  That  this  reaction,  though  really 
important  in  individual  cases  as  a  confirmatory 
test  of  arsenious  acid,  and  especially  as  a 
means  of  distinguishing  arsenious  acid  from 
arsenic  acid,  yet  cannot  be  employed  as  a 
means  of  directly  detecting  the  presence  of 
arsenic,  is  a  matter  of  course,  since  grape 
sugar  and  other  organic  substances  in  the 
same  manner  separate  protoxide  of  copper 
from  salts  of  copper. 

2.  Jlrsenic  acid.  Nitrate  of  silver  produces,  in 
neutral  solutions  of  the  arseniates,  highly 
characteristic  reddish-brown  precipitates  of 
arseniate  of  silver  (3  AgO,  As05),  which  is  solu- 
ble both  in  dilute  nitric  acid  and  in  ammonia. 
Ammonio-nitrale  of  silver  yields  the  same  pre- 
cipitate with  solutions  of  arsenic  acid  or  ar- 
seniates. Ammonio-sulphate  of  copper  produces, 
under  the  same  circumstances  as  the  salts  of 
silver,  greenish  blue  precipitates  of  arseniate  of 
copper  (2  CuO,  As05). 

If  it  had  been  ascertained  that  arsenic  acid 
was  present,  it  should  be  reduced  to  arsenious 
acid  by  mingling  it  with  a  solution  of  sul- 
phurous acid  and  boiling  off  the  excess  of  acid. 
This  reduction  is  of  some  importance,  in  conse- 
quence of  the  much  greater  difficulty  of  precipi- 
tating sulphuret  of  arsenic  from  arsenic  acid  or 
an  arseniate.  (Wbhler.  Berz.Jahr.,  1841, p.  89.) 
Sulphuret.  Sulphuretted  hydrogen  precipitates 
the  solutions  of  arsenious  acid  and  of  neutral 
arsenites,  slowly  and  incompletely,  but  when  a 
free  acid  is  present,  totally  and  immediately; 
these  precipitates  have  a  lively  yellow  color. 
Alkaline  solutions  are  not  precipitated.  The 
yellow  precipitate  of  sulpho-arsenious  acid 
(AsS3).  is  readilv  and  completely  redissolved 
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in  pure  alkalies,  in  alkaline    carbonates  and 
bicarbonates,  and  in  alkaline  sulphurets,  but 
is  almost  insoluble  in  hydrochloric  acid.    Boil- 
ing   nitric  acid   readily  decomposes   and  dis- 
solves it.     On  deflagrating  it  with  carb 
of  soda  and  nitrate  of  potash,  arseniated  alkali 
and  sulphated  alkali  are  obtained.     When  :i 
solution  of   sulpharsenious  acid  in   potash  is 
boiled  with  oxide  of  copper,  sulphuret  of  copper 
and  arseniate  of  potash  are  formed;  and  whin 
the  same  solution  is  boiled  with  pure  oxi 
bismuth,  or  with  a  carbonate  or  basic  ni 
of  the  same  substance,  sulphuret  of  bismuth 
and  arsenious   acid  are  formed.     If  sulphar- 
senious acid  be  mixed  with  from  three  to  Pour 
parts  of  carbonate  of  soda,  with  the  addition 
of  some  water,  and  the  magma  be  then  s] 
over  some  small  glass  splinters,  and  the  latter, 
after  having  been  well  dried,  be  rapidly  heated 
to  redness,  in  a  glass  tube,  through  which  dry 
hydrogen  gas  is  transmitted,  half  of  the  ai 
contained    in    the    mixture   forms   a   metallic 
mirror  within    the    tube.      (See  fig.  24,  under 
Analysis,  in  which  ef  is  a  small  tube  thrust 
directly  into   the  cork  of  the  chloride  of  cal- 
cium tube,  and  without  the  enclosed  tube  gh.) 
For  when  fusing  twoeq. of  sulpharsenious  acia, 
together  with  4  eq.  of  soda,  sulpharsenico-siil- 
phuret  of  sodium  and   arsenite  of  soda  are 
formed;    heating  these  products  in  hydt 
gas,  all  the  arsenic  is  expelled,  if  the  heat  is 
strong  and  continuous.    This  method,  although 
a  great  portion  of  the  reduced  arsenic  is  carried 
off,   suspended    in   the   hydrogen    gas,  yields, 
nevertheless,  very  good    results.      If  the  hy- 
drogen gas  be  kindled  at  the  exit  aperture,/, 
of  the  tube,  and  a  cold  porcelain  plate  depi 
on  the  flame,  this  arsenic  (carried  away  with 
the   hydrogen    gas)   will    condense   upon  the 
plate.     If  a  red  heat  be  applied  to  another  part 
of  the  tube,  more  towards  its  anterior  aperture, 
(the  part  first  heated  being  at  the  same  time 
maintained  at  a  red  heat,)  another  sublimate 
will  be  formed  beyond  the  heated  spot,  the  par- 
ticles of  arsenic  carried  away  with  the  stream 
of  the  hydrogen  gas,  being  reconverted,  at  the 
red-hot  spot,  into  arsenic  vapors  in  a  state  of 
expansion,  and  thus   condensing  again  as  a 
sublimate,  on    coming  into   contact  with  the 
cold  part  of  the  glass  tube.    If  the  heat  thus 
simultaneously   applied    to   two    parts  of  the 
tube  be  strong,  whilst  the  stream  of  the  hydro- 
gen gas  is  feeble,  scarcely  any  arsenic  will  be 
carried  away  with  the  gas.     No  arseniuretted 
hydrogen  is  formed  in  this  operation,  and  those 
who  explain  the  phenomena  just  described,  by 
the  formation  of  arseniuretted  hydrogen,  are  in 
error.     (Fresenius  and  Babo.)     The  apparatus 
may  be  constructed,  as  in  fig.  24,  with  the  altera- 
tion noted  above. 

a  is  the  evolution  flask,  d  a  tube  containing 
chloride  of  calcium,  ef  the  tube  in  which,  at 
the  point  g,  the  glass  splinters  with  the  speci- 
men is  placed.  This  part  is  then  (the  appa- 
ratus being  completely  filled  with  pure  hydrogen 
gas)  exposed  to  a  slight  heat,  at  first,  in  order 
to  expel  all  moisture,  and  then  suddenly  to  a 
very  strong  heat,  (this  is  best  done  with  a  blow- 
pipe,) to  prevent  the  sublimation  of  unde- 
composed  sulphuret  of  arsenic.  The  metallic 
mirror  is  formed  near  the  point  ?. 
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Hyrfrosulphuret  of  Ammonia  causes  also  the 
formation  of  sulpharsenious  acid.  In  neutral 
or  alkaline  solutions,  however,  this  substance 
is  not  precipitated,  but  remains  in  solution  as 
sulpharsenico-sulphuret  of  ammonia.  On  the 
addition  of  free  acid  it  precipitates  immediately 
from  this  solution. 

Arseniureited  Hydrogen.  If  an  acid  or  neutral 
solution  of  arsenious  acid,  or  of  an  arsenite,  be 
mixed  with  zinc,  water,  and  sulphuric  acid, 
arseniuretted  hydrogen  (AsH3)  will  be  formed. 
This  property  of  arsenic  affords  us  a  most 
delicate  test  for  its  detection,  and  a  highly  im- 
portant means  for  its  isolation.  The  operation 
is  conducted  in  the  apparatus,  Fig.  28. 

Fig.  28. 


a  is  the  evolution  flask,  containing  fragments 
of  metallic  zinc,  and  water,  b  a  funnel  tube, 
through  which  the  sulphuric  acid,  and  after- 
wards the  liquor  to  be  tested  for  arsenic,  are 
poured  into  the  flask,  c  is  a  glass  tube,  loosely 
filled  with  smooth  cotton,  to  which  a  bent  tube, 
d,  is  fitted  by  means  of  a  perforated  cork  ;  this 
tube  is  drawn  out  into  a  point,  at  its  emission 
extremity,  e,  and  pinched  off* at  the  top.  When 
the  evolution  of  hydrogen  has  proceeded  for 
some  considerable  time,  so  that  it  may  safely 
be  inferred  that  all  atmospheric  air  has  been 
expelled  from  the  apparatus,  the  gas  is  kindled 
at  the  emission  aperture  of  the  tube,  d, e.  (It 
is  advisable  to  envelope  the  flask  with  a  piece 
of  cloth  before  kindling  the  gas,  as  an  effectual 
means  of  preventing  any  accident,  should  an 
explosion  take  place.)  It  is  absolutely  neces- 
sary to  ascertain,  first,  whether  the  zinc  and 
the  sulphuric  acid  are  quite  free  from  arsenic. 
For  this  purpose,  1st,  a  porcelain  plate  is  de- 
pressed upon  the  flame,  and,  2d,  the  tube  de  is 
heated  to  redness  in  the  middle,  the  limb  e  being 
turned  into  a  horizontal  position  for  this  pur- 
pose. If  no  incrustation  be  formed,  neither  on 
the  plate  nor  in  the  tube,  the  zinc  and  sulphuric 
acid  contain  no  arsenic.  The  liquor  to  be  tested 
is  then  introduced  into  the  flask  through  the 
funnel  tube.  If  it  contain  arsenic,  arseniuretted 
hydrogen  will  be  evolved  together  with  the 
hydrogen,  imparting  a  bluish  tint  to  the  flame, 
owing  to  the  arsenic  separating  at  a  red  heat. 
At  the  same  time  white  fumes  of  arsenious 
acid  are  observed,  which  condense  upon  cold 
objects.    If  a  porcelain  plate  be  now  depressed 


upon  the  flame,  black  spots  are  formed  on  its 
surface,  owing  to  the  reduced  and  not  yet 
reoxidized  arsenic  condensing  on  the  plate. 
Arsenic  spots  are  of  a  rather  blackish  brown 
colour,  and  bright  metallic  lustre;  whilst  those 
of  antimony  are  of  a  deep  black  colour,  and 
but  very  feebly  lustrous.  If  the  tube  d  c  be 
heated  to  redness  in  the  middle  of  its  limb  d, 
the  arsenic  will  condense  in  the  cold  part  of 
the  tube,  forming  a  particularly  beautiful  and 
distinct  metallic  crust,  which  is  of  a  darker 
appearance  and  less  silvery  than  that  formed 
by  antimony  under  similar  circumstances;  it 
may,  moreover,  be  clearly  detected  by  the 
characteristic  odour  of  garlic  which  is  per- 
ceived, if  the  tube  is  cut  off  near  the  incrusta- 
tion, and  the  latter  then  volatilized  by  heat.  If 
the  metallic  spots  of  crust  formed  on  the 
porcelain  plate  seem  to  indicate  the  presence 
of  arsenic,  it  is  still  necessary  to  make  quite 
sure  that  it  is  really  arsenic  and  not  antimony 
we  have  before  us,  for  even  the  characteristic 
odour  of  garlic  is  not  sufficient  to  set  all  doubts 
at  rest  as  to  this  point.  The  following  are  the 
best  methods  of  ascertaining  the  presence  of 
arsenic  beyond  doubt: — 

a.  A  fine  and  distinct  metallic  mirror  is  formed 
within  the  tube  through  which  the  arseniuretted 
hydrogen  passes,  on  heating  its  middle  part  to 
redness.  A  very  feeble  stream  of  dry  sul- 
phuretted hydrogen  is  then  transmitted  through 
this  tube,  with  simultaneous  application  of  the 
heat  of  a  spirit-lamp  to  the  metallic  crust,  from 
its  outer  towards  its  inner  extremity.  If  arsenic 
alone  be  present,  a  yellow  sulphuret  of  arsenic 
will  be  formed  within  the  tube  ;  and  if  antimony 
alone  be  present,  an  orange  or  black  sulphuret 
of  antimony;  but  if  both  metals  be  present, 
both  sulphurets  will  be  formed  side  by  side,  the 
sulphuret  of  arsenic,  as  the  more  volatile, 
always  preceding  the  sulphuret  of  antimony. 
Not  long  ago,  this  conversion  of  antimony  and 
arsenic  into  sulphurets  was  suggested  as  the 
surest  means  of  distinguishing  these  two 
metals  from  each  o'her.  Experience  has,  how- 
ever, taught  us  that  these  differences  in  colour 
and  volatility  are  not  striking  enough  to  pre- 
vent the  possibility  of  mistakes.  But  if  dry 
hydrochloric  acid  gas  be  transmitted  through 
the  tube  containing  the  deposit  under  examina- 
tion, without  application  of  heat,  no  alteration 
whatever  will  take  place  if  sulphuret  of  arsenic. 
alone  is  present,  even  if  the  gas  be  transmitted 
through  the  tube  for  a  considerable  time.  If 
sulphuret  of  antimony  alone  be  present,  it  will 
entirely  vanish,  and  if  both  sulphurets  be  pre- 
sent, the  sulphuret  of  antimony  will  vanish 
immediately,  whilst  the  yellow  sulphuret  of 
arsenic  remains.  If  a  small  quantity  of  am- 
monia be  then  introduced  into  the  tube,  the 
sulphuret  of  arsenic  will  dissolve,  and  may 
thus  easily  be  distinguished  from  the  sulphur 
which  peradventure  may  have  separated. 

b.  The  limb  c,  Fig.  28,  is  turned  into  an  hori- 
zontal position,  and  the  sas  kindled  and  made 
to  burn  in  a  small  glass  receiver,  having  a 
capacity  of  about  twelve  ounces.  This  receiver 
is  placed  in  a  beaker  glass  filled  with  cold 
water,  and  constantly  turned  am!  moved,  so  as 
to  prevent  its  becoming  hot.  After  some  time. 
when    the    oxygen    in    the    receiver    be 
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exhausted,  and  the  flame  grows  feeble,  another 
is  substituted  for  the  first,  and  several  are  filled 
in  this  manner.  They  contain,  1st,  arsenious 
acid  alone,  or,  2d,  oxide  of  antimony  alone,  or, 
3d,  both  together.  If  the  first  be  the  case,  the 
white  sublimate  obtained  will  completely  dis- 
solve in  hot  water,  and  the  solution  may  then 
be  further  tested  for  arsenic.  In  the  second 
case,  nothing  will  dissolve,  nor,  in  the  third,  if 
the  oxide  of  antimony  is  present  in  sufficient 
quantity,  as  this  gives  rise  to  the  formation  of 
arsenite  of  antimony.  The  arsenic  in  this  last 
case  may  be  detected  by  dissolving  the  subli- 
mate in  slightly  dilute  solution  of  potash,  and 
adding  sulphuretted  hydrogen  first,  and  then 
bicarbonate  of  ammonia  in  excess.  All  the 
antimony  will  precipitate  as  sulphuret  of  anti- 
mony, whilst  the  sulphuret  of  arsenic  remains 
dissolved  in  the  excess  of  bicarbonate  of  am- 
monia. The  sulphuret  of  arsenic  precipitates 
on  the  addition  of  hydrochloric  acid  to  the 
solution,  till  an  acid  reaction  becomes  manifest. 
Marsh  was  the  first  who  suggested  the  method 
of  detecting  arsenic  by  the  production  of  ar- 
seniuretted  hydrogen. 

Berzelius's  Test.  The  method  of  employing 
Marsh's  apparatus  devised  by  Berzelius  is  de- 
serving attention.  Introduce  into  the  middle 
of  a  glass  tube  of  about  r'B  inch  diameter,  a 
spirally-wound  copper  wire,  containing  a  layer 
of  1  to  1$  inches  in  length  of  oxide  of  copper, 
reduce  it  by  pure  hydrogen  and  draw  a  little 
air  through  it  when  cold  and  dry  to  remove 
this  gas.  Introduce  zinc  free  from  arsenic 
into  flask  a,  Fig.  28,  connect  it  with  the  tube  c, 
then  pour  in  a  little  sulphuric  acid  (also  free 
from  arsenic)  through  the  tube  b,  and  when  all 
the  atmospheric  air  is  expelled,  connect  with 
the  apparatus  the  tube  containing  copper,  in 
place  of  the  tube  de,  Fig.  28,  and  bring  the 
copper  to  ignition;  lastly,  pour  through  b  the 
arsenical  liquid  to  be  tested.  The  evolution 
of  hydrogen  should  be  slow,  and  when  it  di- 
minishes may  be  increased  by  more  sulphuric 
acid.  After  the  operation  is  complete,  the  front 
part  of  the  copper  is  silver-white  from  ar- 
seniuret  of  copper,  and  if  the  tube,  with  the 
copper,  had  been  previously  weighed,  the  now 
increase  in  weight  is  arsenic.  A  small  portion 
of  the  arseniuret  tested  by  the  blowpipe  gives 
the  then  infallible  test  in  the  characteristic 
arsenical  odor.  In  order  to  remove  the  copper, 
digest  with  chloride  of  copper  and  muriatic 
acid  and  wash  out  the  dichloride  of  copper 
from  the  undissolved  arseniuret  by  muriatic 
acid.  If  antimony  were  present,  it  is  also  ab- 
sorbed by  the  copper,  but  the  arsenical  odor 
can  be  perceived  at  once,  particularly  by  add- 
ing a  little  soda  or  borax.  (Ecrz.  Lehrb.  x. 
p.  203.   1841.) 

Reinsch's  method  appears  to  be  an  excellent 
one  and  may  be  often  employed.  Add  much 
muriatic  acid  to  the  arsenical  liquid,  introduce 
a  clean  strip  of  copper,  and  heat,  but  not  to 
boiling.  The  copper  is  coated  with  arsenic  in 
8—10  minutes,  and  looks  like  iron.  The  test 
is  sufficiently  delicate  to  show  arsenic  in  the 
course  of  a  £  hour,  when  the  liquid  contains 
only  aooVnn-  Bv  leaving  the  copper  for  some 
Time  in  the  warm  liquid  the  arsenic  falls  off, 
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and  may  he  tested  bj  its  odor,  or  if  the  quan 
tity  were  too  small,  the  coating  "ii  tin-  strip  is 
moistened  with  a  little  nitric  acid,  which  dis- 
solves the  arsenic,  and  the  solution  mi 
be  tested  by  a  small  Marsh's  apparatu  ,  \m 
equally  small  quantity  of  antimony 
tected  in  this  manner,  but  the  odor  or  appear* 
ance  of  this  and  other  metals  thrown  down 
by  copper  will  serve  to  distinguish  them  from 
arsenic  with  certainty.  (Berz.  Jahretb.  x.xii.  174. 
1842.) 

ARSENIC  GLANCE.  Mm.  An  anal' 
Berzelius  gives  the  formula  As88,  which  is  the 
same  with  the  artificial  black  sulphurel  de- 
scribed under  Ausenic.  Kersten's  analysis  of 
a  mineral  called  arsenic  glance  gavi 
96-785  -f-  bismuth  3-001  =  99-786,  which  would 
give  the  improbable  formula,  As30Bi.  The 
two  were  evidently  different,  and  the  latter  pro- 
bably native  arsenic. 

ARSENICAL  COBALT.  Min.  Syn.  Octa- 
hedral Cobalt  Pyrites,  Mohs;  Gray  Cobalt; 
Smaltine  ;  Ger.  Speisskobalt ;  Ft:  C.  Arsenical. 
Hduy. 

Dcsrrip.  Cryst.  Regular  system ;  as  cube, 
octahedron,  dodecahedron,  ikosiletrahedron 
and  their  various  combinations;  in  homoedric 
forms,  while  the  cobalt  glance  occurs  in  bemi- 
edric  forms;  cleavage  most  perfect  parallel  to 
8-hedron,  less  perfect  parallel  to  cube  and 
12-hedron ;  surfaces  frequently  curved.  It 
occurs  also  amorphous  in  botryoidal  and  other 
imitative  forms. 

H.  =  5-5.     G.  =  6-4  —  7. 

Color  tin-white,  passing  into  steel-gray,  when 
massive;  lustre  metallic,  glistening;  streak 
grayish  black ;  brittle,  fracture  uneven,  fine 
granular. 

Behavior.  In  a  closed  tube  nothing  sublimes ; 
in  an  open  tube  crystals  of  arsenious  acid  sub- 
lime; on  charcoal  it  gives  off"  arsenical  fumes, 
fusing  to  a  white  globule,  which  is  brittle,  and 
gives  a  blue  glass  with  borax  and  mic.  salt. 
Readily  dissolved  by  nitric  acid,  forming  a  red 
solution  with  the  separation  of  arsenious  acid. 
Analysis.  1.  The  cryst.  from  Riechelsdorf 
by  Stromeyer ;  2.  amorphous,  from  Schneeberg 
by  Hofmann  ;  3.  amorphous,  from  Tunaberg 
by  Varrentrapp. 

l.  2.  ?,. 

Arsenic 74-21         70-37        69-159 

Cobalt 20-31  13-95         23-440 

Iron 3-42  11-71  4-915 

Nickel —  1-79  — 

Copper 0-16  1-39  — 

Bismuth —  001  — 

Sulphur 0-88  0-66  0-900 

98-98         99-88         98-744 


Formula,  CoAs,  in  which  a  portion  of  the 
cobalt  is  replaced  by  iron  and  other  metals. 

Berzelius  observed  that  it  sometimes  yielded 
a  sublimate  of  arsenic  in  a  closed  tube,  and 
hence  supposed  it  might  contain  Co2As3.  The 
following  analysis  of  arsenical  cobalt  from 
Skutterud  confirm  his  view.  1.  By  Scheerer; 
2.  a  crystallized,  and,  3.  an  amorphous  speci- 
men by  Wbhler. 
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1.  2. 

Arsenic 77-84  79-2 

Cobalt 20-01  18-5 

Iron 1-51  1-3 

Sulphur 0-69  — 

100-05  99-0 


3. 
79-0 
19-5 

1-4 


99-9 


It  is  therefore  Co2As3,  and  Scheerer  proposed 
to  call  it  Arseniocobalt  Pyrites. 

Locality.  Associated  with  cobalt  glance, 
copper-nickel,  &c.  At  Schneeberg,  Freyberg, 
Annaberg,  Saxony ;  Joachimsthal,  Bohemia, 
the  reticulated  form  frequently  found  in  calc 
spar;  in  heavy  spar,  in  the  copper-slate  forma- 
tion at  Riech-elsdorf,  Hessia;  Huel  Sparnon, 
Cornwall.  The  sesquiarseniuret,  Co2As3, 
occurs  at  Skutterud  mine,  Norway. 

Use.  This  ore  and  the  cobalt  glance  afford 
nearly  all  the  cobalt  used  in  the  manufacture 
of  smalt  and  the  blue  pigments  employed  for 

1. 

Sulphur 1-94 

Arsenic 65-99 

Iron 28-06 

Serpentine 2-17 


ARSENICAL  NICKEL 

painting  on  enamel,  porcelain,  and  other  cla}r- 
wares.    See  Cobalt. 

ARSENICAL  IRON.  Mm.  Syn.  Axoto- 
mous  arsenical  pyrites,  Mohs.  Leucopyrite, 
Dana. 

Descrip.  Right  rhombic  prism  of  122°  26', 
the  terminal  planes  with  each  other  =51°  20'; 
generally  massive.  Cleaves  perpendicular 
to  the  axis.  H.  =  5  —  5-5.  G.  =  7-1  —  7-4. 
Color  silver-white;  steel-gray;  lustre  metallic; 
streak  grayish  black  ;  brittle  ;  fracture  uneven. 

Behavior.  Evolves  strong  arsenical  odors  on 
charcoal,  becoming  a  black  magnetic  mass ; 
sublimes  metallic  arsenic  in  a  closed  tube;  dis- 
solves in  nitric  acid  with  the  separation  of 
arsenious  acid. 

Analysis.  From  Reichenstein,  Silesia,  1.  by 
Hoffmann ;  2.  by  Meyer ;  3.  by  Kersten ;  4.  from 
Schladming,  Styria,  by  Hoffmann ;  and,  5  and  6. 
from  Fossum,  Norway,  by  Scheerer. 


98-16 


2. 

3. 

4. 

5. 

e. 

1-631 

1-77 

5-20 

1-33 

1-28 

63-142 

65-88 

60-41 

70-09 

70-22 

30-243 

32-35 

13-49 

27-39 

28-14 

3-550 

— 

Nickel  13-37 

— 

— 

— 

— 

Cobalt 

5-10 

— 

— 

98-566 

100 

97-57 

98-81 

99-64 

Formula,  FeAs.  It  would  therefore  resem- 
ble arsenical  nickel  in  composition  (see  below), 
the  iron  being  replaced  by  nickel,  but  its  crys- 
talline form,  if  well  ascertained,  is  different. 
A  portion  of  iron  is  replaced  by  nickel  and 
cobalt  in  the  mineral  from  Schladming,  and,  if 
the  sulphur  be  calculated  as  FeS,  the  formula 
is  (Fe,  Ni,  Co)  +  As,  and  its  composition  ap- 
proximating so  closely  to  that  of  the  arsenical 
nickel,  it  should  have  the  same  crystalline 
form.  Scheerer  proposes,  for  the  present,  to 
call  the  mineral  from  Reichenstein  (Fe2As3) 
arsenical  iron  in  minimum,  and  that  from  Fos- 
sum in  maximum ;  for  if  the  sulphur  be  ab- 
stracted as  arsenical  pyrites  (see  below)  the 
remainder  would  have  the  formula,  Fe2As3. 

Locality.  Associated  with  copper-nickel  at 
Schladming  in  Styria ;  in  serpentine  at  Rei- 
chenstein, Silesia ;  in  Sparry  iron  ore  with 
bismuth  and  scorodite  at  Loling  near  Hutten- 
berg  in  Carinthia ;  from  Siitersberg  near 
Fossum,  Norway. 

The  arsenical  iron  from  Bedford  county, 
Pennsylvania,  analyzed  by  C.  Shepard,  con- 
taining iron  97-05  4- arsenic  1-55  -f-  graphite 
0-40=  99,  is  probably  native  iron  containing  a 
small  quantity  of  arsenic. 

ARSENICAL  MANGANESE.  Mn.  Syn. 
Arseniuret,  Arsenide,  Arseniet  of  M. 

Descrip.    Massive  and  botryoidal,  of  a  granu- 

l. 

Arsenic 71-30 

Nickel 28-14 

Bismuth 2-19 

Copper 0-50 

Sulphur 0-14 

102-27 


lar  or  foliated  structure,  grayish  white  color, 
metallic  lustre,  and  uneven  fracture;  hard. 
G.  =  5-55. 

Behavior.  Tarnishes  with  a  black  powder  in 
the  air;  before  the  blowpipe,  it  burns  with  a 
blue  flame,  gives  off  arsenical  fumes,  coating 
the  charcoal  white ;  wholly  soluble  in  aqua 
regia,  with  difficulty  in  nitric  acid. 

Analysis  by  Kane,  manganese  45-5  -j-  arsenic 
51-8  +  iron  2-70  =  100.  Formula,  Mn2As.  (?) 
Found  in  Saxony,  associated  with  Galena. 

ARSENICAL  NICKEL.  Syn.  Binarseniuret 
ofN.,  White  N. 

Descrip.  Cryst.  Regular  system,  consisting 
of  the  cube  combined  with  8-hedron  and 
12-hedron;  it  is  generally  columnar  and  mas- 
sive. Color  tin-white,  with  faint  lead-tint; 
lustre  metallic,  shining  on  the  crystalline 
planes, otherwise  glimmering;  fracture  uneven. 

Behavior.  In  an  open  tube  it  yields  arsenious 
acid,  in  a  closed  tube  metallic  arsenic  sub- 
limes; on  charcoal  gives  arsenical  fumes, 
fusing  to  a  yellowish  globule  of  kupfernickel; 
with  borax  it  gives  the  blue  cobalt  glass,  and 
if  this  be  broken  off  and  again  treated  with 
borax,  the  remaining  globule  in  mic.  salt  gives 
the  reaction  of  nickel,  a  reddish  brown  bead. 

Analysis.  1.  From  Schneeberg  by  Hoffmann , 
2.  from  Riechelsdorf  by  Booth  ;  3.  from  Tannc 
by  Hoffmann  ;  4.  from  Sitten  by  Berthier. 


2. 

72-64 

20-74 

Cobalt    3-37 

Iron        3-25 


3. 

5.3-60 

30-02 

0-56 

3-29 

11-05 


33 


100-00  98-52 

x  2 


4. 

65-02 

26-75 

3-93 

1-40 

2-90 

100-00 
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ARSENICAL  PYRITES. 

Formula,  (Co,  Fe)  NiAs,  or  more  simply, 
NiAs.  (See  Arsenical  Iron  above.)  It  the 
sulphuret  of  nickel,  NiS,  be  abstracted  from 
the  3d,  and  nickel  glance  from  the  4ih,  they  cor- 
respond more  closely  with  the  formula. 

Locality.  Schneeberg,  Saxony;  Tanne,  in 
the  Harz ;  Riechelsdorf,  Hessia. 

ARSENICAL  ORES. 

Arsenic  As 

Arsenious  acid As03 

Arsenic  glance As6S 

Realgar AsSa 

Orpiment AsS3 

Arsenical  cobalt Co2As3 

"  "       CoAs 

Arsenical  iron FeAs 

Arsenical  nickel NiAs 

Copper-nickel Ni2As 

Arsenical  manganese.  Mn2As 

Arsenical  pyrites FeS2  +  FeAs 

Cobalt  glance CoS2  -4-  CoAs 

Nickel  glance NiS2  -f  NiAs 

Ruby  silver  (light) ...  3  AgS  -f  AsS3 

See  also,  Gray  Copper,  Poltbasite,  and 
Antimonial  Ores. 

Minerals  containing  salts  of  the  arsenical 
acids  are  not  generally  included  under  the  ores. 

ARSENICAL  PYRITES.  Min.  Syn.  Mis- 
pickel,  Marcasite;  Prismatic  Arsenical  Pyrites, 
Mohs.     Ger.  Arsenikkies.     Fr.  Fer  arsenical. 

Desaip.  Cryst.  Right  rhombic  system.  The 
prevailing    forms    are    the  vertical    rhombic 

l.  2.                  3.  4. 

Arsenic.  42-88  45-74  43-418  47-55 

Sulphur..  21-08  19-60  20-132  17-57 

Iron 3604  33-98  34-938  26-54 

Cobalt...     —  —              —  8-31 


100 


99-32 


98-488 


99-97 


The  8th  contained  1-01  of  foreign  matter, 
making  the  total  =  99-68.  Formula,  FeS2  x 
FeAs  (FeS2  -4-  FeAs2,  Berz.)  ;  or  for  those  in 
which  a  portion  of  iron  is  replaced  by  cobalt 
(Co)FeS2-f  (Co)  FeAs. 

Jordan  analyzed  an  arsenical  pyrites  from 
Andreasberg,  and  found  it  to  contain 

Arsenic 55-000 

Sulphur 8-344 

Iron 36-437 

Silver 0011 


99-792 


for  which  he  proposed  the  formula  FeS2 -4- 
Fe2As3. 

Locality.  It  is  generally  in  primary  rocks. 
It  occurs  at  Freiberg,  Munzig;  Ehrenfrieders- 
dorf,  Altenberg,  in  Saxony;  Raschau,  Breiten- 
brunn;  Andreasberg,  on  Harz;  Schlackenwald, 
Joachimsthal  in  Bohemia  ;  Schladming,  Styria; 
Reichenstein,  Kupferberg,  in  Silesia ;  Salathna, 
Transylvania;  Tunaberg,  &c,  Sweden  ;  Skut- 
terud,  near  Modum,  Norway;  Wheal  Maudlin, 
&c,  Cornwall,  England.  In  the  United  States, 
well  crystallized,  at  Franconia,  N.Hampshire; 
Worcester,  Massachusetts;  Chatham,  Connec- 
ticut, with  arsenical  cobalt  and  copper-nickel ; 
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prism,  with  an  angle  of  ni°  53',  terminal 
plane,  several  horizontal  prisms  of  one  order, 
and  a  hor.  prism  of  tin-  2d  order;  cleaves 
parallel  (o  vertical  prism,  on  the  planes  qf 
which  crystals  sometimes  combine.  Crystal- 
line, columnar,  fine  granular. 

H.=  5-5  —  6.     G.=  5-7  —  6  2. 

Color  silver-white,  passing  into  sleel-gray, 
and  sometimes  with  a  yellowish  tint;  lustre 
metallic;  streak  dark  iron-gray;  brittle  with 
uneven  fracture. 

Behavior.  In  a  closed  tube  it  gives  first  a  red, 
then  a  brown  sublimate  of  sulphuret  of  arsenic, 
then  metallic  arsenic  as  a  sinning,  pray,  me- 
tallic, crystalline  mass  ;  in  an  open  lube 
also  sulphurous  and  arsenious  acids;  after 
expelling  arsenic  on  charcoal  there  remains  a 
black  magnetic  globule  which  behaves  like 
magnetic  pyrites  ;  cobalt  may  be  ofien  detecied 
in  the  calcined  test.  According  to  Berlhier,  it 
loses  2  of  its  sulphur  and  %  of  its  arsenic  by 
fusion.  Rapidly  acted  on  by  nitric  and  nitro- 
muriatic  acid,  with  the  separation  of  sulphur 
and  arsenious  acid,  which  dissolve  after  some- 
time. 

Analysis,  1.  Cryst.  from  Freiberg  by  ^tro- 
meyer;  2.  from  Sweden  by  Thompson-;  3.  by 
Chevreul ;  cobalt-arsenical  pyrites  from  Skut- 
terud,  Norway,  4,  5,  6.  by  Scheercr;  7.  by 
Wdhler;  8.  from  Franconia,  New  Hampshire, 
U.  S.,  by  Hayes  ;  9.  the  theoretical  composilion, 
according  to  Berzelius. 


5. 

P. 

7. 

8. 

9. 

46-76 

46-01 

47-4  5 

41-44 

46-53 

17-34 

1806 

17-48 

1 7-84 

19-90 

26-36 

26-97 

30-91 

32-94 

33-57 

9-01 

8-38 
99-42 

4-75 

fi-45 

— 

99-47 

100-59 

98-67 

100 

Monroe,  Connecticut,  with  wolfram,  magnetic, 
pyrites,  and  bismuth  ;  at  Amity,  New  York,  in 
limestone,  with  arragonite. 

ARSENICAL  SILVER  Min.  Found  atAn- 
dreasberg,  on  Harz,  and  in  other  localities;  a 
specimen  from  Andreasberg  yielded  Klaproth 
arsenic  35,  antimony  4,  silver  12-75,  iron  44  25. 
It  is  apparently  a  mixture  and  not  a  simple 
mineral.     (Rammehberg.) 

ARSENIOUS  ACID.  Mm.  Ger.  Arsenik- 
bliithe.  Descrip.  Rarely  crystallized  in  regular 
octahedron,  generally  fibrous,  radiated,  botry- 
oidal,  stalactitic.  H.=  l-5.  G.  =  3-69S.  Color 
white,  with  an  occasional  reddish  or  yellowish 
tint;  lustre  vitreous,  silky;  transparent, opake; 
taste  faintly  sweetish,  metallic. 

Behavior.  Sublimes  entirely  in  a  closed  tube, 
condensing  in  brilliant  octahedra;  mingled 
with  charcoal,  sublimes  black,  shining,  me- 
tallic arsenic,  which  volatilizes  with  the  pecu- 
liar arsenical  odor;  soluble  in  water  and  acids. 
For  its  composilion  and  other  properties,  see 
Arsenious  acid  under  Arsenic. 

Lorulily.  It  accompanies  arsenical  ores  from 
which  it  is  derived  by  oxidation,  at  Andreas- 
berg on  the  Harz;  Joachimsthal  in  Bohemia; 
Kapnick  in  Hungary.  &c. 

ARSENIOPHOSPHATES.  Min.  The  well- 
I  known   isomorphic   character   of  phosphoric 
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and  arsenic  acids  is  exhibited  in  several 
mineral  species,  the  formula  for  which  will  be 
here  given,  in  order  to  afford  a  general  view 
of  them,  while  their  descriptions,  &c,  will  be 
presented  in  the  proper  places  in  the  work. 

Arseniophosphates  of  Lead.  Arsenic  some- 
times replaces  the  phosphoric  acid  more  or 
less,  lime  replaces  oxide  of  lead  and  fluoride 
of  calcium  replaces  chloride  of  lead. 

Pyiomorphite  PbCl  +  3  (3  PbO,  P05). 

Mimetesite  . .  PbCl  +3^3  PbO,  5  F.°A  ^ 
1       \  '  £ As05/ 

Hedyphane..  PbCl+3(|^Ji    C  P< 

("3  PbO' 
Nussierite . . .  PbCl  +  5     3  C; 

Wr.ph»r,,erbC^+3[3FpbO 

Bee  also  Apatite,  which  is  closely  allied  to 
polyspiasrite. 

Arseriophosphates  of  Copper.  In  these  the 
acids  ae  generally  separate,  but  Olivenite  and 
Liroconte  contain  both  ;  Copper-froth  contains 
carbonat'  of  lime,  which  seems  to  be  a  uniform 
constituent. 

"oiivetnte 4  CuO  $  pj*°  +  HO. 

2      Euchroite 4  CuO,  As05  +  8  HO. 

■|   I  Erinile  , 5  CuO,  As05  +  2  HO. 

§  ]  Copper-froth    ....  5  CuO,  As05°-(-  10 HO. 

<$   J  Copper-mica 8  CuO,  As03  -j-  12  HO. 

Liroconite  (similar  to  Euchroite?) 
.Aphanesite,  composition  uncertain. 

-Libethenite 4  CuO,  P05  -f-  2  HO. 

Phosphorochalcite  6  CuO,  PO°.  -j-  6  HO. 
6  CuO,  P05  -f  3  HO. 
Sj   LThrombolite 3CuO,2P054-6HO(?) 

ARSENIOSILEPITE.  Min.  Fibrous  con- 
cretions ;  H.  =  1.  G.  =  3-52  ;  color  brownish 
yellow,  by  exposurt  to  air  becoming  darker; 
readily  fusible  before  the  blowpipe,  giving  the 
reactions  of  arsenic  and  iron.  Analysis  by 
Dufresnoy. 

Oxygen. 

Arsenic  acid 34-26  5 

Peroxide  of  iron 41-31? 

Perox.  of  manganese..     1-29  5 

Lime 8-43  1 

Silicic  acid 4-04  1 

Potassa 0-76 

Water 875  3 

Omitting  the  silica,  which  M.  Dufresnoy  re- 
gards as  a  foreign  ingredient,  we  have  the 
formula  4  Fe203>  As03-f  2  CaO,  AsO.  -f  6  HO 
or  2  Fe203,  As05  -f-  2  CaO,  AsO.  -f°2  (Fe203! 
3  HO).  Its  locality  is  a  manganese  mine  at 
Romanoche  near  M&con. 

ARSENITE.  Chan.  A  salt  of  arsenious 
acid.     See  Arsenic. 

ARSENIURET,  ARSENIDE,  ARSENIEI\ 
A  binary  compound  of  arsenic  with  an  element. 

ARTEMISIA.  Phar.  A  genus  of  plants  con- 
taining several  species  employed  medicinally. 
See  WoRjtsiED  and  Wormwood. 

ARTERY.  Anat.  The  middle  of  the  arte- 
rial coats,  which  is  most  characteristic  of  the 
arteries,  loses,  by  drying,  but  little  water,  be- 
coming dark  brownish  yellow,  and  even  black, 
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hard  and  brittle ;  but,  when  softened  in  water, 
reassumes  its  previous  appearance  and  elasti- 
city; it  resists  putrefaction  more  than  most 
animal  solids.  It  is  insoluble  in  water,  and 
may  even  be  boiled  in  it  for  several  hours 
without  solution;  but  if  boiled  for  several 
days,  it  is  decomposed,  and  a  gelatinous  sub- 
stance extracted-  (See  Gelatin.)  It  is  neither 
softened  nor  dissolved  by  concentrated  acetic 
acid,  and  is  insoluble  in  boiling  dilute  acid.  It 
is  very  soluble  by  digestion  with  dilute  sul- 
phuric, nitric,  and  muriatic  acids,  and  the  solu- 
tion is  precipitated  neither  by  alkali  nor  ferro- 
cyanide  of  potassium.  It  is  dissolved  by- 
caustic  potassa  to  a  colorless  muddy  liquid 
not  precipitable  by  acids,  but  if  the  saturated 
alkaline  be  mingled  with  the  saturated  acid 
solution,  a  portion  of  the  material  is  precipi- 
tated. It  is  entirely  distinct  from  fibrin  and 
muscular  fibre. 

ARTH^NITIN.  A  peculiar  crystalline  sub- 
stance fo^nd  by  Saladin  in  the  root  of  the 
Cyclamen  Europceum.  Buchner  and  Herber- 
ger  prepared  it  by  freeing  the  alcoholic  ex- 
tract of  the  root  from  wax  by  ether,  and  from 
another  substance  by  water;  the  residue  was 

dissolved  in  boiling  water,  fiitoroj,  <^-j ..-j 

to  an  extract  and  treated  with  absolute  alcohol, 
which  extracted  the  arthanitin ;  by  treatment 
with  ione-black  and  spontaneous  evaporation, 
it  cnstallized  in  a  granular  form.  It  is  color- 
less, requires  500  water  for  solution,  is  very 
soluble  in  alcohol,  not  in  ether,  fixed  nor  vola- 
tile oils  ;  its  solution  will  not  bear  boiling;  ve- 
getable acids  dissolve  it  more  readily  than 
water;  the  taste  of  the  alcoholic  solution  is 
bitter  and  sharp  ;  it  reacts  neutral,  and  is  en- 
tirely precipitated  by  infusion  of  galls  ;  sul- 
phuric acid  colors  it  red,  nitric  acid  changes  it 
into  oxalic  acid.  Besides  this  substance,  the 
root  contains  gum,  starch,  albumen,  resinous 
bitter  extractive,  waxy  fat,  chloride  of  sodium, 
and  salts  of  lime  and  potassa,  with  malic  and 
sulphuric  acids. 

ASAFCETIPA.  Phar.  Ger.  Stinkasant, 
Teufelsdreck  (Stercus  Diaboli) ;  some  older 
writers  termsd  it  Cilms  Deorum.  It  is  a  gum- 
resin  derived  from  incisions  made  in  the  upper 
part  of  the  root  of  the  Ferula  Asafatida  ■  grow- 
ing among  the  mountains  of  Chorasan  and 
Laar  in  Persia.  It  is  light  yellow,  becoming 
darker  by  age ;  and  consists  of  agglutinated 
tears  or  masses.  It  has  a  strong,  and  to 
many  persons,  a  disagreeable  odor  and  taste. 
H.  =  0-5.  G.  =  1-327.  Becomes  softer  in  the 
hands;  burns  with  a  clear  flame  ;  imperfectly 
soluble  in  water,  forming  a  milky  emulsion; 
best  dissolved  by  alcohol  containing  acid  or 
alkali.  Brandes  analysis  of  the  gum-resin, 
gave  resin  48-85,  volatile  oil  4-6,  gum  19-4, 
traces  of  potassa  and  lime  salts,  with  sulphuric, 
phosphoric,  acetic,  and  malic  acids,  bassorin 
6-4,  extractive  with  acetate  and  malate  potassa 
1-4,  malate  of  lime  0-4,  sulphate  of  lime,  with 
traces  of  sulphate  of  potassa,  6-2,  carbonate  of 
lime  3-5,  oxide  of  iron  and  alumina  0-4,  water 
6-0,  foreign  admixture  of  sand  and  vegetable 
fibre  4-6. 

The  volatile  oil,  which  gives  the  characteristic 
odor  to  the  gum-resin,  is  obtained  by  distilling 
the  latter  with  water  or  alcohol ;  it  is  very  vola- 
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tile,  lighter  than  water,  at  first  clear  and  color- 
less, acquiring  a  yellow  tint  by  exposure  to  the 
air;  taste  at  first  mild,  then  bitter  and  acrid; 
soluble  in  every  proportion  in  alcohol  and 
ether,  but  requires  2,000  pts.  water  for  solution. 
It  contains  sulphur. 

Resin  of  Asa faMa.  The  resinous  matter  of 
asafoetida  is  soluble  in  alcohol.  When  the 
alcoholic  solution  is  mixed  with  water,  a  milky 
fluid  is  formed,  owing  to  the  deposition  of  the 
hydraled  resin.  Oil  of  turpentine  and  the  oil  of 
almonds  also  dissolve  the  resin,  but  less  readily 
than  alcohol.  The  resin  obtained  by  evaporat- 
ing the  alcoholic  solution,  consists,  according 
to  Johnson,  of  C40H26O10.  By  exposure  to  the 
sun's  rays  it  becomes  violet  red.  Brandes  has 
shown  that  the  resin  of  asafoetida  is  of  two 
kinds  ;  one  insoluble  in  ether,  the  other  soluble. 
The  proportion  of  the  first  to  the  second  is  as 
1-6  to  47-25. 

1.  Resin  insoluble  in  Ether.  Is  browrish  yel- 
low, brittle,  tasteless,  has. a  slight  alLaceous 
odor,  is  fusible,  and  soluble  in  warm  caustic 
potash. 

2.  Resin  soluble  in  Ether.  Is  greenish  bwn, 
brittle,  has  an  aromatic  odor,  and  a  fain,  but 
permanent,  alliaceous  bitter  taste.  Chkrine 
do/>~' : — -  ta     Cold  oil  of  vitriol  rendeis  it 

ark  red:  if  heat  be  applied,  sulphurous  tcid 
is  evolved,  and  the  mixture  becomes  black  i  if 
the  liquid  be  diluted  with  water,  and  saturated 
with  an  alkali,  the  surface  assumes  a  sky-blue 
color.  Nitric  acid  renders  it  first  orange,  then 
yellow,  and  makes  it  almost  insoluble  in  ether. 
Hydrochloric  acid  dissolves  it,  and  colors  it 
pale  red.  It  dissolves  in  boiling  concentrated 
acetic  acid,  but  is  deposited  when  the  solution 
cools. 

Use.  Besides  its  usefulness  in  medicine,  it  is 
employed  among  oriental  nations  (in  Persia, 
&c.)  as  a  condiment,  either  alone,  or  to  flavor 
sauces  and  other  food.  The  green  leaves  of 
the  plant,  as  well  as  the  roasted  roots,  are 
eaten. 

ASARUM.  Phar.  The  Asarum  Europaum 
(common  Asarabacca),  has  been  used  in  medi- 
cine from  ancient  times.  Griiger's  analyses 
of  the  fresh  root  (Ger.  Haselwurz^  and  the 
fresh  herb  are  the  best. 

Root.  Herb. 

Starch 2-048  — 

Bassorin 0-974  — 

Albumen 0-036  2-12 

Extractive 3-972  5-49 

Tannin 1-072  0-04 

Asarin 1-172  0-10 

Volatile  oil,  with  Asarin    0630  — 

Resin 0-156  — 

Chlorophyll —  1-52 

Citric  acid 0-316  0-54 

Citrate  of  potassa 0-942  — 

Citrate  of  lime 1-502  — 

Citrate  of  magnesia 0-118  — 

Chloride  of  potassium..     0-117  — 

Sulphate  of  potassa 1-090  — 

Phosphates 0-254  — 

Ligneous  fibre 12-800  15-00 

Water 74-600  74-84 

Loss —  0-35 


100-709 


100-00 


260 


ASHES. 

Asarin.    Obtained  by  distilling  the  drj 
with  8  pts.  water  until  :t  pts.  h&\  e  pa:  «d  over; 
it  crystallizes  in  the  neck  of  the  retort  and  in 
the   receiver.    The  crystals   are   transparent, 
pearly,  4-sided  plates,  with  an  aromatic,  cam- 
phor-like odor  and  taste;  G.  =  0-95  ;  fuses  ai 
158°,  volatilizes  entirely  with  irritating  fumes. 
(Griiger.)    It  fuses  at  104°  and  congeals  at  80-6°; 
it  boils  at  536°,  but  its  temperature  rises  im 
to  572°,  when  it  is  decomposed  without  subli- 
mation.    (Blanchet  and  Sell.)     Difficultly  solu- 
ble  in  water,  very  soluble   in   alcohol,  from 
which  water  precipitates  it  in  cubes  and  6-sidei 
prisms;    dissolved    by   sulphuric    acid,  from 
which  water  again  throws  it  down  at  first,  but 
after  a  short  time  it  browns  and  is  no  lo 
precipitable ;  if  the  brown  solution  be  hi 
it  becomes  blue,  and  by  the  addition  of  water 
passes    through   violet   and  wine-red,  and  a 
humic    substance     precipitates;     nitric    ac'd 
changes  it  into  a  tough  resin,  dissolving  oie 
part  with  a  yellow  color.     Blanchet  and  Sel's 
analysis  leads  to  the  formula,  C16Hu04.  T/ey 
believe  that  it  is  a  compound  of  volatile  oil 
with  water,  and  obtained  an  oil  by  extraiing 
the  root  with  alcohol,  which,  when  pure,/ave 
the  formula  C16H902;  but  the  important  'aria- 
tion  between  the  percentage  composition,  as 
found  by  experiment  and  by  calcula.'itn,  ex- 
cludes such  an  assumption. 

Asarurn-bitter.  Precipitate  the  aqueous  infu- 
sion of  the  root  with  acetate  of  led,  remove 
the  lead  by  sulphuretted  hydrogen,  filer,  evapo- 
rate to  a  syrup,  treat  with  alcohol,  filler  and 
evaporate.  Yellowish  brown,  bitter,  and  nau- 
seating to  the  taste,  equally  soluble  in  alcohol 
and  water,  precipitable  by  galls-.bnision  and 
subacetate  of  lead,  but  not  by  sugar  of  lead. 

ASBESTUS.  Min.  Various  minerals  in- 
cluded under  the  name  asbestus  have  been 
shown  to  belong  lo  entirely  different  species, 
and,  as  Breithaupt  has  remarked,  the  term 
asbestus  may  rather  be  employed  to  denote  a 
peculiar  fibrous  state  into  whici  many  minerals 
pass.  See  Mountain  Wooi,  Opal-Ashksti  s, 
Picrosmine,  FmnoLiTE.  The  greater  part, 
however,  seem  allied  to  H«r>blende. 

ASBOLIN.     See  Soot. 

ASCLEPIAS.     Rot.     A  few  species  of  this 
genus  are  employed,  but  rarely,  in  medicine. 
Feneulle  found  in  the  roofof  t\ie  A.Vincetoi 
a  peculiar  emetic  principle  (not  Emetin),  resin, 
a  waxy  oil,  gum,  starct,  traces  of  volatile  oil, 
pectic  acid,  fibre,  and  salts  of  lime  and  potassa, 
with  malic  acid  and  oxalate  of  lime.    To  pre- 
pare the  emetic  principle,  precipitate  the  de- 
coction of  the  root  by  acetate  of  lead,  filler, 
precipitate  the  lead  by  sulphuretted  hydrogen, 
°vaporate  to  extract,  treat  with  alcohol,  which 
extracts  the  emetic  principle  and  resin,  evapo- 
rate and  extract  by  water;   by  repeating  the 
latter  operation,  it  is  obtained  free  from  resin. 
It  is  pale  yellow,  soluble  in  every  proportion  in 
water,  alcohol,  and  alcoholic  ether ;  it  has  no 
basic  properties,  contains  no  nitrogen;  a  dose 
of  3  grains  produces  vomiting;   its  aqueous 
solution  is  precipitated  by  basic  acetate  of  lead, 
corrosive    sublimate,    and    slowly    by    galls- 
infusion. 

ASHES.    Tech.    Veget.     Phys.     Ger.  Asche, 
Fr.   Cendres.    The  solid  organic  residue  of 
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organic  substances  after  burning  off  the  vola- 
tile and  carbonaceous  matters  in  the  open  air. 
It  is  more  especially  applied  to  the  organic 
residues  of  plants,  with  reference  to  its  use  in 
the  arts,  and  in  this  light  we  shall  view  it.  The 
general  constituents  are  potassa,  soda,  lime, 
magnesia,  oxides  of  iron  and  manganese  with 
silicic,   carbonic,  phosphoric,   sulphuric  and 
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chlorohydric  acids.  Aluminais  rare,  and  traces 
of  copper  have  been  observed.  A  portion  of 
ashes  is  soluble,  consisting  of  carbonate,  sili- 
cate, sulphate  and  muriate  of  potassa  and  scda, 
and  a  portion  insoluble,  consisting  of  silicate, 
carbonate  and  phosphate  of  lime  and  the  other 
bases.  Carbonate  of  lime  constitutes  one-half 
or  more  of  these  substances.  The  quantity  of 
ashes  varies  according  to  the  nature  of  the 
plant,  its  parts,  its  age,  the  nature  of  the  soil, 
and  even  in  the  same  plant  the  nature  of  the 
ingredients  may  vary  under  different  circum- 
stances. The  foregoing  table  is  extracted  from 
Berthier's  excellent  researches  on  ashes.  (Eeiz. 
Lehrb.  viii.  764.  See  also  Berthier,  "  Essais, 
p.  1.  voie  seche."  i.  259,  &c,  for  a  more  com- 
plete view.) 

No.  7  is  the  Pinus  Abies.  No.  9  Pinus  Syl- 
vestris.  The  carbonates  are  formed  from  the 
destruction  of  the  organic  acid  with  which 
their  bases  were  united  in  the  living  plant. 
The  experiments  of  Berthier  also  show  the 
varying  composition  in  different  parts  of  the 
same  plant,  for  while  the  wood  of  the  larger 
branches  of  oak  (2)  give  1\  per  cent,  ashes 
with  \  of  its  weight  of  alkaline  salts,  the  bark 
of  the  oak  (3)  yielded  6  per  cent,  ashes  with 
only  2V  °f  soluble  salts,  while  the  insoluble 
portion  contains  much  manganese.  The  ashes 
of  wheat  straw  consist  chiefly  of  silicate  of 
potassa  3K0+  2  Si03,  while  the  ashes  of  the 
grain  consist  mainly  of  phosphates  of  lime 
and  magnesia.  It  is  concluded  from  the  anal- 
yses of  Saussure  and  Berthier,  that  the  nature 
of  the  soil  exercises  a  marked  influence  on 
the  quantity  of  the  bases  in  the  plant.  Hence 
Liebig  endeavors  to  prove  that  the  equivalent 
quantity  of  fixed  bases  must  be  invariable  in 
the  same  plant.  See  p.  74,  under  Agriculture, 
in  the  present  work. 

The  table  on  the  following  page,  giving  the 
composition  of  the  ashes  of  a  few  plants,  is 
drawn  from  an  essay  by  C.  Hertwig,  in  An.  d.  Ch. 
und  Phar.  xlvi.  97-117,  (1843.)  Comparing  3 
and  4,  the  bark  of  beech  yielded  twice  as  much 
soluble  and  25  times  as  much  insoluble  matter 
as  the  wood;  it  also  contains  of  carbonate  of  lime 
24,  of  magnesia  23,  of  phosphate  of  lime  15,  of 
phosphate  of  magnesia  4,  and  of  silica  69  times 
as  much  as  an  equal  weight  of  wood  ;  the  basic 
phosphates  of  iron  and  alumina  are  nearly 
equal.  Comparing  8  and  10,  the  soluble  is  8 
and  the  insoluble  4  times  as  much  in  the  leaves 
as  in  the  wood  of  the  fir;  the  phosphates  are 
more  than  21,  magnesia  3,  silica  4  times  as 
great,  and  the  carbonate  of  lime  nearly  equal ; 
the  phosphates  in  the  bark  (9)  are  about  2,  the 
carbonate  of  lime  and  the  silica  each  7  times 
as  great  as  in  the  wood.  In  11, 1600  lbs.  of  the 
leaves  (dried  at  212°)  contain  about  100  lbs. 
ashes,  so  that  the  same  line  (11)  gives  the 
composition  in  lbs.  from  1600  lbs.  of  the  leaves. 
Although  the  soluble  and  insoluble  in  12  and 
13  are  respectively  equal,  the  difference  in  the 
character  of  the  soluble  salts  is  very  striking. 
There  is  also  a  marked  difference  in  the  so- 
luble and  insoluble  salts  of  the  plant  and  root 
of  the  potato,  being  13  times  more  of  soluble 
and  nearly  7  times  less  of  insoluble  matter 
in  the  root.  About  100  lbs.  ashes  are  contained 
in  1981  lbs.  of  the  pea  stalk. 
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ASPARAGIN. 

It  is  often  asked,  whether  plants  will  contain 
the  organic  constituents  found  in  their  ashes, 
even  when  they  are  not  offered  to  them  in  the 
soil,  and  whether  these  elements  are  necessary 
for  their  development.     This    has  been  par- 
tially answered  by  some  excellent  experiments 
lately  made  by  Wiegmann  and  Polstorff.   They 
employed  two  soils,  one  which   consisted  of 
pure    quartz   sand,  ignited,  digested    in  aqua 
regia   for  16   hours,    washed   and   dried;  the 
other  the   same  sand  with    an   admixture  of 
various  salts  of  alkali,  earth,  and  oxide  of  iron. 
In    these   were   sowed    common  vetch   (Vicia 
sativa),  barley,  oats,  buckwheat,  and  clover; 
they  were  watered  by  pure  distilled  water  and 
protected  from  foreign  influences.     Those  in 
the  1st  grew  feebly,  some  flowered,  others  did 
not,  and  none  bore  fruit;  in  the  2d  they  grew 
luxuriantly,  flowered  and  fruited.     The  same 
quantity  of  seed  as  was  sown  was  incinerated 
and  the   ashes  analyzed;  the  cleaned  plants 
were  also  incinerated  and  their  ashes  analyzed. 
The  ashes  in  the  plants  grown  in  the  pure  sand 
was  double  that  in  their  seed;  of  those  grown 
in  the  2d  soil  4  to  5  times  as  much  as  in  their 
seed.     The  organic  matter  of  the  plants  in  the 
2d  was  2£  limes  as  much  as  that  in  the  1st, 
The  sand  was  then  subjected  to  analysis  and 
found  to  contain  about  2  per  cent,  of  potassa, 
lime,  alumina,  and  oxide  of  iron.     The  sand 
was   then   mixed   with   water,  carbonic   acid 
passed  through  it  for  a  month,  the  water  evapo- 
rated and  analyzed  ;  it  contained  silica  in  addi- 
tion to  all   the    bases    just   mentioned.     The 
particles  of  felspar,  &c,  are  therefore  decom- 
posed  slowly   by  carbonic   acid   and  furnish 
alkali,  &c,  to  plants.    Seed  of  cress  were  also 
sown  in  fine  clippings  of  platinum  wire,  and 
watered  with  distilled  water.   They  grew  luxu- 
riantly, but  their  ashes  were  found  to  weigh 
only  the  same  as  the  ashes  of  the  seed  em- 
ployed.    It  hence  appears  that  inorganic  ele- 
ments are  necessary  to  organization,  and  that 
when  destitute  of  them  they  droop  and  languish. 
It  is,  however,  probable  that  all  the  substances 
found   in   ashes   are    not   essential,    but    that 
potassa  and  soda,  lime  and  magnesia,  oxide  of 
iron  and  alumina  may  replace  each  other  as 
they  do  in  the  mineral  kingdom.    (Prize  Essay 
read  in  Giittingen,  1842,  from  Berz.  Arsberdt- 
telse,  1843.) 

ASPARAGIN.  Chem.  Syn.  Asparamide, 
Althei'n,  Agedoile.  A  peculiar  principle  found 
in  the  root  of  the  Althea,  in  asparagus,  in 
liquorice  root,  &c.  It  is  prepared  from  althea- 
root;  1.  by  macerating  it  with  milk  of  lime, 
filtering,  precipitating  with  carbonate  of  am- 
monia and  evaporating  to  the  consistence  of 
syrup  ;  2.  by  extracting  with  lukewarm  water, 
concentrating  by  evaporation,  filtering,  and 
placing  the  liquid  in  a  cool  place  for  several 
days  ;  this  method  yields  2  per  cent,  of  aspara- 
gin  from  the  root  (Henry  and  Plisson) ;  3.  ex- 
press the  juice  of  asparagus,  clarify  and  evapo- 
rate, as  in  2.    (Robiquet.) 

Prop.  Right  rhombic  octahedra,  rhombic  or 
six-sided  prisms,  transparent,  of  a  cooling, 
somewhat  nauseous  taste  ;  G.  =  1-519  at  57°  ; 
soluble  in  58  pts.  water  at  55-4°,  much  more 
soluble  in  hot  water;  more  soluble  in  dilute 
alcohol,   not   soluble   in    absolute   alcohol  or 
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ether.  It  yields  ammoniacal  products  by  dis- 
tillation. Heated  with  acids  or  alkalies  it  is 
resolved  into  ammonia  and  aspartic  acid.  Ac- 
cording to  the  analysis  of  Liebig  its  formula 
is  C„H8N206  +  2  HO,  (or  C4H4N03  +  HO). 
When  dried  at  248°  it  falls  to  a  fine  powder, 
losing  12-133  per  cent,  water  (2  HO),  so  that  the 
formula  of  anhydrous  asparagin  is  C8H8N206. 
Pelouze  and  Boutron  give  the  formula 
C8H8N205,and  regard  it  as  an  amide  of  a  lower 
oxide  of  the  radical  in  aspartic  acid. 


Oxide  of  Asparagin. 
CsHrN05    + 


Amide. 
H„N 


Asparamide. 
=     CoHaN„0, 


By  adding  one  eq.  water  it  forms  aspartic 
acid  and  ammonia,  and  by  another  eq.  water, 
aspartate  of  oxide  of  ammonium.  According 
to  Liebig,  the  decomposition  of  asparagin  is 
represented  thus  : 

Aspartic  Acid.         Ammonia.     Anhyd.  Asparagin. 
C8H5N06    +     NH3    =    C8HgN206 

By  adding  1  eq.  water  it  forms  aspartate  of 
oxide  of  ammonium,  by  2  eq.  the  same  salt 
crystallized,  which  is  metameric  with  hydrated 
asparagin. 

Aspartic  acid.  Prep,  by  boiling  asparagin  with 
baryta,  litharge,  or  potassa,  precipitating  the  1st 
by  dilute  sulphuric  acid,  the  2d  by  sulphuretted 
hydrogen,  and  neutralizing  the  3d  by  chlorohy- 
dric  acid  ;  it  crystallizes  from  a  hot  aqueous  or 
cold  dilute  alcoholic  solution.  Fine  pearly 
scales  or  leaves,  inodorous,  feeble  taste,  simi- 
lar to  asparagin,  soluble  in  128  pts.  water  at 
15-3°,  much  more  soluble  in  hot  water,  more  in 
muriatic  acid,  less  in  dilute  alcohol,  insoluble 
in  absolute  alcohol;  the  aqueous  solution  red- 
dens litmus  ;  nitric  acid  may  be  distilled  over 
aspartic  acid  without  change.  According  to 
Liebig,  the  formula  of  the  crystallized  acid  is 
C8H5N06  +  2  HO,and  that  of  the  dry  C8H5N06. 
— Pelouze  and  Boutron  give  the  formula 
C8H7N07  for  the  crystallized  andC8H6N06for 
the  dry  acid.  When  boiled  with  strong  potassa, 
it  is  resolved  into  ammonia  and  a  new  acid, 
which  has  not  been  examined. 

Salts.  Admitting  it  to  be  a  bibasic  acid,  the 
general  formula  of  its  neutral  salts  is  C8H5 
N06-f-  2  MO  and  of  its  basic  the  same,  with 
one  MO.  It  may  be  that  the  latter  are  the 
neutral  and  the  former  the  acid  salts.  Aspar- 
tate of  potassa  is  deliquescent,  uncrystallizable, 
of  soda  crystallizable ;  of  ammonia  difficult  to 
crystallize,  becoming  acid  by  evaporation;  of 
baryta  small  white  opake  crystals ;  of  lime,  a 
gummy  mass,  the  basic  salt  is  crystallizable, 
reacts  alkaline,  precipitates  oxides  of  lead  and 
silver  and  sesquioxide  of  iron;  of  magnesia, 
both  neutral  and  basic,  is  gummy,;  of  zinc  gra- 
nular, crystalline;  of  nickel  green,  amorphous  ; 
of  copper  small  blue  needles  with  silky  lustre, 
little  soluble  in  pure  water,  soluble  by  aid  of 
heat  in  the  soda-salt,  but  separating  by  evapo- 
ration ;  the  precipitates,  with  basic  acetate  of 
lead  and  salts  of  black  oxide  of  mercury  and 
oxide  of  silver,  are  soluble  in  nitric  acid  and  in 
an  excess  of  the  metallic  solution.  A.  of  qui- 
nin,  very  soluble,  drying  to  a  dendritic,  silvery 
mass;  of  dnchonin,  long  prisms;  of  morphin,  a 
gummy  mass,  exhibiting  a  tendency  to  crystal- 
lize. (Pcrz.  vii.  313  ;  L.  P.  It'.,  &c,  Worlcrb.) 
ASPARAGUS-STONE.     See  Apatite. 
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ASPARAMIDE,   ASPARTIC   ACID.      See  j 

Asi'ARAOIX. 

ASPHALT.  Tech.  Ger.  Erdpech,  Judenpech. 

A  native  resinous  substance  found  in  some 
quantity  on  the  shores  of  the  Dead  Sea,  on  the 
island  of  Trinidad,  &c.,  and  supposed  to  be 
raised  by  springs  from  decomposing  coal-for- 
mations. Black,  shining,  fuses  at  about  212°, 
burns  readily  with  a  white  flame  and  much 
smoke,  leaving  little  ashes  ;  by  dry  distillation 
it  yields  empyr.  oil,  a  little  ammouiacal  water, 
combustible  gases,  and  leaves  5  carbon,  con- 
taining in  its  ashes  silica,  alumina,  oxide  of 
iron,  &c.  It  is  insoluble  in  water;  alcohol 
extracts  5  per  cent,  of  a  yellow  resin;  ether  ex- 
tracts from  the  residue  70  per  cent,  more  of  a 
black  or  brownish  black  resin  ;  the  portion  in- 
soluble in  alcohol  and  ether  is  readily  soluble 
in  oil  of  turpentine  and  naphtha,  with  difficulty 
in  lavender-oil;  this  last,  called  by  Boussin- 
gault  asphalten,  is  black,  shining,  softens  at 
572°,  and  has  the  composition  O20H16O3.  (Ems- 
sing.)  The  relative  quantities  of  these  sub- 
stances vary,  for  B.  found  the  asphalt  from 
Coxitamba,  S.  A.,  to  consist  chiefly  of  asphal- 
ten, which  was  of  more  difficult  solubility  than 
usual.  Sulphuric  and  nitric  acids  convert  a 
part  of  asphalt  into  artificial  tannin  ;  potassa 
dissolves  a  large  portion  of  asphalt  with  a 
black  color.     See  Petroleum. 

ASPIRATOR.  Chcm.  An  apparatus  con- 
trived by  Brunner,  for  producing  a  current  of 
air,  which  is  represented  in  PI.  V.  fig.  8.  A 
and  B  are  two  cylinders  of  sheet-tin,  each  of 
about  a  cubic  foot  content.  A  metallic  rod  a  b 
unites  them,  through  the  middle  of  which  an- 
other a  c,  serving  as  an  axis  of  revolution,  and 
supported  by  the  wooden  uprights  cfdc.  Two 
tubes,  gh,  ik,  connect  the  cylinders,  and  are 
provided  with  cocks,  one  of  which  is  an  ordi- 
nary one,  the  other  a  two-way  cock ;  by  the 
former  the  cylinders  are  made  to  communi- 
cate ;  by  the  latter,  either  cylinder  may  at  plea- 
sure communicate  with  the  air.  On  the  bottom 
of  each  drum  aid  near  the  edge  is  a  tube  K, 
the  position  of  which  must  correspond  on  each 
but  on  opposite  edges  of  the  bottom,  and  it  may 
be  closed  by  a  cork  or  connected  with  a  tube. 
A  glass  tube,  m  I,  connecting  the  bottom  and 
top  of  one  cylinder,  and  on  the  outside,  indi- 
cates the  height  of  water  within.  On  the  side 
of  each  cylinder  is  an  eye  by  which  it  can  be 
hooked  fast  to  the  wooden  uprights.  The  in- 
strument is  thus  employed:  Both  cocks  and 
the  lower  tube  being  closed,  the  cylinder  A  is 
filled  with  water,  and  the  upper  tube  K  con- 
nected with  the  vessel  or  apparatus  from  or 
through  which  air  is  to  be  drawn ;  the  ordi- 
nary cock  is  then  turned  so  that  the  water  may 
flow  into  the  lower  cylinder,  and  the  other  cock 
so  that  the  air  in  the  lower  cylinder  may  pass 
into  the  external  air.  The  water  flowing  into 
B,  as  indicated  by  I  rn,  is  replaced  by  air 
through  K  until  A  is  emptied.  The  cylinders 
are  then  reversed  after  closing  the  cocks,  the 
tube  K  closed  by  a  cork,  the  apparatus  con- 
nected with  the  opposite  tube,  and  the  cocks 
opened  in  a  similar  manner  as  before  until  13 
is  emptied. 

Modifications  of  Brunner's  aspirator  have 
been  proposed  by  Abendroth  (Pogg.  An.  liii. 
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617)  and  Bolley  {Jin.  dtr  Ch.  vmd  Phar.  xh. 

322),  in  which  the  axis  is  a  tube  serving  as  a 
conduit  for  the  air  instead  of  the  tubes  K.  in 
Bolley's  there  ie  wooden  upright  with 

the  axis,  on  which  the  cylinders  revolve,  and 
in  the  direction  of  the  axis  is  a  tube  in  which 
tubes  meet,  (,  ither  cylinder.    Tl 

paratus  from  which  air  is  to  be  drawn  : 
connected  with  this  tube  which   is  statioi 
the  difficulty  of  adjustment  is  obviated.    The 
aspirator  may  evidently  be   modified   so  that 

air  or  a  gas   may  be   cither  drawn  or  I 
through  an  apparatus  or  vessel. 

The  apparatus  on  PI.  II.  fig.  1,1 
the  purposes  of  an  aspirator,  although  fir  less 
convenient.     See  Organic  Analysis, 

The  aspirator  is  employed  for  drying  a 
stance  in  hot  air,  for  evaporation,  sublimation, 
for  analyzing  mixed  gases,  &.C.,  and  with  mo- 
difications might  serve  as  a  gas  res  irvo 
Berzeliiis  remarks  that  it  is  one  of  the  most 
useful  instruments  to  the  chemist,  and  that  it 
should  find  a  place  in  every  laboratory. 

ASSAY.    Mining.     Coinage.     In  general  an 
assay  is  the  analysis  of  an  ore  or  artificial 
stance,    whether    quantitative   or   qualitative, 
with  a  view  to  determine  the  valuable  metallic 
constituents  alone,  and  is  chiefly  applied  to 
the  precious  metals,  to  copper,  lead,  tin,  anti- 
mony, bismuth,  and  a  few  others.     In  a 
limited  sense,  it  is   applied  to  the  determina- 
tion of  gold,  silver,  platinum  and   palladium, 
qualitatively  and  quantitatively,  whether  they 
are  in  the  ore  or  alloyed  artificially.    Assaying 
therefore  is  one  kind  of  analysis.    Fur  the  Tu- 
rner more    general    view,  refer  to  the   ; 
Analysis,  and  the  several  metals  which 
become  the  objects  of  an  assay.    In  its  most 
limited  sense,  it  designates  the  processes  em- 
ployed in  coinage,  for  determining  the  quantity 
of  gold  or  silver  in  alloys  of  those  metals,  and 
divides  itself  into  the  humid  and  dry  assay. 

Dry  assay.  It  depends  on  the  same  princi- 
ples as  cupellation,  viz.  that  oxide  of  lead 
carries  the  oxides  of  other  metals  into  the 
porous  cupel,  leaving  the  precious  metal  on 
the  surface.  The  weighed  metallic  alloy,  con- 
sisting usually  of  the  precious  metal  with 
copper,  is  rolled  in  a  sjnall  sheet  of  pure  lead, 
so  much  lead  being  added  as  is  supposed  to  be 
sufficient  to  oxidize  and  remove  the  copper, &c; 
and  is  then  placed  in  a  rnuffel  brought  to  a 
cherry-red  heat,  where  the  whole  soon 
from  the  increased  fusibility  of  the  alloy  with 
lead.  The  air  having  access,  the  lead  oxidizes, 
and  a  portion  passes  off  in  vapor ;  by  it 
oxidation  it  induces  the  more  ready  oxidation 
of  the  associated  metals,  whose  oxides  enter 
into  fusion  with  the  fusible  oxide  of  lead,  and 
are  thus  absorbed  together  by  the  porous  cupel. 
As  the  last  portions  of  lead  leave  the  silver, 
the  peculiar  brightening  and  immediate  solidi- 
fication of  the  latter  metal  are  observed,  as  in 
ordinary  cupellation. 

Humid  assay.  This  method  of  assay  for  sil- 
ver was  carried  into  successful  operation  by 
Gay-Lussac,  and  has  the  advantages  of  being 
more  exact,  and  more  easily  executed  than  the 
dry  assay,  but  requires  more  time.  It  <;■ 
on  the  principle  that  a  solution  of  silver  is 
completely  precipitated  as  chloride  of  silver  by 
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a  solution  of  common  salt  (chloride  of  sodium), 
and  perfectly  accurate  results  are  attainable  by 
it  except  when  mercury  and  lead  are  present ; 
but  even  in  the  latter  case,  the  difficulty  of  the 
precipitation  of  chloride  of  lead  may  be  avoided, 
from  its  known  solubility  at  an  increased  tempe- 
rature.    A  certain  quantity  of  the  silver  alloy 
is  dissolved  in  pure  nitric  acid,  and  a  given 
measured  quantity  of  a  standard  solution  of 
chloride  of  sodium  is  added,  and  the  stoppered 
vial  containing  the  solution  placed  in  the  agi- 
tator for  a  minute  or  more,  when  the  chloride 
settles  and  the  liquid  is  clear.     Another  solu- 
tion is  prepared  by  mixing  100  grammes  of 
the  normal  solution  of  salt,  with  900  grms.  of 
water,  so  that  if  100  grms.  of  the  normal  solu- 
tion represented  1000  milliemes  of  pure  silver, 
one  gramme  of  this  decuple  solution  will  re- 
present 1  millieme  of  pure  silver.    The  decuple 
solution  is  now  added  gramme-wise,  and  agi- 
tated to  settle  the  chloride  of  silver,  so  that  the 
effect  of  the  succeeding  gramme  may  be  ob- 
served, when  it  is  again  tested.     By  a  careful 
attention  to  the  temperature  of  the   standard 
solution,  and  ascertaining  from  time  to  time 
its  state   by   testing   with  a  solution  of  pure 
silver,  and   by   care   and    experience    in    the 
various  parts  of  the  process,  an  extraordinary 
degree  of  accuracy  is  attainable,  and  even  a 
degree  of  rapidity  falling  but  little  short  of  the 
dry  assay. 

Assaying  Gold.  This  is  a  mixed  dry  and 
humid  assay,  and  we  may  suppose  an  alloy 
to  conlain  gold,  silver,  and  copper.  The  first 
test  frequently  employed  as  approximative,  is 
to  try  the  streak  of  the  alloy  on  touch-stone,  (a 
hard  and  compact  Hornstone,  Basanite,  &c.,) 
compared  with  the  streak  of  needles,  the  com- 
position of  which  is  known  ;  the  needles  may 
be  pure  gold,  or  alloyed  with  silver,  or  with 
copper,  or  with  both  silver  and  copper  in  due 
proportions.  This  being  ascertained,  it  is 
then  cupelled  with  lead  to  exclude  copper,  &c, 
a  certain  and  fixed  quantity  of  pure  silver 
being  added  according  to  the  quantity  of  gold 
supposed  to  be  present.  Chaudet  employs 
500  milliemes  of  the  fine  gold  for  assay,  cupels 
it  with  1500  m.  silver  and  1000  lead ;  the  button 
is  then  rolled  out  into  a  strip  several  inches  long, 
and  into  the  spiral  cornet,  which  is  boiled  in  a 
matrass  for  3  to  4  minutes,  with  nitric  acid  of 
22°  B.;  this  acid  being  poured  off,  it  is  boiled 
for  10  minutes  with  acid  of  32°  B.,  and  again, 
for  8—10  minutes  with  acid  of  32°.  The  cor- 
net is  washed,  heated  in  a  little  porous  crucible 
to  render  it  more  solid,  and  weighed.  By  add- 
ing silver,  the  whole  of  this  metal  may  be 
extracted  from  the  gold,  but  attention  to  the 
strength  of  acid,  and  the  time  of  boiling   is 

1. 

Oxide  of  copper 72-0 

Chlorohydricacid 16-3 

Water 11-7 
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requisite  to  avoid  the  extraction  of  gold  at  the 
same  time.  See  Analysis,  Cupellation,  Gold, 
Parting.  Silver,  Consult  the  excellent  work 
of  Chaudet,  "L'art  de  tiessayeur*  for  minute  and 
valuable  details  on  the  process  of  assaying. 

ASTRINGENTS.  Med.  Medicines  which 
produce  contraction  of  the  living  tissues.  Their 
general  effects  are  manifested  by  greater  firm- 
ness of  the  muscular  fibres,  greater  rigidity  of 
the  blood-vessels  and  diminution  of  their  caliber, 
and  contraction  of  the  exhaling  secreting  ori- 
fices, whereby  they  check  hemorrhage,  and 
diminish  exhalation  and  secretion.  In  the 
mouth,  they  produce  a  styptic  or  astringent 
taste.  In  moderate  doses,  they  are  capable  of 
producing  the  same  constitutional  effects  as 
tonics  (Perevra),  but  they  are  principally  em- 
ployed for  their  local  effects,  to  obviate  relaxa- 
tion of  the  fibres  and  tissues,  and  to  prevent 
and  check  excessive  discharges. 

Astringents  may  be  divided  into  two  sec- 
tions, the  vegetable  and  mineral.  The  vege- 
table astringents  owe  their  peculiar  properties 
to  the  presence  of  tannin  or  tannil,  which 
is  found  in  all  of  them.  (Wood.)  They  differ 
only  in  the  proportion  of  the  latter  principle, 
and  in  the  other  ingredients  with  which  it  is 
associated.  The  mineral  astringents  have 
nothing  in  common,  but  their  property  of 
astringency.  To  the  former  belong:  oak  bar!;, 
galls,  kino,  catechu,  logwood,  rhatany,  gera- 
nium, tormentil,  bistort,  pomegranate-rind.  To 
the  latter,  alum,  the  preparations  of  lead,  zinc, 
and  iron,  and  sulphuric  acid. 

ATACAMITE.  Min.  Syn.  Prismatoidal 
Habroneme  Malachite,  Mohs;  Salzkupfererz, 
Wern.  ;  Hydrous  oxy-chloride  of  copper. 

Descrip.  Crystals  minute,  Right  Rhombic,  the 
planes  of  vertical  prism  M  on  M  =  97°  20' ;  the 
prevailing  forms  are  horizontal  prisms  of  1st 
and  2d  order,  constituting  a  rectangular  octa- 
hedron, with  terminal  planes  of  axes,  octahe- 
dral planes,  and  vert,  prism.  Cleaves  per- 
fectly and  brilliantly  parallel  to  term,  plane  of 
main  axis,  imperfectly  parallel  to  vert,  prism. 
H.  =  2-5— 3-5.  Gr.  =  4— 4-3.  Color  various 
shades  of  green,  with  apple-green  streak ; 
lustre  vitreous,  adamantine  ;  subtransparent, 
subtranslucent ;  brittle. 

Behavior.  Colors  the  blowpipe  flame  bluish 
green,  fusing  and  reducing  to  a  globule  of 
copper;  in  a  closed  tube,  gives  off  acid  water; 
at  a  higher  heat  sublimes  green  chloride  of 
copper;  very  soluble  in  acids,  giving  a  rich 
blue  color  with  ammonia. 

Analysis  of  massive,  1.  by  Klaproth,  2  by 
Proust;  3  of  granular,  by  Proust;  4  of  crystal- 
lized by  J.  Davy;  5  of  A.  from  Cobija,  by 
Berthier. 


100 


2. 

3. 

4. 

5. 

76-5 

70-5 

730 

50-00 

10-5 

11-5 

16-2 

Copper 

13-33 

12-5 

18-0 

10-8 

Chlorine 

14-92 

— 

— 

— 

Water 

21-75 

99-5 

100 

100 

100 

According  to  5  its  formula  is  CuCI  -f-  3  CuO  4- 
6  HO  ;  according  to  1  and  4  CuCI  -f-  3  CuO  -f- 
3  HO. 

34 


Locality.     Atacama  and  Taracapa  in  Peru 
and    Chili;    iron    mines   of    Schwartzenber°- 
Saxony;  lavas  of  Vesuvius  formed  by  the  ac- 
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tion  of  muriatic  vapors  on  carbonates  of  cop- 
per. 

ATMOSPHERE.  Ger.  Dunsfkreis.  The  im- 
mense mass  of  elastic  fluid  which  surrounds 
the  globe  which  we  inhabit  is  called  its  atmo- 
sphere (from  aTjuoc,  vapor,  and  o-?>*/£*,  a  sphere), 
and  the  mixture  of  gases  of  which  it  consists, 
atmospheric  air,  or  simply  the  air. 

Nothing  perhaps  can  be  more  interesting 
than  a  knowledge  of  the  nature  of  this  fluid  in 
which  we  live  and  move.  So  intimately  con- 
nected, indeed,  is  our  whole  existence  and  that 
of  all  other  living  beings  with  the  atmosphere, 
that  those  planetary  bodies  in  which  no  atmo- 
sphere has  been  discovered  are  generally  con- 
sidered in  consequence  thereof  destitute  of 
organic  beings.  As  our  life  depends  for  its 
existence  and  continuance  on  it,  so  our  health 
and  comfort  is  intimately  connected  with  the 
changes  which  it  undergoes,  and  cannot  there- 
fore be  attended  to  without  a  thorough  know- 
ledge of  its  physical  and  chemical  nature.  If 
it  be  furthermore  remembered  that  it  is  the 
principal  agent  in  combustion,  and  that,  until 
the  discovery  of  the  steam-engine,  it  consti- 
tuted an  important  mechanical  power  on 
which,  until  lately,  navigation  has  from  time 
immemorial  been  dependent,  and  that  pos- 
sibly the  time  is  not  far  distant  when  it  may 
become  the  principal  medium  for  locomotion, 
its  importance  in  the  condition  and  develop- 
ment of  mankind  will  easily  be  conceived. 

Chemical  nature  of  the  atmosphere.  Common 
atmospheric  air  was  for  a  long  time  considered 
as  an  element,  until  Scheele  and  Lavoisier  suc- 
ceeded in  demonstrating  its  compound  nature. 
Lavoisier's  experiment  is  very  instructive.  He 
boiled  mercury  in  a  matrass  filled  with  atmo- 
spheric air,  and  communicating  with  a  gra- 
duated bellglass,  also  containing  atmospheric 
air  over  mercury.  The  mercury  in  the  ma- 
trass was  kept  boiling  for  twelve  days,  till  no 
further  diminution  of  the  air  in  the  bellglass 
was  perceptible.  By  this  process  the  mercury 
was  partly  converted  into  a  red  powder  (oxide 
of  mercury),  while  the  remaining  air  (nitro- 
gen) was  found  unfit  for  respiration  or  combus- 
tion. Animals  introduced  into  it  died  in  a  few 
moments,  and  a  candle  was  extinguished  in- 
stantaneously, as  if  immersed  in  water.  On 
the  other  hand,  by  heating  the  red  powder  into 
which  the  mercury  was  converted,  by  absorb- 
ing a  portion  of  the  air,  it  separated  again  into 
metallic  mercury  and  a  colorless  gas  (oxy- 
gen), in  which  animals  were  capable  of  living 
longer  than  in  an  equal  volume  of  common 
air,  and  in  which  a  glowing  taper  would  again 
become  inflamed  and  burn  with  increased  bril- 
liancy. Atmospheric  air  was  thus  proved  to 
consist  of  at  least  two  gases  of  different  and 
almost  opposite  natures. 

Besides  these  two  gases,  oxygen  and  nitro- 
gen, which  form  its  main  ingredients,  the  at- 
mosphere contains  also  a  small  portion  of  car- 
bonic acid,  and  variable  quantities  of  vapor 
of  water.  The  two  latter,  although  in  less 
quantity,  form  a  no  less  important  part  in  the 
economy  of  animals  and  plants  than  the  oxy- 
gen ;  while  the  nitrogen,  as  far  as  yet  ascer- 
tained, seems  mostly  to  serve  for  the  purpose  of 
a  neutral  diluent  for  the  other  ingredients. 
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The    following  may    be    considered   as   the 
average  constitution  of  the  atmosphere: 

Hv  volume.  Uy  weight. 

Oxygen 20*56  22- !  6 

Nitrogen 78-16  76«lfi 

Vapor  of  water 1-25  l-o:i 

Carbonic  acid 0-04  0-06 


100-00  100-00 

To  the  above  constant  ingredients  of  the  air 
may  also  be  connected  several  accidental  sub- 
stances, dissolved  or  diffused  through  it  from 
local  or  special  causes,  becoming  in  some  in- 
stances the  source  of  great  distress  or  annoy- 
ance to  man. 

Oxygen.  It  has  been  found  by  carefully  con- 
ducted experiments  that  the  proportion  oi 
gen  in  100  volumes  of  dry  air  is  nol 
to  variation,  but  remains  constant,  amou 
to  between  20-8  and  21  volumes.  This  result 
has  been  obtained  with  air  taken  in  en 
well  as  in  the  country,  from  under  the  equator 
or  from  the  arctic  regions,  from  the  tops  of 
high  mountains  or  in  valleys,  from  great  ele- 
vations in  the  air  or  from  the  level  of  the  sea, 
in  day-time  or  during  the  night.  Even  in 
marshes,  or  when  taken  from  crowded  rooms, 
theatres,  &c,  it  exhibited  no  perceptible  defi- 
ciency of  oxygen.  The  proportion  of  oxygen 
and  nitrogen  may  therefore  be  considered  as 
constant,  or  at  least  not  to  vary  more  than  be- 
tween one  and  two-tenths  of  one  per  cent., 
which  may  be  considered  within  the  limils  of 
experimental  accuracy.  Generally,  omittin 
carbonic  acid  and  water,  it  is  considered  as 
containing  21  volumes  of  oxygen  and  79 
of  nitrogen,  or  by  weight  23-1  oxygen  and  76-9 
nitrogen.  The  last  results  of  Dumas  and 
Boussingault  yielded  oxygen  20-81,  nitrogen 
79-19,  or  by  weight,  oxygen  23-01,  nitrogen 
76-99,  with  a  variation  in  the  results  of  0-17 
per  cent.  It  may,  however,  be  remarked  that, 
according  to  some  very  lately  published  re- 
sults by  Lewy  of  analyses  of  air  from  the 
North  Sea  and  from  the  isle  of  Guadeloupe, 
he  has  arrived  at  the  conclusion  that  the  quan- 
tity of  oxygen  in  the  atmosphere  varies,  and 
that  this  variation,  although  within  so  small 
limits  on  the  continent  as  to  render  its  esti- 
mation somewhat  uncertain,  is  nevertheless 
much  greater  over  the  sea,  amounting  to  0-46 
per  cent.  His  analyses  were  performed  by 
the  same  method  as  employed  by  Dumas  and 
Boussingault.     See  farther  below. 

If  the  air  were  of  uniform  density,  its  height, 
as  inferred  from  the  barometer,  would  be  about 
5-238  miles.  Making  an  allowance  for  the 
contained  vapor  of  water  and  carbonic  acid, 
and  assuming  its  height  to  be  4-6  miles  and 
the  radius  of  the  earth  to  be  3956  miles,  the 
volume  of  the  atmosphere  would  be  906  mil- 
lions of  cubic  miles,  of  which  the  oxygen 
would  form  19,025,000  cubic  miles. 

The  quantity  of  oxygen  consumed  by  a 
grown  person  in  24  hours  is,  according  to  La- 
voisier and  Davy,  about  45,000  Par.  cub.  inches, 
or  26-04  cubic  feet.  From  this  it  has  been 
calculated  that  the  yearly  consumption  of  oxy- 
gen by  all  mankind,  assumed  at  1000  millions 
of  people,  would  only  amount  to  about  77-fi 
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cubic  miles,  and  that  therefore  the  present 
amount,  if  it  could  be  consumed  to  the  last 
portion,  would  suffice  for  2,451,000  years,  and 
if  the  same  number  of  people  had  existed  since 
the  time  of  the  creation,  only  ?ig  of  the  pre- 
sent volume  of  oxygen  would  have  been  con- 
sumed, a  diminution  entirely  too  small  to  be 
ascertained  at  present  by  experiment.  One- 
tenth  of  a  per  cent,  of  the  air  contains  oxygen 
enough  for  the  supply  of  the  whole  present 
population  for  10,000  years. 

If  thus  on  the  one  hand  it  must  be  admitted 
that  the  quantity  of  oxygen  consumed  by  man- 
kind, even  for  a  considerable  length  of  time, 
could  not  diminish  it  sensibly;  it  must  on  the 
other  hand  be  remembered,  that  much  larger 
quantities  are  annually  consumed  by  the  whole 
animal  kingdom,  and  by  combustion  and  other 
oxidizing  processes,  and  that  a  sensible  diminu- 
tion of  the  oxygen  might  at  last  occur,  if  this  con- 
sumption were  not  in  some  other  way  coun- 
teracted. This  is  done  by  plants,  which  inhale 
carbonic  acid  and  liberate  oxygen.  How  far 
they  in  this  point  counterbalance  the  consump- 
tion, we  have  as  yet  no  means  of  determining 
with  accuracy.  It  will,  however,  afterwards  be 
seen  that  even  this  is  probably  not  the  case. 

The  constancy  of  the  proportion  of  oxygen 
in  the  composition  of  the  air  must  be  explained 
by  the  great  mobility  of  its  particles  and  the 
diffusive  power  of  its  constituents,  by  which 
any  difference  is  rapidly  equalized.  The  same 
must  be  supposed  to  take  place  in  crowded 
places  or  rooms  where  the  windows  and  doors 
are  never  so  close  as  not  to  allow  a  considera- 
ble exchange  of  air  to  take  place  through  them. 
For  in  hermetically  closed  rooms  oxygen  is 
known  to  disappear  by  respiration,  and  to  be 
replaced  by  nearly  an  equal  volume  of  carbo- 
nic acid.  The  oppression  and  other  injurious 
effects  of  such  air  must  therefore  be  ascribed 
more  to  the  temperature  and  to  the  presence 
of  other  noxious  substances,  as  carbonic  acid 
and  exhaled  animal  substances,  than  to  a  want 
of  oxygen. 

It  has  already  been  stated  that,  in  abstracting 
he  oxygen  from  the  atmosphere  by  any  sub- 
itance  which  will  combine  with  it,  the  remain- 
hg  gas  consists  almost  entirely  of  nitrogen 
(bu  mixed  with  a  minute  quantity  of  carbonic 
acicand  watery  vapor). 

Ntrogen.  The  principal  characteristic  of 
nitrogen  is  its  indifference  to  oxygen,  as  well 
as  toother  substances,  and  its  consequent  ap- 
parent reluctance  to  enter  directly  into  combi- 
natior  with  them.  Its  use  seems,  therefore, 
principally  to  be  to  dilute  the  oxygen ;  for,  from 
the  powerful  affinity  of  this  latter  substance,  it 
is  obvious,  that  if  it  alone  constituted  our  air, 
it  woud  soon,  with  the  present  arrangement 
of  our  earth  and  its  inhabitants,  produce  uni- 
versal destruction,  for  all  animals  would  perish 
from  the  excessive  influence  of  the  oxygen  on 
the  blood  and  the  respiratory  organs,  and  the 
greatest  part  of  all  combustible  matters  would 
soon  be  involved  in  one  general  conflagration. 
It  may,  however,  be  remarked  that,  although 
the  nitrogen  of  the  air  does  not  seem  necessary 
by  itself  to  the  continuance  of  life,  nor  any 
lirect  reaction  between  it  and  the  living  crea- 
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lion  has  yet  been  found  to  exist,  yet  it  form;' 
an  invariable  and  essential  constituent  of  b^th 
animals  and  plants. 

From  the  fact  of  the  invariable  proportion 
of  the  oxygen  to  the  nitrogen,  and  this  ratio 
being  very  nearly  as  1  to  4,  some  chemists 
have  advanced  the  idea  that  the  air  is  a  chemi- 
cal compound  of  1  volume  of  oxygen  with  4 
volumes  of  nitrogen,  forming  a  compound  with 
half  as  much  oxygen  as  in  nitrous  oxide;  but, 
if  this  were  the  case.it  would  afford  the  only 
instance  of  a  mechanical  mixture  having 
exactly  the  same  properties  as  a  chemical 
compound.  For  an  artificial  mixture  of  oxygen 
and  nitrogen  in  the  same  proportion  does  not 
differ  in  any  respect  from  the  air,  and  yet  that 
they  enter  into  no  chemical  combination  by 
their  mixture  is  evident  from  the  absence  of 
any  change  in  temperature  or  volume.  Besides 
the  fact  that  nitric  oxide  abstracts  oxygen  from 
the  air,  being  thereby  converted  into  hypo- 
nitrous  acid,  would  thus  afford  an  instance  of 
one  oxide  reducing  another  of  the  same  radical 
and  liberating  the  latter,  which  would  be  both 
improbable  and  without  a  parallel.  The  ob- 
jection that  the  oxygen,  as  the  heavier  gas, 
ought  in  still  weather  to  settia  down  at  the 
bottom  in  the  lower  strata  is  unfounded,  since 
gases  mix  together  as  liquids  of  different  spe- 
cific gravity,  without  any  tendency  to  subse- 
quent separation  by  mere  gravitation.  On  the 
contrary,  the  law  of  diffusion  of  gases  would 
make  them  mix  and  penetrate  each  other  per- 
fectly without  any  mechanical  agitation. 

Carbonic  acid.  The  existence  of  carbonic 
acid  in  the  air  may  be  easily  proved  by  expos- 
ing lime  or  barytic  water  in  an  open  vessel  to 
the  air,  or  passing  the  latter  through  their  solu- 
tion, when  a  precipitate  will  be  formed,  which 
effervesces  by  the  addition  of  an  acid,  and  con- 
sists of  carbonate  of  lime  or  baryta.  Like  the 
two  former  cases,  the  carbonic  acid  is  diffused 
through  the  whole  atmosphere  ;  its  proportion 
is,  however,  very  small.  By  a  series  of  experi- 
ments, carefully  performed  by  Th.  de  Saussure, 
it  has  been  ascertained  that  the  mean  propor- 
tion of  carbonic  acid  in  the  air  does  not  amount 
to  more  than  0-0004,  or  4  volumes  in  10,000 
volumes  of  air,  but  that  this  amount  varies 
from  0-00057  as  a  maximum  to  0-00032  as  a 
minimum.  During  the  night  its  proportion  is 
greater  than  during  the  day,  and  in  populous 
cities  greater  than  in  the  country,  and  also  in 
winter  and  in  high  situations  greater  than  in 
summer,  or  in  low  situations,  owing  probably 
to  the  effect  of  vegetation.  Dry  weather  and 
frost  seem  also  to  increase  its  amount,  proba- 
bly by  preventing  absorption  by  the  soil,  while 
over  lakes  and  other  waters,  and  after  rain,  it 
is  somewhat  less. 

Notwithstanding  the  small  proportion  which 
the  carbonic  acid  bears  to  the  whole  atmo- 
sphere, its  presence  is  of  the  highest  import- 
ance in  an  economical  point  of  view.  We 
have  seen  that  the  animal  kingdom  consumes 
annually  an  immense  quantity  of  oxygen  which 
it  converts  into  carbonic  acid,  while,  on  the 
other  hand,  the  plants  again  absorb  the  car- 
bonic acid  and  return  the  liberated  oxygen  to  the 
air;  for,  although  during  the  night  they  absorb 
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oxygen  and  exhale  carbonic  acid,  the  reversed 
action  during  the  day  predominates  greatly. 
The  very  existence  and  continual  growth  of 
plants  seem,  therefore,  to  depend  on  the  pre- 
sence of  the  carbonic  acid.  How  far  animals 
and  plants  counterbalance  each  other  we  have 
not  yet  been  able  to  ascertain  by  direct  experi- 
ments, but  considering  the  continual  increase 
of  carbonaceous  matter  in  the  soil,  and  the 
immense  deposits  of  carbon  as  coal  and  lignite, 
which  owe  their  origin  to  a  previous  vegeta- 
tion, it  would  seem,  indeed,  that  the  amount  of 
carbonic  acid  in  the  atmosphere  must  have 
been  formerly  greater,  and  that  its  absorption 
b}r  plants  so  far  prevails  over  the  causes  which 
reproduce  it  as  to  cause  its  slow  but  steady 
diminution. 

Carbonic  acid  acts  as  a  poison  to  man  when 
inhaled.  Its  accumulation,  by  respiration,  and 
the  burning  of  lights  in  crowded  and  lighted 
rooms,  constitutes,  therefore,  a  frequent  cause 
of  the  vitiation  of  the  air  in  such  places,  and 
its  injurious  effects  are  even  felt  before  it 
reaches  the  amount  of  one  per  cent. 

Vapor  of  Water.  A  continual  evaporation 
taking  place  from  seas,  lakes,  rivers,  and  other 
waters,  as  well  as  from  the  soil  in  general, 
these  vapors  diffuse  themselves  through  the 
air,  and  form  an  important  constituent  of  it. 
Vapor  of  water  not  being  a  permanent  gas,  as 
the  other  constituents  of  the  air,  but  condensi- 
ble  again  to  water  by  eld;  their  presence  can 
easily  be  proved  by  reducing  artificially  its 
temperature.  Thus,  if  a  pitcher  be  filled  with 
ice,  the  vapors  of  the  air  will  be  seen  to  con- 
dense on  its  outer  surface,  as  a  dew,  and  col- 
lect into  drops  of  water.  It  has  been  asserted 
that,  by  the  above  evaporation,  the  water  dis- 
solves in  the  air  as  a  salt  in  a  liquid.  But  it 
has  been  found  that  evaporation  takes  place 
equally  well  in  vacuo,  and  that  here  at  equal 
temperatures  the  same  amount  of  vapor  will 
form  in  a  given  space  as  if  it  were  filled  with 
air.  If,  therefore,  no  other  atmosphere  existed, 
the  earth  would  still  be  surrounded  by  an 
atmosphere  of  watery  vapor;  the  quantity  of 
it,  therefore,  only  depends  on  the  temperature. 
The  atmosphere,  therefore,  so  far  from  facili- 
tating the  evaporation  of  water,  is  rather  an 
obstacle  to  its  diffusion,  since,  in  a  vacuum,  it 
would  expand  itself  with  the  utmost  velocity. 
That  wind  and  other  commotions  of  the  air 
facilitate  the  evaporation,  depends  upon  the 
removal  of  the  vapor  formed  from  the  sur- 
face of  the  water,  whereby  further  evaporation 
would  be  prevented. 

The  amount  of  vapor  varies  according  to  the 
temperature  of  the  atmosphere  and  other  cir- 
cumstances, from  J  per  cent,  to  more  than  4  per 
cent,  by  vol.  Verner  found  as  a  mean  of  50 
experiments,  in  1000  parts  of  air,  8*47  pts.  of 
vapor,  the  maximum  being  10-18,  the  minimum 
6-1.  In  the  forenoon,  and  before  2  o'clock,  the 
mean  was  7-97,  after  2  o'clock  till  evening,  8-85. 
In  general,  the  higher  the  temperature,  the 
greater  is  the  absolute  quantity  of  vapor.  In 
the  same  way  it  is  greater  in  summer  than  in 
winter,  in  day-time  than  in  the  night,  in  warm 
and  low  countries  than  in  cold  and  moun- 
tainous, and  in  the  proximity  of  seas  and 
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rivers,  greater  than  farther  inland.     Mu< 
pends    also   on    local    circumstances,   as   the 
peculiar  property  of  the  soil,  the  facility  of 
drainage,  the    prevalence   of   certain    winds. 
The  atmosphere,  however,  rarely  contains  at 
any   temperature  the    full    amount   of    - 
which  it  is  capable  of  taking  up.     If  th 
the    case,  all    further    evaporation    froi 
surface    of  the   earth   into  it  must  of  c 
cease,  while,  on  the  other  hand,  if  its  content  of 
vapor  be  considerably  below  Its  cap 
evaporation  is  much  more  rapid,  and  the 
then  said  to  be  dry.     Hence  the  different  in- 
fluence between  dry  and  damp  air  on  the  ani- 
mal body,  which  must  continually  throw 
certain   amount   of  moisture    by  evapoi 
from  the  skin,  in  order  to  keep  it  of  a  certain 
moisture  and  temperature,  which  is  nece 
to  the  preservation  of  health. 

If  we  compare  the  absolute  quantity  of  vapor 
with  the  quantity  which  the  atmosphere  at  the 
same  temperature  is  capable  of  taking  up,  we 
obtain  the  relative  quantity  of  the  vapor  or  ihe 
degree  of  moisture.  It  will  thus  be  seen,  that 
with  the  same  absolute  quantity  of  vapor,  the 
moisture  of  the  air  depends  on  the  tempera- 
ture, and  that  at  a  higher  temperature,  the  air 
may  still  be  drier  than  at  a  lower  temperature, 
although  the  absolute  quantity  of  vapor  be 
larger  in  the  former  than  in  the  latter  ca 
that  air  which  at  a  certain  temperature 
damp  and  uncomfortable,  by  a  slight  increase  in 
the  temperature  may  become  comfortable.  In 
summer,  and  in  warmer  climates,  the  absolute 
quantity  of  vapor  is  generally  larger,  but  the 
relative  quantity  smaller.  The  relative  quan- 
tity of  moisture  in  the  atmosphere,  may  be 
determined  by  ascertaining  how  far  the  air 
ma)'  be  cooled  down  before  it  deposits  any 
moisture  on  a  cooled  body,  which  temperature 
is  called  its  dewpoint.  (See  Htguomktht.) 
When  the  atmosphere  becomes  perfectly  sa- 
turated with  vapor,  the  slightest  cooling  wi'l 
cause  the  vapor  to  condense  and  assume  tie 
liquid  form.  When  this  takes  place,  the  con- 
densed vapor  separates  first  as  fine  vesices 
floating  about  in  the  air  of  from  ,,  ,,'„,,  to  ;,' , 
inch  in  diameter,  thus  constituting  the  <pm- 
mon  phenomena  of  clouds  and  fogs,  m'/hcIi 
by  collecting  into  drops  or  freezing,  forn  ram 
or  snow.  For  the  explanation  of  the-ie  and 
other  phenomena,  we  refer  to  treaties  on 
meteorology. 

The  moisture  of  the  air  plays  an  important 
part  in  the  economy  of  the  earth.  To  it  is  due 
the  constant  irrigation  of  its  surface,  keeping 
up  a  constant  circulation  by  evaporating 
from  the  sea  and  other  great  reservoirs,  being 
carried  inland  by  the  wind  and  othe;  commo- 
tions of  the  air,  and  there  again  conaensingon 
mountains  and  other  high  and  colder  places, 
collecting  into  springs,  creeks,  &c,  or  depo- 
siting itself  more  diffusedly  as  dev,  or  preci- 
pitating itself  more  vigorously  as  rain,  &c, 
and  thus  again  returning  to  its  first  origin. 
Without  the  presence  of  the  moisture  in  the 
atmosphere,  neither  plants  nor  animals  could 
live.  To  it  is  also  due  the  constant  decompo- 
sition and  decay  of  animal  and  vegetable  sub- 
stances ;   and  even  the  rocks  and  mountains 
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wear  away  and  decay  under  its  all  leveling 
influence,  for  besides  its  own  dissolving  power, 
it  seems  to  be  that  which  lends  to  the  other 
destroying  agencies  of  the  atmosphere  their 
force  and  efficacy,  for  without  it  they  seem 
inert,  at  least  at  ordinary  temperatures.  In 
dry  air,  steel  does  not  rust,  nor  does  wood 
decay. 

Other  ingredients  in  the  Atmosphere.  Besides 
the  above-named  constant  ingredients  of  the 
atmosphere,  a  number  of  other  gases  and  va- 
pors are  known  to  enter  it  in  certain  localities, 
but  they  are  too  inconsiderable  in  quantity  to 
be  detected  afterwards  in  its  general  composi- 
tion. As  such  may  be  mentioned  sulphuretted 
hydrogen,  chlorohydric  acid  gas,  carburetted 
hydrogen,  &c.  Boussingault  has  proved  the 
constant  presence  of  a  minute  trace  of  a  car- 
buretted hydrogen,  or  some  other  similar  com- 
pound, by  passing  atmospheric  air  over  ignited 
oxide  of  copper,  whereby  he  obtained  carbonic 
acid  gas  and  water,  from  which  he  had  care- 
fully freed  it  previously.  The  air  had  also 
previously  passed  through  concentrated  sul- 
phuric acid,  so  that  they  could  not  derive  from 
dust  or  other  mechanically  suspended  organic 
particles.  The  final  products  of  the  decay  of 
animal  and  vegetable  matters  being  carbonic 
acid,  water,  and  ammonia,  which  escape  into 
the  atmosphere,  Liebig  infers  that  the  latter 
gas  ought  never  to  be  absent,  although  in  too 
minute  quantity  to  be  detected  directly  by  ordi- 
nary experiment,  but  according  to  him,  it 
always  exists  in  rain  water.  Rain  is  also  the 
principal  mean  of  carrying  down  again  most 
other  accidental  substances,  either  dissolved 
or  suspended  in  the  atmosphere,  among  which 
may  be  included  the  different  miasmata  and 
matter  of  contagion  (see  these),  which  are 
perceptible  only  by  the  senses  or  by  their  ef- 
fect upon  the  human  system,  but  cannot  other- 
wise be  delected  by  chemical  tests,  although 
we  may  destroy  them,  or  at  least  their  injuri- 
ous effects  by  chemical  means,  such  as  by  mu- 
riatic, nitric,  or  acetic  acids,  or  chlorine  gas. 
The  action  of  the  atmosphere  itself  tends 
necessarily  to  destroy  or  oxidize  them  by  the 
combined  influence  of  oxygen  with  light  and 
heat. 

Physical  properties  of  the  Atmosphere.  We 
have  thus  seen  that  the  atmosphere  consists 
of  a  mechanical  mixture  of  three  permanent 
gases,  and  one  condensable.  Its  physical  and 
mechanical  properties  are  therefore  such  as 
might  be  calculated  from  a  mixture  of  them. 
100  cubic  inches  of  atmospheric  air,  deprived 
of  its  carbonic  acid  and  aqueous  vapor,  weighs 
according  to  Dr.  Prout,  31-0117  grains,  at  60° 
temperature,  and  30  inches  barometric  pres- 
sure, and  its  specific  gravity  at  this  tempera- 
ture is  generally  taken  as  the  standard  for 
comparison  with  other  gases,  and  therefore  set 
equal  to  1  or  1000.  Compared  with  water  at 
62°  it  is  815  times  lighter  than  water,  and  11,065 
times  lighter  than  mercury.  At  32°  Fahr.  it  is 
770  times  lighter  than  water  or  its  spec.  grav.  = 
0-001299  that  of  water  at  39°  =  1.  The  weight 
of  the  atmosphere  pressing  upon  the  surface 
of  the  earth,  is  equivalent  to  about  fifteen 
pounds   on   each  square  inch  of  surface,  or 
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equal  to  the  weight  of  a  column  of  mercury 
of  30  inches,  or  a  column  of  water  of  nearly 
34  feet  in  height.  But  this  pressure  varies 
continually  from  the  different  changes  in  its 
variable  constituents,  from  its  commotion  by 
currents  of  air,  and  from  other  causes.  These 
differences  are  indicated  by  the  rise  or  fall  of 
the  mercurial  column  in  the  barometer,  (see 
this).  Its  mean  pressure  being  taken  at  thirty 
inches  of  mercury,  the  contribution  to  this 
pressure  of  its  different  constituents,  which 
maybe  considered  as  independent  atmospheres, 
will  be  as  follows,  the  amount  of  vapor  being 
calculated  from  the  capacity  of  the  air  at  50°. 

Pressure  of  the  Oxygen 6-828  inches. 

Nitrogen 22-845 

"  Watery  vapor..  0-309 

"  Carbonic  acid..  0-018 


30-000 


As  the  different  strata  of  the  air  are  sub- 
jected to  the  pressure  only  of  the  superincum- 
bent strata,  it  follows,  that  the  pressure  must 
decrease  from  below  upward,  and  as  the  elas- 
ticity of  the  air  will  cause  it  to  expand,  as  the 
pressure  is  removed,  its  density  will  also  de- 
crease ;  but  as  we  ascend  i.fc  a  regular  arith- 
metic progression,  the  density  of  the  air 
decreases  in  a  geometrical  progression.  The 
decrease  in  density  is  therefore  much  more 
rapid  than  the  increase  in  height.  So  that 
for  every  2-705  miles  (11,556  feet),  the  den- 
sity is  about  halved,  as  shown  by  the  follow- 
ing table. 

Height  above  the  sea  in  miles.  Density. 

0-        1 

2-705 § 

5-41    | 

8-115 i 

10-82   TV 

13-525 3V 

16-23  £ 

It  might  be  supposed  from  this,  that  the  at- 
mosphere would  extend  itself  infinitely  into 
space  :  but  that  it  does  not  extend  to  several  of 
the  other  planets,  can  be  proved  by  astrono- 
mical observations.  It  certainly  has  a  limit, 
either  from  a  limit  in  the  elasticity  or  expan- 
sibility of  gases,  or  from  the  counteraction  of 
these  properties  by  the  cold  prevailing  in  the 
higher  regions.  From  calculations  founded 
on  the  phenomena  of  refraction,  the  sensible 
atmosphere  would  seem  not  to  extend  beyond 
45  miles. 

The  absolute  refractive  power  of  the  atmo- 
sphere is  0-0005891712,  and  its  relative  power 
considered  as  unity.  Its  specific  heat  is  also 
assumed  as  unity  for  comparison  with  other 
gases.  Compared  with  that  of  water  it  is  = 
0-2669.  By  rarefaction  its  capacity  for  heat  is 
increased,  but  not  in  a  direct  ratio. 

Like  other  gases,  atmospheric  air  expands 
0-002028,  or  T^  of  its  bulk  at  32°,  for  each 
degree  of  Fahrenheit.  If,  therefore,  the  air  at 
any  given  place  become  heated,  it  expands, 
whereby  it  becomes  lighter  than  the  rest,  ana 
ascends,  being  replaced  by  colder  and  heavier 
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air  flowing  into  its  place  from  the  sides,  which 
again,  in  its  turn,  becoming  heated,  ascends  in 
the  same  manner,  and  thus  constitutes  an 
ascending  current  or  upward  draft  from  the 
place  where  it  is  heated.  Were  it  not  for  this 
no  fire  could  continue  for  any  length  of  time, 
since  it  must  necessarily  be  extinguished  as 
soon  as  the  surrounding  oxygen  were  absorbed, 
but  the  air  being  heated,  at  the  same  time  it 
becomes  lighter,  and  ascends,  and  thus  causes 
an  afflux  of  fresh  air  from  the  sides  or  from 
below,  by  which  the  combustion  is  maintained. 
The  different  commotions  of  the  air,  such  as 
wind,  gales,  and  hurricanes,  owe  their  origin 
also  to  the  same  cause,  the  primary  movement 
being  always  an  ascending  current,  produced 
by  the  heated  and  expanded  air,  over  some 
spot  rising  in  a  vertical  column,  and  the  denser 
and  colder  air  rushing  towards  this  point,  and 
thus  producing  the  above  horizontal  currents 
on  the  surface  of  the  earth. 

The  temperature  of  the  atmosphere  is  greatest 
near  the  earth,  because  the  air  transmits  the 
rays  of  light  without  decomposing  them,  and 
cannot,  therefore,  be  heated  by  them  before  they 
reach  the  surface  of  the  earth,  where  they  are 
decomposed  and  their  heat  set  free.  The  air, 
which  thereby  becomes  warmed,  ascends  and 
mixes  with  the  upper  colder  strata.  This  is 
the  reason  why  the  atmosphere  becomes  colder 
as  we  ascend  into  it,  until,  even  in  the  hottest 
summer  season,  its  temperature  sinks  below 
the  freezing  point.  In  the  lower  strata  this 
decrease  of  temperature  has  been  found  to 
amount  to  about  1  degree  for  every  352  feet  of 
ascent,  although  at  greater  elevations  the  de- 
crease is  probably  less  rapid.  This  is  also  the 
reason  why  the  temperature  decreases  in  as- 
cending high  mountains  until,  even  in  the 
warmest  climates,  the  region  of  perpetual  con- 
gelation may  be  attained.  Thus  the  summit 
of  the  Andes  under  the  equator  are  covered 
with  perpetual  snow  and  ice.  The  height  at 
which  this  line  of  perpetual  congelation  is 
attained  has  been  fixed  at  15,207  feet  under 
the  equator,  but  decreases  progressively  in 
higher  latitudes,  being  3818  feet  at  60°  lat.,  and 
only  1016  at  75°  lat. 

The  blue  color  of  the  sky  is  probably  pecu- 
liar to  it.  Brewster  has  shown  that  it  is  due  to 
light  that  has  suffered  polarization,  being,  there- 
fore, reflected  light.  The  atmosphere  must 
therefore  have  a  disposition  to  absorb  the  red 
and  yellow  rays,  and  to  reflect  the  blue  rays. 
If  the  air  were  a  perfect  conductor  of  light,  the 
sky  would  appear  black,  and  the  light  would 
be  very  unequally  distributed  on  the  surface 
of  the  earth,  while  now  the  solar  rays  are 
reflected  from  the  atmosphere  and  diffused 
more  uniformly  through  it.  The  color  of  the 
air  is,  however,  only  observable  when  viewed 
in  a  mass.  At  great  heights  the  blue  color 
appears  darker,  owing  to  the  darkness  of  space 
beyond  it.  The  gradual  transition  of  the  blue 
color  into  light  blue,  and  white  nearer  the  sur- 
face of  the  earth,  is  owing  to  reflected  light  from 
vesicular  vapor  suspended  in  the  air.  The  red 
and  golden  tints  of  clouds  seem  to  be  owing  to 
a  peculiar  property  of  vapor,  when  mixed  with 
air  and  on  the  verge  of  condensation. 
270 


Analysis  of  the  Atmosphere.     Formerly,  when 

the  purity  of  the  air  was  supposed  lo  d 
on  its  content  of  oxygen,  the  estimation  of  (he 
latter  was  considered  of  great  importance,  and 
obtained  for  itself  the  name  of  Eudiometry;  the 
instruments  employed  for  this  purpose  were 
called  eudiometers;  for  the  description  of 
which,  refer  to  Eudiometers.  At  present  these 
instruments  are  little  used,  except  for  illustra- 
tion, other  more  perfect  methods  of  analysis 
having  since  then  been  invented.  Of  ihe  latter, 
that  of  Brunner  consists  in  drawing  by  an  in- 
strument, to  which  he  has  given  the  name  of 
aspirator,  a  certain  volume  of  air  freed  from 
its  moisture  and  carbonic  acid  over  finely  di- 
vided phosphorus,  which  absorbs  the  oxygen, 
and  by  its  increase  in  weight  indicates  the 
amount  of  oxygen.  Fig.  29  represents  his  ap- 
paratus, a  b  c  is  a  tube,  into 
the  bulby  part  of  which,  b, 
is  introduced  a  quantity  of  ^ 
loose  cotton,  with  bits  of  phos- 
phorus, which  then,  by  gentle 
warming,  are  allowed  to  melt 
and  spread  over  the  fibres  of 
the  cotton.  By  a  the  tube  is 
drawn  out  into  a  small  orifice 
and  connected  air-tight  by  c 
to  the  vessel  d  by  means  of  a 
perforated  cork.  The  vessel 
d  is  filled  with  mercury, 
which  may  be  made  to  flow 
out  very  slowly  by  turning 
the  cock  e,  thus  forcing  the 
air  to  enter  at  a.  In  order,  first,  to  deprive  the 
air  of  its  moisture  and  carbonic  acid,  a  small 
tube,  containing  fragments  of  fused  caustic 
potassa,  is  attached  to  the  tube  a  b  c  at  a.  The 
air  then  enters  the  latter,  and,  passing  over 
the  phosphorus,  is  deprived  of  its  oxygen, 
so  that  nothing  but  nitrogen  enters  the  ves- 
sel d.  The  increase  in  weight  of  the  tube, 
a  b  c,  before  and  after  the  experiment,  indi- 
cates the  amount  of  oxygen,  while  the  mer- 
cury, which  drains  from  the  vessel  (/,  may 
either  be  measured  by  the  graduation  on  the 
vessel,  or  by  being  received  into  a  graduated 
vessel,  and  gives  the  corresponding  volume 
of  nitrogen,  from  which  its  weight  may  be  cal- 
culated. 

The  same  apparatus  may  be  used  for  the  es- 
timation of  the  carbonic  acid.  This  latter  gas 
being  present  only  in  a  small  quantity,  it  re- 
quires special  care  and  larger  quantities  of  air 
in  order  to  determine  its  amount  with  accuracy. 
For  this  purpose  the  tube  a  b  c  is  substituted 
by  another,  the  foremost  part  of  which  contains 
slacked  lime,  while  the  part  nearest  to  the 
vessel,  d,  is  filled  with  asbestos  moistened  with 
concentrated  sulphuric  acid.  In  order  to  de- 
prive the  air  of  its  moisture,  another  tube  con- 
taining fragments  of  chloride  of  calcium  is 
connected  with  it  by  means  of  a  caoutchouc 
tube.  The  air  then  enters  the  second  tube, 
where  it  yields  its  carbonic  acid  to  the  lime, 
and  deposits  any  moisture  which  it  might  have 
taken  up  from  it  in  the  sulphuric  acid.  The 
increase  in  weight,  before  and  after  the  experi- 
ment, indicates,  therefore,  the  amount  of  car- 
bonic acid,  while  the  volume  of  air  is  deter- 
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mined,  as  before,  by  the  amount  of  mercury  or 
water  drained  out  of  the  vessel  d.  Most  of 
the  experiments  of  Saussure  on  the  amount 
of  carbonic  acid  in  the  atmosphere  and  its 
variation  were,  however,  determined  before 
this  method  had  been  proposed,  by  filling  an 
exhausted  glass  balloon  with  dry  air,  shak- 
ing it  in  this  with  barytic  water,  and  deter- 
mining the  quantity  of  carbonate  of  baryta  thus 
formed. 

The  estimation  of  the  contents  of  watery 
vapor,  or  moisture  in  the  atmosphere,  may  also 
be  ascertained  by  Brunner's  method,  using 
chloride  of  calcium  for  its  absorption.  The 
variations  in  the  moisture  of  the  atmosphere 
are  of  special  interest  in  meteorology.  For 
the  principles  and  methods  by  which  this  is 
effected,  we  refer  to  Htgrometky  and  Hygro- 
meters. 

Of  late  Dumas  and  Boussingault  have,  in 
thei«-  analysis  of  the  atmosphere,  substituted 
weighing  altogether  for  measuring.  They  em- 
ployed an  exhausted  glass  globe,  by  which  the 
air  is  drawn  through  a  series  of  tubes,  in 
which  it,  is  successively  deprived  of  watery 
vapor,  carbonic  acid,  and  oxygen,  by  passing 
through  sulphuric  acid,  caustic  potassa,  and 
finally  through  a  red-hot  glass  tube  containing 
fine  copper-turnings,  which  have  been  pre- 
viously oxidized,  and  again  reduced  by  a  cur- 
rent of  hydrogen.  They  thus  effected  a  com- 
plete absorption  of  the  oxygen,  so  that  at  last 
nothing  but  pure  nitrogen  arrives  in  the  ex- 
hausted globe,  in  which  the  weight  of  the  nitro- 
gen is  ascertained,  adding  the  weight  of  that 
portion  which  remains  in  the  copper  tube,  the 
latter  being  furnished  for  this  purpose  with 
stopcocks  at  both  ends.  The  amount  of  oxygen 
absorbed  is  ascertained  by  weighing  after  com- 
plete exhaustion,  both  before  and  after  the  ex- 
periment. In  the  same  way,  the  increase  in 
weight  of  the  other  tubes  containing  the  sul- 
phuric acid  and  the  caustic  potassa,  yield  the 
amount  of  aqueous  vapor  and  carbonic  acid. 
For  a  drawing  of  his  apparatus,  see  Ann.  de  Ch. 
et  de  Phys.  3d  ser.  vol.  iii.  PI.  II.  The  results 
of  their  experiments  have  already  been  men- 
tioned under  the  composition  of  the  atmo- 
sphere. 

ATOM.  Chem.  (a,  njuva,  indivisible).  The 
term  atom  expresses  theoretically  the  smallest 
particle  of  matter  which  is  believed  to  be  in- 
capable of  division  into  parts.  A  discussion 
has  been  carried  on  from  ancient  times  (said 
to  have  originated  1100  B.C.)  relative  to  the 
finite  or  infinite  divisibility  of  matter,  and 
although  the  development  of  the  atomic 
theory  was  supposed  to  give  the  strongest 
evidence  of  its  limited  divisibility,  yet  it  may 
be  fairly  doubted  whether  the  question  can  be 
decided.  The  divisibility  of  matter  apparent 
to  the  naked  eye,  and  ascertained  by  calcula- 
tion, is  almost  beyond  conception.  Thus  0-01 
of  a  cubic  line  of  silver,  dissolved  in  nitric 
acid,  will  produce  a  distinct  milkiness  in 
500  cubic  inches  of  clear  water  containing  a 
trace  of  common  salt,  so  that  a  particle  of 
silver  must  be  much  less  than  the  billionth  of 
a  cubic  line  in  size.  It  will  give  a  more  tangi- 
ble idea  of  a  billion  to  say  that  a  man  counting 
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seconds  by  a  watch  day  and  night  would  re- 
quire 31,675  years.  {Kane.)  The  apparent 
infinite  divisibility  of  matter  is  more  clearly 
shown  in  the  minuteness  of  living  organized 
beings,  millions  of  which  would  be  required  to 
constitute  a  point  visible  to  the  naked  eye ;  and 
yet  they  possess  more  or  less  complex  systems, 
each  part  of  which  again  is  a  portion  of  an 
organized  structure,  which  may  even  consist 
of  other  complex  parts.  The  mind  is  lost  in 
attempting  to  conceive  of  a  limit  to  divisibility 
as  long  as  materiality  enters  into  the  idea 
Again  we  may  divide  a  line  into  two  parts,  one 
of  these  divisions  into  two  others,  and  we  can 
conceive  it  to  be  infinitely  divisible,  for  there 
must  always  be  a  part  remaining  capable  of 
division. 

On  the  other  hand,  experiments  of  Wollas- 
ton,  Faraday,  &c,  have  been  adduced  in  sup- 
port of  the  limited  divisibility  of  matter.  It  is 
found  that  our  atmosphere  has  a  limit  of  45 
miles  above  the  earth's  surface,  from  which 
Wollaston  argued  that  if  infinitely  divisible,  it 
should  extend  through  space  by  infinite  re- 
pulsive force  and  be  condensed  around  the 
larger  planets,  such  as  Jupiter  and  the  sun, 
forming  large  and  dense  atmospheres,  recog- 
nisable by  the  astronomer.  Such  atmospheres 
not  existing,  he  held  that  the  repuNive  force  is 
limited,  and  that  the  number  of  repelling  par- 
ticles must  be  finite.  Faraday  found  the  vapor 
of  bodies  formed  atmospheres  around  them  of 
definite  dimensions,  and  hence  arrived  at  a 
similar  conclusion. 

It  is,  perhaps,  more  advisable  to  adopt  neither 
hypothesis,  but  to  rest  upon  experience,  for  by 
adopting  the  view  that  matter  has  -a  limit  of 
divisibility,  we  adopt  a  purely  theoretic  idea, 
but,  at  the  same  time,  we  cannot  avoid  making 
use  of  the  term  panicle  of  matter,  which  implies 
limited  divisibility.  If,  however,  we  employ 
the  term  atom  as  signifying  a  mass  or  collec- 
tion of  particles,  we  pass  over  the  question 
entirely,  and  in  this  sense,  atom,  atomic  weight 
express  a  mass  of  matter  and  its  weight.  To 
avoid  all  collision  with  the  question,  we  em- 
ploy the  terms  equivalent,  combining  weights,  and 
the  term  atom  as  an  abbreviated  expression  of 
the  same. 

ATOMIC  NUMBER.  Chem.  The  atomic 
number  of  a  substance  is  its  specific  gravity, 
divided  by  its  combining  weight  or  equivalent. 
Let  G  =  spec,  grav.,  E  =  equivalent,  N  = 
atomic  number.  Employing  the  term  atom  as 
above,  the  spec.  grav.  of  a  substance  must  be 
the  number  of  atoms  in  a  given  volume,  mul- 
tiplied by  their  combining  weight.     G  =  NE, 

and  N=p  =  the  atomic  number  with  equal 

volume.  The  table  given  under  Affinity  (p. 
61),  contains  in  column  H  the  atomic  number 
of  several  substances  in  the  gaseous  state,  the 
gravities  being  compared  with  air  at  1000. 
Talnng  the  number  17  for  sal-ammoniac,  and 
multiplying  by  2,  it  gives  the  at.  number  of 
chlorohydric  acid,  nitric  oxide,  and  terchloride 
of  arsenic;  X  by  4  =  68,  or  nearly  the  at. 
number  of  6  other  substances  in  the  table; 
X  4£  =  sulphuric  acid  ;  X  8  =  136  nearly  the' 
at.  number  of  arsenious  acid. 
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The  following  table  of  the  atomic  number 
of  some  of  the  elements,  exhibits  the  close  re- 
lation between  similar  bodies. 


A 

B 
Comb. 
Weight. 

c 
Spec. 
Grav. 

D 

At  No. 
HO.  =  l. 

Nickel 

29-6 

27-6 

29-6 

27-2 

31-8 

98-7 

24-5 

35-4 

52-1 

32-2 

28-1 

98-7 

95 

48 

64 

108-1 

199 

106-4 
75-4 
31-4 

129 

126 
78-4 
35-4 

8-6370 

8-0000 

8-5384 

7-8439 

8-7210 

21-5000 

5-2800 

11-5000 

11-2000 

6-9154 

5-9000 

18-6300 

17-4000 

8-6000 

6-2580 

10-4280 

19-2000 

9-8220 

5-9590 

1-7500 

6-7010 

4-9480 

2-9800 

1-3333 

0-2918 
0-2898 
0-2885 
0-2883 
0-2742 
0-2178 
0-2155 
0-2153 
0-2149 
0-2148 
0-2100 
0-1887 
0-1831 
01792 
0-0978 
0-0964 
0-0961 
00922 
0-0792 
0-0557 
9-0519 
00393 
0-0380 
0-0376 

Cobalt 

Tungsten 

Molybdenum  . . . 

Gold 

Phosphorus  .... 

Column  A.  =  the  elements;  B.  =  theirequiva- 
lent  (H  =1) ;  C.  =  their  spec.  grav.  (HO  =  1) ; 
D.  =  their  atomic  number,  obtained  by  dividing 
the  spec.  grav.  by  their  equivalent.  It  should 
be  observed  that  we  may  regard  the  equiva- 
lents as  more  accurately  determined  than  the 
spec,  gravs.,  but  possible  inaccuracies  in  the 
latter  cannot  conceal  the  singular  relations, 
developed  by  the  atomic  number.  These  views 
in  reference  to  the  atomic  number  are  more  or 
less  dependent  on  the  hypothesis  that  matter 
consists  of  ultimate  indivisible  particles  or 
atoms.    For  full  tables  of  the  atomic  numbers 


of  compound  lin's  Chtm,,  pp.  66 — 74. 

See  also  Atomic  \Hi.i  mi;  below. 
ATOMIC  THEORY.     Chem.     The   views 

respecting  the' combinations  of  elements  in 
definite  proportions  were  at  first  more  or  less 
hypothetical,  and  were  the  foundation  of  the 

atomic  theory,  based  upon  the  idea  that  matter 
consisted  of  ultimate  particles,  which  were 
indivisible  (see  the  preceding  article,  Atom). 
These  views  were  successively  develop 
Wenzel,  Higgins,  Richter,  and  Dalton,  under 
the  last  of  whom  they  received  a  more  sub- 
stantial and  definite  form,  originating  the  laws 
of  combination;  and  although  Dal  ton's  views 
were  interwoven  with  a  series  of  hypotheses, 
yet,  these  being  separated,  and  the  term  atom 
being  understood  as  explained  in  the  last  pan 
of  the  preceding  article,  the  so-called  atomic 
theory  becomes  the  expression  of  fact,  the  fact 
expressed  in  the  laws  of  combination,  including 
combination  by  volume.  For  a  fuller  view  of 
these  laws,  see  Comhining  Pkopoiitions  under 
the  article  Affinity. 

ATOMIC  VOLUME.  Chem.  This  subject 
has  attracted  some  attention  of  late,  and  has 
been  investigated  by  Kopp  and  others.  As- 
suming that  the  volume  which  a  body  occu- 
pies is  entirely  filled  with  atoms  (without 
reference  to  divisibility),  its  combining  weight 
is  equal  to  its  spec,  weight  multiplied  by  the 
volume  of  an  atom.  Let  V  =  volume  of  atom, 
E  =  equivalent,  and    G  =  spec.  grav. ;    then 

E  =  VG,   and,   since   E   and   G  are   known, 
]7 

V  =  — ;  or  the  volume  of  an  atom  is  found  by 
(j 

dividing    the    equivalent    by    the   spec.  grav. 

Kopp  has  attained  the  remarkable  result  that, 

in  general,  "  isomorphous  bodies  have  an  equal 

atomic  volume ;"  or,  which  is  the  same,  "  the 

spec,  weights  of  isomorphous   bodies  are  as 

their  atomic  weights,"  or  "the  particles  (a 

of  isomorphous  bodies  are  equal  in  form  and 

dimensions."     This  is  shown  in  the  following 

table  of  substances,  taken   chiefly  from   the 

mineral  kingdom. 


CGold 

£  Silver 

CBinoxide  of  tin .. 

C  Anatase 

CRuby 

<  Oxide  of  iron.. . . 
(.Oxide  of  chrome 


Formula. 


Au 

Ag 

Sn02 

Ti02 

A1203 

Fe2Oa 

Cro0„ 


Spec.   Grav. 


19-258 
10-428 
6-960 
3-759 
3-531 
5-251 
5-21 


Comb.  Weight.  lAtomic  Volume 


2486- 
1351-6 
935-29 
503-69 
642-33 
978-43 
1003-6 


129-08 
129-61 
134-38 
134-00 
181-93 
186-33 
192-63 


Similar  results  are  attained  with  the  salts,!  tern,  taking  the  relative  lengths  of  the  3  axes 
but  variations  are  observable,  which  bear  a  re- 1  as  calculated  from  measurement  of  the  crys- 
markable  relation  with  the  measured  angles  j  tals,  and  taking  the  average  atomic  volume,  we 
of  the  crystals.  Thus,  in  the  four  following  have  the  change  of  form  indicated  by  change 
minerals,  carbonates  of  the  right  rhombic  sys-    of  volume. 


Formula.                            Ratio  of  Axes. 
a             b             r. 

Atomic  Volume. 

BaO,C02 
PbO,C02 
SrO,C02 
CaO,C02 

0-7413    :   1   :    0-5950 
0-7236    :   1   :    0-6100 
0-7237    :    1   :    0-6096 
0-7205    :   1   :    0-6215 

285-91 
259-50 
255-53 
213-49 
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In  the  carbonates  of  the  hexagonal  system,  I  the  angles  of  the  rhombs  vary  from  107c 
the  atomic  volume  varies  from  175  to  231,  but   to  105°  5'. 


40 


Calamine 

Magnesite 

Mesitin  spar 

Sparry  iron 

Sparry  manganese. 

Bitter  spar 

Calcareous  spar. . . 


Formula. 

Angle. 

At.  Vol. 

ZnO,C02 

107°  40' 

175-33 

MgO,  C02 

107°  25' 

181-25 

,CMgO,C027 
2?FeO,  C02  5 

107°  14' 

186-26 

FeO,  C02 

107°    0' 

188-50 

MnO,  C02 

106°  51' 

202-29 

,CMgO,C02? 
3£CaO,  C02  5 

106°  15' 

202-36 

CaO,  CO, 

105°    5' 

231-20 

See  Kopp's  essays  in  Poem.  Ann.  xlvii.  An. 
der  Ch.  und  Phar.  xxxvi.  1 — 32,  &c,  &c. 

ATROPIC  ACID,  ATROPIN.  Syn.  Atro- 
pia.  One  of  the  vegetable  alkalies  or  alka- 
loids, discovered  at  the  same  time,  by  Geiger 
and  Hesse,  and  by  Mein,  in  Atropa  Belladonna, 
or  deadly  nightshade.  Atropin  is  found  in  all 
parts  of  the  plant. 

Prep.  According  to  Geiger  and  Hesse,  wa- 
tery extract  of  belladonna,  is  treated  with  water, 
filtered,  caustic  soda  added  till  it  reacts  alka- 
line, and  the  solution  then  shaken  with  one  and 
a  half  times  its  own  volume  of  ether,  which 
dissolves  the  atropin.  The  treatment  with 
ether  is  repeated.  On  evaporation  of  the 
ether,  the  atropin  remains  mixed  with  fat  and 
chlorophyl.  The  residue  is  then  neutralized 
with  dilute  sulphuric  acid(l  ac.-f-  9  water)  in 
very  slight  excess,  and  the  solution  treated 
with  so  much  freshly  prepared  animal  char- 
coal as  just  sufficient  to  leave  a  yellowish  color. 
The  solution  is  then  filtered,  and  caustic  soda 
added,  which  precipitates  the  atropin  as  awhile 
powder,  or  in  coherent  flocks.  The  filtered 
solution  and  the  washings  deposit,  on  repose, 
still  more  atropin. 

The  animal  charcoal  may,  for  this  purpose, 
be  prepared  by  mixing^  pts.  of  fresh  blood  with 
1  pt.  of  carbonate  of  potassa,  evaporating  and 
igniting  it  gently  till  combustible  gases  are  no 
longer  given  off.  The  remaining  mass  is  then 
'  boiled,  first  with  water,  afterwards  with  dilute 
chlorohydric  acid,  and  again  washed  with 
water. 

According  to  Mein,  24  pts.  of  the  pulverized 
root  is  digested  with  60  pts.  of  alcohol  of  90 
pr.  ct.,  pressed  and  again  extracted  with  another 
portion  of  alcohol.  The  filtered  solutions  are 
then  digested  for  24  hours  with  1  pt.  of  slacked 
lime,  previously  mixed  up  with  a  portion  of 
the  liquid,  and  the  solution  shaken  from  time 
to  time.  The  solution  is  then  filtered,  slightly 
supersaturated  with  sulphuric  acid,  and  again 
filtered  from  the  formed  precipitate  of  sulphate 
of  lime.  It  is  then  concentrated  by  distillation 
to  half  its  original  bulk,  mixed  with  6 — 8  pts. 
of  water,  and  the  remaining  alcohol  dissipated 
by  evaporation.  The  watery  solution  is  then 
filtered,  concentrated  to  two  parts,  and,  when 
cold,  mixed  with  so  much  of  a  concentrated  so- 
lution of  carbonate  of  potassa  till  it  becomes 
turbid  from  the  precipitation  of  a  grayish 
brown  residue,  which  is  allowed  to  settle,  and 
then  separated  by  filtration.  An  excess  of  car- 
bonate of  potassa  must  be  carefully  avoided, 
since  it  would  precipitate,  at  the  same  time, 
35 


some  of  the  atropin.  The  filtered  solution  is 
then  mixed  with  carbonate  of  potassa  in  excess, 
which  precipitates  the  atropin  at  first  gela- 
tinous, but  becoming  crystalline  after  the  lapse 
of  24  hours.  The  precipitate  is  then  separated 
from  the  solution  by  filtration,  and,  without 
washing,  freed  from  the  mother  liquid  by  pres- 
sure between  blotting  paper,  dried,  pulverized. 
and  again  mixed  with  a  small  portion  of  water 
and  pressed  between  blotting  paper  and  dried. 
It  is  then  again  pulverized,  dissolved  by  gentle 
heat  in  5  pts.  strong  alcohol,  filtered,  and  shaken 
with  small  portions  of  animal  charcoal,  till  it  is 
nearly  colorless,  avoiding,  however,  an  excess, 
by  which  it  is  decomposed. .  The  solution  is 
then  filtered,  mixed  with  6 — 8  vols,  of  water, 
and  slowly  evaporated,  by  which  the  atropin 
is  obtained  in  crystals.  By  pressure  between 
filtering  paper,  and  repeated  crystallization,  it 
may  be  obtained  perfectly  pure.  Mein  ob- 
tained 12  grains  of  atropin  from  12  ounces  of 
belladonna  root. 

Richter  has  given  the  following  method. 
The  root  is  extracted  with  cold  water  and  the 
solution  fermented  for  3  days,  by  the  addition 
of  good  yeast,  at  a  temp,  of  68°— 77°.  The  solu- 
tion is  heated  to  ebullition,  filtered,  and  evapo- 
rated to  a  thin  syrupy  consistence,  and  thei 
digested  for  24  hours  in  a  closed  vessel,  with 
1  oz.  of  ammonia  and  £  oz.  of  alcohol  of  0-83? 
for  every  lb.  of  the  root.  The  solution  is  then 
distilled  in  a  water-bath  to  the  consistency  of 
an  extract,  dissolved  in  alcohol  of  0-833,  and 
mixed  with  ammonia  till  an  excess  becomes 
perceptible  by  the  smell.  When  the  whole  has 
been  shaken  up  to  a  homogeneous  mass  it  is 
mixed  with  ether,  which  precipitates  an  ex- 
tractive mass,  from  which  the  solution  is  sepa- 
rated almost  colorless,  and  freed  from  alcohol 
and  ether  by  distillation  in  a  water-bath.  The 
residue,  which  is  atropale  of  atropin,  is  then 
treated  with  ammonia,  which  extracts  the 
atropic  acid,  and  leaves  behind  the  atropin. 
The  latter  is  washed  with  ammoniacal  water, 
dissolved  in  very  dilute  sulphuric  acid,  de- 
colorized by  animal  charcoal,  and  precipitated 
by  caustic  ammonia. 

Prop.  Atropin  crystallizes,  on  cooling,  from 
a  solution  in  hot  water,  in  transparent,  silky 
prisms  ;  or,  by  evaporation  from  its  alcoholic 
solution,  in  small  needles,  resembling  sulphate 
of  quinin.  By  evaporation  of  its  ethereal 
solution  it  generally  remains  as  a  colorless 
transparent  mass.  It  is  inodorous,  and  of  a 
bitter  taste.  It  is  a  powerful  poison  when  ap- 
plied to  the  eye  in  the  minutest  quantity.    It 
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dilates  the  pupil,  which  state  will  remain  for 
many  days.  It  is  heavier  than  water,  perma- 
nent in  dry  air,  has  a  strong  alkaline  reaction, 
fuses  at  212°,  and  sublimes  partially  at  a  higher 
temperature.  It  is  inflammable.  Soluble  in 
200  pis.  of  cold  water,  but  in  54  pts.  hot  water, 
without  separating  on  cooling,  but,  by  continued 
boiling,  it  dissolves  in  30  pts.  of  water,  from 
which  the  greatest  part  separates  on  cooling  in 
fine  crystals.  Soluble  in  1£  pts.  anhydrous 
alcohol  at  ordinary  temperature;  but  in  any 
proportion  of  hot,  from  which  it  partly  crys- 
tallizes on  evaporation,  while  another  portion 
forms  a  colorless,  gelatinous  mass,  which  holds 
alcohol  in  combination.  Soluble  in  25  pts. 
cold  and  6  pts.  boiling  ether.  Solutions  of 
atropin  spoil  easily  when  exposed  to  the  air, 
and  yield,  on  evaporation,  a  yellow,  uncrystal- 
line  mass  of  strong  alkaline  reaction  and  dis- 
agreeable characteristic  odor,  which  dissolves 
in  all  proportions  in  water,  and  out  of  which 
carbonate  of  potassa  separates  crystals  of 
atropin  and  an  alkaline  oily  substance,  which 
has  not  been  examined  any  further.  By  the 
presence  of  the  fixed  frvc  alkalies,  the  decom- 
position is  accelerated  with  the  formation  of 
ammonia  and  a  brown,  resinous  substance. 
Ammonia  and  carbonate  of  potassa  seem  to 
have  no  further  effect  than  water.  Acids  rather 
prevent  its  decomposition.  Animal  charcoal 
acts  on  it  as  the  fixed  alkalies,  decomposing  it 
even  at  ordinary  temperature,  and  still  faster 
by  heating.  Atropin  is  precipitated  by  a  solu- 
tion of  tannin. 

According  to  Liebig,  atropin  consists  of 

Atoms.  In  100  parts. 

Carbon 34  70-98 

Hydrogen 23  7-83 

Nitrogen I  4-83 

Oxygen 6  16-36 

Berzelius  expresses  its  formula  byNH3  + 

C34H20O6,  and  its  symbol  by  ^  . 

Salts  of  Atropin. 

Atropin  is  capable  of  neutralizing  the  diluted 
acids,  combining  with  them  to  neutral  salts, 
of  which  the  greater  part  may  be  obtained  in 
crystals  on  evaporation.  They  are  all  distin- 
guished by  the  peculiar  taste  of  the  atropin. 
When  pure,  they  are  inodorous,  permanent  in 
the  air,  and  most  of  them  soluble  in  water, 
alcohol,  and  a  mixture  of  alcohol  and  ether, 
but  not  in  pure  ether.  In  solution  they  keep 
tolerably  well,  at  ordinary  temperature,  when 
pure,  but  decompose  rapidly  by  heat.  Iodine 
produces  a  hi  own  precipitate  in  their  solution, 
and  the  chlorides  of  gold  and  platinum  a 
yellow,  that  by  the  former  becoming  crystal- 
line. Animal  charcoal  decomposes  them.  The 
salts  of  atropin  have  the  same  therapeutical 
effect  as  atropin  itself,  and  are  likely  to  become 
of  importance  in  medicine. 

Chlorohydrate  of  Atropin,  obtained  by  saturat- 
ing dilute  chlorohydric  acid  with  atropin,  and 
evaporating  the  solution  at  a  gentle  heat,  crys- 
tallizes in  groups  of  small  needle-shaped  crys- 
tals, permanent  in  the  air,  and  easily  soluble 
in  water  and  alcohol. 

Sulphate  of  atropin  is  obtained  in  similar 
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crystals  of  great  lustre,   permanent,  and  very 
soluble. 

Nitrate  of  atropin  forms  a  gum-like  mass, 
deliquescent  by  exposure. 

Tartrate  of  atropin  similar  to  the  previous. 

Acetate  of  atropin   obtained    in   pern 
easily-soluble    crystals.      By    evaporation    it 
leaves  part  of  its  acetic  acid. 

Atropic  arid.  According  to  Riehler,  atropin 
occurs  combined  in  Atropa  Belladonna,  with 
an  acid,  which  he  has  called  atropic  acid.  It 
has  already  been  mentioned  that  the  last  resi- 
due in  the  preparation  of  atropin,  according  in 
Richter's  method,  consisted  of  atropate  of  am- 
monia, from  which  the  atropic  acid  wa 
tracted  by  ammonia.  This  solution  of  alropaie 
of  ammonia  is  mixed  with  potassa,  and  evapo- 
rated till  all  ammoniacal  vapors  are  expelled. 
The  solution  is  then  discolored  with  animal 
charcoal,  evaporated  to  dryness,  and  treated 
with  dilate  sulphuric  acid,  alier  which  the  solu- 
tion is  evaporated  to  crystallization.  The  acid 
is  thus  obtained  in  long, pointed  crystals,  which, 
like  benzoic  acid,  may  be  sublimed  without 
decomposition,  but  yield  no  red  precipitate  wilh 
salts  of  iron. 

ATTRACTION  (Ad,  to,  traho,  to  draw). 
The  fact  that  two  masses,  or  particles  of  matter, 
tend  to  approach  each  other,  or  to  resist  their 
disjunction  ;  which  is  often  expressed,  for  con- 
venience, as  a  property  of  matter;  thus,  mag- 
netized iron  is  said  to  have  the  property  of 
attracting  iron  or  steel.  The  attractive  forces 
may  be  thrown  into  two  groups,  accotding  as 
they  are  exerted  between  particles  or  masses 
of  matter. 

I.  External  forces  acting  upon  masses  of  mat- 

ter at  sensible  distances. 

1.  Gravity,   which    is    exerted   between  the 

same  or  different  kinds  of  matter, often 
at  very  great  distances.  Thus  a  stone 
put  at  liberty  above  the  earth,  descends 
to  it  by  the  attraction  of  gravitation; 
and  the  same  force  retains  the  planets 
in  their  orbits. 

2.  Electricity.     Many  bodies  by  friction  are 

capable  of  attracting  light  bodies  of 
various  kinds  of  matter,  as  when  glass, 
sealing-wax,  &c,  are  rubbed  by  silk, 
wool,  &c,  they  attract  pieces  of  paper, 
pith,  &c.  Electricity  may  be  developed 
by  chemical  action,  as  when  zinc  and 
copper  are  placed  in  juxtaposition  in 
an  acidulated  liquid  medium. 

3.  Magnetism.     An  attractive  force  exhibited 

between  iron  and  some  of  its  com- 
pounds, previously  prepared  by  electric 
action,  &c. 

II.  Internal  forces,  acting  between  the  mole- 

cules or  particles  of  matter  at  insensible 
distances,  called  also  molecular  forces. 
1.  Cohesion,  exerted  between  like  matter,  and 
hence  called  homogeneous  attraction 
cohesive  force.  Thus  two  plane  and 
polished  surfaces  of  lead,  glass,  <fec, 
will  adhere  so  as  to  require  a  consi- 
derable force  for  their  separation.  The 
various  states  and  degrees  of  solid, 
viscid,  and  liquid,  are  more  or  less  in 
proportion  to  the  amount  of  their  cohe- 
sive force. 


ATTAR. 

2.  Adhesion,  a  similar  force  to  cohesion,  ex- 

hibited between  unlike  matter,  and 
hence  sometimes  called  Heterogeneous 
adhesion.  Thus  the  rise  of  water  on 
the  vertical  surface  of  glass,  in  capil- 
lary tubes  ;  the  absorption  of  gases  and 
liquids  by  charcoal. 

3.  Solution.     Allied  both   to  the    preceding 

and  the  following  force,  and  exerted 
between  different  kinds  of  matter,  with 
a  resulting  change  in  the  state  of  one  of 
the  kinds  of  matter.  Thus,  when  salt 
is  dissolved  in  water,  it  passes  from  the 
solid  into  the  liquid  state. 

4.  Affinity.    The  term  may  mean  any  kind 

of  attraction,  but  is  generally  limited  to 
that  variety  which  is  exerted  between 
different  kinds  of  matter,  uniting  them 
into  a  new  body,  possessed  of  proper- 
ties essentially  different  from  those  of 
its  constituents. 

The  evident  transition  or  gradation  between 
these  four  molecular  forces,  will  probably  throw 
them  into  one  capable  of  four  or  more  modifi- 
cations. For  fuller  views  respecting  them,  con- 
sult the  several  articles  in  the  present  work. 

ATTAR.    See  Oil  of  Roses. 

AUGITE.  lis.  Pyroxene;  Paratomous 
Augite-spar,  Mohs.     (See  Varieties  below.) 

Descrip.  Cryst.  Oblique  Rhombic  system; 
the  vert,  prism  M  on  M  =  87°  5';  M  on  back 
end-plane  =  101°  5',  front  adjacent  octahedral 
planes  =  81°  46',  back  8-hedral  planes  =  120°. 
The  prevailing  combinations  are  the  vert, 
prism,  with  1st  and  2d  lateral  planes  on  its 
edges,  the  octahedral  planes  with  the  base  and 
back  terminal  planes  on  their  edges;  the 
prisms  are  often  terminated  by  two  planes  of 
an  oblique  prism  alone.  Cleavage  parallel  to 
M  and  to  1st  and  2d  lateral  planes.  Twins 
parallel  to  1st  lateral  plane.  It  occurs  sub- 
lamellar,  granular,  either  loosely  aggregated 
or  very  coherent. 

H.  =  5  —  6.     G.  =  3-233  =3-4. 

Color,  various  shades  of  green,  passing  into 
white  and  black  ;  lustre  usually  vitreous ;  trans- 
parent, opake  ;  streak  white,  gray ;  brittle ;  frac- 
ture conchoidal,  uneven. 

Behavior.  From  the  replacement  of  isomor- 
phic bases,  the  reactions  are  variable  before 
the  blowpipe. 

1.  Diopside,  from  Piemont;  white  Malarolite, 
from  Tammare  in  Finland,  &c. ;  light  green 
Salite,  from  Sala.  They  fuse  to  a  colorless, 
translucent  glass,  giving  off  some  bubbles; 
borax  dissolves  to  a  clear  glass  ;  slowly  solu- 
ble in  mic.  salt,  leaving  a  skeleton  of  silica, 
and  opalescing  on  cooling.  Diopside  dissolves 
with  the  greatest  difficulty;  malacolite  from 
l. 

Silica 57-50 

Lime 16-50 

Magnesia  ....  18-25 
Protox.of  iron"^ 
Protoxide  of    V  6-00 
manganese    j 
Alumina (Mn203=  0-43) 
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Bjbrmyresweden  gives  an  iron  reaction.  With 
a  little  soda  they  form  a  very  fusible  clear 
glass,  with  more  soda,  difficultly  fusible  and 
translucent;  cobalt  solution  colors  diopside 
and  the  Finland  malacolite  red,  the  malacolite 
from  Tjotten  bluish. 

2.  Hedenbergite  from  Tunaberg;  dark-green 
Augite  from  Taberg  and  Arendal;  dark-ref 
Malacolite  from  Dagero  in  Finland.  They 
yield  in  a  closed  tube  acid  hygroscopic  water, 
fuse  in  the  forceps,  with  a  little  boiling,  to  a 
shining  black  glass.  Their  behavior  to  borax 
and  mic.  salt  is  similar  to  the  preceding  (1), 
but  they  give  a  strong  iron  reaction  ;  with  soda 
they  form  a  black  glass,  and  with  more  soda 
the  glass  becomes  dull  on  the  surface. 

3.  Common  Augite  from  Pargas  and  from 
volcanic  rocks.  Behavior  similar  to  foregoing, 
but  mic.  salt  scarcely  decomposes  it.  With 
soda,  these  aluminous  augites  form  a  glass  of 
more  difficult  fusibility  than  the  dark-green 
varieties  highly  charged  with  iron. 

4.  Diallage.  In  a  closed  tube  yields  neutral 
water,  decrepitates,  and  becomes  lighter  co- 
lored; on  charcoal  fuses  on  the  edges  with 
difficulty  to  a  gray  slag,  and  in  thin  laminae  to 
a  shining,  blackish  green  glass;  dissolves  in 
borax  and  mic.  salt  with'  iron  reaction,  leaving 
a  skeleton  of  silica  in  the  latter;  with  a  little 
soda  fuses  to  a  translucent,  grayish  green  bead, 
and  with  more  soda  is  infusible ;  with  soda 
on  platinum  foil  gives  the  reaction  of  man 
ganese. 

5.  Hypersthene.  In  a  closed  tube  behaves 
like  4,  without  changing  color;  fuses  readily 
on  charcoal  to  a  translucent,  grayish  green 
glass ;  it  appears  not  to  be  attacked  by  mic. 
salt,  but  is  rounded  on  the  edges.  Small 
splinters  fuse  in  forceps  to  a  greenish  black 
magnetic  glass,  but  some  varieties  are  almost 
infusible. 

All  varieties  of  augite,  whether  fused  or  not, 
are  imperfectly  decomposed  by  acids. 

Analysis.  They  are  thrown  into  several  di- 
visions by  Rammelsberg,  according  to  the  pre- 
vailing character  of  the  constituents. 

I.  Augites  containing  no  Alumina. 
1.  Calcareo-magnesian  Augites.  1.  Diopside 
from  the  Mussa  Alp,  by  Laugier;  2.  bluish 
green  Augite  from  Pargas,  by  Nordenskiold ; 
3.  Diopside  from  Tammare  in  Hwittis  in  Fin- 
land, by  Bonsdorff;  4.  greenish  Salite  from 
Sala,  Sweden  ;  5.  white  Malacolite  from  Orri- 
jerfvi  in  Finland;  and,  6.  a  yellowish  from 
Langbanshytta  in  Wiirmeland,  by  H.  Rose; 
7.  white  Malacolite  from  Tjotten  in  Norway, 
by  Trolle-Wachtmeister ;  8.  the  same  as  6,  by 
Hisinsrer. 


2.                            3. 

4. 

5.                          6. 

7. 

8. 

55-40                 54-83 

54-86 

54-64                 55-32 

57-40 

54-18 

15-70                 24-76 

23-57 

24-94                 23-01 

2310 

22-72 

22-57                  18-55 

16-49 

1800                  16-99 

16-74 

17-81 

2-50                   0-99 

4-44 

1-08  Fe203=  2-16 

0-20 

1-45 

2-83  Mn203=  0-32 

0-42 

2-00                   1-59 

— 

2-18 

=  0-43)                 0-28 

0-21 

—                     — 

0-43 

(1-20.1 

98-25 


99-43 


99-73      99-99     10066 


99-07       97-87     99-54 


The  1-20  in  the  8th  column  is  loss  by  ignition. 
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2.  Calcareo-ferrous  Augites.  1.  Hedenbergite 
from  Tunaberg  in  Sodermanland;  2.  black 
crystal.  Augite  from  Taberg  in  WLirmland, 
both  by  H.  Rose;  3.  green  Augite  from  Lake 

l. 

Silica 49-01 

Lime 20-87 

Magnesia 2-99 

Protoxide  of  iron 26-08 

Protoxide  of  manganese — 


Champlain,  United  States,  by  Seyberl  . 
dish  brown    Malacolite  from  Dagero  in  Fin- 
land, by  Berzelius. 


4 
50-00 
2000 

4-50 
18-85 

300 
(0-90) 

98-01  98-77  97-25 


2. 

3. 

53-36 

50-38 

22-19 

19-33 

4-99 

6-83 

17-38 

20-40 

0-09 

trace 

(1-83) 

9801 

98-77 

The  1-83  in  the  3d  is  alumina,  and  the  0-90 
in  the  4th  is  loss  by  ignition. 

3.  Calcareo-manganesian  Augite, or  Red  Silicate 
of  Manganese,  from  Liingbanshytta,  by  Ber- 
zelius. 

Silica 48-00 

Lime 3-12 

Magnesia 0-22 

Protoxide  of  manganese 40-04 


100-38 


4.  Ferro-manganesian  Augites.  1.  Bisilicate 
of  manganese,  and  2.  Sesquisilicate  of  Man- 
ganese, both  from  Franklin,  New  Jersey,  and 
by  Thompson : 


l. 

Silica 40-58 

Protoxide  of  iron. .  13-50 
Protox.  of  mangan.  38-92 
Carbonic  acid  ....  3-23 
Water 2-00 


99-23 


2. 

42-40 

6-76 

50-72 


99-88 


The  1st,  according  to  the  analysis,  is  nearly 
a  •#  silicate,  and    the    2d  scarcely  admits  of 


1. 

Silica 51-80 

Lime 19-07 

Magnesia 12-01 

Protox.  of  iron . .    6-92 

Alumina 6-56 

Water 1-02 

97-38 


a   formula,   the   nearest  to   which  would  be 
12FeO+7Si03. 

5.  Calcarco-niagnesian  ferrous  Augite.  1.  Green 
Malacolite  from  Bjormyresweden  in  Dalecarlia, 
2.  a  similar  variety  from  the  same,  both  by 
H.  Rose ;  3.  Malacolite,  from  the  same,  by 
d'Ohsson. 

1-  2.  3. 

Silica 54-08       54-55      57-28 

Lime 23-47      20-21      24-88 

Magnesia 11-49       15-25        912 

Protox.  of  iron 10-02         8-14        6-04 

Oxide  of  mang.,  Mn203    0-61         0-73        0-72 
Alumina —  014  — 


99-67       99-02      98-04 


II.  Aluminous  Augites. 

These  are  chiefly  of  volcanic  origin,  and 
include  Diallage,  Bronzite,  Hypersthene,  and 
Paulite. 

1.  Augites.  1.  Brown  from  Pargas,  by  Nor- 
denskiold;  2.  from  the  Rhon  mountains;  3.  from 
lava  of  Vesuvius  ;  4.  from  Etna;  5.  from  the 
Augite  porphyry  of  Zigolonberg  in  Fassa  val- 
ley; 6.  from  Gillenfelder  Maar  in  the  Eifel: 
2 — 6,  by  Kudernatsch;  7.  from  Frascati,  by 
Klaproth. 


2. 

3. 

4. 

5. 

6  a. 

b.                       7. 

50-73 

50-90 

50-55 

50-09 

47-05 

49-39                48-00 

18-90 

22-96 

22-29 

20-53 

23-77 

22-46                24-00 

16-91 

14-43 

1301 

13-93 

15-35 

13-93                  8-75 

7-26 

6-25 

7-96 

11-16 

7-57 

7-39  Fe2O3=12-00 

6-47 

5-37 

4-85 

4-39 

5-16 

6-00                  5-00 

— 

— 

— 

— 

— 

—  Mn203=  1-00 

100-27 

99-91 

98-66 

100-10 

93-90 

99-25                 98-75 

2.  Diallage  (Bronzite).  1.  Diallage  from  the  from  Stempel  near  Marburg  in  Hessia;  6- 
Harz;  2.  a  variety  from  Salzburg;  3.  from  Bronzite  from  the  Seefeld  Alp  in  Ultenthal, 
Prato  near  Florence;  4.  crystallized  from  Tyrol:  1 — 6,  by  Kuhler;  7.  Bronzite  from  Krau- 
Baste;  5.  Bronzite  from  Olivine  of  the  Basalt  I  bat  in  Styria,  by  Klaproth. 

1.  2.  3.  4.  5.  6.  7. 

Silica 53-707  51-338  53-200  53-739  57-193  56-813  60-0 

Lime 17-065  18-284  19-088  4-729  1-299  2-195  — 

Magnesia 17-552  15-692  14-909  25-093  32-669  29-677  27-5 

Profox.  of  iron....-)  8-671  11-510  7-461  8-464  Fe2O3=10-5 

Protox.  of  mangan.  5  0-380  0-233  0-349  0-616  - 

Alumina 2-825  4-388  2-470  1-335  0-698  2-068  — 

Water 1040  2-107  1-773  3-758  0-631  0-217  0-5 


100-268        100039        100-491        100-397       100-300       100-050 


98-5 


27*" 
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Regnault  examined  Diallage  with  similar  results,  as  the  following  analyses  show: 

1.                  2.  3.                   4.                   5. 

Silica 51-25  50-05  56-41  52-60  55-84 

Lime 1M8  1563  —  20-44               — 

Magnesia 22-88  17-24  31-50  16-43  3037 

Protox.  of  iron 6-75  11-98  6-56  5-35  10-78 

Protox.  of  manganese —                —  3-30 

Alumina 3-98               2-58  —  3-27               1-09 

Water 3-32              2-13  2-38               1-59               1-80 

99-36  99-61  100-15  99-68  99-88 

3.  Hypersthene  (Paulite).   1.  Hypersthene  from  I  of  Skye ;  3.  from  Baffin's  Bay  (in  quartz) ;  1—3. 
island  of  St.  Paul,  Labrador ;  2.  from  the  island  |  by  Muir ;  4.  from  Labrador,  by  Klaproth. 

l.  2.  3.  4. 

Silica 46-112  51-348  58-272  54-25 

Lime 5-380  1-836  —  1-50 

Magnesia 25-872  11-092  18-960  14-00 

PrJtox.  of  iron 12-701  33-924  14-416  Fe203  =  24-50 

Protox.  of  manganese 5-292  —  6-336  trace 

Alumina 4-068  —  2-000  2-25 

Water 0-480  0-500  —  1-00 

98-905  98-700  99-984  97-50 


From  all  the  analyses  of  Augites,  the  oxygen 
of  the  silica  being  always  twice  that  of  the 
bases,  the  conclusion  follows  that  they  are 
•$  silicates  (or  5  basic),  and  their  formula  is 
3  RO,  2Si03,  in  which  R  is  calcium,  magne- 
sium, iron,  and  manganese.  The  frequent  pre- 
sence and  quantity  of  alumina  is  almost  inexpli- 
cable, for  it  cannot  well  be  added  to  the  silica, 
nor  omitted  as  unessential;  nor  can  it  well  be 
viewed  as  belonging  to  the  mother-liquor,  en- 
closed during  the  crystallization  of  the  augite. 

The  augites  may  be  divided,  in  reference  to 
the  prevailing  bases,  into 

1.  Those  containing  chiefly  lime  and  mag- 
nesia, with  a  formula,  3  \  „  ~  >  2  Si03,    in 

which  the  two  bases  are  generally  present  in 
equal  equivalents,  so  that  their  formula  would 
be  (3  CaO,  2  Si03)  +  (3  MgO,  2  Si03).  They 
are  generally  light-colored. 

2.  Augites  containing  chiefly  lime  and  pro- 
toxide of  iron  3  }  „  ~  £  2  Si03.      In    Heden- 

bergite  these  bases  are  in  equal  equivs.,  and 
have  the  form.,  (3  CaO,2Si03)-|-  (3  FeO,2Si03). 

3.  Those  with  lime  and  protoxide  of  man- 
ganese, in  which  the  manganese  appears 
almost  to  exclude  other  bases,  and  would  then 
give  the  formula,  3  MnO,  2  Si03. 

4.  Those  with  protoxides  of  iron  and  manga- 
nese, 3  equivs.  of  the  latter  to  1  eq.  of  the  former. 

5.  Those  containing  all  the  above  bases,  in 
which  may  be  included  the  aluminous  varieties. 

]. 

Silica 60-626 

Alumina 23-085 

Peroxide  of  iron 4-207 

Protoxide  of  iron — 

Magnesia 0-910 

Lime 1-275 

Alkali — 

Water 9- 1 24 

99-227 


In  the  varieties  hitherto  examined,  there  are 
certain  limits  in  the  ratio  of  the  bases,  the 
magnesia  varying  between  6  and  17  per  cent., 
the  lime  between  18  and  25,  and  protoxide  of 
iron  between  6  and  12.  Notwithstanding  these 
fluctuations,  the  greater  number  of  analysis 
give  2  eq.  magnesia  to  3  eq.  lime,  and  1  eq.  pro- 
toxide of  iron,  whence  the  formula  setup  byBer- 
zelius,  3  (3  CaO,  2  Si03)  -f  2  (3  MgO,  2 Si03)  + 
(3  FeO,  2  Si03). 

Diallage  has  all  the  bases,  but,  in  reference  to 
their  ratio,  consists  of  two  divisions  :  1.  those 
containing  much  lime;  and,  2.  those  contain- 
ing little  or  no  lime.  The  former  =  3  MS2  -f- 
2  CS2  -f  fS2,  and  the  latter  3  MS2  4-  fS2. 

Hypersthene  seems  to  belong  to  the  latter 
division  of  diallage,  containing  only  small 
quantities  of  lime.  Berzelius  deduced  from 
Klaproth's  analysis,  MgS2  4-  fS2- 

Gerhardt  views  augite  and  hornblende  as  1 
silicates  and  aluminates,  assuming  a  portion 
of  the  iron  as  sesquioxide,  whence  his  formula, 
f"CaO  ~)        CSi03. 
9^MgOC-f7-^Al203. 
<^FeO  3         CTe2Or 
Jlddenda.    Rammelsberg  investigated  several 
pseudomorphs  of  augite,  or  matter,  which  has 
replaced  crystals  of  augite,  with  the  following 
results.     1.  A  yellow,  clayey  mass  from  the 
neighborhood  of  Biiin  ;  2.  whitish  crystals  from 
Vesuvius,  often  enclosing  a  portion  of  less- 
altered  augite;  3.  green  pseudomorph  of  augite 
(green  earth)  from  Fassathal : 

b. 

39-48 

10-31 

8-94 

15-66 

1-70 


2. 

3  a. 

85-34 

45-87 

1-58 

11-18 

1-67 

— 

— 

24-63 

1-70 

0-28 

2-66 

1-50 

— 

6-72 

5-47 

0-82 

98-42 

100 

1-50  CaO,  C02=  15-24 
8-67 


2A 


100 
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The  bases  of  1  are  nearly  removed,  with  a 
portion  of  silica;  in  2  this  is  still  more  the 
case,  probably  on  account  of  the  stronger  acids 
developed  by  the  volcano.  It  is  difficult  to 
explain  the  presence  of  alkali  in  3,  except  by 
infiltration. 

Localities,  &c.  Augite  is  usually  found  in 
basalt,  granite,  greenstone,  lavas,  and  similar 
rocks.  The  following  are  among  the  names 
applied  to  this  protean  mineral  species.  Augite 
and  Pyroxene  apply  as  specific  terms  to  the 
several  varieties.  Augite  {ovy*,  lustre)  from  the 
generally  superior  lustre  of  augite  to  horn- 
blende; Pyroxene  (tt^,  fire,  £svsc,  stranger)  from 
its  occurrence  in  lavas  to  which  it  did  not 
belong,  Haiiy  ;  Diopside  (Jul,  through,  otttivu,  to 
look)  from  its  being  sometimes  transparent, 
found  at  Ala  (hence  called  Alalite)  and  the 
Mussa  Alp  (hence  also  Mussite),  generally  light- 
colored,  with  a  shade  of  green  ;  transparent, 
translucent;  associated  with  precious  garnet ; 
at  Heiligenblut  in  Carinthia  ;  from  Schwarzen- 
stein  in  Tyrol,  often  of  two  colors  (hence 
Prote'ite)  ;  Reichenstein,  Silesia ;  Lake  Baikal, 
Siberia,  &c,  &c. ;  Salite  imperfectly  crystal- 
lized and  light  green,  found  at  Sala  in  Sweden ; 
Bnikaliie  from  Lake  Baikal,  and  Fassaite  from 
Fassathal  are  dingy  green  varieties ;  White 
Malacolite  in  Finland,  Norway,  &c.  (see  be- 
havior and  analysis  above)  ;  Omphazite,  a  fo- 
liated leek-green  variety  ;  Coccolite  (kokko;,  seed) 
is  applied  to  the  granular  varieties ;  the  granules 
are  rounded  or  angular;  Diallage  usually  grass 
or  emerald-green  (hence  Smaragdite  or  emerald- 
stone)  ;  Hypersthene  (ym^,  above,  <r8ivo;,  strength) 
from  its  difficult  frangibility,  found  among 
other  localities  at  St.  Paul's  Island,  Labrador, 
whence  Paulite  and  Labrador  Hornblende  ;  Bron- 
zite,  from  its  peculiar  play  of  light. 

The  American  localities  are  Bytown,  Lower 
Canada,  large,  white,  subtransparent  in  calca- 
reous spar;  less  clear  in  Canaan,  Connecticut, 
in  Dolomite;  at  Kingsbridge,  New  York;  at 
Bolton,  Massachusetts;  salite  at  New  Haven 
and  Milford,  Connecticut,  at  Bolton,  Massachu- 
setts, and  Monroe,  New  York;  coccolite  at 
Willsborough,  New  York,  in  granite,  associated 
with  garnet  and  tabular  spar,  and  under  similar 
circumstances  in  Bucks  county,  Pennsylvania. 
Massive  augite  at  Rogers'  Rock  on  Lake  George. 
Hypersthene  occurs  with  chondrodite  at  War- 
wick, New  York  ;  in  felspathic  rockatDupont's 
works  on  the  Brandy  wine,  Delaware,  &c,  &c. 

AURADE.     See  OiiANGE-flower-camphor. 

AURANTIIN.     See  Hespeiudix. 

AURATES,  AURIC  ACID.     See  Gold. 

AURICHALCITE.  Win.  Descrip.  Small, 
broad-columnar  pieces,  partly  forming  sharp 
granules  imbedded  in  limestone  and  brown 
hematite,  partly  as  a  drusy  coating.  Color 
verdigris-green  ;  lustre  pearly  ;  translucent ; 
H.=  l. 

Behavior.  In  closed  tubes  yields  neutral 
water,  changing  to  brownish  black;  in  the  re- 
ducing flame  on  charcoal,  coats  the  latter  white 
without  fusing;  moistened  with  cobalt  solution 
in  the  oxidizing  flame,  the  coating  green  after 
cooling;  soluble  in  borax  and  mic.  salt  with 
effervescence  to  a  green  copper-glass ;  mixed 
with  equal  quantities  of  borax  and  soda,  it 
gives,  in  the  reducing  flame,  a  strong  coating 
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of  oxide  of  zinc  and  a  metallic  button  of  copper. 

Wholly  soluble  with  effervescence  in  chloro- 
hydric  acid. 

.I.nilysis,  both  by  T.  Boettger: 

Oxide  of  copper 28-192  28.357 

Oxideofzinc 45-839  46620 

Carbonic  acid 16-056  Ki-Oi? 

Water 9-950  9-933 


100-037  99-987 


From  this  Boettger  deduces  the  formula?, 

The  former  (1)  resembles  the  formula  of 
Blue  Malachite  in  which  oxide  of  zinc  replaces 
oxide  of  copper. 

Locality.  Loktewsk  and  other  copper  mines 
in  the  Altai  mountains. 

AURIPIGMENTUM.    Min.    See  Orpiment. 

AUTOMALITE.     Min.    See  Ga unite. 

AVENTURINE.     Min.     See  Quartz. 

AVENTURINE  GLASS.    See  Glass. 

AXE-STONE.     Min.     See  Jade. 

AXINITE.  Min.  Syn.  Thumite,  Thum- 
merstein,  Yanolite. 

Descrip.  Cryst.  system,  Doubly  Oblique 
Rhombic.  Terminal  plane  or  base  on  the 
main  vertical  prism  =  134°  40'.  The  crystals 
are  flat,  with  many  intermediate  planes,  form- 
ing very  obtuse  angles.  Cleavage  imperfect. 
It  occurs  also  with  a  slightly-curved  lamellar 
structure,  and  rarely  granular. 

H.  =  6-5  — 7-0.     G.  =  3-27. 

Color  usually  clove-brown,  inclining  to  lead 
blue  and  pearl-gray,  sometimes  yellow  and 
green  from  the  presence  of  chlorite ;  rarely 
almost  colorless;  lustre  vitreous,  brilliant; 
transparent,  subtranslucent ;  streak  white; 
brittle;  small  conchoidal  fracture. 

Behavior.  Fuses  readily,  with  puffing,  to  a 
shining,  dark-green  glass,  which  becomes  black 
in  the  oxidizing  flame;  easily  dissolved  by 
borax  to  a  glass  colored  with  iron,  which,  by 
long  exposure  to  the  oxidizing  flame,  becomes 
amethystine,  sooner  by  adding  saltpeter  to  the 
hot  bead  ;  it  leaves  a  skeleton  of  silica  in  mic. 
salt;  with  soda  it  becomes  at  first  green,  then 
fuses  to  a  black  glass  with  an  almost  metallic 
lustre;  with  soda  on  platinum  foil,  gives  a 
strong  manganese  reaction ;  according  to 
Turner,  it  gives  the  green  flame  of  boracic 
acid  with  bisulphate  of  potassa  and  fluor  spar. 
Rammelsberg  could  not  obtain  the  last  reaction. 

It  is  scarcely  acted  on  by  chlorohydric  or 
sulphuric  acid;  but,  if  fused  and  pulverized, 
the  former  decomposes  it  perfectly,  separating 
gelatinous  silica. 

Analysis.  1.  From  Oisans,  Dauphine,  by 
Vauquelin  ;  2.  from  the  same  ;  3.  from  Trese- 
burg  ;  4.  from  Berkutzkaja-gora  near  Miask  in 
the  Ural :  2—4,  by  Rammelsberg ;  2  a,  3,  and 
4  were  fused  with  carbonate  of  soda ;  b  was 
fused  alone,  then  decomposed  by  chlorohydric 
acid ;  c  by  fluohydric  acid ;  the  boracic  acid 
in  the  latter  was  separately  determined  by 
fusion  with  carbonate  of  soda. 
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1. 

Silica 44 

Alumina 18 

Peroxide  of  iron 14 

Oxide  of  manganese,  Mn203    4 

Magnesia — 

Lime 19 

Potassa — 

Boracic  acid — 

99 


In  3  and  4  the  alkali,  boracic  acid,  and  loss 
are  given  together.  The  formula  deduced  from 
the  analyses,  with  4-5  as  the  average  of  boracic 
acid,  is 

3  CaO  1  C  2  Si03   ,    _    f^2n3  ?  S  Si0sl 

or,  more  generally,  by  using  R  for  metal  and  X 
for  the  acid  radical,  3  RO,  2  X03  -f  2  (R203, 
X03). 

Localities,  &c.  Axinite  from  a^tvn,  an  axe,  from 
the  sharp  edges  of  its  crystals  and  their  resem- 
blance to  an  axe.  It  occurs  at  Thum  in  Saxony 
(whence  Thumite),  at  Schneeberg,  Schwarzen- 
berg;  at  Treseberg  on  the  Harz  in  clay-slate; 
at  Monzoniberg  in  Tyrol;  at  Bareges  in  the 
Pyrenees  in  quartz,  &c.  The  finest  crystals 
occur  near  D'Oisans  in  Dauphine  ;  at  Botallack 
near  Land's  End  in  Cornwall;  Kongsberg, 
Norway. 

AXIS.  Phys.  A  word  employed  in  various 
sciences,  and  in  the  arts,  which  has  conse- 
quently various  significations.  In  physics  it 
usually  denotes  a  line  or  direction  bearing  a 
certain  relation  of  position  and  other  peculiari- 
ties to  other  lines  or  directions.  Thus  in  crys- 
tals we  have  crystallographic,  optical,  and 
thermal  axes,  which  may  or  may  not  coincide. 
See  Chystalloghaphy. 

AZO,  or  AZ.  Chem.  A  prefix  to  many  or- 
ganic bodies  containing  nitrogen,  which  are 
derived  from  the  action  of  nitric  acid.  Thus, 
Azoleic,  Azeleic  acids,  for  which,  see  Oleic 
Acid  ;  Azobenzide,  see  under  Benzyl  ;  Azoma- 
ric  acid,  seo  common  Resin,  &c,  &c. 

AZOTANE.  Chem.  See  Chloride  of  Ni- 
trogen. 

AZOTE.   Chem.    A  synonyme  of  Nitrogen. 

AZOTIC  ACID.  Chem.  A  synonyme  of 
Nitric  acid. 

AZULMIC  ACID.  Chem.  See  Cyanohydnc 
acid  under  Cyanogen. 

AZURE-MALACHITE.  Min.  See  Blue 
Malachite. 

AZURE-STONE.     Mm.    See  Hacyne. 

AZURITE.    Min.    See  Lazulite. 
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2  a. 

b. 

c. 

3. 

4. 

43465 

43-676 

— 

43-736 

43-720 

16-299 

15-630 

17-170 

15-660 

16-923 

10-249 

9-454 

9-308 

11-940 

10-210 

2-737 

3-048 

2-939 

1-369 

1-158 

1-545 

1-703 

1-940 

1-774 

2-213 

19-904 

20-671 

19-998 

18-900 

19-966 

— 

0-637 
5-609 

0-112 
3-401 

£    6-621 

5-810 

100-428 

100 

100 

B. 

BABINGTONITE.  Min.  Syn.  Axotomous 
Augite-Spar,  M.     Babingtonite,  Levy. 

Descrip.  Cryst.-system,  Doubly  Oblique 
Rhombic.  The  terminal  plane  P  on  one  vert, 
plane  M=  92°34',on  anotherT=  88°.  Cleaves 
perfectly  parallel  to  P,  less  to  T. 

H.  =  5-5  —  6.     G.  =  3-4  — 3-5. 

Color  greenish  black,  in  thin  laminae  parallel 
to  P,  slightly  translucent  and  brown,  perpen- 


dicular to  it  green  ;  lustre  vitreous,  brilliant ; 
fracture  subconchoidal. 

Behavior.  Fuses  on  the  surface  into  a  black 
enamel ;  with  borax  gives  a  violet  (orange  ?) 
bead,  which  becomes  green  in  the  reducing 
flame. 

Analysis.     Of  Babingtonite  from  Arendal,  in 

Norway,  by  Arppe. 

Oxygen. 

Silica 54-4  =         28-27 

Lime 19-6  5-50^ 

Magnesia 2-2  0-85!      .,„- 

Protox.  of  mang., .     1-8  0-40  f 

Protoxide  of  iron . .  21-3  4-85J 

Alumina 0-3  — 

Loss  by  ignition...    0-9  — 

100-5 


Including  the  magnesia  and  protoxide  of 
manganese  in  the  protoxide  of  iron,  the  formula 
is  CaO,  Si03  +  3  FeO,  2  Si03  ;  or  neutral  sili- 
cate of  lime  -f-  f  protosilicate  of  iron,  which  is 
the  formula  of  Hornblende  in  part.  Arppe 
first  extracted  titaniferous  iron  with  a  magnet, 
and  could  then  find  no  trace  of  titanium,  which 
Children  had  detected  in  it. 

Localities.  It  occurs  well  crystallized  at 
Arendal  in  Norway,  associated  with  epidote 
and  massive  garnet;  in  the  Shetland  isles  in 
white  quartz. 

It  is  remarkable  that,  with  a  similar  compo- 
sition to  Hornblende,  it  should  belong  to  a  dif- 
ferent crystal  system,  which  throws  some 
doubt  either  on  the  examination  of  the  crystal 
or  on  the  analysis.  See  Hornblende.  (Berz. 
Jahresb.  xxii.  205.) 

BAIKALITE.     Min.     See  Attgite. 

BALANCE.  Ger.  Waage.  An  instrument 
for  the  determination  of  the  relative  weight  of 
bodies,  compared  with  other  bodies  assumed 
as  standards,  and  which  are  called  weights  (see 
Weights).  The  balance  is  one  of  the  most 
important  chemical  instruments,  and  a  know- 
ledge of  the  principles  on  which  it  acts  is  abso- 
lutely indispensable  to  the  chemist.  But,  as 
the  full  development  of  these  principles  belongs 
altogether  to  another  branch  of  science,  we 
shall  content  ourselves  with  a  concise  exposi- 
tion of  them. 

The  balance  may  be  considered  as  consist- 
ing of  a  lever  called  the  beam,  furnished  with 
three  axes,  one  the  fulcrum  or  centre  of  motion, 
situated  in  the  middle,  by  which  it  is  supported 
horizontally,  and  upon  which  it  turns  in  a  ver- 
tical plane,  the  other  two  near  its  extremities, 
on  which  are  suspended  the  pans  or  scales, 
which  receive  the  weights  and  the  body  to  be 
weighed. 
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Let  Figure  1,  PI.  V.,  represent  a  section  of 
a  balance  beam,  and  c  its  centre  of  gravity. 
It  is  evident  that  if  the  axis  of  support  passed 
through  this  point,  the  beam  would  remain 
at  rest  in  any  position  in  which  it  might  be 
placed.  In  order,  therefore,  to  keep  the  beam 
in  the  horizontal  position,  it  is  necessary 
that  the  support  should  be  in  a  point  perpen- 
dicular over  its  centre  of  gravity  as  in  (/.  The 
beam  will  then  not  only  remain  in  the  hori- 
zontal position,  but  if  its  horizontally  be  in 
any  way  disturbed,  its  centre  of  gravity  will 
tend  to  resume  its  former  lowermost  position 
in  the  perpendicular  line  from  </,  and  thus 
cause  the  beam  through  a  number  of  oscilla- 
tions to  resume  its  horizontal  position. 

Now  let  a  and  b  represent  the  points  where 
the  pans  are  suspended.  The  weights  in  the 
pans  may  then  be  considered  as  weights  added 
in  these  points.  For  simplicity,  let  the  lever 
be  considered  as  inflexible,  and  the  line  of  sus- 
pension, a  b,  which  unites  the  two  points  of 
.suspension  of  the  pans,  be  supposed  to  pass 
through  the  point  of  support  or  the  fulcrum  d, 
and  the  arms  of  the  lever  a  d  and  a  b  to  be 
equal.  We  have  then  the  weight  of  the  balance 
constituted  by  two  parts,  the  weight  of  the  beam, 
which  is  constant  and  represented  by  its  centre 
of  gravity,  c,  and  the  weight  of  the  pans  vary- 
ing by  the  additional  weights  added  to  them. 
If  the  weight  of  the  pans  be  equal,  their  centre 
of  gravity  will  be  in  d,  and  remain  in  this 
point  by  the  addition  of  any  amount  of  equal 
weights  on  both  sides.  The  centre  of  gravity 
of  the  balance,  which  results  from  the  weight 
of  the  beam  represented  by  r.  and  the  weight 
of  the  pans  represented  by  d,  must  therefore 
be  somewhere  in  the  line  dc,  and  the  only  effect 
of  adding  equal  weights  in  the  pan  will  be  to 
move  the  resulting  centre  of  gravity  of  the 
whole  balance  nearer  towards  d,  which  it  never 
can  reach.  The  beam  will  therefore,  by  the 
addition  of  equal  weights  in  both  pans,  remain 
in  its  horizontal  position,  or,  if  disturbed,  tend 
to  assume  it. 

But,  instead  of  equal,  if  unequal  weights  be 
added  in  the  two  pans  so  that,  for  instance  a 
larger  weight  will  act  in  6  than  in  a,  it  is  evi- 
dent that  their  centre  of  gravity  will  be  re- 
moved from  d  in  the  line  a  b  towards  that  pan 
in  which  is  the  heavier  weight,  for  instance  to 
e;  the  resulting  centre  of  gravity  of  the  whole 
balance  will  then  no  longer  be  between  d  and  c, 
but  between  e  and  c,  for  instance  in  g.  This 
point  will  therefore  tend  to  take  its  position 
perpendicularly  below  the  support  d,  and  there- 
by cause  the  beam  to  deviate  from  the  hori- 
zontal position,  and,  after  a  number  of  oscilla- 
tions, to  settle  in  a  state  of  rest,  forming  an 
angle  with  the  horizon,  as  represented  in  Fig.  2. 
The  extent  of  this  angle  is  a  measure  of  the 
delicacy  or  sensibility  of  the  balance. 

As  the  sensibility  of  a  balance  is  of  the 
utmost  importance  in  nice  scientific  inquiries, 
we  shall  enter  into  a  consideration  of  the  cir- 
cumstances by  which  this  property  is  in- 
fluenced. 

In  Fig.  3,  PI.  V.  let  AB  represent  the  beam 

drawn  from  the  horizontal  position  by  a  very 

small  weight  placed  in  the  scale  suspended 

from  the  point  B  ;  then  the  force  tending  to 
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draw  the  beam  from  the  horizontal   position 
may  be  i   by  1'  B  multiplied  by  such 

very  small  weight  acting  upon  the  point  B. 

Let  the  centre  of  gravity  of  the  whole  beat 
G  ;  then  the  force  acting  against  the  former 
will  be  G  P  multiplied  into  the  weight  of  the 
beam  and  scales,  and  when  these  forces  are 
equal,  the  beam  will  rest  in  an  inclined  posi- 
tion. Hence  we  may  perceive  that  a 
centre  of  gravity  is  nearer  to  or  further  from 
the  fulcrum  S  (every  thing  else  remaining  the 
same),  the  sensibility  of  the  balance  will  be 
increased  or  diminished. 

For,  suppose  the  centre  of  gravity  were  re- 
moved to  g,  then  to  produce  an  opposing  force 
equal  to  that  acting  upon  the  extremity  of  the 
beam,  the  distance,  gp,  from  the  perpendicular 
line  must  be  increased  until  it  becomes  nearly 
equal  to  G  P ;  but  for  this  purpose  the  end  of 
the  beam  B  must  descend,  which  will  increase 
the  angle  II  S  B. 

As  all  weights  placed  in  the  scales  are  re- 
ferred to  the  line  joining  the  points  of  suspen- 
sion of  the  scales,  and  as  this  line  is  above  the 
centre  of  gravity  of  the  beam  when  not  loaded, 
such  weights  will  raise  the  centre  of  gravity; 
but  it  will  be  seen  that  the  sensibility  of  the 
balance,  as  far  as  it  depends  upon  this  cause, 
will  remain  unaltered. 

For,  calling  the  distance  S  G  unity,  the  dis- 
tance of  the  centre  of  gravity  from  the  point  S 
(to  which  the  weights  which  has  been  added  is 
referred)  will  be  expressed  by  the  reciprocal 
of  the  weight  of  the  beam  so  increased;  that 
is,  if  the  weight  of  the  beam  be  doubled  by 
weights  placed  in  the  scales,  S  g  will  be  one- 
half  of  SG  ;  and  if  the  weight  of  the  beam  be 
in  like  manner  trebled,  S  g  will  be  one-third  of 
S  G,  and  so  on.  And  as  G  P  varies  as  S  G,  gp 
will  be  inversely  proportionate  to  the  increased 
weight  of  the  beam,  and,  consequently,  the  pro- 
duct obtained  by  multiplying  gp  by  the  weight 
of  the  beam  and  its  load  will  be  a  constant 
quantity,  and  the  sensibility  of  the  balance,  as 
before  slated,  will  suffer  no  alteration. 

We  will  now  suppose  that  the  fulcrum  S, 
Fig.  4,  is  situated  below  the  line  joining  the 
points  of  suspension,  and  that  the  centre  of 
gravity  of  the  beam  when  not  loaded  is  at  G. 
Also,  that  when  a  very  small  weight  is  placed 
in  the  scale  suspended  from  the  point  B,  the 
beam  is  drawn  from  its  horizontal  position, 
the  deviation  being  a  measure  of  the  sensi- 
bility of  the  balance.  Then,  as  before  staled, 
GP,  multiplied  by  the  weight  of  the  beam,  will 
be  equal  to  P'  B  multiplied  by  the  very  small 
additional  weight  acting  on  the  point  B. 

Now,  if  we  place  equal  weights  in  both 
scales,  such  additional  weights  will  be  referred 
to  the  point  W,  and  the  resulting  distance  of 
the  centre  of  gravity  from  the  point  W,  calling 
WG  unity,  will  be  expressed  as  before  by  the 
reciprocal  of  the  increased  weight  of  the  loaded 
beam.  But  G  P  will  decrease  in  a  greater  pro- 
portion than  W  G  :  thus,  supposing  the  weight 
of  the  beam  to  be  doubled,  Wg  would  be  one- 
half  of  W  G ;  but  gp,  as  will  be  evident  on  an 
inspection  of  the  figure,  will  be  less  than  half 
of  GP;  and  the  same  small  weight  which  was 
before  applied  to  the  point  B,  if  now  added, 
would  depress  the  point  B,  until  the  distance 
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gp  became  such  as  that,  when  multiplied  by 
the  weight  of  the  whole,  the  product  would  be 
as  before  equal  to  P'  B, multiplied  by  the  before- 
mentioned  very  small  added  weight.  The  sen- 
sibility of  the  balance,  therefore,  in  this  case 
would  be  increased. 

If  the  beam  be  sufficiently  loaded,  the  centre 
of  gravity  will  at  length  be  raised  to  the 
fulcrum  S,  and  the  beam  will  rest  indifferently 
in  any  position.  If  more  weight  be  then  added, 
the  centre  of  gravity  will  be  raised  above  the 
fulcrum,  and  the  beam  will  turn  over. 

Lastly,  if  the  fulcrum  S,  Fig.  5,  is  above  the 
line  of  suspension,  as  any  additional  weights 
placed  in  the  scales  will  be  referred  to  the 
point  W,  in  the  line  adjoining  A  and  B,  if  the 
weight  of  the  beam  be  doubled  by  such  added 
weights,  and  the  centre  of  gravity  be  conse- 
quently raised  to  g,  Wg  will  become  equal  to 
half  of  W  G.  But  gp  being  greater  than  one- 
half  of  G  P,  the  end  of  the  beam  B  will  rise 
until  gp  becomes  such  as  to  be  equal,  when 
multiplied  by  the  whole  increased  weight,  of 
the  beam  to  P  B,  multiplied  by  the  small  weight, 
which  we  suppose  to  have  been  placed  as  in 
the  preceding  examples,  in  the  scale. 

From  what  has  been  said,  it  will  be  seen  that 
there  are  three  positions  of  the  fulcrum  which 
influence  the  sensibility  of  the  balance :  first, 
when  the  fulcrum  and  the  points  of  suspension 
are  in  a  right  line,  when  the  sensibility  of  the 
balance  will  remain  the  same,  though  the 
weight  with  which  the  beam  is  loaded  should 
be  varied:  secondly,  when  the  fulcrum  is  below 
the  line  joining  the  two  points  of  support,  in 
which  case  the  sensibility  of  the  balance  will 
be  increased  by  additional  weights,  until  at 
length  the  centre  of  gravity  is  raised  above  the 
fulcrum,  when  the  beam  will  turn  over  or  set; 
and,  thirdly,  when  the  fulcrum  is  above  the 
line  joining  the  two  points  of  support,  in  which 
case  the  sensibility  of  the  balance  will  be  di- 
minished as  the  weight  with  which  the  beam 
is  loaded  is  increased. 

The  sensibility  of  a  balance,  as  here  defined, 
is  the  angular  deviation  of  the  beam  occasioned 
by  placing  an  additional  constant  small  weight 
in  one  of  the  scales ;  but  it  is  frequently  ex- 
pressed by  the  proportion  which  such  small 
additional  weight  bears  to  the  weight  of  the 
beam  and  its  load,  and  sometimes  to  the  weight 
the  value  of  which  is  to  be  determined. 

This  proportion,  however,  will  evidently  vary 
with  different  weights,  except  in  the  case  where 
the  centre  of  gravity  of  the  beam  is  in  the  line 
joining  the  points  supporting  the  scales,  the 
fulcrum  being  above  this  line,  and  it  is  there- 
fore necessary,  in  every  other  case,  when 
speaking  of  the  sensibility  of  the  balance,  to 
designate  the  weight  with  which  it  is  loaded  : 
thus,  if  a  balance  has  a  troy  pound  in  each 
scale,  and  the  horizontality  of  the  beam  varies 
a  certain  small  quantity,  just  perceptible  on 
the  addition  of  one-hundredth  of  a  grain,  we 
say  that  the  balance  is  sensible  to  TTT?o ra  part 
of  its  load  with  a  pound  in  each  scale,  or  that 
it  will  determine  the  weight  of  a  troy  pound 
within  sTBTnrff  Part  0I"  tne  whole. 

The  nearer  the  centre  of  gravity  of  a  balance 
is  to  its  fulcrum,  the  slower  will  be  the  oscilla- 
tions of  the  bsair.  The  number  of  oscillations, 
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therefore,  made  by  the  beam  in  a  given  time  (a 
minute  for  example),  affords  the  most  accurate 
method  of  judging  of  the  sensibility  of  the 
balance,  which  will  be  the  greater  as  the  oscil- 
lations are  fewer. 

An  active  chemist  generally  requires  two  or 
three  balances;  for  large  quantities,  if  weighed 
in  balances  of  great  delicacy,  would  infallibly 
injure,  or  even  destroy  them,  by  flexure  of  the 
beam,  or  change  in  the  points  of  support ;  and 
minute  differences  in  small  weights  cannot 
usually  be  appreciated  in  scales  intended  tor 
great  quantities,  because  of  the  strength  it  is 
necessary  to  give  the  instrument,  and  the  con- 
sequent weight  and  comparative  roughness  of 
the  parts.  One  pair  of  scales  should  therefore 
be  provided  for  larger  weights,  such  as  from 
one  ounce  up  to  three  or  four  pounds,  or  even 
more,  and  be  so  constructed  as  to  turn  with 
two  or  three  grains,  when  loaded  with  their 
greatest  weight.  They  can,  when  required,  be 
made  very  delicate  and  correct,  but,  except  in 
particular  cases,  that  is  not  necessary.  Another 
finer  instrument,  calculated  to  weigh  from  half 
a  grain  to  two  or  three  ounces  with  consider- 
able accuracy,  and  turning  with  about  one- 
hundredth  of  a  grain,  should  be  kept  for  such 
laboratory  purposes,  which  require  more  accu- 
racy. They  are  intended  for  common  use, 
and  should  be  substituted  as  often  as  possible 
for  the  best  balance,  especially  in  cases  which 
require  the  balance  in  the  laboratory,  the  object 
being  to  save  the  superior  instrument  from 
injury  by  too  frequent  use,  and  to  preserve  it 
from  exposure  to  the  vapors  which  are  con- 
stantly evolving  in  the  progress  of  operations, 
or  from  the  bottles.  The  choice  instrument 
should  be  sufficiently  delicate  to  weigh  from 
600  to  1000  grains  and  downwards,  indicating 
distinctly,  and  with  certainty,  differences  equal 
to  the  T,T'h77  or  j-^^  of  a  grain.  Such  an  in- 
strument ought  never  to  be  kept  in  the  labora- 
tory, but  in  a  separate  room  adjoining  it. 

Balances  are,  therefore,  variously  construct- 
ed, and  made  of  various  materials,  according 
to  the  purposes  for  which  they  are  intended. 
The  beam  is  most  frequently  made  of  a  rod  of 
solid  steel,  sometimes  of  two  hollow  cones, 
joined  at  their  bases  (Troughton's),  and  in 
some  the  beam  is  a  frame  in  the  form  of  a 
rhombus.  The  principal  object  in  all,  how- 
ever, is  to  combine  strength  and  inflexibility 
with  lightness. 

Balances  of  the  most  perfect  kind  are  usually 
furnished  with  adjustments,  by  means  of  which 
the  length  of  the  arms,  or  the  distances  of  the 
fulcrum  from  the  points  of  suspension  of  the 
scales,  may  be  equalized,  and  the  line  of  sus- 
pension regulated  in  regard  to  the  fulcrum,  and 
the  centre  of  gravity  of  the  balance  lowered  or 
raised  by  a  movable  weight. 

Of  modern  constructions  of  balances  we 
consider  those  of  Robinson  of  London  as  the 
best.  Fig.  6  and  7,  Pl.V.  represents  a  drawing 
of  one  of  his  construction,  which  we  have  had 
in  constant  employment  for  a  number  of  years 
without  any  perceptible  deterioration.  Excel- 
lent balances  of  this  construction  are  made  in 
Philadelphia  by  J.  P.  Duffey.  We  subjoin  the 
following  description  by  Capt.  Kater.  (Sec 
Kater  and  Lardner's  Elemen.  of  Median. 
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The  beam  of  this  balance  is  only  ten  inches 
ong.  It  is  a  frame  of  bell-metal  in  the  form 
of  a  rhombus.  The  fulcrum  is  an  equilateral 
triangular  prism  of  steel,  one  inch  in  length  ; 
but  the  edge  on  which  the  beam  vibrates  is 
formed  to  an  angle  of  120°,  in  order  to  prevent 
any  injury  from  the  weight  with  which  it  may 
be  loaded.  The  chief  peculiarity  in  this  balance 
consists  in  the  knife-edge,  which  forms  the 
fulcrum  bearing  upon  an  agate  plane  through- 
out its  whole  length,  whereas  in  the  other 
balances  the  whole  weight  is  supported  by  por- 
tions only  of  the  knife-edge,  amounting  together 
to  one-tenth  of  an  inch.  The  supports  for  the 
scales  are  knife-edges  each  six-tenths  of  an 
inch  long.  These  are  each  furnished  with  two 
pressing  screws,  by  means  of  which  they 
may  be  made  parallel  to  the  central  knife- 
edge. 

Each  end  of  the  beam  is  sprung  obliquely 
upwards  and  towards  the  middle,  so  as  to  form 
a  spring  through  which  a  pushing  screw  passes, 
which  serves  to  vary  the  distance  of  the  point 
of  suspension  from  the  fulcrum,  and,  at  the 
same  time,  by  its  oblique  action,  to  raise  or 
depress  it,  so  as  to  furnish  a  means  of  bringing 
the  points  of  suspension  and  the  fulcrum  into 
a  right  line. 

A  piece  of  wire,  four  inches  long,  on  which 
a  screw  is  cut,  proceeds  from  the  middle  of  the 
beam  downwards.  This  is  pointed  to  serve  as 
an  index,  and  a  small  brass  ball  moves  on  the 
screw,  by  changing  the  situation  of  which  the 
place  of  the  centre  of  gravity  may  be  varied  at 
pleasure. 

The  fulcrum,  as  before  remarked,  rests  upon 
an  agate  plane  throughout  its  whole  length,  and 
the  scale-pans  are  attached  to  planes  of  agate, 
which  rest  upon  the  knife-edges  forming  the 
points  of  support.  This  method  of  supporting 
the  scale-pans,  we  have  reason  to  believe,  is 
due  to  Mr.  Cavendish.  Upon  the  lower  half 
of  the  pillar,  to  which  the  agate  plane  is  fixed, 
a  tube  slides  up  and  down  by  means  of  a  lever 
which  passes  to  the  outside  of  the  case.  From 
the  top  of  this  tube,  arms  proceed  obliquely 
towards  the  ends  of  the  balance,  serving  to 
support  a  horizontal  piece,  carrying  at  each 
extremity  two  sets  of  Ys,  one  a  little  above  the 
other.  The  upper  Ys  are  destined  to  receive 
the  agate  planes  to  which  the  scale-pans  are 
attached,  and  thus  to  relieve  the  knife-edges 
from  their  pressure;  the  lower  to  receive  the 
knife-edges  themselves,  which  form  the  points 
of  suspension  of  the  pans,  consequently  these 
latter  Ys,  when  in  action,  sustain  the  whole 
beam. 

When  the  lever  is  freed  from  a  notch  in 
which  it  is  lodged,  a  spring  is  allowed  to  act 
upon  the  tube  we  have  mentioned,  and  to 
elevate  it.  The  upper  Y  s  first  meet  the  agate 
planes  carrying  the  scale-pans  and  free  them 
from  the  knife-edges.  The  lower  Ys  then 
come  into  action  and  raise  the  whole  beam, 
elevating  the  central  knife-edge  above  the 
agate  plane.  This  is  the  usual  state  of  the 
balance  when  not  in  use :  when  it  is  to  be 
brought  into  action,  the  reverse  of  what  we 
nave  described  takes  place.  On  pressing 
down  the  lever,  the  central  knife-edge  first 
meets  the  agate  plane,  and  afterwards  the  two 
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agate  planes  carrying  the  scale-pans  arc  de- 
posited upon  their  supporting  knife-edges. 

A  balance  of  this  construction  was  employed 
by  Captain  Kater  in  adjusting  the  national 
standard  pound.  With  a  pound  troy  in  each 
scale,  the  addition  of  one-hundredth  of  a  grain 
caused  the  index  to  vary  one  division,  equal 
to  one-tenth  of  an  inch,  and  Mr.  Robinson 
adjusts  these  balances  so  that  with  one  thou- 
sand grains  in  each  scale,  the  index  vanes 
perceptibly  on  the  addition  of  one  thousandth 
of  a  grain,  or  of  one-millionth  part  of  the 
weight  to  be  determined. 

The  following  is  the  method  to  be  pursued 
in  adjusting  a  balance  of  this  description: 

1.  To  bring  the  points  of  suspension  and  the 
fulcrum  into  a  right  line. 

Make  the  vibrations  of  the  balance  very 
slow  by  moving  the  weight  which  influences 
the  centre  of  gravity,  and  bring  the  beam  into 
a  horizontal  position,  by  means  of  small  bits 
of  paper  thrown  into  the  scales.  Then  load 
the  scales  with  nearly  the  greatest  weight  the 
beam  is  fitted  to  carry.  If  the  vibrations  are 
performed  in  the  same  time  as  before,  no 
further  adjustment  is  necessary;  but  if  the 
beam  vibrates  quicker,  or  if  it  oversets,  cause 
it  to  vibrate  in  the  same  time  as  at  first,  by 
moving  the  adjusting  weight,  and  note  the  dis- 
tance through  which  the  weight  has  passed. 
Move  the  weight  then  in  the  contrary  direction 
through  double  this  distance,  and  then  produce 
the  former  slow  motion  by  means  of  the  screw 
acting  vertically  on  the  points  of  suspension. 
Repeat  this  operation  until  the  adjustment  is 
perfect. 

2.  To  make  the  arms  of  the  beam  of  an 
equal  length. 

Put  weights  in  the  scales  as  before;  bring 
the  beam  as  nearly  as  possible  to  a  horizontal 
position,  and  note  the  division  at  which  the 
index  stands;  unhook  the  scales,  and  transfer 
them  with  their  weights  to  the  other  ends  of 
the  beam,  when,  if  the  index  points  to  the  same 
division,  the  arms  are  of  an  equal  length;  but 
if  not,  bring  the  index  to  the  division  which 
had  been  noted,  by  placing  small  weights  in 
one  or  the  other  scale.  Take  away  half  these 
weights,  and  bring  the  index  again  to  the 
observed  division  by  the  adjusting  screw, 
which  acts  horizontally  on  the  points  of  sup- 
port.  If  the  scale-pans  are  known  to  be  of  the 
same  weight,  it  will  not  be  necessary  to  change 
the  scales,  but  merely  to  transfer  the  weights 
from  one  scale-pan  to  the  other. 

Delicate  balances  are  always  enclosed  in  a 
glass  case,  and  are  so  fixed  in  them  as  to  admit 
of  their  use  without  removal.  The  case  should 
open  by  doors  both  in  front  and  on  the  sides, 
and  should  always  be  closed  perfectly  when 
not  in  use.  It  ought  also  never  to  be  neglected 
to  keep  an  open  vessel  containing  dry  carbo- 
nate of  potassa  (pearlash)  inside  the  case  for 
the  absorption  of  moisture  and  other  injurious 
vapors.  It  is  also  necessary,  for  the  preserva- 
tion of  the  balance,  to  clean  it  at  least  twice  a 
year,by  rubbing  first  with  a  rag  slightly  greased 
with  a  mixture  of  sweet  olive  and  a  little  lin- 
seed oil,  and  afterwards  wiping  it  off  with  a 
perfectly  clean  piece  of  linen.  Special  care 
should  be  taken  never  to  touch  with  the  fingers 
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the  steel  edges  or  the  planes  on  which  they 
rest. 

Those  balances,  the  beams  of  which  are 
made  of  a  straight  piece  of  steel,  answer  well 
where  the  utmost  accuracy  is  not  required,  or 
where  only  small  quantities  are  to  be  weighed, 
but  with  larger  loads  they  are  apt  to  bend,  and 
thus  to  give  a  less  delicate  result.  They  pos- 
sess, however,  the  great  convenience  that  the 
beam  may  be  divided  into  decimal  parts,  and 
the  last  decimal  weights  ascertained  by  the 
next  higher  decimal  weight,  made  of  wire  and 
bent  into  a  hook,  so  as  to  slide  forward  and 
backward  on  the  upper  edge  of  the  beam. 

A  good  balance  should  always  have  the 
middle  knife-edge  resting  wholly  or  partly  on 
a  perfect  plane,  with  some  contrivance  for 
elevating  the  beam,  and  freeing  the  knife-edge 
from  its  support,  both  for  the  purpose  of  pre- 
venting the  edge  from  becoming  dull  when  not 
used  and  of  stopping  the  oscillations  of  the 
beam  while  weighing.  If  the  fulcrum  rest  in 
a  curve,  the  results  are  more  apt  to  become 
uncertain.  The  same  is  the  case  in  regard  to 
the  suspension  of  the  pans,  and  more  so  where 
these  are  suspended  by  hooks  or  curved  edges. 
In  the  latter  case  the  pans  rest  merely  in  a 
single  point,  which  is  apt  to  change  slightly  by 
unavoidable  motions  of  the  pans,  and  thus  pro- 
duce a  very  sensible  variation  in  the  results, 
even  in  balances,  which  otherwise  possess 
great  delicacy.  In  fine  assaying  balances,  the 
edges  supporting  the  pans  are  sometimes 
curved,  forming  part  of  a  circle  made  of  agate 
or  some  other  hard  mineral,  by  drilling  and 
then  cutting  it  into  segments,  using  one  part 
for  supporting  the  edge  and  the  other  as  a  hook 
for  the  suspension  of  the  scale  on  it. 

In  many  cases  it  will  be  found  convenient  to 
have  two  pans,  one  above  the  other,  at  least  on 
that  side  where  the  weights  usually  are  placed, 
the  upper  one  being  destined  for  the  reception 
of  counterpoises. 

Use  of  the  Balance.  In  the  foregoing  it  has 
been  shown  that  when  the  arms  of  the  balance 
are  equal,  equal  weights  in  the  different  pans 
will  produce  no  change  in  its  horizontality ; 
vice  versa,  if  two  bodies  placed  in  the  pans 
produce  no  change  in  the  horizontality  of  the 
beam,  we  conclude  that  their  weight  is  equal. 
Having,  therefore,  in  the  first  place,  ascer- 
tained that  the  balance  is  in  order,  as  far 
as  regards  its  perfect  equilibrium,  freedom  of 
vibration,  and  delicacy,  and  that  its  arms  are 
of  the  same  length  (see  below),  it  only  becomes 
necessary  to  place  the  body,  the  weight  of 
which  we  wish  to  ascertain  in  one  scale,  add 
weights  (see  Weight)' in  the  other  till  equili- 
brium be  again  restored.  The  weight  of  the 
body  is  then  directly  indicated  by  the  weights 
in  the  opposite  scale.  Should  the  arms  of  the 
scale  be  not  exactly  of  the  same  length,  the 
weighing  may  still  be  performed  in  the  same 
manner  for  analysis  without  injury  to  the 
results,  if  the  precaution  be  observed  always 
to  weigh  the  substance  and  its  ingredients  in 
the  same  scale,  and  the  weights  in  the  other, 
since  then  the  same  proportion  will  be  pre- 
served in  all  the  weighings  between  the  weights 
and  the  weighed  bodies,  and  the  relative  pro- 
portion between  these  remain  perfectly  correct. 
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But  if  the  exact  absolute  weight  of  a  body  be 
required,  as,  for  instance,  a  certain  weight  of 
water  or  mercury  be  desired  as  a  measure,  or 
for  the  comparison  of  standard  weights,  it  is 
necessary  that  the  arms  should  be  exactly  of 
the  same  length,  and  even  then  it  is  better  in 
all  delicate  scientific  operations,  where  the 
utmost  accuracy  is  required,  not  to  rely  on 
adjustments  at  all,  but  to  perform  the  weighing, 
or  the  comparison  between  standard  weights 
by  one  and  the  same  arm.  For  such  purposes 
we  subjoin  the  following  directions  for  the  use 
of  one  of  Robinson's  or  any  other  similarly 
constructed  balance. 

Having  levelled  the  case  which  contains  the 
balance,  and  thrown  the  beam  out  of  action, 
place  a  weight  in  each  scale-pan  nearly  equal 
to  the  weight  which  is  to  be  determined.  Lower 
the  beam  very  gently  till  it  is  in  action,  and  by 
means  of  the  adjustment  for  raising  or  lower- 
ing the  centre  of  gravity,  cause  the  beam  to 
vibrate  very  slowly.  Remove  these  weights, 
and  place  the  substance,  the  weight  of  which 
is  to  be  determined,  in  one  of  the  scale-pans  ; 
carefully  counterpoise  it  by  means  of  any  con- 
venient substances  put  into  the  other  scale- 
pan,  and  observe  the  division  at  which  the 
index  stands;  remove  the  body,  the  weight  of 
which  is  to  be  ascertained,  and  substitute 
standard  weights  for  it  so  as  to  bring  the  index 
to  the  same  division  as  before.  These  weights 
will  be  equal  to  the  weight  of  the  body. 

If  it  be  required  to  compare  two  weights 
together,  which  are  intended  to  be  equal,  and 
to  ascertain  their  difference,  if  any,  the  method 
of  proceeding  will  be  nearly  the  same.  The 
standard  weight  is  to  be  carefully  counter- 
poised, and  the  division  at  which  the  index 
stands,  noted.  And  now  it  will  be  convenient 
to  add  in  either  of  the  scales  some  small 
weight,  such  as  one  or  two-hundredths  of  a 
grain,  and  mark  the  number  of  divisions  passed 
over  in  consequence  by  the  index,  by  which 
the  value  of  one  division  of  the  scale  will  be 
known.  This  should  be  repeated  a  few  times, 
and  the  mean  taken  for  greater  certainly. 

Having  noted  the  division  at  which  the  index 
rests,  the  standard  weight  is  to  be  removed,  and 
the  weight  which  is  to  be  compared  with  it  sub- 
stituted for  it.  The  index  is  then  again  to  be 
noted,  and  the  difference  between  this  and  the 
former  indication  will  give  the  difference 
between  the  weights  in  parts  of  a  grain. 

If  the  balance  is  adjusted  so  as  to  be  very 
sensible,  it  will  be  long  before  it  comes  to  a 
state  of  rest.  It  may,  therefore,  sometimes  be 
advisable  to  take  the  mean  of  the  extent  of  the 
vibrations  of  the  index  as  the  point  where  it 
would  rest,  and  this  may  be  repeated  several 
times  for  greater  accuracy.  It  must,  however, 
be  remembered,  that  it  is  not  safe  to  do  this 
when  the  extent  of  the  vibrations  is  beyond 
one  or  two  divisions  of  the  scale  ;  but  with  this 
limitation  it  is,  perhaps,  as  good  a  method  as 
can  be  pursued. 

It  will  be  seen  that,  in  order  to  ascertain  a 
body's  weight  by  this  method,  it  requires  to 
restore  the  equilibrium  of  the  balance  twice, 
for  which  reason  it  has  been  called  double 
weighing.  This  may,  however,  be  avoided,  in 
repetition  of  the  same  experiments,  by  placing 
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on  the  opposite  pan  a  counterpoise  heavier 
than  the  body  to  be  weighed,  and  determining, 
with  accuracy,  the  weight  which  is  required  to 
restore  the  equilibrium.  It  is  then  only  neces- 
sary in  the  subsequent  weighings  to  replace 
this  weight  by  the  body,  and  restore  the  equili- 
brium by  the  addition  of  smaller  weights, 
which,  subtracted  from  the  first,  give  the  true 
weight  of  the  body. 

It  is  obvious  that  the  excellence  of  the 
balance  would,  even  with  all  possible  care  in 
weighing,  be  of  little  use,  unless  the  weights 
employed  were  equally  to  be  depended  on.  For 
their  adjustment,  we  refer  to  article  Weights. 
The  weights  should  never  be  touched  by  the 
hand,  by  which  they  would  become  tarnished. 
For  the  larger  weights  a  wooden  fork  or  tongs 
should  be  employed,  and  for  the  smaller,  a  pair 
of  forceps  made  of  brass  or  copper,  having 
sufficient  elasticity  to  open  on  their  being  re- 
leased from  pressure,  and  yet  not  opposing  a 
resistance  sufficient  to  interfere  with  that  deli- 
cacy of  touch  which  is  desirable  in  such 
operations. 

In  estimating  or  counting  the  weights  in  the 
pan  errors  are  often  committed,  which  some- 
times ruin  the  result  of  much  labor.  The 
weights  should  therefore  always  after  attained 
equilibrium  be  spread  out  in  the  pan,  or  on  a 
piece  of  paper,  according  to  their  denomina- 
tion, the  amount  noted  down,  and  then  com- 
pared with  the  vacancies  in  the  box,  wherein 
the  weights  are  kept  and  where  every  weight 
should  have  its  own  compartment  with  the 
mark  of  its  value  attached  to  it. 

Although  when  the  balance  is  in  perfect 
order,  it  is  indifferent  which  pan  receives  the 
substance  and  which  the  weights,  it  is  best 
always  to  use  the  same  pan  for  the  same  pur- 
pose. Attention  to  this  custom,  as  stated  be- 
fore, is  also,  in  most  chemical  operations, 
where  the  relative  and  not  the  absolute  weights 
are  of  importance,  a  correction  for  any  ine- 
quality in  the  length  of  the  arms. 

The  substances  which  are  to  be  weighed 
ought  never  to  be  laid  at  once  on  the  pan,  but 
on  some  interposed  substance,  as  a  piece  of 
glazed  letter-paper,  &c,  counterpoising  it  by 
another  of  the  same  size,  or  a  counterpoised 
watch-glass  or  crucible  (see  under  Analysis, 
§  4.  Weighing").  Counterpoises  for  the  latter 
may  be  conveniently  made  of  small  glass  tubes 
or  vials,  closed  by  a  good  cork,  and  filled  with 
shot  or  sheet-lead.  To  avoid  mistakes,  they 
ought  to  be  labelled. 

In  weighing  substances  that  have  been 
heated,  great  attention  should  be  paid  not  to 
weigh  them  or  place  them  on  the  balance 
before  they  have  become  cold,  otherwise  the 
ascending  current  of  hot  air  which  issues 
from  it  will  elevate  the  pan  and  cause  con- 
siderable error.  If  the  substance  be  apt  to 
attract  moisture  during  the  process  of  cooling, 
the  latter  must  be  performed  in  a  receiver  over 
sulphuric  acid.  Pulverulent  substances  are 
especially  apt  to  attract  moisture,  and  should, 
therefore,  in  most  cases  be  first  heated  for  its 
expulsion,  and  left  to  cool  in  the  above  manner. 
During  delicate  weighings  the  balance 
should  be  protected  against  any  disturbing 
influence  from  drafts  of  air,  by  keeping  the 
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doors  of  the  case  closed,  and  also  1""  screened 
against  the  sun's  rays,  or  other  radiated  or 
reflected  heat. 

Vessels  with  round  bottoms  arc  supported 
on  the  pans  by  counterpoised  rings,  or  stands, 
made  of  paper,  pasteboard,  cork,  or  tin.  (See 
Fig.  9,  p.  169,  under  Analysis.)  Tube 
other  irregular  apparatus  may  be  kept  upright 
or  suspended  by  thin  wire  bent  into  a  hook 
and  attached  to  the  piece  of  wire  to  which  the 
suspending  strings  of  the  pan  are  fixed. 

BALLOON.  Chem.  Ft:  Ballon.  Glass 
vessels  of  a  spherical  form,  with  a  short  neck. 
They  are  either  used  as  receivers  (sec  this)  in 
distillation, from  which  they  then  only  differ  by 
their  larger  size  and  shorter  neck,  or  for  the 
collection  and  weighing  of  gases,  in  which 
latter  case  their  neck  is  narrower,  and  fur- 
nished with  a  cock  and  a  screw  to  connect  it 
air-tight  with  the  air-pump  and  other  ap- 
paratus. 

BALLOON.  Tech.  A  machine  which,  by 
being  specifically  lighter  than  common  air,  wiil 
rise  into  the  atmosphere  with  greater  or  less 
ascensional  force. 

The  principle  by  which  a  balloon  rises  in 
the  atmosphere  is  exactly  the  same  as  that 
which  causes  the  ascent  of  a  cork  from  the 
bottom  of  a  vessel  filled  with  water.  The 
weight  of  the  volume  of  air  which  it  displaces 
must  exceed  the  weight  of  the  balloon  with  all 
its  appurtenances.  Balloons  are  generally  of 
a  spherical  form,  made  of  some  light  fabric, 
and  filled  with  a  gas  specifically  lighter  than 
common  air.  The  best  material  of  which  they 
at  present  are  made  is  thin  silk,  varnished  with 
caoutchouc  (Indian  rubber).  The  quantity  of 
this  material  required  to  cover  a  globe  one  foot 
in  diameter,  weighs  about  Jff  of  a  pound  avoir- 
dupois. For  globes  of  greater  size,  the  quan- 
tity required  will  increase  with  the  square  of 
the  diameter.  Hence  the  covering  of  a  balloon 
12  feet  in  diameter  would  weigh  about  7  lbs., 
and  one  of  24  feet  diameter  28  pounds. 

The  gases  with  which  balloons  are  filled,  in 
order  to  render  them  specifically  lighter  than 
the  surrounding  air,  are  either  common  atmo- 
spheric air  kept  ratified  in  the  balloon  by  a 
fire  beneath  an  opening  in  its  lower  part,  or 
hydrogen  or  common  illuminating  gas.  If  the 
latter  two  be  employed,  the  balloon  must  of 
course  be  closed  to  prevent  the  gas  from 
escaping.  Hydrogen  gas  is  much  the  lightest 
for  such  purposes.  Obtained  in  the  usual  way, 
by  dissolving  iron  filings  in  dilute  sulphuric 
acid,  it  may  be  assumed  (making  every  allow- 
ance for  imperfect  preparation)  to  be  aboutsix 
times  lighter  than  atmospheric  air,  a  globe 
of  which,  one  foot  in  diameter,  at  the  level  of 
the  sea,  and  under  the  ordinary  pressure, 
weighs  about  ^V  of  a  pound  avoirdupois.  But 
the  comparative  cheapness  and  facility  with 
which  balloons  may  now  be  filled  by  common 
coal  or  illuminating  gas,  have  of  late  caused 
the  latter  to  be  generally  employed  for  balloon 
ascension,  notwithstanding  its  greater  specific 
gravity;  it  only  being  from  Jtoa  j  lighter  than 
common  atmospheric  air. 

To  the  balloon  is  generally  attached  the  rar 
or  basket,  suspended  by  a  net-work,  which 
extends  over  the  balloon  and  Which  supports 
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the  aeronaut  and  his  ballast.  By  throwing  the 
latter  overboard,  the  balloon  may  be  made 
lighter,  and  thus  acquire  new  ascending  force, 
while,  by  allowing  the  gas  to  escape  through  a 
valve,  usually  placed  at  the  top  of  the  balloon, 
with  a  string  attached  to  it,  the  balloon  may  be 
made  to  descend  at  pleasure. 

To  the  two  brothers  Montgolfier,  proprietors 
of  a  paper  manufactory  at  Annonay  in  France, 
is  due  the  honour  of  first  having  prepared  and 
sent  up  a  balloon  into  the  air  in  June,  1783. 
The  balloon  was  prepared  of  linen  cloth  made 
to  ascend  by  a  fire  kindled  under  it,  and  fed 
with  bundles  of  chopped  straw.  The  first 
balloon  filled  with  hydrogen  was  shortly  after- 
wards sent  up  by  Charles,  a  lecturer  at  Paris. 
Pilatre  de  Rosier  and  Marquis  d'Arlandes  were 
the  first  who  ventured  to  ascend  in  a  balloon. 
The  former  afterwards  lost  his  life  in  an 
attempt  to  cross  the  Channel  in  a  balloon, 
which  took  fire  immediately  on  its  ascent. 

There  is  no  doubt,  both  from  theoretical  con- 
siderations and  from  late  experiments,  that 
locomotion  may  be  imparted  by  machinery  to 
balloons  ;  what  at  present  is  mostly  desired  for 
their  employment  for  useful  purposes  is  a 
material  of  sufficient  lightness,  strength,  and 
impenetrability  to  gases.  A  balloon  has,  be- 
sides, the  advantage  of  being  able  to  avail 
itself  of  the  different  currents  of  air  which  are 
known  to  exist  at  different  heights. 

BALSAMS.  This  term  was  formerly  ap- 
plied to  all  liquid  vegetable  resins  as  well  as 
to  many  pharmaceutical  preparations.  But,  to 
avoid  confusion,  the  French  chemists  confine 
the  term  balsam  to  vegetable  substances  com- 
posed of  benzoic  acid  with  more  or  less  vola- 
tile oil.  But  as  this  would  exclude  copaiva  and 
some  other  substances,  popularly  called  bal- 
sams, most  of  the  German  chemists  retain  the 
old  acceptation  of  the  term,  and  divide  balsams 
into  those  which  do  not  and  those  which  do  con- 
tain this  acid.  To  the  former,  which  also  are 
called  oleo-resins,  liquid  resins,  terebinthinates 
belong:  the  different  terpentines  (including 
Canada-balsam),  copaiva,  and  opobalsamum 
or  Mecca-balsam  (which  see),  they  are  semi- 
liquid  resinous  or  glutinous  juices,  which  flow 
spontaneously  or  by  incisions  from  various  ve- 
getables, especially  those  belonging  to  the  orders 
Coniferee,  Terebinthaceas,  and  Leguminosse. 
They  have  a  hot  and  acrid  taste,  and  a  strong 
odor,  which,  in  some,  is  very  fragrant,  in  others 
less  agreeable,but  peculiar.  They  consist  of  a 
volatile  oil  and  resin.  Their  odor,  their  semi- 
liquidity,  and  most  of  their  medicinal  activity 
are  owing  to  the  volatile  oil  which  they  con- 
tain, and  which  may  be  procured  from  them 
by  distillation,  and  which  volatilizes  by  ex- 
posure to  air,  whereby  they  become  hard. 
From  the  next,  or  true  balsams,  they  are  dis- 
tinguished by  not  yielding  benzoic  acid.  Those 
balsams  which  contain  benzoic  acid  or  bal- 
sams, more  properly  so  called,  are  solid,  soft, 
or  liquid  substances,  according  to  the  quantity 
of  volatile  oil  which  they  contain  ;  they  have 
an  aromatic,  usually  agreeable  odor,  and  a 
warm  acrid  taste.  They  dissolve  in  alcohol, 
and  the  solution,  when  mixed  with  water,  be- 
comes milky,  owing  to  the  precipitation  of 
resin.    Bv  sublimation,  as  well  as  by  other 
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methods,  they  yield  benzoic  acid.  They  owe 
their  principal  medicinal  activity  to  the  con- 
tained benzoic  acid.  They  are  obtained  prin- 
cipally from  the  orders  Styraceas,  Leguminosa?, 
and  Balsamaceoe.  To  this  class  belong  Ben- 
zoin, Styrax,  Tolu,  Peruvian  balsam,  and  Li- 
quidamber  (see  these).  The  natural  produc- 
tion, called  Chinese  Varnish,  belongs  also  to 
this  class. 

BALSAM  OF  SULPHUR.  Pharm.  A  so- 
lution of  sulphur  in  oil  by  boiling.  Forms  a 
dark -reddish  brown  viscid  substance  of  an  ex- 
tremely unpleasant  odor. 

BALDWIN'S  PHOSPHORUS.  Ignited  ni- 
trate of  lime,  so  called,  on  account  of  the  faint 
phosphorescence  which  it  emits  in  the  dark. 

BAMLITE.  Min.  H.  =  6.-fG.  =  2-984. 
Radiated,  grayish  white,  translucent,  with  un- 
even, splintery  fracture. 

Analysis  by  Erdman: — 


Silica 56-90 

Alumina 40-73' 

Peroxide  of  iron. .. .     1-04. 

Lime 1-04 

Fluorine trace 

99-71 


Oxygen. 
=  29-56 

=  19-34 


Its  form,  is  2  A1203, 3  Si03,  or  A1203,  3  Si03-f 
A1203;  the  former  of  which  is  3  silicate  of 
alumina,  the  latter  neutral  silicate  of  alumina-f- 
alumina.  It  occurs  at  Bamle  in  Norway,  and 
was  described  and  analyzed  by  Erdmann. 
(Bciz.  Juhresb.  xxii.  196.) 

BARBERRY.  The  root  of  this  plant  (Ber- 
beris  vulgaris)  contains  a  yellow  coloring  mat- 
ter, Berberin,  and  is  employed  in  dyeing  or 
staining  Morocco  leather.  The  coloring  matter 
is  found  in  the  whole  of  the  root  of  the  plant, 
but  in  the  stem  only  around  the  pith  and  near 
the  bark.  The  great  bulk  of  the  woody  fibre 
contains  no  color.  The  finest  color  is  found  in 
the  largest  stems.  The  root  contains  about  17-6 
per  cent,  of  the  yellow  color  (see  Berberin), 
and  besides  a  brown  coloring  matter  contained 
in  the  epidermis  and  precipitable  by  acetate  of 
lead. 

BARIUM.  Chem.  The  metallic  base  of 
baryta,  one  of  the  earthy  alkalies,  occurring  in 
heavyspar  and  several  other  minerals,  and 
called  baryta,  from  @^fc,  heavy,  on  account  of 
the  density  of  its  compounds. 

I.  Barium  and  its  Metaeloidal  Compounds. 
Barium.  Equiv.  Bfl.=68-66,  or  856-88  (0=100. 
Prep.  Carbonate  of  baryta  is  formed  into  a 
paste  with  water,  and  put  on  a  platinum  dish 
communicating  with  the  positive  wire  of  a 
strong  galvanic  battery  of  at  least  100  pair,  on 
accountof  the  strong  intensity  which  it  requires 
to  decompose  it.  Mercury  is  placed  in  a  hollow 
made  in  the  baryta  and  connected  with  the 
negative  wire.  An  amalgam  is  then  formed 
of  mercury  and  barium.  This  amalgam  is 
distilled  in  a  bent  tube  filled  with  hydrogen.  It 
is,  however,  difficult  to  free  it  entirely  from  the 
mercury,  for,  if  the  heat  be  raised  to  redness, 
the  barium  reduces  the  glass.  It  may  likewise 
be  procured  by  passing  potassium  in  vapor 
over  caustic  baryta  heated  to  redness  in  an 
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iron  tube,  separating  the  reduced  barium  from 
the  formed  suboxide  of  potassium  by  means 
of  mercury,  and  freeing  it  from  the  latter  by 
distillation. 

Prop.  Barium  is  a  white  metal  like  silver, 
heavier  than  water  and  sulphuric  acid,  in  which 
it  sinks.  It  fuses  below  a  red  heat,  and  when 
exposed  to  the  air  becomes  covered  with  a 
crust  of  baryta.  In  water  it  oxidizes  rapidly, 
disengaging  hydrogen  and  being  converted  into 
baryta.     It  is  slightly  malleable. 

Barium  combines  with  oxygen  in  two  pro- 
portions, forming  two  oxides,  baryta  and  the 
peroxide  of  barium. 

I.  Baryta.  Syn.  Oxide  of  Barium,  Protoxide 
of  Barium,  Barytes.  Ger.  Baryterde,  Schwer- 
erde,  discovered  1774  by  Scheele.  Occurs  in 
several  minerals,  of  which  the  most  abundant 
are  sulphate  of  baryta,  or  heavy  spar,  and  car- 
bonate of  baryta  and  witherite. 

Prep.  Pure  baryta  is  obtained  in  its  anhy- 
drous state  by  calcining  nitrate  of  baryta  at  a 
bright  red  heat  in  a  porcelain  retort,  or  in  a 
well-covered  crucible  of  porcelain  or  silver, 
but  not  of  platinum.  If  the  calcination  be  not 
carried  sufficiently  far,  a  combination  remains 
of  baryta  and  nitrous  oxide,  which  has  been 
mistaken  for  peroxide  of  barium.  It  may  also 
be  obtained  by  the  calcination  of  iodate  of 
baryta  in  a  porcelain  retort,  which  is  more 
easily  decomposed,  and  does  not  fuse  or  swell 
up.  The  iodine  comes  off  with  oxygen,  and 
may  be  recovered.  It  may  also  be  obtained 
from  carbonate  of  baryta  by  mixing  100  parts 
of  the  latter  with  6  to  10  pts.  finely  pulverized 
charcoal,  forming  it  into  balls  with  a  solution 
of  tragacanth  and  exposing  these,  packed  in 
charcoal-powder  in  a  covered  crucible  in  a 
forge  to  a  strong  heat  for  nearly  an  hour. 
Thus  obtained,  it  always  contains  some  car- 
bon, and  sometimes  some  undecomposed  car- 
bonate of  baryta. 

Prop.  It  forms  a  gray  powder  of  specific 
gravity  of  about  4;  is  only  fusible  by  the  hy- 
drogen blowpipe.  When  heated  to  redness  in 
a  porcelain  tube  and  oxygen  passed  over  it,  it 
absorbs  that  gas  with  avidity  and  becomes 
peroxide  of  barium.  Moistened  with  water,  it 
evolves  much  heat,  and  slackens  to  a  while 
powder;  with  more  water,  it  becomes  hard  and 
crystalline. 

Hydrate  of  Baryta.  If  anhydrous  baryta  be 
treated  with  water,  it  combines  with  it  as  stated, 
and  dissolves  in  a  greater  quantity  of  boiling 
water.  The  solution  is  called  barytic  wafer,  and 
is  strongly  caustic,  although  less  so  than  po- 


tassa  or  soda.  Exposed  to  the  air,  it  absorbs 
carbonic  acid,  and  becomes  turbid   from  the 

precipitation  of  carbonate  of  baryta.  Evapo- 
rated in  a  retort  to  about  3  its  bulk,  it  deposits, 
on  cooling,  the  hydrate  in  crystals.  By  further 
evaporation  and  cooling  more  crystals  are  ob- 
tained. Another  method  of  obtaining  them  Is 
to  treat  a  boiling  solution  of  sulphnret  of 
barium  (see  this)  in  a  flask  with  black  oxide 
of  copper,  adding  it  in  successive  small  por- 
tions, till  a  drop  of  the  liquid  does  no  longer 
blacken  a  solution  of  lead,  but  precipitates  it 
entirely  white ;  the  liquid  contains  then  only 
hydrate  of  baryta  in  solution,  which  is  sepa- 
rated by  filtration  and  evaporated  in  the  same 
way  to  crystallization.  The  crystals  are  trans- 
parent, 4-sided,  or  flat  6-sided,  prisms,  termi- 
nated by  4  planes;  soluble  in  3  pts.  of  boiling 
water  and  in  20  pts.  of  water  at  66°.  They 
contain  9  atoms  of  water;  by  a  moderate  heat, 
they  melt  in  their  water  of  crystallization  and 
loose  7  atoms,  and  by  a  stronger  heat  one 
more,  or  about  half  their  own  weight  of  water. 
The  hydrate  then  remains  as  a  white  powder, 
retaining  one  atom  of  water,  which  cannot  be 
expelled  by  heat,  but  a  little  below  redness  it 
fuses  and  congeals,  on  cooling,  to  a  crystalline 
mass,  resembling  somewhat  fused  hydrale  of 
potassa.  The  hydrate  of  baryta  is  also  soluble 
in  alcohol,  but  it  requires  150 — 160  pts.  of  this 
liquid  at  its  boiling  point  for  solution. 

Heated  with  carbon  in  excess,  hydrated 
baryta  yields  carbonate  of  baryta  and  free 
hydrogen.  Heated  in  carbonic  oxide,  it  yields 
carbonic  acid  and  hydrogen.  Baryta  is  re- 
markable for  its  strong  affinity  for  sulphuric 
acid,  in  which  point  it  surpasses  all  other 
bases,  forming  with  it  a  compound,  insoluble 
both  in  water  and  dilute  acids,  and  which, 
therefore,  is  used  for  their  mutual  detection 
and  quantitative  estimation. 

Composition  of  Anhydrous  Baryta. 

H=l.        O=100.      In  100  pts. 

Ba 68-6         856-88        89-55 

0 8  100  10-45 


BaO 


76-6 


956-88       100 


Of  fused  Hydrale  of  Baryta. 

In  too  pts. 

BaO 76-6  89-5 

HO 9  10-5 


BaO.HO 


85-6 


100 


Of  Crystallized  Baryta. 

Smith.    B.  Phillips. 

BaO 76-6  48-61  48-21  47-28 

9  HO 81  51-39  51-79  52-72 


BaO,  9  HO 


157-6 


100 


100 


100 


Noad. 
46-94 
53-06 

100 


H.  Bose. 
46-66 
53-34 

100 


The  analysis  of  Rose  and  Noad  lead  to  a  |  tures   sulphate  of  baryta  is   employed  as  an 
lormula  with  10  eq.  water.  I  addition  to  white   lead,  but  it   possesses  less 

Uses.     Baryta  is  a  valuable  test  in  analytical    body  than  the  carbonate  of  lead.     It  is  also 
chemistry,  and  its  soluble  salts  are  used  more  ;  used  as  an  addition  in  the  manufacture  of  some 
especially  for  the  precipitation  and  estimation  !  varieties  of  Wedgewood  ware  and  slass. 
of  sulphuric  acid      In  the  arts  and   manufac- !      2.  Peroxide  of  Barium.     Syn.  Hyperoxide  0? 
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Barium,  Deutoxide  of  Barium.  Ger.  Super- 
oxyd,  discovered  by  Thenard.  Formed  by 
combustion  of  barium  in  oxygen. 

Prepared  by  passing  oxygen  over  anhydrous 
baryta  heated  to  redness  in  a  porcelain  tube, 
whereby  it  is  absorbed  so  completely,  that 
when  oxygen  appears  at  the  other  end  of  the 
tube  most  of  the  baryta  is  already  converted 
into  the  peroxide.  The  oxygen  must  be  freed 
previously  from  its  carbonic  acid  and  water, 
which  would  decompose  the  peroxide, by  pass- 
ing it  over  caustic  potassa. 

Prop.  Peroxide  of  barium  is  of  a  grayish 
color.  Mixed  with  water  in  the  state  of  a  fine 
powder,  it  is  converted  into  a  hydrate  without 
generating  heat,  and  forms  a  perfectly  white 
powder.  The  hydrate  may  also  be  prepared 
by  heating  anhydrous  baryta  in  a  platinum 
crucible  to  a  low  red  heat,  and  then  gradually 
adding  chlorate  of  potassa  in  the  proportion 
of  about  1  part  of  the  latter  to  4  parts  of  the 
former.  The  remaining  mass,  which  is  a  mix- 
ture of  chloride  of  potassium  and  peroxide  of 
barium,  is  treated  with  cold  water,  which  dis- 
solves the  chloride  of  potassium  and  leaves 
the  peroxide  of  barium  in  the  state  of  hydrate. 
It  is  then  dried  in  the  open  air  without  the  aid 
of  heat.  According  to  Saussure,  this  hydrate 
is  obtained  in  crystals  by  exposing  a  small 
quantity  of  barytic  water  in  a  large  bottle  to 
atmospheric  air  freed  from  its  carbonic  acid. 
Its  principal  use  is  for  the  preparation  of  the 
peroxide  of  hydrogen.  The  an  hydrous  peroxide 
may  be  heated  to  redness  without  decomposi- 
tion; at  a  higher  temperature  and  in  an  open 
vessel  it  loses  part  of  its  oxygen.  The  hydrate, 
on  the  contrary,  is  decomposed  by  boiling 
water  with  the  evolution  of  oxygen;  nor  can 
it  be  dried  by  heat  or  in  vacuo  without  suffer- 
ing decomposition.  From  the  facility  with 
which  it  is  decomposed  it  has  an  aLkaline  taste 
and  exhibits  an  alkaline  reaction. 

Cothp.  Peroxide  of  barium  consists  of  1  eq. 
barium  and  2  eq.  of  oxygen,  Ba02.  Its  equiv. 
is  84-61,  or  1056-88  (0.=  100).  It  contains  in 
100  pis.  81-08  barium -f  18-92  oxygen.  The 
hydrate  of  the  peroxide  contains,  according  to 
Liebig  and  Wcihler,  6  eq.  water,  Ba02+  6  HO. 

1.  Sulphuret  of  Barium.  Ger.  Schvvefelbarium. 
It  may  be  obtained  by  passing  sulphuretted 
hydrogen  over  pure  baryta  heated  to  redness 
in  a  glass  or  porcelain  tube,  or  by  igniting  sul- 
phate of  baryta  with  finely  pulverized  charcoal. 
This  last  method  is  generally  employed  for  the 
preparation  of  sulphuret  of  barium,  in  order 
to  obtain  baryta  or  other  salts  of  baryta  from 
it.  Eight  parts  of  finely  pulverized  sulphate 
of  baryta  are  mixed  intimately  with  1  pt.  of 
finely  pulverized  charcoal  and  2  pis.  resin  or 
flour,  and  the  mixture  exposed  in  a  well- 
covered  Hessian  crucible  to  a  white  heat  for  J 
of  an  hour,  raising  the  temperature  slowly. 
The  carbon  then  combines  with  the  oxygen  of 
the  sulphur  and  the  barium  to  carbonic  acid 
gas,  which  escapes,  while  sulphuret  of  barium 
remains  mixed  with  carbon.  The  residuary 
mass  is  treated  with  boiling  water,  and  the 
solution  filtered  while  yet  hot.  On  cooling,  it 
then  deposits  crystals  of  the  protosulphuret  of 
barium,  but  with  water  of  crystallization. 


Camp.  The  protosulphuret  of  barium  con- 
sists of  1  eq.  sulphur  and  1  eq.  barium,  BaS. 
Its  atom,  weight  is  84-6,  or  1058-05  (O.  =  100) ; 
it  contains  80-99  per  cent,  of  barium  +  19-01 
per  cent,  sulphur. 

According  to  Liebig,  the  sulphuret  of  barium 
may  be  obtained  on  a  larger  scale  in  the  fol- 
lowing way.  Five  parts  finely  pulverized  sul- 
phate of  baryta  are  mixed  with  1  pt.  powdered 
charcoal  and  so  much  paste  of  flour  as  to  allow 
the  mass  to  be  formed  into  cylinders,  which 
are  dried.  These  cylinders  are  placed  on  a 
deep  layer  of  coal  in  a  furnace ;  the  draft  of 
which  may  be  shut  off  and  piled  with  inter- 
stratified  layers  of  charcoal.  After  the  whole 
has  been  fired  completely,  the  draft  is  closed 
so  as  to  allow  the  fire  to  go  out  slowly  and  the 
furnace  to  become  cold.  After  the  lapse  of 
6  hours  the  operation  is  complete,  since  the 
mixture  only  requires  a  low  but  long-continued 
ignition.  They  then  consist  of  a  mixture  of 
baryta  and  bisulphuret  of  barium,  which  may 
be  separated  by  boiling  water,  which  leaves 
the  greater  part  of  the  baryta  behind  the  por- 
tion that  dissolves,  separating  in  crystals  on 
cooling,  while  the  sulphuret  remains  in  solution. 

Rose  has  lately  shown  that  by  dissolving 
protosulphuret  of  barium  in  water,  a  portion 
is  always  converted  into  hydrate  of  baryta 
and  sulphydrate  of  barium  (2  BaS-f-  2  HO  = 
(BaO  +  HO)  -f  (BaS  +  HS). 

A  solution  of  sulphuret  of  barium  kept 
several  years,  deposited  crystals  of  baryta, 
then  crystalline  scales  c,  lastly  6-sided  pyra- 
mids b,  and  by  concentrating  the  solution  in  a 
retort,  a  white  powder  deposited  of  hydrated 
sulphuret  of  barium, a.  According  to  Rose,  the 
white  powder,  a,  has  the  formula,  BaS,  6  HO; 
the  crystals,  b,  are  BaO,  10  HO  -f  3  (BaS, 
6  HO) ;  and  the  crystalline  scales  about 
4  (BaO,  10  HO)  +  3  (BaS,  6  HO).     (H.  Rose.) 

2.  Higher  Sulphurets  of  Barium.  These  have 
not  been  much  investigated.  A  mixture  of  the 
lersulphuret  and  sulphate  of  baryta  is  obtained 
by  fusing  8  pts.  of  pure  baryta  with  6  pts.  of 
sulphur;  from  which  water  will  dissolve  the 
tersulphuret,  leaving  the  sulphate  of  baryta 
behind  (4  BaO  -f-  10  S=  3  BaS3  -f  BaO,  S03). 
A  solution  of  the  pentasulphuret  is  obtained  by 
boiling  a  solution  of  the  protosulphuret  with 
sulphur.  The  same,  but  mixed  with  hyposul- 
phite of  baryta,  is  obtained  by  boiling  pure 
baryta  with  sulphur.  The  pentasulphuret  of 
barium  is  very  soluble  in  water  and  alcohol. 
By  evaporation  of  its  solution  in  vacuo,  it 
forms  a  mass  of  a  pale  yellow  color.  It  con- 
sists of  1  at.  of  barium  with  5  at.  of  sulphur, 
Ba  -4-  S5,  and  contains  54  per  cent,  of  sulphur. 

Phosphuret  of  Barium.  Obtained  by  throwing 
phosphorus  on  anhydrous  baryta,  heated  to 
redness  in  a  long-necked  glass  flask.  Phos- 
phuret of  barium  and  phosphate  of  baryta  are 
formed.  The  mass  fuses  and  exhibits,  on 
cooling,  a  brown  color  and  metallic  lustre. 
Too  much  heat  decomposes  again  the  phos- 
phuret, volatilizing  the  phosphorus,  and  leav- 
ing the  baryta  behind.  With  water,  the  phos- 
phuret of  barium  is  decomposed,  forming 
hypophosphite  of  baryta  with  the  generation 
of  ohosphuretted  hydrogen. 
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II.    Salts  of  BaRIUH. 

The  salts  of  barium  have  a  disagreeable, 
bitter,  saline  taste.  The  presence  of  baryta  in 
them  is  recognised  by  their  giving,  when  dis- 
solved in  water  or  a  dilute  acid,  with  sulphuric 
acid  or  a  sulphate,  a  white  precipitate,  insolu- 
ble in  water  and  chlorohydric  and  nitric  acids. 
The  soluble  salts  of  baryta  are  not  precipitated 
by  pure  ammonia  or  sulphydrate  of  ammonium, 
nor  by  sulphuretted  hydrogen.  The  alkaline 
carbonates  cause  a  white  precipitate  of  car- 
bonate of  baryta.  The  different  salts  of  baryta 
are  generally  prepared  by  adding  dilute  acids 
to  a  solution  of  the  sulphuret  of  barium,  by 
which  sulphuretted  hydrogen  is  given  off. 

Haloid  Salts. 

Chloride  of  Barium.  Syn.  Muriate  of  Barytes. 
Ger.  Chlorbarium,  Salzsaure  Baryterde. 

Prep.  By  dissolving  carbonate  of  baryta  in 
dilute  chlorohydric  acid,  or  by  adding  the  same 
acid  to  a  solution  of  sulphuret  of  barium  (see 
this)  till  it  assumes  an  acid  reaction,  filtering, 
evaporating,  and  igniting  it  strongly  in  an  open 
fire,  by  which  foreign  matters,  such  as  salts  of 
iron  are  rendered  insoluble.  The  mass  is  then 
redissolved  in  water  and  evaporated  to  crys- 
tallization. 

Prop.  Chloride  of  barium  is  obtained  in  fiat 
rhomboidal  tables,  bevelled  at  the  edges,  con- 
taining water  of  crystallization.  It  does  not 
change  by  exposure  to  the  air.  By  ignition  it 
loses  its  water  of  crystallization,  but  is  not  de- 
composed. 100  pts.  water  dissolve  32-62  pts. 
of  the  anhydrous  salt  at  32°,  and  for  every 
degree  above  this  temperature  1*506  more. 
100  pts.  of  water  dissolve  43-5  pts.  of  the  crys- 
tallized salt  at  59°,  and  at  the  boiling  point  of 
the  saturated  solution,  which  occurs  at  220-9°, 
it  dissolves  78  pts.  If  the  solution  contain 
chlorohydric  acid,  it  is  less  soluble,  and  even 
insoluble  in  a  concentrated  acid,  so  that  it  may 
be  precipitated  in  considerable  quantity  from 
its  solution  in  water  by  the  addition  of  this 
acid.  It  is  soluble  in  dilute  alcohol,  but  anhy- 
drous alcohol  dissolves  only  T^-0  of  its  own 
weight. 

Comp.  Chloride  of  barium  consists  of  1  eq. 
of  each  of  its  elements,  Ba  -f-  CI.  Its  atom, 
weight  is  104-13,  or  1299-53  (O.  =  100)  ;  it 
contains,  in  100  pts.,  65-94  barium  4-  3406 
chlorine.  The  crystallized  =  BaCl  -f  2  HO, 
or  14-75  per  cent,  water. 

Bromide  of  Barium.  Prepared  by  dissolving 
carbonate  of  baryta  in  bromohydric  acid,  or  by 
adding  the  latter  to  a  solution  of  sulphuret  of 
barium  till  it  becomes  saturated,  filtering  and 
evnporating  the  solution.  Is  very  soluble  in 
water,  and  crystallizes  by  evaporation  and 
cooling  in  rhombic  tables,  resembling  those  of 
the  chloride,  with  which  it  is  isomorphous,  and 
analogous  in  composition,  containing  2  equiv. 
water,  or  in  fine  needles,  or  in  small  warty 
crystals.  It  is  soluble  in  anhydrous  alcohol, 
by  which  it  may  be  separated  from  the  chlo- 
ride. Formula  of  the  anhydrous,  BaBr,  con- 
taining 53-33  per  cent,  bromine  ;  of  the  crys- 
tals, BaBr,  2  HO,  containing  11-32  per  cent, 
water.     (Rammekberg.) 

Iodide  of  Barium.  Bal.  May  be  formed  by 
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heating  baryta  in  iodohydric  acid  gas,  the  com- 
bination taking  place  with  combustion. 

Prepared  most  conveniently  by  adding  a 
saturated  alcoholic  solution  of  iodine  to  a  solu- 
tion of  protosulphuret  of  barium  as  long  as 
any  sulphur  separates,  filtering  the  solution 
and  evaporating  it  quickly  almost  to  dryness, 
redissolving  it  in  a  small  portion  of  water  and 
boiling  it  down  in  a  flask  to  dryness.  It  is  very 
soluble  in  water,  and  may  be  obtained  in  small 
deliquescent  crystals,  soluble  in  alcohol,  very 
soluble  in  water.  Exposed  to  the  atmosphere, 
it  loses  a  portion  of  its  iodine,  with  the  forma- 
tion of  carbonate  of  baryta,  after  which  the 
iodine  of  barium  dissolves  with  a  brown  color. 
The  same  change  is  effected  more  rapidly  by 
ignition  in  the  open  air.  In  closed  vessels  it 
suffers  no  change.  The  anhydrous  salt  =  Bal 
with  64-75  per  cent,  iodine  (according  to  O. 
Henry,  64-83) ;  the  fine  needles  contain  water. 

Fluoride  of  Barium,  BaF.  Prep,  by  digest- 
ing freshly  precipitated  carbonate  of  baryta 
with  fluohydric  acid  in  excess.  Carbonic  acid 
gas  is  expelled  and  fluoride  of  barium  remains 
as  a  white  powder,  while  only  a  small  portion 
remains  dissolved  in  the  excess  of  acid.  It  is 
soluble  to  a  certain  degree  in  the  wash-water, 
which  deposits  it  on  evaporation  as  a  finely 
granular  crust.  It  is  not  decomposed  by  igni- 
tion ;  soluble  in  nitric  and  chlorohydric  acids. 

Fluoride  of  barium  combines  with  chloride 
of  barium  to  a  double  haloid  salt,  which  is 
obtained  by  precipitating  fluoride  of  potassium 
or  sodium  with  chloride  of  barium  or  by  dis- 
solving fluoride  of  barium  in  chlorohydric  acid 
and  precipitating  by  ammonia.  Is  much  more 
soluble  in  water  than  the  simple  fluoride  of 
barium,  and  deposits,  on  evaporation,  in  granu- 
lar crystals.  By  long  washing  with  water  it  is 
partially  decomposed,  the  remaining  salt  be- 
coming richer  in  fluoride  of  barium.  The 
barium  is,  in  this  salt,  equally  divided  between 
the  chlorine  and  the  fluorine,  BaCl  -4-  BaF. 

Borofluoridc  of  Barium.  BaF,  BF3  +  2  HO. 
Syn.  Fluorborate  of  Baryta.  Prep,  by  dissolv- 
ing carbonate  of  baryta  in  dilute  borofluohydric 
acid  as  long  as  it  leaves  no  residue.  If  more 
carbonate  be  added,  the  salt  is  decomposed 
into  fluoride  of  barium  and  boracic  acid.  By 
evaporation,  some  boracic  acid  generally  sepa- 
rates at  first,  contained  in  the  borofluohydric 
acid,  and  after  the  solution  has  obtained  the 
sirupy  consistence,  the  salt  crystallizes,  on 
cooling,  in  long  needles,  and  by  continued 
evaporation  in  a  warm  place  in  flat  rectangular 
prisms.  It  has  an  acid  reaction,  but  not  acid 
taste.  Effloresces  at  104°  and  becomes  opake; 
deliquesces  in  damp  air;  dissolves  in  water 
without  decomposition;  is  decomposed  by  al- 
cohol, which  dissolves  an  acid  salt  and  leaves 
a  white  residue.  Decomposed  by  ignition  into 
borofluohydric  acid,  fluoride  of  boron,  and 
leaves  behind  fluoride  of  barium.  The  crys- 
tallized salt  contains  10-34  per  cent,  of  water. 

Silicqfluoride  of  Barium.  3  BaF-f-  2SiF3.  Ob- 
tained by  mixing  a  solution  of  chloride  of 
barium  with  silicofluohydric  acid.  The  pre- 
cipitate appears,  after  some  time,  in  the  form 
of  small  microscopic  crystals.  The  baryta  is 
precipitated  almost  completely,  a  very  minute 
quantity  only  remaining,  dissolved  in  the  free 
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chlorohydric  acid,  by  which  its  solubility  is 
but  slightly  increased.  It  contains  no  water 
of  crystallization;  is  easily  decomposed  by 
ignition  into  fluoride  of  silicon  and  fluoride  of 
barium,  which  remains  behind. 

OxTSALTS. 

1.  Sulphate  of  Baryta.  BaO  +  S03.  Occurs 
native  as  a  mineral,  both  compact  and  in  crys- 
tals (see  Heavt-spau).  Artificially,  it  is  gene- 
rally obtained  as  a  white  powder,  perfectly 
insoluble  in  water  and  free  acid.  Dissolves  in 
concentrated  sulphuric  acid,  by  boiling,  and 
deposits,  on  cooling,  in  needle-shaped  crystals. 
By  dilution  with  water,  it  is  completely  precipi- 
tated; fuses,  by  strong  ignition,  into  a  white 
enamel;  is  reduced,  by  ignition  with  charcoal, 
to  sulphuret  of  barium ;  is  only  partially  de- 
composed by  the  alkaline  carbonates,  either  by 
ignition  or  by  boiling  with  their  concentrated 
solutions.  In  analytical  chemistry,  it  often 
happens  in  the  precipitation  of  baryta  by  sul- 
phuric acid,  that  the  sulphate  of  baryta  re- 
mains suspended  as  an  extremely  fine  powder, 
which  passes  through  the  filter.  This  is  most 
apt  to  happen  at  a  certain  concentration,  and 
when  the  solution  is  neutral,  but  does  not  take 
place  when  it  is  previously  made  acid,  or  when 
it  is  dilute  or  concentrated.  The  presence  of 
a  salt  of  soda  seems  to  favor  its  separation  in 
this  state,  which,  when  once  present,  is  very 
difficult  to  remedy. 

Composition.  The  sulphate  of  baryta  consists 
of  1  eq.  sulphuric  acid,  with  1  eq.  baryta.  Its 
atomic  weight  is  1 19-56,  or  1458-05  (0  =  100)  ; 
and  it  contains,  in  100  pts.,  65-63  baryta  and 
34-37  sulphuric  acid. 

2.  Hyposulphate  of  Baryta.  BaO-|-S205.  Ob- 
tained by  precipitating  a  solution  of  hyposul- 
phite of  protoxide  of  manganese  by  sulphuret 
of  barium  and  evaporating  the  filtered  solution 
to  crystallization.  By  repeated  crystallization, 
the  crystals  are  obtained  perfectly  pure.  By 
spontaneous  evaporation,  it  crystallizes  in 
oblique  4-sided  prisms,  with  4-sided  pyramids, 
and  containing  19-48  per  cent,  of  4  eq.  water, 
of  which  it  loses,  by  exposure  to  the  air,  one 
half,  but,  by  cooling,  it  is  obtained  in  rectan- 
gular 4-sided  prisms,  which  do  not  change  in 
the  air ;  dissolve  in  1  pt.  of  boiling  and  in  4-04 
pts.  water  at  64°,  and  contain  10-79  per  cent., 
or  2  eq.  crystal-water.  By  heat,  it  decrepi- 
tates, gives  off  water  and  sulphurous  acid, 
and  leaves  70*1  per  cent,  sulphate  of  baryta. 
Formula  of  the  oblique  prisms,  BaO,  S205  -f- 
4  HO,  of  the  rectangular  prisms,  BaO,  S203-j- 
2  HO. 

3.  Sulphite  of  Baryta.  BaO  -f  S02.  Prep. 
by  suspending  carbonate  of  baryta  in  water 
and  passing  sulphurous  acid  gas  through  it,  or 
by  precipitating  chloride  of  barium  by  sulphite 
of  soda.  Forms  a  tasteless  and  insoluble 
powder.  Dissolves  in  an  excess  of  sulphurous 
acid,  and  deposits,  by  evaporation,  in  transpa- 
rent tetrahedrons,  with  replaced  edges  and  of 
considerable  hardness. 

4.  Hyposulphite  of  Baryta.  BaO-fS202.  Ob- 
tained by  passing  sulphurous  acid  into  a  solu- 
tion of  sulphuret  of  barium,  or  by  allowing  a 
solution  of  the  latter  to  oxidize  slowly  by  expo- 
sure to  the  atmosphere.    It  crystallizes  in  trans- 
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parent  needles,  containing  6-73  per  cent,  water. 
Form.,  BaO,  S202+HO. 

1.  Nitrate  of  Baryta.  BaO -f- N05.  Prepared 
by  adding  sufficiently  diluted  nitric  acid,  during 
continued  stirring,  to  a  solution  of  sulphuret 
of  barium.  Water  is  decomposed,  the  barium 
taking  the  oxygen  and  combining  with  the 
nitric  acid,  while  the  hydrogen  combines  with 
the  sulphur,  forming  sulphuretted  hydrogen, 
which  escapes.  If  the  nitric  acid  be  too  con- 
centrated, it  is  apt  to  oxidize  a  portion  of  the 
sulphuret  of  barium  into  sulphate.  The  hot 
filtered  solution  is  then  evaporated  to  crystal- 
lization. It  may  also  be  obtained  by  dissolv- 
ing carbonate  of  baryta  in  dilute  nitric  acid. 

Prop.  It  crystallizes  in  fine,  transparent 
octahedra,  without  crystal  water,  but  decrepi- 
tating violently  by  heating,  causing  the  crystals 
to  fall  to  a  white  powder.  It  does  not  change 
in  the  air.  100  pts.  of  water  dissolve  5  pts.  of 
this  salt  at  32°,  8  pts.  at  59°,  17  pts.  at  120°. 
29-6  pts.  at  133°.  The  saturated  solution  con- 
tains, at  its  boiling  point  (214°),  35-9  pts.  of  the 
salt.  Is  much  less  soluble  in  a  solution  con- 
taining free  nitric  acid,  so  that  the  addition  of 
this  latter  to  a  saturated  solution  will  cause  the 
precipitation  of  a  portion  of  the  salt ;  and  in  a 
stronger  acid,  it  is  so  insoluble  as  to  prevent 
the  solution  of  carbonate  of  baryta.  It  is  in- 
soluble in  alcohol.  By  ignition  in  a  porcelain 
retort,  it  yields  pure  baryta ;  ignited  in  a  pla- 
tinum crucible,  it  becomes  contaminated  with 
oxide  of  platinum.  Its  equiv.  is  130-93,  or 
1633-92  (O=100),  and  it  contains  58-56  per 
cent,  baryta  and  41-44  nitric  acid. 

Use.  A  mixture  of  sulphuret  of  antimony, 
sulphur,  chlorate  of  potassa,  and  nitrate  of 
baryta,  in  which  the  last  constitutes  less  than 
2  of  the  whole  mixture,  is  employed  as  a  green 
lire  in  fire-works,  without  force. 

2.  Nitrite  of  Baryta.  Syn.  Hyponitrite  of 
Baryta.  Gcr.  Salpetrigsaure  Baryterde.  Pre- 
pared by  gentle  ignition  of  nitrate  of  baryta, 
dissolving  the  mass  in  water,  evaporating  to 
dryness,  redissolving,  filtering  it  from  the 
formed  carbonate  of  baryta,  and  evaporating 
to  crystallization.  The  crystals  do  not  change 
in  the  air.    Form.,  BaO,  NOa  +  HO. 

1.  Phosphate  of  Baryta.  Gcr.  Phosphorsaurt 
Baryterde.  a.  Neutral.  2  BaO  +  P05.  Ob- 
tained by  adding  gradually  a  solution  of  com- 
mon phosphate  of  soda  to  a  solution  of  chloride 
of  barium,  the  latter  remaining  in  excess.  If, 
on  the  contrary,  the  chloride  of  barium  be 
added  to  the  phosphate  of  soda,  the  latter 
becomes  acid,  while  a  basic  salt  precipitates. 
The  neutral  salt  requires  20-500  pts.  of  water 
for  its  solution.  It  dissolves  easily  in  dilute 
chlorohydric  and  nitric  acids,  by  which  it  is 
converted  into  an  acid  salt  of  easy  solubility. 
Stronger  acids  dissolve  it  with  greater  difficulty 
on  account  of  the  insolubility  of  the  formed 
chloride,  or  nitrate,  in  these  acids.  It  is  but 
sparingly  soluble  in  acetic  acid,  of  which  it 
requires  400  pts.  of  spec.  grav.  of  1-032.  Sul- 
phuric acid  liberates  the  phosphoric  acid  com- 
pletely, forming  insoluble  sulphate  of  baryta. 
It  consists  of  2  eq.  of  baryta  and  1  eq.  of  phos- 
phoric acid,  and  contains,  in  100  pts.,  68-20 
baryta  and  31-80  phosphoric  acid. 

b.  Biphosphate  of  Baryta.  BaO-fP05.  Ob- 
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tained  by  digesting  a  solution  of  phosphorite 
acid  with  neutral  phosphate  of  baryta.  The 
latter  dissolves  and,  by  evaporation,  the  salt 
deposits  in  crystals,  and  may  be  dried  on 
blotting-paper.  The  remaining  mother-liquid 
is  almost  free  from  baryta.  This  salt  does  not 
change  in  the  air,  but  water  decomposes  it 
into  phosphoric  acid,  retaining  a  small  portion 
of  baryta  and  neutral  phosphate,  which  re- 
mains. At  a  higher  temperature  it  fuses, 
froths  up,  and  leaves  a  porous  mass  resembling 
burnt  alum.  The  crystal  contains  11  per  cent, 
of  water  of  crystallization.  Form.,  BaO,  P05-}- 
2  HO.  In  its  anhydrous  state  it  consists  of 
52-75  baryta  and  48-25  phosphoric  acid. 

c.  If  the  saturated  solution  of  phosphate  of 
baryta  in  phosphoric  acid,  instead  of  being  left 
to  crystallize,  be  mixed  with  alcohol,  a  white, 
flocculent  precipitate  is  obtained,  which  forms 
a  different  acid  salt  containing  one  and  a  half 
times  the  amount  of  base  as  the  foregoing, 
being  3  BaO  +  2  P05.  When  washed  and 
dried,  it  forms  a  light  white  powder. 

d.  Basic  phosphate  of  baryta.  5  BaO  -f-  2  P05. 
Obtained  by  digesting  neutral  or  acid  phos- 
phate of  baryta  with  ammonia.  Forms  a  white 
powder,  which  absorbs  no  oxygen  from  the 
atmosphere.  Another  basic  salt,  3  BaO  -f-  P05, 
is  obtained,  according  to  Graham,  by  precipi- 
tating chloride  of  barium  with  basic  phos- 
phate of  soda. 

c.  Metaphosphale  of  Baryta.  1.  According  to 
Graham,  neutral  metaphosphate  of  baryta  is 
obtained  by  precipitating  a  concentrated  solu- 
tion of  metaphosphate  of  soda  by  chloride  of 
barium  in  excess.  The  gelatinous  precipitate 
is  washed  and  dried.  Forms  a  transparent 
mass,  which  fuses  imperfectly  by  heat,  and 
dissolves  then  with  difficulty  in  nitric  acid ; 
insoluble  in  boiling  water.  By  continued  boil- 
ing, water  dissolves  common  biphosphate  of 
baryta  from  it. 

2.  Phosphite  of  Baryta,  a.  Neutral.  2  BaO  -4- 
P03.  Obtained  by  Berzelius  by  adding  phos- 
phite of  ammonia  to  chloride  of  barium.  After 
the  lapse  of  24  hours,  or  more,  the  phosphite 
of  baryta  deposits  as  a  crust.  In  dry  air  it 
effloresces.  Formula,  2  BaO,  P03  +  2  HO,  or 
7-94  per  cent,  water  of  crystallization.  By  a 
red  heat  it  is  converted  into  neutral  phosphate 
of  baryta. 

6.  Biphosphite  of  baryta,  BaO  -}-  P05,  is  ob- 
tained by  dissolving  the  former  in  phosphorus 
acid,  and  evaporating  the  solution  with  a  gentle 
heat.  It  forms  a  syrupy  mass,  which  crystal- 
lizes with  difficulty.  A  solution  of  the  crys- 
tallized salt  in  water  is  decomposed  by  heat 
into  neutral  phosphite,  which  precipitates  in 
crystals,  and  an  acid  salt,  which  remains  in 
solution.         - 

3.  Hypophosphite  of  Baryta.  BaO  +  PO.  Ger. 
Unterphosphorigsaure  Baryterde.  Obtained  by 
boiling  phosphorus  with  hydrated  baryta,  or  by 
digesting  phosphuret  of  barium  with  water, and 
filtering  the  solution.  It  crystallizes  on  cool- 
ing the  hot  solution  in  pearly,  flexible  prisms, 
soluble  in  3-5  cold  and  3  boiling  water,  insolu- 
ble in  alcohol;  loses  6-28  per  cent,  water  at 
212°  ;  when  heated,  gives  off  water,  then  much 
self-inflammable,  and,  lastly,  a  little  not  self- 
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inflammable  phosphuretlcd  hydrogen  gas,  leav- 
ing 80-14  per  com.  chiefly  phosphate  of  baryta; 
2  (BaO,  PO,  2  HO)  =  3  BaO,  PO.  +  PH3  -f 
HO.  Form.,  BaO,  PO  +  8 HO,  with  ls-asper 
cent,  water.  When  the  solution  is  evaporated 
in  vacuo  over  somewhat  dilute  sulphuric  acid, 
it  crystallizes  in  brilliant  4-sided  tables,  of 
which  the  form,  is  BaO,  PO  +  2  HO,  contain- 
ing 13-44  per  cent,  water. 

1.  Per  chlorate  of  Baryta.  BaO-fC10r  Ger. 
Ueberchlorsaure  Baryterde.  Formed  by  dis- 
solving carbonate  of  baryta  in  perchloric  acid, 
or  by  precipitating  perch lorate  of  zinc  by 
barytic  water,  filtering,  and  evaporating;  crys- 
tallizes in  long  prisms,  deliquesces  in  the  air, 
is  soluble  in  alcohol. 

2.  Chlorate  of  Baryta.  BaO  +  CI05.  Ger. 
Chlorsaure  Baryterde.  Prepared  by  saturating 
chloric  acid  (prepared  by  precipitating  chlo- 
rate of  potassa  by  silicofluohydric  acid)  with 
carbonate  of  baryta,  and  evaporating  the  solu- 
tion. It  yields  4-sided  prismatic  crystals,  solu- 
ble in  4  pts.  cold  and  in  less  hot  water;  inso- 
luble in  alcohol.  They  contain  6  per  cent.,  or 
1  eq.  water  of  crystallization.  By  heat,  they 
are  decomposed  into  oxygen  and  chloride  of 
barium.  The  anhydrous  salt  consists  of  50-37 
baryta  and  49-63  chloric  acid. 

Bromate of  Baryta.  BaO-(-Br05.  Ger.  Brom- 
saure  Baryterde.  Obtained  with  bromide  of 
barium  by  the  action  of  bromine  on  a  solu- 
tion of  hydraled  baryta.  It  crystallizes  in 
rectangular  columns  with  replaced  edges; 
the  crystals  lose  their  water  above  392°, 
soluble  in  130  cold  and  24  boiling  water. 
Formula,  BaO,  BrOs-f-  HO,  or  4-41  per  cent, 
water. 

1.  Iodate  of  Baryta,  BaO  -4-  I06,  forms  a 
sparingly  soluble  white  powder,  formed,  to- 
gether with  iodide  of  barium,  by  treating  barytic 
water  with  iodine.  It  then  precipitates  as  a 
white  powder.  From  a  solution  in  hot  nitric 
acid  it  separates  on  cooling,  or  by  the  addition 
of  ammonia  in  small  crystals  ;  soluble  in  1740 
water  at  59°,  in  600  boiling;  loses  its  crystal- 
water  below  392° ;  yields,  by  heat,  in  a  porcelain 
retort,  iodine,  oxygen  and  46-97  per  cent,  of  • 
periodate  of  baryta.  Form.,  BaO,  I03  -4-  HO, 
or  3-57  per  cent,  water. 

2.  Periodate  of  Baryta,  a.  ]L.  Formed  by  heat- 
ing the  preceding;  soluble  in  nitric  acid,  not 
in  water ;  formula,  5  BaO,  I07  -f  12  HO.  6.  f. 
Precipitate  a  by  ammonia,  or  nitrate  of  baryta 
by  periodate  of  soda ;  a  yellow  precipitate 
losing  its  water  at  302°,  changing  into  iodate 
at  212°;  soluble  in  dilute  nitric  acid,  not  in 
water.     Form.,  5  BaO,  2  I07+ 5  HO. 

Carbonate  of  Baryta.  I.  Neutral.  BaO-)-C02. 
Ger.  Kohlensaure  B.,  occurs  native  as  a  mine- 
ral (see  Withf.rite).  Prepared  by  precipi- 
tating any  of  the  soluble  salts  of  baryta  by  the 
alkaline  carbonates.  Forms  a  white  powder 
almost  insoluble  in  water,  requiring  4300  pts. 
of  cold  and  2300  of  boiling  water  for  its  solu- 
tion. It  is  insoluble  in  strong  alkaline  solu- 
tions, but  is  decomposed  by  solutions  of  muriate, 
nitrate,  and  succinate  of  ammonia,  carbonate 
of  ammonia  being  evolved;  loses  no  carbonic 
acid  by  the  strongest  heat.  Carbonate  of  baryta 
is  often  employed  in  analytical  chemistry  for 
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the  analysis  of  silicates  containing  fixed  alka- 1  crystallized  nitrate  of  baryta  by  precipitation 
lies,  for  which  purpose  it  is  prepared  from  |  with  carbonate  of  ammonia.     Composition: 


BaO 
C02 


H  =  l 

0  =  100 

In  100  pts. 

Schaffgotsch. 

76-6 

956-88 

77-59 

77-63 

22 

27644 

22-41 

22-37 

BaO,  CO, 


98-6 


1233-32 


100 


100 


Bicarbonate  of  Baryta.  BaO  +  2  C02.  Ob- 
tained by  dissolving  carbonate  of  baryta  in 
carbonic  acid  water.  Does  not  exist  in  solid 
form. 

Sesquicarbonate  of  Baryta.  2  BaO  -f-  3  C02. 
Obtained  by  precipitation  of  a  soluble  salt  of 
baryta,  by  sesquicarbonate  of  soda  or  potassa. 
Is  much  more  soluble  in  water  than  the  neutral 
carbonate,  and  by  ignition  loses  £  of  its  car- 
bonic acid. 

Borate  of  Baryta  is  formed  by  mixing  a  solu- 
ble salt  of  baryta  with  a  solution  of  borax.  A 
sparingly  soluble  powder,  which,  by  heat,  fuses 
to  a  glass  ;  its  solution  is  decomposed  by  car- 
bonic acid. 

Silicate  of  Baryta.  The  combinations  of  silica 
with  baryta  fuse  with  difficulty  and  become 
opake  on  cooling.  If  the  fused  mass  contain 
more  than  $  baryta  it  is  decomposed  by  chlo- 
rohydric  acid. 

SuLPHOSALTS. 

Sulphydrate  of  Barium,  BaS  -f-  HS,  forms  a 
very  soluble  salt,  and  crystallizes,  by  evapora- 
tion in  vacuo,  in  4-sided  prismatic  crystals, 
which  are  colorless  ;  insoluble  in  alcohol ;  con- 
tain water  of  crystallization,  which  they  lose 
by  distillation.  By  a  low  redness  they  give 
off  sulphuretted  hydrogen,  and  sulphuret  of 
barium  remains  as  a  fused  mass.  Exposed  to 
the  air,  it  effloresces,  being  converted  into 
hyposulphite  and  sulphite. 

Sulpho-carbonate  of  Barium.  BaS -f- CS2.  Ob- 
tained by  direct  combination  of  crystallized 
sulphuret  of  barium  with  sulphocarbonic 
acid.  Forms  a  pale  yellow,  amorphous  salt, 
sparingly  soluble  in  water,  with  a  brownish 
yellow  color.  By  evaporation  in  vacuo,  it  de- 
posits small  transparent  crystals  of  a  pale 
yellow  color. 

BARLEY.  Fr.  Orge.  Ger.  Gerste.  Tech. 
The  grain  of  several  species  of  hordeum,  espe- 
cially distichon  and  hexastichon.  Deprived  of 
their  husk  by  a  mill,  they  form  Scotch,  hulled,  or 
pot  barley.  When  all  the  integuments  of  the 
grain  are  removed  and  the  seeds  are  rounded 
and  polished,  they  constitute  pearl-barley.  Ac- 
cording to  Einhof,  100  pts.  of  ripe  barley  grains 
consist  of  husk  18-75,  meal  70-05,  water  1 1-20. 
From  100  pts.  of  barley  meal  he  obtained: 
starch  and  gluten  67-18,  woody  fibre  (with 
some  gluten  and  starch)  7-29,  veget.  albumen 
1-15,  gluten  3-52,  uncrystallizable  sugar  5-21, 
gum  4-62,  phosphate  of  lime  0-24,  water  9-37, 
loss  1-42.  Fourcroy  and  Vauquelin  detected 
the  odorous  acrid  oil,  to  which  the  odor  of 
spirit  from  raw  grain  has  been  ascribed,  and 
which  resides  in  the  integuments  of  the  grain. 
The  hordein  of  Proust  is  probably  nothing  but 
bran  more  minutely  divided  and  intimately 
mixed  with  starch  and  gluten,  which  are  sepa- 
rated by  the  germination  in  malt,  in  which  he 


found  it  in  much  smaller  quantity.  The  grains 
of  barley  starch  have  the  same  form  and  ap- 
pearance as  those  of  wheaten  starch. 

Uses.  Barley,  as  one  of  the  cerealia,  is  used 
as  food  for  man  and  cattle.  Its  most  exten- 
sive use  is  for  malting  (See  Malt). 

BARILLA.  Tech.  A  crude  soda,  procured 
by  the  incineration  of  several  marine  and  other 
plants  growing  on  the  seashore.  The  best,  or 
Alicant  barilla,  is  prepared  from  the  salsola  soda, 
which  was  very  extensively  cultivated  for  this 
purpose  in  Murcia  and  other  places  on  the 
eastern  shore  of  Spain.  The  plants  are  gathered 
in  September,  dried,  and  burned  in  furnaces,  so 
as  to  bring  the  ashes  to  a  state  of  imperfect 
fusion,  forming  a  hard,  dry,  cellular  mass  of  a 
grayish  blue  color.  Sicily  and  Teneriffe  pro- 
duce good  barilla,  but  inferior  to  that  of  Alicant 
and  Carthagena.  The  manufacture  of  barilla 
was  first  introduced  into  Europe  by  the  Sara- 
cens in  Spain.  They  called  the  plants  employed 
in  its  preparation  kali,  from  which  the  modern 
chemical  term  alkali  is  derived. 

Uses.  Formerly  employed  largely  in  bleach- 
ing operations,  manufacturing  hard  soap,  and 
glass  making,  and  imported  into  the  United 
States  principally  from  the  Canary  Islands  to 
the  amount  of  $100,000  worth  annually,  but  of 
late  it  has  been  replaced  by  artificial  soda, 
which  will  eventually  destroy  its  production. 

BARK.  The  outer  rind  of  the  stems  of 
plants.  The  term  bark  is  generally  employed 
to  express  either  Peruvian  bark  or  Oak  bark, 
which  see. 

BAROMETER  (/3agoc,  weight,  and  /uargov,  mea- 
sure). The  instrument  generally  used  for  mea- 
suring the  weight  or  pressure  of  the  atmo- 
sphere. For  the  principles  on  which  this 
instrument  acts,  and  its  different  constructions, 
we  refer  to  books  on  natural  philosophy.  As 
the  volume  of  a  gas  confined  in  tubes,  or  other 
vessels,  over  mercury  or  water  varies  accord- 
ing to  the  pressure  of  the  surrounding  atmo- 
sphere, it  becomes  necessary  in  experiments 
on  gases  to  observe  the  barometric  pressure, 
or  the  height  of  the  mercurial  column  in  the 
barometer,  at  the  time  the  volume  of  the  gas  is 
observed.  Every  laboratory  ought,  therefore, 
to  be  provided  with  a  barometer,  which  should 
either  be  a  good  syphon-barometer  or  a  cistern- 
barometer,  in  which  the  mercury  of  the  cistern 
may  be  brought  to  the  same  level  before  ob- 
serving the  height  of  the  column.  The  latter 
is  generally  read  off  on  a  scale  divided  into 
inches,  tenths,  and  hundredths  of  inches.  As 
the  height  of  the  mercurial  column  varies  ac- 
cording to  the  temperature,  a  correction  must 
be  made  for  the  temperature  of  the  mercury  in 
the  barometer,  which,  for  this  purpose,  is  fur- 
nished with  a  thermometer  to  be  observed  at 
the  same  time.  If  we  make  t  the  number  of 
degrees  of  the  thermometer  above  the  freezing 
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point  (32°),  x  the  expansion  of  mercury  for 
every  degree  of  heat  on  Fahrenheit's  scale,  y 
the  expansion  of  the  scale  of  the  barometer 
also  for  one  degree,  h!  the  observed  height  of 
the  mercurial  column  ;  then  the  true  height,  h, 
which  would  have  been  observed  had  the  ther- 
mometer stood  at  the  freezing  point,  is 
h  =  h'  —  t(x  —  y)h'. 

The  expansion  of  the  mercury  for  one  degree 
is  0-0001001.  The  difference  between  the  ex- 
pansion of  the  mercury  and  that  of  the  scale 
may,  with  sufficient  accuracy  for  most  pur- 
poses, be  considered  as  0-0001.  Hence  the 
following  practical  rule  for  reducing  an  ob- 
served height  to  the  corresponding  height  at 
the  temperature  of  the  freezing  point:  subtract 
from  the  observed  height  the  number  of  degrees 
of  the  observed  temperature  above  32,  multi- 
plied first  by  0-0001,  and  then  by  the  observed 
height  itself.  Suppose  the  observed  height  to 
be  30  inches  and  the  thermometer  to  indicate 
54°,  the  correction  will  be  (54  —  32)  X  0-0001 
X  30  =  0-066,  to  be  subtracted  from  the  ob- 
served height,  or  30  inches. 

BARSOVITE.  Min.  It  occurs  amorphous, 
granular,  sometimes  cleavable  in  one  direction, 
sometimes  compact  with  a  splintery  fracture. 
Snow-white ;  sub-translucent ;  lustre  of  the 
granular  faint  pearly,  of  the  compact  dull; 
H.  =  6.  G.=  of  granular,  2-752,  of  compact, 
2-74. 

Behavior.  Fuses  with  difficulty  on  the  edges, 
with  slight  intumescence,  to  a  vesicular  glass ; 
dissolves  to  a  clear  glass  in  borax  and  mic. 
salt,  leaving  a  skeleton  of  silica  in  the  latter; 
with  an  equal  quantity  of  soda  it  fuses  to  a 
vesicular  glass,  and  with  more  soda  is  infusi- 
ble. It.  is  readily  decomposed  by  muriatic  acid 
when  heated,  yielding  gelatinous  silica. 

Analysis  by  Varrentrapp : 

Silica 49-01 

Alumina 33-85 

Lime 15-46 

Magnesia 1-55 


99-87 


Including  the  magnesia  with  the  lime  the 
formula  is  3  CaO,  2  Si03  -f-  3  (A1203,  Si03). 
It,  therefore,  approaches  scapolite  which  con- 
tains only  2  equivs.  of  the  aluminous  silicate. 

Locality.  Found  in  the  gold-sand  washings 
of  Barsowskoj  near  Kyschtimsk  in  the  Ural, 
associated  with  blue  sapphire,  greenish  black 
zeilanite,  and  white  mica. 

BARYTO-CALCITE.  Min.  Hemiprismatic 
Hal-baryte,  Mohs.  Description.  Cryst.  system, 
Oblique  Rhombic,  the  vertical  prism  MonM  = 
106°  54'  and  73°  6' ;  M  on  base  P  =  102°  54' ; 
cleaves  perfectly  parallel  to  M,  less  easy 
parallel  to  P.  It  also  occurs  massive.  Gray- 
ish, greenish,  or  yellowish  white ;  lustre  vit- 
reous, inclining  to  resinous;  transparent,  trans- 
lucent ;  streak  white  ;  fracture  uneven. 

Behavior.  Yields  moisture  in  a  closed  tube  ; 
ignited  on  charcoal,  becomes  at  first  white  and 
opake  (in  a  very  strong  fire  it  is  covered  with 
a  greenish  glass,  and  slightly  colors  the  flame 
yellowish  green,  Kobell),  becomes  caustic  and 
yields  a  brown  spot  when  moistened  on  silver; 
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borax  and  mic.  salt  dissolve  it  with  efferves- 
cence, and  in  quantity  to  a  clear  glass,  I 
ing  hyacinth-colored  on  cooling,  and  when 
mineral  and  salt  are  in  equal  bulk,  it  becomes 
cloudy  on  cooling;  with  soda  it  is  decompo  ed, 
leaving  a  portion  on  the  surface  of  the  char- 
coal as  a  hepatic  slag.  Soluble  in  acids  with 
effervescence. 

Analysis.    1.  From  Alstonmoor,  by  Children ; 
2.  by  Richardson. 

l.  2. 

Carbonate  of  baryta 65-9        62-20 

Carbonate  of  lime 33-6         31-65 

Sulphate  of  baryta —  0-30 

Peroxide  of  iron —  0-85 

Volatile  matter —  3-45 


99-5 


98-45 


It  therefore  consists  of  one  equivalent  of 
each  carbonate,  and  its  formula  is  BaO,  C02-|- 
CaO,  C02.  Thomson  described  a  bicalcareo- 
carbonate  of  baryta  with  the  formula  2  (CaO, 
C02)  -f-  BaO,  C02,  and  a  different  crystalline 
form,  which  Johnston  has  shown  to  be  iden- 
tical with  barytocalcite  in  form  and  compo- 
sition. According  to  Johnston,  a  mineral 
occurring  at  Fallowfield  near  Hexham  in  Nor- 
thumberland and  at  Alstonmoor,  has  the  same 
composition  as  barytocalcite,  although  belong- 
ing to  the  doubly  oblique  rhombic  system. 

Locality.  At  Alstonmoor  in  Cumberland  in 
the  lead-mines  in  considerable  quantity. 

BARYTO-CELESTINE.  Min.  Color  white, 
with  bluish  tint;  structure  lamellar,  radiated  ; 
H.  =  2-75.  G.  =  3-921.  Difficultly  fusible  be- 
fore the  blowpipe  ;  with  borax  gives  an  opake 
bead.  It  consists  of  sulphate  of  strontia  63-2, 
sulphate  of  baryta  35-2,  protoxide  of  iron  0-59, 
water  0-72.  If  the  analysis  be  nearly  correct, 
its  formula  is  2  (SrO,  S03)  +  BaO,  S03 ;  but 
it  would  seem  that  several  of  the  analyses  by 
Thomson  of  these  barytic  minerals  have  been 
shown  to  be  erroneous.  It  occurs  on  Drum- 
mond  Island,  Lake  Erie,  and  at  Kingston,  U.  C. 
The  description  and  analysis  by  Thomson. 

BASACIGEN.  The  term  of  basacigen  sub- 
stances has  been  applied  by  Dr.  Hare  to  those 
elements  which,  by  combining  with  other  ele- 
ments, are  capable  of  producing  both  acids 
and  bases.  This  term  has  therefore  the  same 
meaning  as  Berzelius's  amphigen  bodies,  or  both 
producers  (see  Amphigen) ;  but  Dr.  Hare  com- 
prises under  his  basacigen  bodies  also  the 
halogen  bodies  of  Berzelius.  The  basacigen 
bodies  of  Dr.  Hare  are  oxygen,  chlorine,  bro- 
mine, iodine,  fluorine,  sulphur,  selenium,  tellu- 
rium, and  the  compound  body  cyanogen.  Oxy- 
gen is  thus  called  a  basacigen  body,  because  by 
combining,  for  instance,  with  carbon,  it  forms 
an  acid,  carbonic  acid  (C-(-  02),  and  with  po- 
tassium a  base,  potassa  (K-(-  O);  sulphur  is 
another  basacigen  body,  because,  in  the  same 
way,  by  combining  with  carbon,  it  will  produce 
a  sulph-acid  sulphocarbonic  acid  (CS2),  and 
with  potassium  a  sulpho-base,  the  sulphuret  or 
sulphide  of  potassium  (K+  S). 

BASALT.  Geol.  A  species  of  trappean  or 
igneous  rock,  considered  as  of  a  compara- 
tively modern  date.  It  sometimes  constitutes 
insulated  mountains  of  a  conical  form  and  con- 
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siderable  altitude,  but  never  forms  by  itself 
extensive  mountain  chains.  It  is  most  usually 
incumbent  on  other  rocks  and  often  constitutes 
the  summits  of  mountains,  the  greater  part  of 
which  are  composed  of  materials  totally  dif- 
ferent from  basalt. 

External  Characters.  Basalt  is  never  crys- 
talline, and  occurs  either  in  large  amorphous 
masses  or  under  a  columnar,  tabular,  or  globu- 
lar form ;  sometimes  its  structure  is  amygda- 
loid or  vesicular.  It  is  of  a  gray,  or  brownish, 
or  bluish  black  color ;  exteriorly  it  is  often 
brownish  from  decomposition.  Streak  light- 
gray,  lustre  dull,  and  uneven  or  conchoidal 
fracture.  Opake,  or  feebly  translucent  al  the 
edges.  It  yields  to  the  knife,  but  is  difficult  to 
break.  Spec,  gravity  varies  from  2-87— 3-00. 
Before  the  blowpipe  it  melts  into  an  opake 
glass,  which  is  often  attracted  by  the  magnet. 

Chemical  Composition.  Basalt  consists  of  an 
intimate  mixture  of  a  number  of  other  mine- 
rals, among  which  may  be  distinguished  augite 
or  hornblende,  labradorite  or  nephelin,  mag- 
netic and  titaniferous  iron  ore,  olivine  and  one 
or  more  zeolites,  all  of  which  often  occur  sepa- 
rated in  the  basalt.  C.  Gmelin  was  the  first  to 
show  that  basalt  consists  of  two  portions,  one 
of  which  is  decomposable  by  acids,  the  other 
not.  All  later  chemical  investigations  have 
been  based  on  this  fact,  but  without  yet  being 
able  to  separate  or  distinguish,  with  sufficient 
accuracy,  the  different  minerals  of  which  it  is 
composed;  for,  if  a  dilute  acid  be  employed, 
olivine  and  magnetic  iron  ore  are  only  imper- 
fectly decomposed,  while,  by  a  stronger  acid, 
portions  of  augite  and  labradorite  are,  at  the 
same  time,  also  attacked.  From  the  same 
reason,  it  is  also  difficult  to  determine  the  par- 
ticular species  of  zeolite  which  it  contains. 
Basalt  is  distinguished  from  lava  by  its  con- 
tent of  water,  which  averages  about  2-5  per 
cent.,  and  of  which  lava  only  contains  hygro- 
scopical  portions. 

The  following  analyses  of  German  basalt 
will  convey  an  adequate  idea  of  its  general 
composition.  1.  Basalt  from  Stolpen,  analyzed 
by  Sinding;  2.  from  Steinsburg  near  Suhl  in 
Thuringia,  by  Petersen ;  a.  the  portion  decom- 
posed by  chlorohydric  acid ;  b.  the  portion  un- 
decomposed  in  each. 

1.  2. 

a.,  (soluble) 57-736         42-5 

b.,  (insoluble) 42-264         57-5 


100 


100 


la.              b.  la.  b. 

Silica 39-920  52-62  37-25  61-63 

Alumina 21-266  11-93  8-82  14-28 

Peroxide  of  iron.     9-318  10-63  11-76  — 

Protox.  of  iron  . .     7-482       —  18-47  7-54 

Magnesia 4-379       8-26  10-29  5-50 

Lime 7-857  15-49  6-61  6-03 

Soda 5-279       —  0-05  3-92 

Potassa 2-795       —  4-17  1-10 

Water 2-490      —  3-69  — 

100-786  98-93  101-11  100 


Of  these  the  decomposable  portion,  a,  might 
be  calculated  to  consist  of 


la.  la. 

Zeolite 74-837  47-16 

Olivine 12-630  36-91 

Magnetic  iron 13-318  17-04 

100-785  101-11 


Of  the  undecomposable  portion  it  is  still  more 
difficult  to  conjecture  the  mixed  composition, 
but  it  may  possibly  be  augite  and  labradorite. 

Columnar  basalt  constitutes  the  Giant's 
Causeway  near  Cape  Fairhead,  Ireland,  and 
the  sides  and  roof  of  the  celebrated  cave  of 
Fingal  on  the  Island  of  Staffa.  It  is  doubtful 
whether  any  true  basalt  has  yet  been  observed 
in  the  United  States. 

BASALTIC  HORNBLENDE.  This  appel- 
lation has  been  given  particularly  to  those 
cleavable  and  highly  crystalline  black  horn- 
blendes, which  occur  in  basaltic  and  amygda- 
loidal  rocks  (see  Hornblende). 

BASANITE.     Min.     See  Quartz. 

BASANOMELANITE.  Min.  See  Titan- 
iferous Iron. 

BASE,  or  BASIS.  Chem.  Any  substance 
capable  of  combining  with  acids,  and  neu- 
tralizing more  or  less  their  acid  properties, 
and  thus  forming  salts  with  them.  Every 
true  salt,  therefore,  consists  of  an  acid  and  a 
base,  or,  in  electro  chemical  language,  of  an 
electronegative  and  electropositive  ingredient 
(see  under  Salts).  The  alkalies  possess, 
therefore,  in  the  highest  degree,  the  character 
of  bases,  and  the  latter  word  is  only  a  wider 
extension  of  the  term  alkali,  from  the  supposi- 
tion that  the  alkaline  ingredient  of  a  salt  con- 
stituted its  most  important  and  characteristic 
part,  or  the  basis  of  it.  For  the  same  reason, 
the  term  basis  is  often,  but  less  frequently,  ex- 
tended to  the  electropositive  element  of  the 
alkalies  themselves,  or  of  any  other  binary 
compound,  in  which  latter  sense  it  becomes 
synonymous  with  radical  (see  this);  thus,  potas- 
sium is  said  to  be  the  metallic  basis  or  radical 
of  potassa  (oxide  of  potassium)  and  of  chloride 
of  potassium. 

As  the  term  salt  was  extended  beyond  oxy- 
salts  to  other  ternary  compounds,  such  as 
sulphosalts,  chlorosalts,  &c,  it  has  also  become 
necessary  to  extend  the  term  base  to  the  elec- 
tropositive ingredient  in  these  salts,  and  we 
thus  distinguish  between  oxy-bases,  sulpho- 
bases,chloro-bases,  &c.  (see  Basacigen  bodies). 
Thus,  oxide  of  copper  is  an  oxy-base,  because  it 
combines  with  oxacids,  such  as  arsenic  acid, 
forming  an  oxysalt,  the  arseniate  or,  more  cor- 
rectly, the  oxy-arseniate  of  copper  (2  CuO  -\- 
As05),  while  the  sulphuret  of  copper  is  a 
sulpho-base,  combining  with  sulph-acids  as, 
for  instance,  with  sulpharsenic  acid  to  a  sulpho- 
salt,  the  sulpharseniate  of  copper  (2Cu8-f- 
AsS5),&c.    , 

Under  the  term  oxybases,  or  simply  bases, 
as  they  often  are  called,  where  no  reference  is 
made  to  other  kinds  of  bases  (such  as  sulpho- 
bases,  &c),  are  therefore  comprehended  the 
alkalies,  the  alkaline  earths,  the  earths  (see 
these),  and  all  those  oxides  which  are  capable 
of  combining  with,  and  more  or  less  neutral- 
izing oxacids,  and  forming  salts  with  them, 
such  as  the  oxides  of  iron,  copper,  &c,  for 
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which  we  refer  to  the  different  metals.  To  this 
class  of  bases  belong  also  a  class  of  organic 
nitrogenous  substances  mostly  obtained  from 
plants,  or  artificially  produced,  which  have  all 
the  properties  of  the  metallic  or  inorganic 
bases,  and  are  capable  of  replacing  them  in 
their  combinations.  These  are  termed  vegeta- 
ble alkalies  or  alkaloids  (see  Alkaloid),  but  their 
character  as  oxides  or  oxybases  is  even  more 
doubtful  than  that  of  ammonia  (or  oxide  of 
ammonium),  with  which  they  seem  to  have  an 
analogous  constitution,  while  their  basic  pro- 
perties, at  the  same  time,  seem  dependent  on 
the  amount  of  nitrogen  which  they  contain. 
The  oxides  of  ethyl  (ether)  and  methyl  form 
another  class  of  organic  bases,  which  may  be 
combined  with  acids  and  neutralize  their  acid 
properties,  and  are  therefore  also  called  organic 
bases,  but  their  combination  with  the  acids 
differ  considerably  in  their  nature  from  the 
ordinary  inorganic  salts  by  not  allowing  their 
acids  or  bases  to  be  replaced  or  exchanged, 
with  the  same  facility,  by  single  or  double 
affinity  for  other  bases  or  acids. 

BASSORIN.  Chem.  An  insoluble,  gummy 
principle  found  in  Tragacanth  and  other  gums. 
See  Gum. 

BATH.  Chem.  An  apparatus  for  commu- 
nicating a  uniform  heat  to  bodies  by  surround- 
ing them  with  a  fluid  or  a  pulverulent  sub- 
stance, on  which  the  heat  is  made  to  act,  instead 
of  applying  it  directly  to  the  bodies  themselves. 
The  object  of  heating  substances  in  a  bath  is 
to  obtain  a  more  uniform  and  steady  tempera- 
ture than  can  be  obtained  by  exposure  to  an 
open  fire,  and  to  avoid  all  accidents  to  which 
they  might  be  liable  from  the  inequality  and 
suddenness  of  the  heat,  such  as  cracking  of 
the  containing  vessels,  decomposition  of  por- 
tions of  the  contained  substances  from  greater 
heat  in  one  place  than  in  others,  violent  ebulli- 
tions, spirtings,  &c.  Substances,  which  are 
employed  for  this  purpose,  are  sand,  fusible 
metals,  solutions  of  salts,  water,  alcohol,  air, 
steam,  &c. 

Sand-bath.  Every  laboratory  is  generally 
supplied  with  a  larger  sand-bath  for  general 
purposes,  such  as  digestions,  evaporations,  &c. 
(See  Laboratory.)  For  special  purposes, 
such  as  distillations,  digestions,  &c,  any  iron 
or  copper  dish  or  pot  will  answer,  in  which  the 
vessel  to  be  heated  is  placed  on  the  bottom, 
with  the  intervention  of  a  thinner  or  thicker 
layer  of  sand,  and  then  the  rest  of  the  space 
between  the  vessel  and  the  sides  of  the  dish 
filled  with  sand  as  high  up  as  desired,  and  the 
whole  heated  by  being  placed  over  the  fire  of  a 
furnace.  The  movable  furnaces  of  the  labora- 
tory are  usually  furnished  with  sheet  or  cast 
iron  sand-baths  of  different  sizes,  which  may 
be  fitted  on  them  when  required,  and  allow  of 
a  better  regulation  of  the  draft  (see  under 
Furnaces,  Chemical).  The  sand  used  for  these 
purposes  should  be  good  sea  or  river-sand, 
washed  thoroughly  to  remove  all  dirt,  and 
dried. 

Magnesia  is  often  used  as  a  bath.  When  pla- 
tinum or  porcelain  crucibles  or  retorts  are  to 
be  heated  to  ignition  in  a  coal-fire,  and  espe- 
cially if  it  be  required  to  weigh  them  after  the 
ignition,  they  may  be  placed  in  a  hessian  cru- 
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cible  and  surrounded  with  pure  magnesia,  bo 
as  to  prevent  them  from  touching  the  outer 
crucible  in  any  place.  The  magnesia  re- 
mains perfectly  infusible,  and  attacks  neither 
the  outer  nor  inner  crucible,  and,  oven  if  the 
heat  be  raised  so  high  as  to  soften  the  outer 
crucible,  the  inner  vessel  remains  perfectly 
loose  and  clean.  The  magnesia  may  be  used 
again  for  the  same  purpose.  It  may,  however, 
be  remarked  that  common  carbonate  of  mag- 
nesia or  magnesia  alba  of  the  shops,  from 
which  the  magnesia  is  prepared  by  ignition, 
generally  contains  carbonate  of  soda,  which 
may  attack  the  inner  vessel,  and  should,  there- 
fore, first  be  removed  by  washing  with  water 
after  the  ignition,  and  the  magnesia  then  again 
ignited. 

Metallic  baths.  Mercury  may  be  used  as  a 
bath  for  low  temperatures,  and  up  to  450°. 
But  beyond  this  temperature  it  should  not  be 
employed  in  open  vessels,  for  the  metal  soon 
rises  in  vapor,  and  the  fumes  not  only  occa- 
sion waste  of  mercury,  but  produce  also  injury 
both  to  the  experiment  and  more  especially  to 
the  health  of  the  operator.  For  this  latter 
reason  it  is  employed  but  rarely. 

An  excellent  metallic  bath  is  afforded  by 
fusible  metal,  which  is  obtained  by  fusing 
together  8  pts.  of  bismuth,  5  of  lead,  and  3  of 
tin.  At  ordinary  temperatures  it  is  solid,  but 
it  melts  at  a  heat  below  212°.  At  a  dull  red- 
ness thick  films  of  oxide  form  on  its  surface, 
which  increase  with  its  temperature,  but  it  will 
bear  even  a  white  heat  without  evolving  fumes. 
Tin  and  lead  are  both  good  metals  for  tempera- 
tures above  their  fusing  points  ;  the  first  melts 
at  441°,  the  other  at  609°. 

These  metallic  baths  answer  well  for  small 
experiments,  but,  when  larger,  great  incon- 
venience is  experienced  from  the  weight  of  the 
metal,  both  in  its  support  and  in  keeping  the 
vessels  to  be  heated  immersed  in  it.  For 
safety,  the  metal  should  always  be  heated  in 
iron  vessels,  such  as  iron  crucibles  or  pots,  or 
cast  iron  saucepans. 

By  employing  mixtures  of  lead  and  tin  in 
different  proportions,  and  heating  them  just  to 
fusion,  we  have  points  of  temperature  which 
are  nearly  constant,  and  may  be  employed  con- 
veniently in  the  arts.  The  following  table  from 
Parkts'  Chem.  Essays  exhibits  some  of  these 
proportions,  with  their  fusing  points,  by  which 
hardened  steel  may  be  tempered,  according  to 
the  nature  of  the  instrument  or  tool  manu- 
factured. 


Lancets 

Razors,  &c 

Penknives,  &c 

Penknives,  larger,  &c 

Scissors,  Shears,  &c 

Axes,  Plane  irons,  &c 

Table-knives,  &c 

Watch-springs,Swords,&c 
Large  springs,  Augers,  &c. 


Lead.  Tin. 

Temp.F. 

7  4 

420 

8  4 

442 

8£  4 

450 

10  4 

470 

14  4 

490 

19  4 

509 

30  4 

530 

48  4 

550 

100  4 

558 

Chloride  of  Zinc  has  lately  been  much  recom- 
mended as  a  bath  for  higher  temperatures.  It 
forms  a  deliquescent  salt,  which   retains  its 
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water  with  great  force,  and  may  therefore  be 
heated  beyond  212°  without  ebullition,  but  at 
320°  the  concentrated  solution  begins  to  boil 
and  give  off  chlorohydric  acid  fumes,  which 
inconvenience  the  experimenter  and  cause  a 
great  deal  of  spirting  and  frothing.  It  may  be 
heated  in  cast-iron  vessels. 

For  lower  temperatures,  but  still  higher  than 
that  of  boiling  water,  solutiori^baths  of  different 
salts  are  employed.  They  have  the  advantage 
of  being  easily  prepared  in  sufficient  quantity 
without  great  expense,  and  afford  a  range  of 
20  to  30  degrees  above  the  boiling  point  of  pure 
water.  The  following  table  exhibits  the  boiling 
point  of  a  saturated  solution  of  some  of  the 
salts  most  usually  employed  for  this  purpose : 

Boiling  point. 

Bitartrate  of  potassa 214° 

Alum 220° 

Borax 222° 

Common  salt 224° 

Tartrate  of  potassa 234° 

Chloride  of  ammonium 236° 

Nitre 238° 

Kochelle  salt 240° 

Chloride  of  calcium 355° 

Oil-bath.  When  the  required  temperature  is 
above  the  boiling  point  of  water,  but  does  not 
surpass  that  at  which  fatty  oils  are  decom- 
posed, these  liquids  afford  the  most  convenient 
liuids  for  baths.  The  only  inconvenience  in 
their  use  is  the  disagreeable  odor  of  their  vapor, 
especially  when  heated  up  towards  their  boil- 
ing point,  or  about  570°,  at  which  tempera- 
ture they  suffer  a  simultaneous  decomposition. 
Even  in  many  cases,  where  a  lower  tempera- 
ture is  desired,  oil-baths  are  to  be  preferred  to 
water-baths,  on  account  of  the  facility  with 
which  the  temperature  can  be  regulated  by  an 
immersed  thermometer,  while,  at  the  same 
time,  they  are  not  subject  to  the  inconvenience 
arising  from  the  evaporation  of  the  water, 
when  not  replenished.  The  oil  is  heated  in 
vessels  of  iron  or  copper,  either  over  coal-fire, 
or,  more  conveniently,  over  an  argand  spirit, 
oil,  or  gas-lamp. 

Water-bath.  Fr.  Bain  d'eau,  Bain-marie. 
Ger.  Wasserbad,  Marienbad.  Employed  in 
most  cases  where  the  required  temperature 
does  not  surpass  212°.  The  simplest  kind  of 
water-bath  may  be  formed  by  any  two  vessels 
placed  the  one  in  the  other,  and  water  poured 
between  them.  But  the  inner  vessel  should 
not  touch  the  bottom  of  the  outer  vessel,  other- 
wise heat  might  be  conducted  from  it  through 
the  points  of  contact,  and  the  temperature  in 
the  inner  vessel  rise  considerably  above  that 
of  the  surrounding  water.  Nor  should  the 
inner  vessel  be  allowed  to  float  in  the  water  so 
as  to  endanger  it  or  its  contents  by  striking 
against  the  bottom  of  the  outer  one  when  the 
water  becomes  boiling.  For  ordinary  pur- 
poses these  inconveniences  may  be  avoided  by 
putting  some  straw  and  tow  at  the  bottom  of 
the  outer  vessel.  Common  tin  cups,  or  tin 
saucepans,  surmounted  by  a  porcelain  cap- 
sule, afford,  in  many  cases,  an  extremely  con- 
venient water-bath  for  evaporations.  Fig.  30 
represents  a  small  saucepan  converted  into  an 
extemporary  water-bath  for  the  heating  of  three 


Fig.  30.  small  flasks,  kept  in  their 

places  by  holes  in  the  lid, 
through  which  their  necks 
are  protruded.  But  their 
frequent  use  in  the  labora- 
tory, for  evaporations  and 
other  purposes, renders  it, 
in  most  cases,  necessary 
to  have  one  or  more  water-baths  made  for  the 
purpose.  The  smaller  ones  are  best  made  of 
thin  sheet-copper,  somewhat  of  the  shape  of  a 
common  sauce-pan,  but  with  an  inner  flange 
at  the  top  to  support  the  lids,  made  of  cir- 
cular pieces  of  sheet  copper,  with  apertures 
of  different  diameters  in  their  centre,  ac- 
cording to  the  size  of  the  evaporating  dish 
or  other  vessel  to  be  heated  in  the  bath.  Near 
the  top  they  may  be  furnished  with  a  small 
tube  to  allow  the  steam  or  the  water  to  escape 
in  case  of  too  violent  ebullition,    Fig.  31  repre- 

Fis,  31. 


sents  a  larger  water-bath.  A  is  the  vessel  con- 
taining the  water,  a  the  inner  flange  for  the 
support  of  the  evaporating  dish  B,  or  different 
circular  rings  when  smaller  dishes  are  em- 
ployed, d  is  a  tube  furnished  with  a  stop-cock 
for  the  escape  of  the  steam,  which,  in  some 
cases,  requires  to  be  carried  still  farther  off  by 
an  additional  tube  attached  to  it.  The  whole 
apparatus  may  be  heated  either  by  a  gas-stove 
(see  Analysis,  §  17,  Fig.  22)  or  on  a  charcoal 
furnace.  The  water-bath  is  filled  about  half- 
full  with  water.  It  will  be  seen  that  water- 
baths  with  cover  act  more  on  the  principle  of 
steam-baths  as  soon  as  the  quantity  of  water 
which  they  contain  is  small.  Care  must  be 
taken  always  to  replenish  the  evaporating 
water  by  adding  fresh,  otherwise  not  only  the 
experiment  may  be  ruined,  but  the  bath  itself 
become  seriously  injured. 

Where  a  certain  constant  temperature  is  to 
be  kept  up,  this  ought  always  to  be  regulated 
by  a  thermometer  immersed  in  the  bath,  to 
which  purpose  those  thermometers  are  best 
adapted  which  have  the  scale  marked  en  the 
stem  itself  (see  THEmioiuF.TEii).  The  tem- 
perature of  the  bath  may  either  be  tried  at  dif- 
ferent times  by  immersing  the  thermometer 
carefully  into  the  bath,  or  the  thermometer  may 
be  suspended  in  it  from  a  hook,  or  fixed  by  a 
cork  through  a  separate  tube  in  the  cover  of 
the  water-bath.  It  must,  however,  be  remem- 
bered that  the  substance  heated  in  the  bath 
never  acquires  the  same  temperature  as  the 
latter,  and  that  this  difference  in  temperature 
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often  is  very  considerable  where  the  substance 
is  contained  in  porcelain  or  glass  vessels,  as, 
for  instance,  by  distillations  in  glass  retorts. 
In  such  cases,  the  bath  ought  always  to  be 
covered,  and,  if  necessary,  the  heat  inside  the 
retort  ascertained,  by  fixing  a  thermometer 
through  the  tubulure  of  the  retort. 

BATRACHITE.  Min.  See  Olivine. 
BDELLIUM.  This  term  is  applied  to  two 
gum-resinous  substances.  One  of  these  is  the 
Indian  bdellium,  or  false  Murrh  (the  Bdellium 
of  scripture),  which  is  obtained  from  Amyris 
(Balsamodendronl)  Commiphora.  The  trunk  of 
this  tree  is  covered  with  a  light-colored  pellicle, 
as  in  the  common  birch,  which  peals  off,  and 
is  often  found  adhering  to  the  pieces.  The 
tree  diffuses  a  grateful  fragrance  like  that  of 
the  finest  murrh  to  a  considerable  distance 
around.  Indian  bdellium  has  considerable  re- 
semblance to  murrh.  Many  of  the  pieces 
have  hairs  (of  the  goat?)  adhering  to  them. 
The  other  kind  of  bdellium  is  called  African 
bdellium,  and  is  obtained  from  Hendolotia  Afri- 
cana.  It  is  a  native  of  Senegal,  and  is  called 
by  the  natives  Niottout.  It  consists  of  rounded 
or  oval  tears  from  one  to  two  inches  in  diame- 
ter, of  a  dull  and  waxy  fracture.  By  age  they 
become  opake,  and  covered  externally  by  a 
white  or  yellowish  dust.  It  has  a  feeble,  but 
peculiar  odor,  and  a  bitter  taste.  Pelletier 
found  it  to  consist  of  resin  59-0,  soluble  gum  9-2, 
bassorin  30*6,  volatile  oil  and  loss  1-2.  The  gum 
yielded,  with  nitric  acid,  oxalic  but  no  mucic 
acid.  Resin  of  bdellium  (African?)  consists, 
according  to  Johnston,  of  C40H31O5.  Phil. 
Tunis.  1839. 

BEAN.  The  seeds  of  Phaseolus  vulgaris,  or 
common  kidney-bean,  consists,  according  to 
Einhoff,  of— 

In  100  pts. 

Starch 35-94 

Gluten,  cont.  some  starch,  fibres,  and 

phosphate  of  lime 20*81 

Vegetable  albumen 1*35 

Bitter  extractive,  soluble  in  alcohol,    341 
Gum,  with  phosphate  of  potassa  and 

chloride  of  potassium, 19-37 

Fibrous,  starchy  matter 1 1-07 

Skins 7*5 

Loss 0-55 

According  to  the  analysis  of  Braconnot,  they 
contain — 

Starch 42-34 

Gluten  (legumin,  Braconnot) 18-2 

Mucilaginous  matter,  containing  ni- 
trogen, precipitable  by  tannin,. . .    5-36 

Pectin 1-5 

Yellow,  fatty  matter 0-7 

Sugar 0-2 

Phosphate  and  carbonate  of  lime, 

phosphate  of  potassa 1*0 

Starchy,  fibrous  matter 0-7 

Skins 7-0 

Water 230 

Composition  of  the  Skins. 

Vegetable  fibre 6-4 

Pectic  acid 1-23 

Matter  soluble  in  water,  with  some 
starch  and  gluten 1-17 

The  seeds  of  Viciafaba  (field  bean)  contain, 
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according  to  Einhoff,  in  100  pts.,  starch  31-17, 
gluten  10-86,  albumen  0-81,  bitter  extractive 
3-54,  gum  4-61,  starchy,  fibrous  matter  15*89, 
phosphate  of  lime  and  magnesia  0-98,  .skins 
10-05,  water  15-63,  loss  3-46. 

BEARBERRY.  Tech.  Phar.  Arbutus  Uva- 
ursi.  The  leaves  of  uva-ursi  contain  a  large 
amount  of  tannin,  and  belong,  therefore,  to  the 
class  of  vegetable  astringents.  According  to 
the  analysis  of  Meissner,  they  contain  gallic 
acid  1-2,  tannin  36-4,  resin  4-4,  extractive,  with 
some  superraalate  and  citrate  of  lime  and  traces 
of  chloride  of  sodium  4-2,  gum  15-7,  extractive, 
obtained  by  potash,  and  containing  pectic  acid 
and  tannin,  17-6,  lignin  9-6,  water  6.  The 
tannin  belongs  to  that  class  which  precipitates 
the  salts  of  iron  with  a  black  color. 

Use.  Bearberry  is  used  in  tanning.  The 
leaves  are  used  in  medicine,  and  combine  with 
their  astringent  properties  a  peculiar  influence 
over  the  urinary  organs,  especially  in  chronic 
affections  of  the  bladder. 

BEE.  The  venom  of  the  bee,  according  to 
Fontana,  bears  a  close  resemblance  to  that  of 
the  viper.  It  is  contained  in  a  small  vesicle, 
and  has  a  hot  and  acrid  taste  like  that  of  the 
scorpion. 

BEER.  Fr.  Biere.  Ger.  Bier.  Tech.  The 
fermented  infusion  of  malted  barley,  flavored 
with  hops,  and  used  as  a  general  beverage. 
The  name  of  beer  is  also  applied,  but  impro- 
perly, to  several  other  beverages  made  from 
saccharine  liquors,  subjected  to  a  partial  fer- 
mentation, and  flavored  with  different  sub- 
stances, for  instance,  spruce  beer,  ginger  beer, 
molasses  beer. 

Manufacture.  The  manufacture  of  beer,  or 
the  art  of  brewing,  forms  an  extensive  branch 
of  manufacturing  industry,  and  may  be  con- 
sidered under  the  following  heads  : 

1.  The  conversion  of  the  barley  into  malt, 
or  the  process  of  malting. 

2.  The  formation  of  a  proper  wort  from  the 
malt  and  hops,  or  the  process  of  mashing,  boil- 
ing, and  cooling. 

3.  The  fermentation  of  the  wort,  to  which 
may  yet  be  added  the  ripening  and  preservation 
of  the  beer. 

1.  Malting.  For  the  conversion  of  barley 
into  malt.  (See  Malt.)  It  often  forms  a  sepa- 
rate branch  of  industry. 

2.  Mashing,  Boiling,  and  Cooling.  Mashing  is 
the  operation  by  which  the  malt  is  extracted, 
and  a  saccharo-mucilaginous  extract  made 
from  it  called  wort. 

The  malt  is  first  crushed  on  a  crushing-mill 
between  iron  rollers,  or  ground  on  a  grist-mill. 
In  the  latter  case  it  is  generally  sprinkled  with 
water  12  to  24  hours  previously,  in  order  to 
render  the  husk  more  tenacious.  It  should, in 
general,  not  be  ground  to  a  fine  meal,  for  in 
this  case  it  is  apt  to  form  a  cohesive  paste 
with  hot  water,  or  to  set,  as  it  is  called,  and  to 
be  difficult  to  drain.  In  crushed  malt  the  husk 
remains  nearly  entire,  and  thus  helps  to  keep 
the  farinaceous  particles  open  and  porous  to 
the  action  of  the  water.  The  bulk  of  the 
crushed  malt  is  about  one-fifth  greater  than 
that  of  the  whole,  or  one  bushel  of  malt  gives 
a  bushel  and  a  quarter  of  crushed  malt.  It  is 
then  frequently  allowed  to  lie  a  few  days  in  a 
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cool  place,  in  order  that  it  may  attract  moist- 
ure from  the  air  by  its  hygroscopic  proper- 
ties, and  thus,  from  being  hard  and  indurated 
from  the  drying  in  the  kiln,  become  soft 
and  spongy,  and  easily  penetrated  by  the  water 
in  the  subsequent  process  of  extraction  or 
mashing. 

a.  Mashing  has  not  for  its  object  merely  to 
dissolve  the  sugar  and  gum  already  present  in 
the  malt,  but  also  to  convert  the  starch,  which 
remains  unchanged  during  the  germination,  into 
a  sweet  mucilage,  by  the  diastase  which  has 
been  formed  by  the  process  of  germination ;  for 
the  latter  substance  (see  Diastase)  possesses 
the  property,  by  digestion  with  water  at  a  tem- 
perature from  150°  to  167°  and  over,  of  convert- 
ing starch  into  a  mixture  of  sugar  and  gum. 
This,  therefore,  gives  the  range  of  temperature 
which  ought  to  be  maintained  in  the  operation 
of  mashing ;  but  it  has  been  found  advantageous 
to  begin  with  water  at  a  lower  temperature  and 
to  conclude  with  water  at  the  highest,  perform- 
ing the  operation  with  separate  portions  and 
by  degrees. 

PI.  II.  Fig.  2,  represents  an  English  mash- 
ing machine.  The  mash-tun,  a,  a,  is  a  large  cir- 
cular tub  with  a  double  bottom,  the  uppermost 
of  which  is  called  a  false  bottom,  and  is  pierced 
with  many  holes,  leaving  a  space  of  about  two 
or  three  inches  between  the  two  bottoms,  into 
which  the  stop-cocks  enter  for  letting  in  the 
water  and  drawing  off  the  wort.  The  mash- 
tun  is  provided  with  a  rotatory  apparatus  for 
agitating  the  crushed  grains  and  water  to- 
gether, consisting  of  a  perpendicular  shaft  b  in 
the  centre  of  it,  which  is  turned  slowly  round 
by  means  of  the  bevelled  wheels  t,  u,  at  the  top. 
c,  c  are  two  arms  projecting  from  this  axis,  and 
supporting  the  shortvertical  axis  of  the  wheel, x, 
so  that  when  the  central  axis,  b,  is  made  to  re- 
volve, it  will  carry  this  axle  around  the  tun  in 
a  circle.  This  axle  is  furnished  with  a  num- 
ber of  horizontal  arms  or  blades  e,  e,  placed 
obliquely  to  the  plane  of  their  motion,  which, 
when  turned  round  by  the  axis  and  wheel  x, 
agitate  the  malt  in  the  tun,  and  give  it  a  con- 
stant motion  upward  from  the  bottom. 

The  motion  of  the  last  mentioned  axle  is  pro- 
duced by  the  wheel  x,  on  the  upper  end  of  it, 
which  is  turned  by  a  wheel  w,  fastened  on  the 
middle  of  the  tube  b,  which  turns  freely  round 
upon  the  central  axis.  Higher  up,  on  the  same 
tube  b,  is  a  bevel  wheel,  o,  receiving  motion 
from  the  bevel  wheel  q,  fixed  upon  the  end  of 
the  horizontal  axis  n,  n,  with  a  pinion,/),  on  its 
centre  which  gives  motion  to  the  wheel  r,  so 
that  the  horizontal  axis,  s,  s,  is  turned,  and  mo- 
tion communicated  through  the  bevel  wheel  t, 
to  u  and  its  axis,  as  before  mentioned.  It  will 
thus  be  seen,  that  by  the  horizontal  axis,  n,  n, 
motion  is  communicated  to  the  two  perpendicu- 
lar axes  in  the  mash-tun,  by  which  the  axle  with 
its  blades  is  made  to  travel  round  in  it,  and  at 
the  same  time  its  blades  to  revolve  upon  it  at 
a  much  faster  rate,  making  17  or  18  revolutions 
while  carried  once  round  in  the  tun  by  the  mo- 
tion of  the  shaft  b ;  h  and  i  are  two  bevel 
wheels  fixed  on  a  tube,  which,  by  the  levers,  k,  k, 
is  made  to  slide  up  and  down  on  its  axis,  and 
thus  to  bring  either  of  the  wheels  in  connection 
with  the  horizontal  axis  n,  n,  and  thereby  im- 
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part  to  the  whole  apparatus  a  quicker  or  slower 
motion,  as  required. 

When  the  mash  is  to  begin,  water  is  first 
heated  in  the  copper,  and  then  let  into  the 
mash-tun.  The  temperature  of  this  first  water 
may  be,  in  winter,  140°,  in  summer,  113°.  Its 
quantity  depends  on  the  quantity  of  crushed 
malt,  with  which  it  should  form  a  rather  thick 
paste,  the  object  of  this  first  water  being  merely 
to  moisten  the  malt  uniformly,  that  no  lumps 
remain,  for  which  purpose  the  crushed  malt 
is  gradually  thrown  in,  and  well  intermixed  by 
proper  agitation.  In  this  way  the  mixture  re- 
mains for  half  to  three  quarters  of  an  hour. 
The  first  mashing  water  which,  in,  the  mean- 
while, has  been  heated  to  boiling  in  the  copper, 
is  then  run  into  the  mash-tun,  and  mixed  well 
with  the  mass  by  renewed  agitation,  in  suffi- 
cient quantity  till  the  whole  has  assumed  the 
temperature  of  about  150°.  The  tun  is  now  to 
be  well  covered,  for  the  preservation  of  its  heat, 
and  allowed  to  remain  at  rest  for  about  an  hour 
or  more,  in  which  time  the  remaining  starch  is 
first  converted  into  dextrine  and  then  into  sugar; 
but  the  time  which  may  be  allowed  for  this  pur- 
pose varies  according  to  the  quality  of  the 
malt,  and  other  circumstances.  Leaving  it  too 
long  time  at  this  temperature  would  give  rise 
to  the  formation  of  lactic  acid  from  the  starch 
and  sugar  (see  Fermentation,  lactic),  by 
which  a  quantity  of  gluten  would  be  dissolved 
in  the  wort,  and  cause  the  conversion  of  a 
large  portion  of  alcohol  into  acetic  acid  during 
the  subsequent  fermentation.  This  occurrence 
does  not  take  place  equally  soon  under  all  cir- 
cumstances. A  high  temperature  of  the  atmo- 
sphere favours  it,  especially  when  charged  with 
electricity.  It  is  also  less  apt  to  take  place 
with  kiln-dried  and  dark  malt  than  with  pale, 
owing,  probably,  to  the  presence  of  empyreu- 
matic  oil  in  the  former,  which  prevents  the  de- 
composition of  the  nitrogenized  substances  by 
which  the  lactic  fermentation  is  induced. 

The  tap  of  the  tun  is  then  opened,  and  the 
wort  drawn  off.  If  that  which  first  flows  be 
turbid,  it  must  be  returned  into  the  tun  till  it 
runs  clear.  The  wort  is  mainly  a  solution 
of  starch,  sugar,  and  gum,  with  some  gluten, 
and  albumen,  of  an  agreeable  sweetish,  and 
when  made  from  kiln-dried  malt,  of  a  peculiar 
aromatic  taste.  Its  strength  or  concentration 
depends  mainly  on  the  quantity  and  tempera- 
ture of  the  water  employed  in  the  first  in- 
stance for  the  drenching  of  the  dry  malt,  since 
the  subsequent  mash-water  must  be  added  in 
such  quantity  as  required  to  raise  the  heat  to 
the  proper  temperature  for  the  saccharification 
of  the  starch. 

A  considerable  quantity  of  the  wort  remains 
in  the  drained  mash,  to  the  amount  of  125  lbs. 
wort  in  the  mash  from  100  lbs.  malt.  To  ob- 
tain this,  a  new  portion  of  boiling  hot  water  is 
introduced  into  the  tun,  and  the  mixture  agi- 
tated till  it  becomes  uniform  as  before.  The 
temperature  of  this  mash  is  made  higher  than 
the  first,  and  may  be  raised  to  167°,  or  more. 
After  the  mash  has  rested  the  proper  time,  as 
before,  the  second  wort  is  then  drawn.  Only 
in  case  of  great  concentration  of  the  first  won, 
a  third  wort  may  be  drawn,  for  even  for  weak 
beers  the  wort  requires  to  have  a  spec.  grav. 
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of  1-030,  and  the  expense  and  inferior  qua- 
lity of  the  product  would  not  wan  ant  much 
concentration  by  boiling.  The  second  wort  is 
either  added  to  the  first,  or  brewed  by  itself 
into  an  inferior  beer.  The  exhausted  "malt  is 
used  as  food  for  cattle. 

b.  Boiling  of  the  wort,  and  addition  of  the  hops. 
The  wort  should  be  transferred  into  the  copper 
and  made  to  boil  as  soon  as  possible,  otherwise 
it  is  apt  to  become  acescent,  but,  as  soon  as  it 
is  boiling  the  higher  temperature  destroys  the 
lactic  fermentation,  while,  at  the  same  time,  the 
steam  that  rises  from  it  serves  to  protect  it  from 
the  oxydizing  influence  of  the  atmosphere. 
Until  it  begins  to  boil,  the  air  should,  therefore, 
be  excluded  as  much  as  possible.  It  is  hence 
better  to  have  two  coppers,  one  for  the  boiling 
of  the  wort,  the  other  for  heating  the  water  for 
the  second  mash. 

The  object  of  boiling  the  wort  is  not  merely 
evaporation  and  concentration,  but  also  coagu- 
lation and  precipitation  of  the  albumen  and 
other  nitrogenized  substances,  and  its  combi- 
nation with  the  hops,  which  latter  purposes  are 
better  accomplished  in  a  deep  confined  cop- 
per than  in  an  open  pan.  PI.  II.  Fig.  3  and 
4,  represent  the  copper  of  a  London  brewery, 
Fig.  3,  being  the  vertical  section,  and  Fig.  4,  a 
ground  plan  of  the  fire-grate  and  flue,  a,  is 
the  close  copper  kettle,  having  its  bottom  con- 
vex within  ;  b,  is  an  open  pan  placed  on  its  top 
for  heating  water  or  a  weaker  wort  at  the 
same  time  by  the  waste  steam.  From  the  upper 
part  of  the  copper,  a  wide  tube,  c,  ascends,  to 
carry  off  the  steam  generated  during  the  ebuli- 
tion  of  the  wort,  which  is  conducted  through 
four  downward  slanting  tubes,  d,  d,  (two  only 
being  visible  in  the  section,)  into  the  contents 
of  the  pan  b,  which  is  thus  heated.  A  vertical 
iron  shaft  or  spindle,  e,  passes  down  through 
the  tube  c,  nearly  to  the  bottom  of  the  copper, 
and  is  there  mounted  with  an  iron  arm  called 
a  rouser,  which  carries  round  a  chain  hung  in 
loops,  to  prevent  the  hops  from  adhering  to  the 
bottom  of  the  boiler.  Three  bent  slays,/,  are 
stretched  across  the  interior,  to  support  the  shaft 
by  a  collet  at  their  middle  junction.  The  shaft 
carries  at  its  upper  end  a  bevel  wheel  g,  work- 
ing into  a  bevel  pinion  upon  the  axis  h,  which 
may  be  turned  either  by  power  or  by  hand. 
The  rouser-shaft  may  be  lifted  by  means  of  the 
chain  i,  which,  going  over  two  pulleys,  has  its 
end  passed  round  the  wheel  and  axle  k,  and  is 
turned  by  a  winch.  /,  is  a  tube  for  conveying 
the  waste  steam  into  the  chimney  m.  The 
copper  is  heated  by  two  separate  fires  with  a 
narrow  brick  wall,  n,  Fig.  4,  between  them,  oo 
are  the  grates  upon  which  the  coals  are  thrown 
through  a  short  slanting  iron  hopper,;?,  Fig.  3, 
kept  continually  filled  with  the  fuel,  in  order  to 
exclude  the  air.  Above  the  hopper,;;,  a  narrow 
channel  is  provided  for  the  admission  of  atmo- 
spheric air,  in  such  quantity  as  is  merely  suffi- 
cient for  the  combustion  of  the  smoke  of  the 
coal ;  r  r  are  the  fire  bridges  by  which  the  fires 
are  made  to  play  upon  the  bottom  of  the  cop- 
per. The  hot  air  then  passes  round  the  copper 
in  a  semi-circular  flue  s  s,  into  the  chimney  m. 

As  soon  as  the  temperature  of  the  wort  is 
raised  towards  the  boiling  point,  the  albumen 
begins  to  separate,  and  by  the  subsequent  boil- 
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ing,  to  collect  in  lumps.     The  time  of  I 
the  wort  depends  on   several    circumsl 
In  the  first  place,  the  separation  of  all  precipe 
tated  matter  must  be  completed,  the  won  mart 
be  sufficiently  concentrated,  and  the  hops  have 
been  added  sufficiently  long.     The  first  is 
tained  by  inspection  of  portions  drawn  oul   by 
a  proof  gauge,  when  the  separated  albuminous 
flocks  settle  speedily,  and  leave  the  superna- 
tant liquid  clear. 

The  concentration  of  the  wort  is  ascertained 
from  separate  portions  by  a  hydrometer,  which 
is  often  peculiarly  constructed  for  this  purpose, 
and  is  called  a  saccharometer,  indicating  by 
how  many  pounds  a  barrel  of  that  wort  is 
heavier  than  a  barrel  of  water,  or  how  much 
saccharine  it  contains  per  barrel.  It  is  better  to 
have  the  hydrometer  to  indicate  directly  the 
specific  gravity  or  the  percentage  of  dry  malt 
extract  which  it  contains,  and  which  Balling 
has  found  to  be  the  same  as  that  of  sugar  for 
the  same  specific  gravities,  according  to  the 
following  table,  the  temperature  being  63^°,  to 
which  temperature,  therefore,  the  proof  must 
be  cooled  down : 


Spec.  Grav. 

Per  cent,  of 
Malt  extract. 

1-012 

3 

1-016 

4 

1-020 

5 

1-024 

6 

1-028 

7 

1-032 

8 

1-036 

9 

1-040 

10 

1-044 

11 

1-048 

12 

1-053 

13 

Spec.  Grav. 
1-057 
1-061 
1-065 
1-070 
1-074 
1-078 
1-083 
1-087 
1-092 
1-096 
1-101 


Per  cent,  of 
Malt  extract. 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


There  is  usually  dissipated  one-sixth  or  one- 
seventh  part  of  the  water  in  the  boiling  copper, 
and  two  or  three  hours  boil  is  deemed  long 
enough  in  many  well-conducted  breweries;  but 
it  must  of  course  be  regulated  by  the  nature 
of  the  wort  and  the  quality  of  the  beer.  The 
specific  gravity  of  the  wort  for  ale  is  usually 
about  1-090  to  1-100,  and  for  table  beer  from 
1-020  to  1-030.  In  regard  to  the  proper  con- 
centration of  the  wort,  it  is  to  be  observed, 
that  this  is  still  more  increased  by  evaporation 
during  the  subsequent  cooling,  which  evapora- 
tion is  generally  considered  to  amount  to  T'n,  or 
an  increase  in  malt  extract  of  from  1  to  1$  per 
cent. 

The  amount  of  dry  malt  extract  obtained 
from  100  parts  of  kiln-dried  malt  may  be  con- 
sidered to  amount  to  about  60  per  cent.  Malt 
that  has  been  kept  for  a  long  time,  and  ab- 
stracted a  great  deal  of  moisture,  will  of 
course  yield  less.  According  to  this,  if  we 
call  the  percentage  of  malt  extract  in  the  wort 
/;,  the  quantity  of  wort  of  a  certain  strength 
obtainable  from   100  lbs.  of  malt  will  be  = 

lbs.     100  lbs.  of  malt  will  thus  yield,  of 

V 
wort  containing  12  per  cent,  of  malt  extract 

60-100       .„„,, 
— — —  =  500  lbs. 

The  hops  are  added  during  the  progress  of 
the  ebullition  about  an  hour  before  the  wort 
has  acquired  the  proper  concentration.    They 
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not  only  serve  to  give  the  beer  a  better  aromatic 
taste,  but  destroy  also  its  tendency  to  become 
sour,  and  thus  impart  to  it  a  keeping  property — 
an  effect  partly  due  to  the  precipitation  of  dif- 
ferent soluble  matters  by  the  resinous  and 
astringent  principles  of  the  hops,  and  partly  to 
the  antiseptic  properties  of  its  aromatic  prin- 
ciple. In  this  respect  there  are  none  of  the 
bitter  plants  which  can  be  substituted  for  hops 
with  advantage.  The  hops  should  be  thrown 
upon  the  surface  of  the  boiling  wort  and 
remain  there  for  some  time,  in  order  to  be  pene- 
trated by  the  steam,  and  thus  become  extracted 
more  readily  when  pushed  down  into  the 
liiuor.  The  quantity  of  hops  to  be  added 
varies,  according  to  the  strength  of  the  beer  and 
other  circumstances,  from  J  to  3  lbs.  for  every 
100  lbs.  of  malt.  In  order  to  avoid  a  loss  of 
the  aromatic  principle  of  the  hop  by  the  boil- 
ing, it  has  been  preferred  merely  to  make  an 
infusion  of  the  hops  by  hot  water,  or  by  a  por- 
tion of  the  hot  wort,  and  to  add  this  infusion 
to  the  wort  in  the  fermenting  tun,  but  it  has 
been  found  that  boiling  improves  the  bitter 
taste  imparted  by  the  hops. 

During  the  boiling,  the  sweetness  of  the 
wort  is  increased  considerably,  partly  from  the 
concentration  and  partly  from  the  conversion 
of  the  starch-sugar  into  uncrystallizable  sugar, 
which  has  a  sweeter  taste.  At  the  same  time 
the  color  of  the  wort  becomes  darker,  so  that 
for  some  very  dark  and  sweet  German  beers 
the  boiling  is  continued,  for  this  reason,  for  12 
to  15  hours.  For  pale  beers  it  is,  on  the  con- 
trary, an  object  to  perform  the  concentration 
and  clarification  in  as  short  a  time  as  possible. 
The  latter  is  in  some  cases  accelerated  by  the 
addition  of  some  gelatine  in  the  form  of  calf's 
foot  or  isinglass. 

c.  Cooling.  When  the  hops  are  sufficiently 
extracted  and  the  wort  concentrated  and  clear, 
the  boiling  is  stopped  and  the  wort  drawn  off 
into  what  is  called  the  hop-back,  on  the  upper 
part  of  which  is  fixed  a  drainer  to  keep  back 
the  hops.  The  wort  is  then  generally  raised 
by  pumps  to  the  coolers,  placed  in  an  airy 
situation,  it  being  of  great  consequence  to  cool 
the  worts'  down  to  the  fermenting  pitch  as  fast 
as  possible.  The  common  cooler  is  a  square 
wooden  cistern  about  6  inches  deep,  and  of 
such  an  extent  of  surface,  that  the  whole  of  one 
boil  may  only  occupy  about  2  inches  of  depth 
in  it.  The  seams  of  the  cooler  should  be  made 
perfectly  water-tight  and  smooth,  so  that  no 
liquor  may  lodge  in  them  when  they  are 
emptied.  The  utmost  cleanliness  is  required, 
and  an  occasional  sweetening  with  lime  water. 
The  wort  generally  reaches  the  cooler  at  a  tem- 
perature from  208° — 200°,  where  it  should  be 
cooled  down  to  the  proper  temperature  for  the 
fermenting  tun,  which  may  vary  from  54°  to 
64°,  according  to  circumstances.  The  refrige- 
ration is  mainly  accomplished  by  the  evapora- 
tion of  a  portion  of  the  liquor,  and  is  therefore 
more  rapid  in  proportion  to  the  extent  of  the 
surface,  and  to  the  temperature  and  the  dryness 
of  the  atmosphere  surrounding  the  cooler.  The 
latter  should  therefore  be  placed  so  as  to  have 
its  surface  freely  exposed  to  the  prevailing  wind 
or  draft  of  the  locality,  and  the  vapors  may  in 
many  cases  be  advantageously  carried  away  by 


the  agency  of  a  fan.  Agitation  of  the  wort 
during  its  cooling  is  by  many  considered  as 
hurtful.  The  rapid  cooling  is  of  great  import- 
ance in  regard  to  the  quality  of  the  beer,  on 
account  of  the  readiness  with  which  it  other- 
wise absorbs  oxygen  and  passes  into  the  ace- 
tous fermentation  with  the  formation  of  various 
other  products  to  which  ill-hopped  beer  is 
peculiarly  liable.  The  period  of  refrigeration 
in  a  well-constructed  cooler  amounts  to  6  or  7 
hours  in  favorable  weather,  but  under  other 
circumstances  to  12  or  15  hours.  The  wort 
generally  deposits  a  slight  yellowish  sediment 
in  the  cooler,  which  consists  of  a  combination 
of  starch  with  tannin,  which  is  only  soluble  in 
the  hot  wort,  and  separates  on  cooling,  and 
from  which  the  wort  should  be  cautiously  sepa- 
rated. A  good  wort  should  always  be  perfectly 
limpid,  for  a  muddy  liquor  never  produces  a 
transparent  beer. 

3.  Fermentation.  The  wort  which  is  now 
mainly  a  solution  of  starch-sugar  and  gum, 
with  several  nitrogenous  substances,  the  em- 
pyreumatic  principles  of  the  malt  (if  kiln-dried 
malt  be  employed),  and  the  aromatic  and  bitter 
principle  of  the  hop  is  then,  when  sufficiently 
cool,  let  down  into  the  fermenting  or  gyle-tun. 
In  large  establishments,  as  in  some  of  the  Lon- 
don breweries,  the  size  of  the  fermenting-tun 
is  such  that  they  contain  from  1200  to  1500 
barrels.  The  quantity  of  wort  introduced  at  a 
time  must,  however,  be  considerably  less  than 
the  capacity  of  the  vessel,  to  allow  room  for  the 
head  of  yeast,  which  rises  during  the  process, 
and  may,  in  some  cases,  rise  to  a  third  of  that 
depth.  In  general,  the  fermentation  proceeds 
more  uniformly  in  large  masses,  because  they 
are  little  influenced  by  vicissitudes  of  tempera- 
ture. The  place  of  fermentation  ought  also  to 
have  a  uniform  temperature,  and  is  therefore 
often  located  under  ground.  For  the  theory 
of  fermentation,  by  which  sugar  is  converted 
into  alcohol  and  carbonic  acid,  we  refer  to  the 
article  Feiimejjtation.  In  beer,  this  conver- 
sion of  sugar  must  only  be  partial,  since  it  is 
required  that  beer  should  contain  a  certain 
quantity  of  it  in  solution.  The  amount  of  the 
remaining  sugar  is  greater  in  proportion  to  the 
strength  of  the  wort,  since  a  certain  quantity 
of  alcohol  already  formed  prevents  the  opera- 
tion of  the  ferment  on  the  remaining  wort. 
The  temperature  exercises  the  greatest  influ- 
ence on  the  fermentation.  The  warmth  of  the 
wort,  as  it  comes  into  the  fermenting-tun,  must 
be  modified  according  to  the  air  in  the  apart- 
ment. A  temperature  of  from  55°  to  60°  of  the 
liquor  is  generally  most  advantageous  for  the 
commencement,  when  that  of  the  atmosphere 
is  55°.  In  winter,  when  the  apartment  is  cold, 
the  wort  should  not  be  cooled  under  64°  or  60°. 
In  summer,  on  the  contrary,  when  the  tempera- 
ture of  the  place  rises  to  above  75°,  the  wort 
should  be  cooled  down,  if  possible,  to  55°,  by 
passing  it  through  cold  water  in  a  system  of 
pipes.  The  higher  the  temperature  of  the  wort, 
the  sooner  will  the  fermentation  begin,  and  the 
less  is  it  possible  to  regulate  its  progress.  In 
some  breweries  a  convoluted  pipe  is  made  to 
traverse  or  go  round  the  sides  of  the  tun, 
through  which  warm  water  is  allowed  to  flow 
in  winter  and  cold  in  summer,  so  as  to  regulate 
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the  temperature  of  the  mass  to  the  proper  fer- 
menting pitch. 

When  the  wort  is  discharged  into  the  fer- 
menting tun  it  must  receive  its  dose  of  yeast, 
which  has  been  previously  mixed  with  a  quan- 
tity of  the  wort  and  left  in  a  warm  place  till  it 
has  begun  to  ferment.  This  mixture,  called 
lobb,  is  then  to  be  put  into  the  tun  and  stirred 
well  through  the  mass.  The  yeast  should  be 
taken  from  similar  beer.  Its  quantity  must 
depend  upon  the  temperature,  strength,  and 
quantity  of  the  wort.  In  general,  1  gallon  of 
yeast  is  sufficient  to  set  100  gallons  of  wort 
in  complete  fermentation.  An  excess  of  yeast 
is  to  be  avoided,  lest  the  fermentation  should 
be  too  violent,  and  be  finished  in  less  than  the 
proper  period,  from  4  to  8  days.  More  yeast 
is  required  in  winter  than  summer,  for  at  a 
temp,  of  50°  twice  as  much  may  be  used  as 
at  68°. 

Six  or  eight  hours  after  adding  the  yeast,  the 
tun  being  meanwhile  covered,  the  fermentation 
becomes  active;  a  white,  milky-looking  froth 
appears,  and  spreads  gradually  over  the  whole 
surface,  and  forms  a  frothy  elevation,  the  height 
of  which  increases  with  the  progress  of  the 
fermentation,  and  gradually  changes  its  color 
to  a  bright  brown,  owing  to  oxidation  from  the 
air.  During  this  time  there  is  a  perpetual  dis- 
engagement of  carbonic  acid  gas,  which  es- 
capes in  small  bubbles,  rising  to  the  top  and 
carrying  the  precipitated  particles  of  yeast 
with  them  to  the  surface  of  the  liquid.  The 
warmth  of  the  fermenting  liquid  increases  at 
the  same  time  till  the  fermentation  has  come 
to  its  highest  point.  This  increase  of  tempera- 
ture may  amount  to  from  9°  to  14°,  or  more ; 
but,  in  general,  the  fermentation  is  not  allowed 
to  proceed  so  far  in  the  large  fermenting-tun, 
for,  after  it  is  advanced  to  a  certain  point,  the 
beer  is  cleansed;  that  is,  drawn  off  into  smaller 
fermenting-tuns  or  stillions,  which  are  large 
barrels  set  on  end,  with  large  openings  in  their 
top,  furnished  with  a  sloping  tray  for  dis- 
charging the  yeast,  which  is  thrown  off  into  a 
wooden  trough.  These  stillions  communicate 
with  each  other,  and  with  a  larger  tub,  by 
means  of  which  they  are  always  kept  full,  so 
that  the  head  of  yeast  may  spontaneously  flow 
over  and  keep  the  body  of  the  liquor  in  the 
casks  clean. 

It  must  be  observed  that  the  quantity  of  yeast 
and  the  heat  of  the  fermentation  differ  for  every 
different  quality  of  beer.  During  the  fermenta- 
tion, the  sweet  taste  of  the  wort  is  continually 
diminished,  while  it,  at  the  same  time,  assumes 
a  refreshing  flavor,  and  in  proportion  as  the 
sugar  is  decomposed  and  the  alcohol  increases, 
the  specific  gravity  of  the  liquor  decreases,  so 
that  the  progress  of  the  fermentation  may  be 
ascertained  by  a  hydrometer. 

When  the  plan  of  cleansing  casks  is  not  em- 
ployed, the  yeast  is  removed  from  the  surface 
of  the  fermenting-tun  by  a  skimmer,  and  the 
clear  beer  beneath  is  then  drawn  off. 

Ripening.  When  sufficiently  fermented,  the 
beer  is  let  down  into  the  close  store-tuns  in  the 
cellar,  where  it  may  be  kept  at  a  uniform  and 
low  temperature.  There,  an  obscure  and  slow 
fermentation  goes  on  for  a  considerable  time, 
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which  increases  its  spirituous  strength  and 
keeps  up  in  it  a  constant  impregnation  of  car- 
bonic acid  gas,  so  as  to  render  il  lively  and 
agreeable  to  the  taste.  It  is  then  either  i 
off  for  sale,  or  filled  in  bottles.  In  the  latter 
case,  the  carbonic  acid  which  still  continues 
to  generate,  cannot  escape,  and  remains  dis- 
solved in  the  beer,  and  causes,  by  its  escape, 
the  frothing  of  the  beer,  on  the  opening  of  the 
bottles. 

Prop.  The  main  ingredients  of  beer,  are, 
besides  water:  alcohol,  the  bitter  principle 
(lupuline  or  lupulite),  and  aromatic  volatile 
oil  of  hops,  gum,  sugar,  empyreumatic  prin- 
ciple from  the  malt,  when  kiln-dried,  small 
quantities  of  nitrogenized  substances  (gluten), 
brown  extractive,  a  small  portion  of  tannin 
(hops),  and  carbonic  acid.  The  sugar,  gum, 
and  other  solid  ingredients,  which  remain  on 
evaporation,  are  generally  comprised  under 
the  name  of  malt-extract ;  on  its  quantity  de- 
pends the  body  of  the  beer,  while  by  its  strength 
is  generally  meant  its  content  of  alcohol.  Its 
intoxicating  property  depends,  however,  a  great 
deal  on  the  bitter  and  narcotic  substance  of 
the  hops.  From  wine,  it  differs  not  only  in  this 
respect,  and  in  its  smaller  proportions  of  alco- 
hol, but  also  in  containing  a  much  larger 
quantity  of  nutritive  matter. 

The  following  table  shows  the  quantity  of 
alcohol  in  some  beers. 

Proportion  of  Spirit  of  sp.  gr.  0825. 
Per  ct.  by  meas.  Per  ct.  by  wt. 

Ale,  Burton, 8-88  7-326 

average, 6-87  5-667 

Brown  stout 6-80  5-610 

London  porter  (average),  4-20  3-465 

Small  beer, 1-28  1-056 

The  difference  in  the  different  varieties  of 
beer  depends  upon  a  difference  in  the  materials 
employed,  or  in  the  process  and  management 
of  the  brewing.  In  regard  to  the  materials, 
beers  differ  according  to  the  different  kinds  of 
malt  employed,  and  its  proportion  to  the  quan- 
tity of  hops  and  of  water.  To  the  class  of  tabli 
or  small  beers,  all  those  may  be  referred,  whose 
specific  gravity  does  not  exceed  1;025,  and 
which  contain  about  5  percent,  of  malt  extract. 
Beers  of  middling  strength  have  generally  a 
spec.  grav.  of  from  1-025  to  1-040.  Some  of 
the  Scotch  and  English  ales  form  some  of  the 
strongest  and  heaviest  kinds  of  beer. 

The  following  table  indicates  the  spec.  grav. 
of  some  of  the  English  beers. 

Spec.        grav. 

Ale,  Burton,  1st  sort, 1-111  to  1-120 

2d     "     1-097  to  1.111 

"  3d     "     1-077  to  1-092 

Common, 1-070  to  1073 

"  1-058 

Porter,  common  sort, 1-050 

"      double 1-055 

Brown  stout, 1-064 

"  "       best, 1-072 

Beer,  common  small, 1-014 

"      good  table, 1-033  to  1.039 

The  strength  and  quality  of  some  of  the 
German  beers  may  be  seen  from  the  annexed 
table. 
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Water. 

Augustine  double  beer,  Munich,  Bavaria, 88-36 

Sal  vator  beer,  Munich 87-62 

Bock  from  the  Royal  Brewery  in  Munich,. . .  88-64 
Small   beer  (Schenk  bier)   from   a  country 

brewery,  Bavaria, 92-94 

Bock,  Brunswick,  made  by  the  Munich  process,  88-50 
Table  beer,  Brunswick,  made  by  the  Bavarian 

process, 91-10 

Brunswick  small  beer,  sweet, 84-70 

Brunswick  Mumme 59-2 


Per  cent,  by  weight. 
Malt  extract.  Alcohol.      Carb.  acid.  Authority. 
Kaiser. 


8-0 

3-6 

0-14 

80 

4-2 

0-18 

7-2 

4-0 

0-16 

4-0 
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The  color  of  the  beer  depends  upon  the 
color  of  the  malt  and  the  duration  of  the  boil 
in  the  copper.  Pale  ale  is  made  from  steam  or 
sun-dried  malt,  and  the  young  shoots  of  the 
hop;  the  deep  yellow  ale  from  a  mixture  of 
pale  yellow  and  brown  malt,  and  the  dark 
brown  beer  from  well  kilned  and  partly  carbon- 
ized or  parched  malt,  mixed  with  a  good  deal 
of  the  pale,  to  give  body.  The  longer  and  more 
strongly  the  malt  has  been  heated  in  the  kiln, 
the  smaller  is  the  quantity  of  extract  it  yields, 
cmteris  paribus.  Porter  is  generally  prepared 
from  high-dried  or  rather  charred  malt,  which, 
therefore,  has  had  much  of  its  saccharine  mat- 
ter destroyed  by  heat.  Hence  its  deep  color, 
and  the  absence  of  any  sweet  taste,  while  ale 
has  a  sweetish  taste,  and  contains  a  much 
larger  quantity  of  saccharine  matter. 

The  greater  or  less  rapidity  of  the  tempera- 
ture, and  the  manner  in  which  the  worts  are 
made  to  ferment,  have  a  remarkable  influence 
upon  the  quality  of  the  beer,  especially  in 
reference  to  its  fitness  for  keeping.  Under  the 
article  Fermentation  it  will  be  shown  that  two 
kinds  of  fermentation  may  be  distinguished, 
the  upper  and  the  lower  or  bottom  fermenta- 
tion. The  former  is  a  much  more  active  fer- 
mentation, by  which,  according  to  Liebig,  the 
gluten  is  only  partly  oxidized,  at  the  expense 
of  the  oxygen  of  a  portion  of  the  sugar,  while 
a  great  portion  remains  dissolved  in  the  liquor, 
and  by  its  subsequent  oxidation  is  apt  to  trans- 
fer oxygen  to  the  alcohol  and  render  it  sour, 
unless  it  be  kept  at  a  very  low  temperature. 
This  is  still  more  the  case,  if  during  a  too  vio- 
lent fermentation  the  temperature  rises  too 
high,  and  especially  if  the  air  be  not  perfectly 
excluded,  and  a  considerable  quantity  of  acetic 
acid  be  formed,  by  which  an  additional  quan- 
tity of  glutinous  matter  is  dissolved,  and  it  thus 
is  not  only  rendered  apt  to  spoil  from  the 
slightest  causes,  but  loses  also  its  limpidity  and 
assumes  a  disagreeable  taste,  or  becomes  yeast 
bitten.  By  the  lower  fermentation,  on  the  con- 
trary, the  conversion  of  the  sugar  into  alcohol 
is  performed  very  slowly  and  without  any  con- 
siderable rise  of  temperature,  so  that  the  gluten 
is  completely  oxidized  and  precipitated  by  the 
oxygen  of  the  air  and  without  conversion  of 
any  alcohol  into  acetic  acid,  so  that  the  result- 
ing beer,  as  is  the  case  with  Bavarian  beer 
(see  below),  is  not  liable  to  become  sour,  or  to 
undergo  the  acetous  fermentation.  Where  this 
is  not  the  case,  the  tendency  to  become  sour  is 
generally  remedied  by  a  large  addition  of  hops, 
and  a  greater  proportion  of  malt,  by  which  the 
beer  becomes  more  narcotic  and  intoxicating, 
and  less  agreeable  to  the  taste,  and  such  beer 
is  then  often  considered  as  drugged. 


A  main  feature  of  good  beer  is  its  fine  color 
and  transparency,  the  production  of  which, 
therefore,  is  an  object  of  great  interest  to  the 
brewer.  Attempts  to  clarify  the  beer  in  the 
casks  seldom  fail  to  do  it  harm.  The  only 
thing  that  can  be  used  with  advantage  for 
fining  a  muddy  or  foul  beer,  is  isinglass.  For 
porter,  as  commonly  brewed,  it  is  frequently 
had  recourse  to.  (See  under  Claiufication.) 
To  ascertain  whether  the  beer  is  in  a  state  fit 
for  fining,  put  some  of  it  in  a  long  cylindrical 
glass  vessel,  and  add  to  it  a  teaspoonful  of  the 
fining,  and  shake  it  well  with  it,  closing  the 
mouth  of  the  vessel  with  the  finger  or  the  palm 
of  the  hand.  Its  aptitude  to  become  bright 
will  then  soon  be  evident,  by  the  mixture  first 
becoming  curdy,  and  then  on  repose  sepa- 
rating, the  finings  generally  rising  to  the 
top  and  leaving  the  liquid  below  clear  and 
brilliant. 

We  shall  now  add  a  few  observations  on  the 
brewing  of  some  varieties  of  beer,  which  pre- 
sent peculiarities  in  the  method  of  their  manu- 
facture. 

Scotch  Ale.  This  beverage  is  characterized 
by  its  pale  amber  color  and  its  mild  balsamic 
flavor.  The  bitterness  of  the  hop  is  so  mel- 
lowed with  the  malt  as  not  to  predominate. 
The  ale  of  Prestonpans  is,  in  fact,  the  best 
substitute  for  wine  which  barley  has  hitherto 
produced.  The  low  temperature  at  which  the 
Scotch  brewer  pitches  his  fermenting-tun 
restricts  his  labors  to  the  colder  months  of  the 
year.  He  does  nothing  during  four  of  the 
summer-months.  He  is  extremely  nice  in  se- 
lecting his  malt  and  hops,  the  former  being 
made  from  the  best  English  barley,  and  the 
latter  being  the  growth  of  Farnham  and  East 
Kent ;  the  yeast  is  also  carefully  looked  after. 
(Ure.) 

Only  one  mash  is  made  by  the  Scotch  ale- 
brewer,  and  that  pretty  strong ;  the  mash-liquor 
being  heated  as  high  as  180°.  After  mashing 
for  about  half  an  hour,  or  until  every  particle 
of  the  wort  is  thoroughly  drenched,  the  tun  is 
covered  and  the  mixture  left  to  infuse  about 
three  hours.  It  is  then  drained  off  into  the 
wort-copper,  and  the  malt  exhausted  by  eight 
or  ten  successive  sprinklings  of  liquor  (hot 
water)  of  180°  over  the  surface  of  the  malt, 
which  are  termed,  in  the  vernacular  tongue, 
sparges,  by  which  the  water  is  dashed  on  a 
perforated  circular  board,  suspended  horizon- 
tally over  the  mash-tun,  whence  it  descends 
like  a  shower  upon  the  whole  of  the  goods 
(malt).  The  percolating  wort  is  allowed  to 
flow  off  by  three  or  more  small  stopcocks 
around  the  circumference  of  the  mash-tun,  to 
insure  the  equal  diffusion  of  the  liquor. 
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The  first  sparge  being  run  off  in  the  course 
of  20  minutes,  another  similar  one  is  affused, 
and  thus  in  succession,  till  the  whole  of  the 
drainage,  when  mixed  with  the  first  mash-wort, 
constitutes  the  density  adapted  to  the  quality 
of  the  ale.  Thus  the  strongest  worts  are  pre- 
pared, and  the  malt  may  then  be  still  further 
exhausted  for  an  inferior  beer.  The  last 
sparges  are  made  5°  to  6°  cooler  than  the  first. 
By  tins  system  the  waterings  percolate  through 
the  malt  on  the  mash-tun  bottom  from  above, 
and  extract  the  remaining  wort  much  more 
perfectly  than  could  be  done  by  a  subsequent 
mashing,  so  that  by  this  simple  method  a  large 
quantity  of  wort  may  be  obtained  of  a  much 
higher  specific  gravity.  The  only  serious  ob- 
jection to  the  sparging  system  is  the  loss  of 
time  by  the  successive  drainages.  A  mash- 
tun  with  a  steam  jacket  would  improve  the 
sparging  system,  as  it  would  keep  up  a  uniform 
temperature  in  the  goods  without  requiring 
them  to  be  sparged  with  very  hot  liquor. 

The  quantity  of  hops  seldom  exceeds  four 
pounds  to  the  quarter  of  malt.  The  manner 
of  boiling  the  wort  is  the  same  as  that  above 
described,  but  that  of  conducting  the  fermenta- 
tion is  peculiar.  The  heat  is  pitched  at  50°,  and 
the  fermentation  continues  from  a  fortnight  to 
three  weeks.  Thus,  if  three  brewings  were 
made  in  the  week,  seven  or  eight  working  tuns 
would  be  in  constant  action.  The  yeast  is 
added  in  the  fermenting-tun  in  the  proportion 
of  one  gallon  to  240  gallons  of  wort ;  but  no 
more  yeast  is  used  than  is  indispensable  ;  if  a 
little  more  be  needed,  it  is  made  effective  by 
rousing  up  the  tuns  twice  a  day  from  the 
bottom. 

When  the  progress  of  the  attenuation  be- 
comes so  slack  as  not  to  exceed  half  a  pound 
in  the  day,  it  is  prudent  to  cleanse.  When  the 
ale  is  cleansed,  the  head  which  has  not  been 
disturbed  for  some  days  is  allowed  to  float  on 
the  surface  till  the  whole  of  the  pure  liquid  is 
drawn  off  into  the  casks.  The  Scotch  do  not 
skim  their  tuns  as  the  London  ale-brewers 
commonly  do.  The  Scotch  ale,  when  so 
cleansed,  does  not  require  to  be  set  upon  close 
stillions,  as  it  throws  off  little  or  no  yeast, 
because  the  fermentation  was  nearly  finished 
in  the  tun.  The  strength  of  the  best  Scotch 
ale  ranges  between  32  and  44  pounds  to  the 
barrel,  or  has  a  specific  gravity  of  from  1'088 
to  1*122,  according  to  the  price  at  which  it  is 
sold. 

Bavarian  beer.  In  the  Bavarian  process,  the 
malt  is  first  mixed  with  water  of  ordinary  tem- 
perature. For  1  pt.  of  malt  about  3-9  pts.  of 
water  are  employed.  The  whole  is  then  allowed 
to  rest  for  6  to  8  hours,  after  which  the  mashing 
is  begun  by  mixing  the  mass  with  3  pts.  of 
boiling  water  added  gradually  during  continual 
agitation,  by  which  its  temperature  is  raised  to 
106°.  The  thick  part  of  the  mash  is  then  trans- 
ferred to  the  copper,  and  heated  to  boiling 
during  continual  agitation,  and  after  an  hour's 
boiling,  again  returned  to  the  mash-tun  and 
mixed  thoroughly  with  its  liquid  contents,  by 
which  the  temperature  in  the  mash-tun  is 
raised  to  133°.  The  thick  part  of  the  mash  is 
then  once  more  transferred  and  boiled  for  an 
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hour  in  the  copper,  and  returned  in  the  same 
way  to  the  mash-tun, by  which  the  tempei 
is  raised  to  154°.  The  fluid  pari  of  the  mash 
is  next  transferred  by  bailing  or  draining  into 
the  copper,  boiled  for  a  quarter  of  an  hour, 
and  then  poured  back  on  the  mash  in  the  inn 
and  mixed  thoroughly  with  it.  The  tempera- 
ture is  hereby  raised  to  from  167°  to  180°. 
After  agitation  for  a  quarter  of  an  hour,  the 
mash  is  left  at  rest  for  1  or  H  hours,  after 
which  the  clear  wort  is  drawn  off  and  ti 
in  the  usual  manner. 

It  will  be  seen  that,  by  this  method,  the 
mashing  is  performed  in  the  mash-tun  at  a 
temperature  of  from  133°  to  180°,  and  tin 
treated  at  a  still  higher  temperature  in  the 
copper.  At  a  temperature  between  140°  and 
167°,  starch  is  principally  converted  into 
sugar  by  diastase,  while  at  still  higher  tem- 
perature, into  gum,  which  latter,  therefore, 
must  be  formed  in  considerable  quantity  by 
this  process,  the  boiling  of  the  liquid  destroy- 
ing the  effect  of  the  diastase  in  the  solution, 
and  preventing  it  from  converting  the  gum 
subsequently  into  sugar.  The  albuminous  mat- 
ters are  also  coagulated  by  boiling,  and  clarify, 
by  their  precipitation,  the  wort,  while  the  husk 
becomes  much  shrunk,  and  therefore  retains 
but  little  of  the  wort,  so  that  the  latter  drains 
off  easily  and  more  completely,  and  the  second 
wort  is  therefore  only  of  small  avail.  Not- 
withstanding the  longer  duration  of  the  mash- 
ing, the  mass  is  less  apt  to  become  sour,  both 
on  account  of  the  temperature  being  above  the 
degree  favorable  for  this  change,  and  more 
especially  all  albuminous  matter,  by  which  the 
conversion  of  starch,  sugar,  and  gum,  into  lactic 
acid  is  effected,  is  precipitated  by  the  boiling. 

The  fermentation  of  the  Bavarian  beer  is 
also  peculiar,  being  performed  very  slowly,  and 
at  a  very  low  temperature  (45°  to  50°),  and 
mostly  by  the  so-called  lower  or  bottom  fer- 
mentation (see  above),  by  which  little  or  no 
acetic  acid  is  formed,  and  all  the  gluten  and 
other  nitrogenized  substances  so  completely 
precipitated  that,  from  the  perfect  absence  of 
these  substances,  which,  by  their  oxidation, 
form  ferment  for  the  acetic  fermentation, 
Bavarian  beer  is  incapable  of  undergoing  the 
acetous  fermentation  even  by  free  exposure 
to  the  air. 

A  number  of  other  amylaceous  substances, 
besides  barley,  are  often  employed  as  additions 
in  the  preparation  of  inferior  qualities  of  beer, 
such  as  potatoes,  beans,  turnips,  beets,  carrots, 
&c.  Thus,  Strasburg  ale  is  mainly  manufac- 
tured from  mashed  potatoes  mixed  with  from 
~  to  j\  of  their  weight  of  ground-barley  malt. 
This  is  mixed  with  some  water,  and  exposed  in 
a  water-baih  to  a  heat  of  160°,  whereby  it  is 
partly  converted  into  saccharine  matter,  and 
may  then  be  boiled  with  hops,  cooled,  and  fer- 
mented into  beer. 

Maize  or  Indian  corn  has  also  been  employed 
to  make  beer,  but  its  malting  is  somewhat  dif- 
ficult (see  under  Malt). 

The  name  of  beer  is  also,  but  improperly, 
given  to  many  beverages  made  from  saccha- 
rine liquors,  and  advanced  more  or  less  into 
the  vinous  fermentation  and  flavored  with  pe- 
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culiar  substances,  such  as  Spruce  and  Ginger 
Beer,  &c.  (which  see). 

Use.  That  beer  is  nutritive,  and,  when  used  in 
moderation,  salubrious,  can  scarcely  be  doubted. 
It  proves  a  refreshing  drink  and  an  agreeable 
and  valuable  stimulus  and  support  to  those 
who  have  to  undergo  much  bodily  fatigue. 
(Pereira.)  The  hop  operates  as  a  tonic,  and 
assists  digestion.  With  dyspeptics,  beer  as 
well  as  other  fermented  liquors  are  very  apt  to 
disagree,  and  should  therefore  be  avoided.  It 
is  also  objectionable  to  those  liable  to  lithic 
acid  deposits,  and  for  plethoric  persons,  who 
have  a  tendency  to  apoplexy.  Ale  containing 
a  much  larger  proportion  of  saccharine  matter 
(see  above)  is  more  objectionable  for  diabetic 
and  dyspeptic  patients  than  porter. 

BEER,  EXAMINATION  OF.  The  exami- 
nation of  beer  has  principally  for  its  object  to 
estimate  the  quantity  of  its  ordinary  ingre- 
dients, and  to  discover  the  admixture  of  foreign, 
accidental,  or  designed  substances  or  adulte- 
rations. 

Beer  ought  to  be  perfectly  clear;  turbidness 
indicates  either  that  the  fermentation  has  not 
been  complete,  or  that  the  formation  of  acetic 
acid  has  begun.  The  greater  or  less  color 
indicates  the  degree  of  heat  to  which  the  malt 
has  been  exposed  and  the  length  of  time  the 
wort  has  been  boiled.  The  frothing,  when 
poured  out,  depends  on  the  variety  of  the  beer 
and  the  manner  of  keeping  it  in  casks  or  in 
bottles.  Beer  containing  but  little  carbonic 
acid  has  a  flat  taste.  The  smell  of  beer  de- 
pends on  the  hops,  the  malt,  the  alcohol,  and 
the  carbonic  acid.  By  addition  of  common 
salt,  and  gentle  heating,  the  smell  of  the  hops  is 
made  more  apparent,  and  may  be  better  judged 
of  in  regard  to  its  quantity  and  quality.  The 
taste  will  still  better  decide  as  to  the  quantity 
and  quality  of  the  hops  employed,  and  the  body 
of  the  beer. 

In  examinations  of  beer,  the  amounts  of  the 
following  ingredients  are  generally  ascer- 
tained: malt  extract  (see  the  former  part  of  this 
article),  alcohol,  water,  and  carbonic  acid.  The 
quantity  of  the  last  does  not  usually  amount  to 
more  than  (H  or  0-2  per  cent. ;  its  exact  pro- 
portion is  therefore  often  neglected,  especially 
as  its  relative  quantity  is  apparent  from  the 
greater  or  less  frothing.  In  general,  a  quantita- 
tive estimation  is  therefore  desired  only  of  the 
malt  extract  and  the  alcohol,  from  which,  then, 
the  quantity  of  water  results  by  deduction. 
This,  in  combination  with  its  effect  on  the 
senses,  will  give  a  good  idea  of  the  quality  of 
the  beer. 

In  order  to  ascertain  the  amount  of  malt 
extract,  a  weighed  quantity  of  beer  is  evapo- 
rated cautiously  and  the  residue  weighed.  It 
is,  however,  difficult  to  obtain  it  perfectly  dry, 
as  the  last  portion  of  water  requires  a  rather 
high  temperature  for  its  expulsion,  which  might 
cause  it  to  commence  decomposing. 

The  amount  of  alcohol  is  ascertained  by  dis- 
tilling a  weighed  portion  of  beer  in  a  retort,  and, 
from  the  weight  and  specific  gravity  of  the  dis- 
tilled liquid,  determining  its  content  of  alcohol 
(see  under  Alcohoiometry). 

It  has  already  been  mentioned  above  that 
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solutions  of  malt  extract  and  of  sugar  of  the 
same  spec.  grav.  contain  an  equal  amount  of 
solid  matter.  If,  therefore,  a  weighed  quantity 
of  beer  be  heated  until  all  carbonic  acid  and 
alcohol  has  been  expelled,  and  the  remaining 
portion  again  diluted  with  water  until  it  has 
attained  its  previous  weight,  the  amount  of 
malt  extract  may  be  determined  from  its  spe- 
cific gravity.  If,  moreover,  the  specific  gravity 
of  the  beer  be  previously  ascertained,  the 
amount  of  alcohol  may  be  estimated  from 
the  difference  in  the  two  specific  gravities. 
The  contained  carbonic  acid  affects  the  specific 
gravity  but  very  slightly,  and  the  greater  part 
may  be  removed  by  gently  heating  and  shaking 
the  liquid.  Let  the  specific  gravity  of  a  beer 
be  found  to  be  1-025,  and  after  the  expulsion 
of  the  carbonic  acid  and  the  alcohol  by  boiling, 
and  subsequent  dilution  with  water  to  the 
original  weight  of  the  beer,  to  be  1-032.  The 
latter  specific  gravity  corresponds  to  8  per 
cent,  of  malt  extract  (see  table  under  Beer, 
page  298).  The  difference  between  the  spe- 
cific gravities  1-032  and  1-025  is  0-007,  which 
therefore  will  constitute  the  difference  in  spe- 
cific gravity  between  pure  water  and  dilute 
spirit  containing  the  same  amount  of  alcohol 
as  the  beer,  or  having  the  specific  gravity  of 
0-993  (1-000  —  0-007),  which  corresponds  to 
4  per  cent,  alcohol  by  weight,  or  5  per  cent,  by 
volume,  as  the  following  table  will  show, 
which  we  add  for  convenience  : 

Spec.  grav.  of  spirit  at  63-5°  Fah. 

Per  ct.  of  alcoh.   Per  ct.  by  weight.  Per  ct.  by  vol. 

12  0-9806  0-9834 

11  0-9817  0-9846 

10  0-9830  0-9859 

9  0-9844  0-9873 

8  0-9860  0-9887 

7  0-9878  0-9901 

6  0-9897  0-9915 

5  0-9914  0-9929 

4  0-9931  0-9943 

3  0-9948  0-9957 

2  0-9965  0-9971 

1  0-9982  0-9985 

It  may,  however,  be  remarked  that  this 
method,  in  order  to  yield  satisfactory  results, 
requires  the  specific  gravities  to  be  taken  with 
great  accuracy,  either  by  a  delicate  hydro- 
meter or  a  spec.  grav.  bottle,  and  with  due 
regard  to  temperature. 

The  amount  of  carbonic  acid  may  be  ascer- 
tained by  heating  a  weighed  quantity  of  beer, 
and  collecting  the  expelled  carbonic  acid,  with 
the  necessary  precautions,  in  a  pneumatic  ap- 
paratus, determining  its  quantity  by  volume, 
from  which  its  weight  may  then  be  calculated. 
Another  method  consists  in  introducing  a 
weighed  quantity  of  the  beer  into  a  bottle  or 
flask,  in  the  orifice  of  which  is  fitted,  by  means 
of  a  perforated  cork,  a  tube  containing  chloride 
of  calcium  (such  as  b  c,Fig.26,page  188),  and 
heating  very  slowly  the  contents  of  the  flask 
almost  to  ebullition,  by  which  the  carbonic  acid 
is  expelled,  while  the  vapors  of  water  and 
alcohol  are  retained  by  the  chloride  of  calcium. 
The  loss  in   weight  of  the  whole   apparatus 
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before  and  after  the  experiment  then  indicates 
the  amount  of  carbonic  acid. 

If  desired,  the  sugar  and  gum  of  the  malt 
extract  may  be  separated  by  moderately  strong 
alcohol.  The  extract  is  first  made  by  water 
into  a  thin  syrup,  and  then  alcohol  added  as 
long  as  gum  precipitates,  which  by  repetition 
of  the  same  treatment  may  be  freed  almost 
perfectly  from  sugar.  The  quantity  of  sugar 
may  also  be  determined  by  the  quantity  of  car- 
bonic acid  which  it  yields  by  fermentation 
(see  under  Sugar).  A  content  in  the  gum  of 
unaltered  starch  may  be  ascertained  by  a  solu- 
tion of  iodine. 

The  presence  of  foreign  substances,  either 
accidental  or  designed,  are  often  proved  with 
difficulty  by  chemical  tests.  Among  such 
adulterations  may  be  mentioned  sulphate  of 
iron,  alum,  and  salt,  added  under  the  name 
of  beer  heading,  to  impart  a  frothing  property 
to  it.  Molasses  and  extract  of  gentian  are 
added  with  the  same  view.  Capsicum, 
grains  of  paradise,  ginger-roots,  coriander- 
seed,  and  orange  peel,  are  also  employed  to 
give  pungency  and  flavor  to  weak  or  bad  beer. 
The  following  is  a  list  of  substances  seized  in 
London  as  intended  for  adulterations  (Ure): 
cocculus  indicus  multum  (an  extract  of  the 
cocculus),  coloring,  honey,  hartshorn-shavings, 
Spanish  juice,  orange  powder,  ginger,  grains 
of  paradise,  quassia,  liquorice,  caraway  seed, 
copperas,  capsicum,  &c.  Sulphuric  acid  is 
frequently  added  to  bring  beer  forward,  giving 
new  beer  instantly  the  taste  of  what  is  18 
months  old.  Quassia,  aloes,  cocculus  indicus, 
and  other  bitter  or  poisonous  substances  are 
best  discovered  by  their  bitter  taste  or  effect 
on  the  system.  Care  should  however  be  taken 
not  to  do  injustice  imprudently  to  brewers,  as 
sometimes  large  quantities  of  hops  are  added 
in  order  to  make  the  beer  keep,  and  then  im- 
part a  very  bitter  taste  and  a  narcotic  effect  to 
it.  Dobereiner  prescribes  to  test  the  malt  ex- 
tract for  narcotic  substances  by  the  dilatation 
of  the  pupil  produced  when  applied  to  the 
eyes  of  a  cat. 

The  addition  of  distilled  liquors  may  be  sus- 
pected from  a  great  content  of  alcohol  and 
small  amount  of  malt  extract.  It  may  also  be 
recognised  by  its  peculiar  smell,  when  sepa- 
rated from  the  beer  by  distillation.  Acetic 
acid  is  discovered  by  the  sour  taste  and  acid 
reaction  of  the  distillate.  Presence  of  inor- 
ganic substances  are  detected  in  the  ashes 
after  incineration  of  the  malt  extract;  a  small 
portion  of  salt  is  however  often  added,  and 
can  hardly  be  considered  as  an  adulteration. 
(See  Zennoch  on  the  examination  of  beers, 
Munich,  1834.) 

BEET.  Tech.  Gcr.  Runkelrube;  Fr.  Bet- 
terave.  The  root  of  the  Beta  alba,  although 
so  largely  employed  in  Europe  in  the  manu- 
facture of  sugar,  has  not  received  a  very 
minute  chemical  investigation.  The  follow- 
ing substances  have  been  found  in  the  white 
Silesian  beet,  and  nearly  in  the  proportions 
indicated. 
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Water,  on  an  average 84-0 

Crystallizable  sugar  (average) 10*0 

Vegetable  fibre ~i> 

Albumen  and  nitrogenous  substance  ...  1-5 
Pectin,  malic  acid,  coloring  and  aroma- 
tic substances,  fixed  oil,  bitter  es- 
sential oil,  chlorophyll,  asparagin, 
oxalate  of  lime,  phosphates  of  lime 
and  magnesia,  malate  and  phosphate 
of  ammonia,  sulphate,  nitrate  and 
oxalate  of  potassa,  chlorides  of  po- 
tassium and  sodium,  sulphur,  silica 
and  oxide  of  iron 2-5 

100-00 

The  quantity  of  sugar  varies  from  8 — 12  pr. 
ct.,  but  in  the  progress  of  manufacture  a  por- 
tion of  it  is  rendered  uncrystallizable.  Although 
a  large  yield  might  be  expected  from  the  above 
analysis,  the  quantity  of  juice  obtained  on  an 
average  is  about  66  pr.  ct.  with  34  pr.  ct. 
pulp,  and  the  amount  of  sugar  about  5  pr.  ct. 
of  the  weight  of  the  root. 

BELLADONNA.  Bot.  A  plant  of  the  So- 
lanacese,  Alrapa  Belladonna,  (Common  Dwale  ; 
Deadly  Nightshade),  the  leaves  of  which 
yielded  to  Brandes — 

Permalate  of  atropin 1-51 

Pseudotoxin,  with  some  salts 16-05 

Phytocolla 6-90 

Wax 0-70 

Resinous  chlorophyll 5-84 

Albumen 10-70 

Gum 8-33 

Starch 1-25 

Fibre 1 3-70 

Salts   of  sulphuric,  nitric,  phosphoric, 

acetic,  oxalic  and  muriatic  acids,  with 

potassa,  ammonia,  lime  and  magnesia    7-47 

Water 25-50 

Loss 2-05 

100-00 

The  ashes  gave  a  trace  of  oxide  of  copper. 

The  pseudotoxin  and  phytocolla  are  nitro- 
genous substances,  the  former  soluble,  and  the 
latter  insoluble  in  alcohol.  Lubekind  has  de- 
scribed another  alkaloid,  which  he  termed 
Belladonnin,  but  which  does  not  probably 
exist.     See  Atropine 

BELL-METAL.     Tech.     See  Bronze. 

BENZOIN.  Phar.  Perfum.  Syn.  Benja- 
min. A  gum-resin  obtained  from  the  Styrax 
Benzoin  in  Sumatra,  Bornea,  Java  and  Siam. 
The  bark  of  the  6  year  old  tree  is  slit,  to  allow 
a  liquid  to  flow  out,  which  concretes  by  expo- 
sure to  sun  and  air  into  a  semi-hard  mass. 
The  finer  kinds  consist  of  whitish  or  reddish 
yellow  tears  agglutinated  by  a  brown  mass, 
called  white  or  amygdaloidal ;  the  inferior  is 
brown,  with  but  little  white.  Sp.  gr.  =  1-063 
1-092,  brittle,  pulverizable,  with  conchoidal 
fracture  and  fatty  lustre,  of  an  agreeable  odor, 
fuses  at  a  gentle  heat,  is  soluble  in  alcohol  and 
ether,  leaving  a  residue  in  the  latter,  scarcely 
soluble  in  fixed  or  volatile  oils.  Of  the  follow- 
ing analyses,  1.  is  by  Bucholz,  2.  by  John,  3,  4, 
and  5.  by  Stoltze,  6.  by  Kopp. 
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I. 

2. 

3.  White. 

4.  Amygdal. 

5.  Brown. 

6. 

Benzoic  acid 

12-5 

12-0 

19-80 

19-42 

19-70 

14-0 

Yellow  resin 

2  83-3 

84-5  $ 

79-83 

27-10 

8-80 

a.     52-0 

Brown  resin 

0-25 

50-53 

69-73 

0.     25-0 

Aromatic  extractive      0-5 

0-5 

— 

025 

0-15 

y.       3  0 

Woody  matter, 

&c.         2-0 

2-0 

— 

2-60 

1-45 

cf.       0-8 

Water  and  loss 

— 

0-25 

0-12 

0-10 

0-17  Impurities  5-2 

100 

100 

100 

100 

100 

Traces  of  volatile  oil  were  found;  Bucholz 
gives  in  addition  to  the  above  (1)  1-7  pr.  ct.  of 
a  balsamic  substance  ;  John  gives  0-75  of  1  pr. 
ct.  of  salts.  The  resin  and  acid  constitute 
nearly  the  whole  mass. 

Resin.  Stoltze  makes  out  two  resins,  a  yel- 
low soluble  in  ether,  a  brown  insoluble  in 
ether.  Unverdorben  finds  3  resins  by  boiling 
benzoin  with  carbonate  of  potassa,  which  dis- 
solves the  acid,  and  the  gamma-resin  leaving 
the  other  two,  of  which  alpha-resin  is  soluble 
in  ether,  beta-resin  insoluble,  a.  soluble  in 
alcohol,  ether,  potassa,  not  in  petroleum  or 
ammonia.  Its  metallic  and  earthy  compounds 
are  insol.  in  ether,  0  is  brownish  when 
washed  and  dried,  insoluble  in  ether,  essent. 
oils,  ammonia,  soluble  in  alcohol  and  potassa. 
The  alkaline  solutions  of  a.  and  0  precipitated 
by  an  acid  and  exposed  still  moist  to  the  air, 
change  into  >  ;  they  both  yield  by  distillation 
a  little  empyreumatic  oil,  which  changes  in 
the  air  into  benzoic  acid,  y  is  obtained  by 
precipitating  the  solution  in  carbonate  of  po- 
tassa by  an  acid,  and  washing  out  benzoic  acid 
with  boiling  water.  The  resin  makes  3  pr.  ct. 
of  the  benzoin ;  it  is  dark  brown,  soluble  in 
alcohol,  slightly  in  ether  and  essent.  oils,  not 
in  petroleum  ;  it  is  slightly  acid,  not  decompos- 
ing acetate  of  copper,  but  precipitating  acetate 
of  lead,  and  dissolving  slowly  in  carbonate  of 
potassa. 

According  to  Kopp's  researches,  benzoin  re- 
sin subjected  to  distillation  is  resolved  into 
carbon,  carburetted  hydrogen,  water,  phenole 
and  benzoic  acid.  Thus  4  eq.  of  the  resin 
(C2oHn°4)  =  C8oH44°i6  produce 

3  eq.  benzoic  acid. . .  •C42H18012 

1  eq.  phenole ^12^6^2 

8  carbon +2  water.  (C8)(H202) 
18  defiant  gas CI8H,3 


4  eq.  benzoin  resin. .  .Cg0H14O, 


On  treating  benzoin  with  nitric  acid,  oil  of 
bitter  almonds  and  benzoic  acid  pass  over,  and 
the  residue  contain  carbazotic  and  benzoresinic 
acids,  which  are  converted  into  salts  of  potassa 
and  separated  by  crystallization. 

Benzoresinic  Arid  is  an  amorphous  yellowish 
white  powder,  of  pungent  taste,  very  soluble  in 
alcohol  and  ether,  dissolved  by  sulphuric,  mu- 
riatic, and  nitric  acids,  and  precipitated  un- 
altered by  water;  fuses  at  248°,  subliming  with 
partial  decomposition  at  a  higher  temperature. 
The  alkaline  salts  are  yellow  and  amorphous  ; 
the  salts  of  potassa  may  be  obtained  crystal- 
line; this  salt  precipitates  metallic  salts,  those 
of  lead  sulphur-yellow,  of  silver  brownish  yel- 
low, of  copper  bright  green,  of  alumina  pure 
yellow,  of  peroxide  of  iron  yellowish  white,  of 
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protoxide  of  iron  yellowish  green.  Chan.  Gaz. 
February,  1844. 

Taking  these  together  as  resin  of  benzoin,  it 
is  soluble  in  alcohol,  acetic,  sulphuric,  and 
nitric  acids,  in  caustic  alkali;  in  sulphuric, 
with  a  deep  red  color,  from  which  water 
throws  down  red  scales  ;  in  nitric  it  is  violently 
dissolved  and  decomposed,  both  acids  pro- 
ducing finally  artificial  tannin. 

Use.  Employed  to  a  limited  extent  in  medi- 
cine, and  in  fumigations  from  the  agreeable 
odor  which  it  exhales. 

The  following  formulae  are  deduced  from  the 
late  analyses  of  the  3  resins  by  Van  der  Vliet 
and  Mulder,  according  to  their  calculations  : 

y  ^30H20^5 
£  C40H22O9 
a    C70H42°14 

But  Berzelius  shows  that  the  following  for- 
mulae correspond  rather  better  to  the  analyses. 
y  C30H21O5 
0  C40H2IO9 

<*■    C70H42O14 

In  either  case  it  would  appear  that  a.  is  not  a 
single  organic  oxide,  but  a  compound  of  1  eq. 
0-\-  1  eq.  y,  as  shown  by  the  sum  of  0  and 
y  =  ct,  and  hence  benzoin  is  a  chemical  com- 
poundI  of  0-\-  y.  The  9  eq.  of  oxygen  in  0  seem 
to  indicate  that  it  may  consist  of  two  organic 
oxides.  Berz.  Jahrcsb.  xx.  390,  from  Bullet,  d. 
Sc.  Phys.  et.  nat.  en  Neerlande,  i.  208. 

In  Jonston's  experiments  with  benzoin,  oxide 
of  lead  decomposed  it  into  two  resins,  with  the 
formula?  C40H22O9,  and  C40H26O10,  the  former 
of  which  agrees  with  resin  0  above.  Benzoin 
boiled  with  lime,  the  lime  compound  decom- 
posed, and  its  resin  analyzed,  gave  C40H24O9; 
the  resin  from  potassa  gave  C40H22O9;  benzoin 
itself  gave,  after  purification  with  carbonate 
of  potassa,  muriatic  and  acetic  acids,  and  water, 
C40H21Og.  From  the  solution  after  boiling 
with  lime  and  potassa  the  dissolved  resin,  pre- 
cipitated and  purified,  gave  C40H3nO7.  Phil. 
Trans.  1839-40. 

BENZILE.  Chem.  Syn.  Benzule  or  Ben- 
oyl.  (Laurent).  Prep.  Chlorine  gas  is  passed 
over  melted  benzoin  as  long  as  chlorohydric 
acid  escapes.  The  crystalline  mass  which  re- 
mains after  cooling  is  dissolved  in  hot  alcohol, 
which  on  cooling  deposits  crystals  of  pure  ben- 
zile.  It  is  sometimes  found  along  with  ben- 
zoin in  the  residue  of  the  distillation  of  raw  oil 
of  bitter  almonds  with  hydrate  of  lime  and  pro- 
tochloride  of  iron  ;  and  may  easily  be  separated 
from  that  substance  by  crystallization.  2.  A 
simpler  method  is  to  add  2  parts  of  pure  nitric 
acid  to  1  part  of  benzoin,  and  to  expose  this 
mixture  to  a  gentle  heat;  violent  action  ensues 
from  the  escape  of  nitrous  acid,  and  the  ben- 
zile  appears  as  a  colourless  oil  on  the  surface 
of  the  liquid.     (Zinin.) 
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Prop.  Large  sulphur-yellow,  translucent, 
regular  six-sided  prisms,  belonging  to  the  hex- 
agonal system ;  tasteless,  inodorous  ;  melting  at 
about  200°  ;  insoluble  in  water,  soluble  in  alco- 
hol and  ether;  of  the  hardness  of  sugar,  crack- 
ling between  the  teeth  ;  volatile  without  decom- 
position ;  inflammable,  burning  with  a  red 
smoky  flame ;  soluble  in  oil  of  vitriol,  from 
which  it  is  precipitated  by  water;  insoluble  in 
an  aqueous  solution  of  potassa  with  which  it 
may  be  boiled  without  decomposition ;  but  solu- 
ble with  decomposition  in  an  alcoholic  solution 
of  potassa,  to  which  it  gives  a  violet-blue  co- 
lor, while  it  passes  into  benzilic  acid. 

Formula  of  benzile,  C]4H502.  It  has,  there- 
fore, the  composition  of  the  hypothetical  radi- 
cal benzyl. 

Hydrocyanate  of  Benzile.  (Zinin.)  When  a  hot 
solution  of  benzile  in  alcohol  is  mixed  with  an 
equal  bulk  of  anhydrous  prussic  acid,  large 
rhombic  colorless  crystals  of  this  substance  are 
formed.  They  are  insoluble  in  water  and  mu- 
riatic acid,  and  decomposed  by  ammonia  and 
nitric  acid  into  benzile  and  prussic  acid.  Its 
form,  is  C14H502  +  HCy  =  CI6H6N02 ;  hence 
it  consists  of  1  atom  of  benzile,  and  1  atom  of 
prussic  acid. 

Benzilic  Acid.  Prep.  (Licbig.)  By  boiling 
benzoin  or  benzile,  with  a  concentrated  alco- 
holic solution  of  potassa,  in  which  it  dissolves 
easily  with  a  violet-blue  color,  which  disappears 
by  continued  boiling.  The  alkaline  solution  is 
added  as  long  as  it  causes  any  blue  color  after 
the  previous  portion  has  been  decolorized  by 
boiling,  and  the  solution  is  then  carefully  neu- 
tralized by  chlorohydnc  acid,  by  which  means 
a  resinous  matter  is  separated.  To  the  filtered 
solution  is  added  an  excess  of  hydrochloric 
acid,  and  on  cooling  the  benzilic  acid  crys- 
tallizes. 

Prop.  Benzilic  acid  forms  colorless,  trans- 
parent, brilliant,  rhombic  crystals,  sparingly 
soluble  in  cold  water,  in  hot  more  easily;  very 
soluble  in  alcohol  and  ether;  fusible  at  230°, 
not  volatile ;  heated  more  strongly,  it  yields 
benzoic  acid  which  sublimes,  a  violet-colored 
vapor,  which  condenses  to  a  carmine-red  oily 
liquid  and  a  residue  of  carbon  ;  it  burns  with  a 
smoky  flame.  If  brought  in  contact  with  cold 
oil  of  vitriol,  a  lively  carmine-red  color  is  de- 
veloped, which  disappears  by  dilution  and  re- 
turns by  concentration. 

If  to  the  elements  of  2  eq.  benzile  those  of 
2  eq.  water  be  added,  we  have  the  composition 
of  benzilic  acid;  in  which,  however,  one  atom 
of  water  is  basic,  as  it  can  be  replaced  by 
metallic  oxides.     Formula,  C2gHn05+HO. 

The  quantity  of  the  resinous  matter  above- 
mentioned  formed  with  it  is  always  trifling,  and 
most  probably  is  not  essentially  connected  with 
it.  The  oxygen  of  the  atmosphere  seems  to 
have  some  share  in  the  production  of  benzilic 
acid  from  benzoin ;  but  these  reactions  have 
not  yet  been  sufficiently  investigated.  The  red 
oil  obtained  as  above  is  insoluble  in  water, 
soluble  in  alcohol ;  its  color  is  destroyed  by 
potassa,  ammonia  and  nitric  acid,  but  not 
altered  by  sulphuric  or  muriatic  acid. 

Sails.  The  potassa  salt  crystallizes  in  large 
transparent  tables,  readily  soluble  in  alcohol 
and  water,  not  in  ether,  fuses  at  and  congeals 
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again  on  cooling;  by  distillation  it  yields  a 
colorless  volatile  oil  resembling  naphthalin 
in  odor.  The  silver  salt  is  C28Hu06,AgO,and 
forms  a  white  crystalline  powder,  insoluble  in 
water,  slightly  in  hot;  heated  to  212°  it  loses 
nothing  in  weight,  but  changes  to  blue,  and  Bl 
a  higher  heat  evolving  violet  vapors.  The 
lead  salt  is  a  white  crystalline  anhydrous  pow- 
der, slightly  soluble  in  water,  fusing  to  a  red 
liquid  above  212°. 

BENZIMIDE.  {Laurent.)  An  ingredient  of 
the  raw  oil  of  bitter  almonds,  from  which  it 
separates  under  certain  circumstances.  It 
forms  white,  inodorous,  pearly  needles  and 
lamellce,  very  light  and  flocky  ;  insoluble  in 
water,  very  sparingly  soluble  in  alcohol  and 
ether,  rather  more  so  in  pyroxylic  spirit.  It 
melts  at  about  300°;  is  inflammable,  burns 
with  a  red,  smoky  flame ;  and  is  dissolved  and 
decomposed  by  nitric,  hydrochloric,  and  sul- 
phuric acids  ;  the  latter  of  which  is  colored  by 
it  dark  indigo-blue,  or  green,  if  moisture  be 
present.  According  to  Laurent,  it  is  resolved 
by  acids  into  ammonia  and  benzoic  acid;  but, 
for  want  of  material,  his  experiments  are  not  to 
be  considered  decisive.  Formula  C28H1I01N. 
Nothing  is  known  of  the  way  in  which  it  is 
formed ;  but  if  the  formula  be  correct,  it  may 
be  considered  as  anhydrous  benzoate  of  am- 
monia, minus  2  eq.  water. 

BENZOIC  ACID.  Phar.Chem.  Syn.  Flow- 
ers of  Benzoin  or  Benjamin.  Ger.  Benzb'esiinre. 
It  exists  in  benzoin,  many  balsams  (Peru,  Tola, 
Styrax,  &c),  in  urine,  and  is  formed  by  the 
oxidation  and  decomposition  of  several  ben- 
zylic  compounds,  oil  of  bitter  almonds,  hippu- 
ric  acid,  amygdalin,  &c,  by  the  action  of 
potassa  on  oil  of  cinnamon  and  other  essential 
oils,  &c.  &c. 

Prep.  1.  Gum  benzoin,  in  the  form  of  a 
coarse  powder,  either  alone  or  mixed  with  an 
equal  weight  of  sand,  is  spread  upon  the  bot- 
tom of  a  round  vessel  of  cast  or  sheet  iron,  8 
or  9  inches  diameter,  the  sides  of  which 
should  not  be  more  than  2  inches  high.  A 
sheet  of  dry  bibulous  paper  is  stretched  tightly 
over  the  opening,  and  fastened  to  the  sides  of 
the  vessel  by  a  little  paste.  A  hat  made  of 
thick  paper,  and  of  the  common  form  of  a 
man's  hat,  is  made  to  cover  the  whole,  and 
tightly  tied  and  pasted  to  the  sides  of  the  ves- 
sel. The  vessel  is  now  placed  upon  a  sand 
bath  which  is  heated  for  3  —  4  hours,  and 
cooled.  The  vapors  of  the  sublimed  benzoic 
acid  pass  readily  through  the  pores  of  the 
bibulous  paper,  which  retains  the  oil,  and  are 
deposited  in  crystals  upon  the  hat;  the  crystals 
are  prevented  from  falling  back  into  the  iron 
vessel  by  the  paper  which  closes  its  opening; 
the  yield  is  4  per  cent.  (Mohr.)  2.  Equal  parts 
of  finely  powdered  gum  benzoin  and  hydrate 
of  lime  are  most  intimately  mixed,  and  then 
boiled  for  several  hours  in  40  parts  of  water; 
the  filtered  liquid  must  then  be  evaporated  to 
one-fifth  its  volume,  and  treated  with  hydro- 
chloric acid,  when  the  benzoic  acid  will  crys- 
tallize as  the  solution  cools.  If  less  lime  be 
taken,  or  if  a  perfect  admixture  be  neglected, 
the  whole  will  bake  into  a  solid  mass  in  the 
boiling  water  ;  in  this  case,  the  hard  fragments, 
after  the  whole   has   cooled,  must   be   again 
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mixed  with  hydrate  of  lime.  The  acid  obtained 
by  1  and  2  is  purified  either  by  a  second  subli- 
mation, or  being  boiled  in  nitric  acid.  3.  Hip- 
puric  acid  is  boiled  for  one  quarter  of  an  hour 
in  nitric  acid  of  sp.  gr.  1-42,  after  which  water 
is  added,  and  the  solution  allowed  to  crystallize. 

4.  Pulverized  benzoin  resin  is  dissolved, 
with  the  assistance  of  heat,  in  about  an  equal 
volume  of  highly  rectified  alcohol,  and  the  so- 
lution mixed  while  hot,  but  gradually,  with  so 
much  fuming  muriatic  acid  that  the  resin  be- 
gins to  be  precipitated.  The  mass  is  then  sub- 
mitted to  distillation.  The  benzoic  acid  passes 
over  in  the  form  of  benzoic  ether.  The  dis- 
tillation is  carried  on  as  long  as  the  consist- 
ence of  the  mass  admits;  when  it  becomes  too 
thick,  it  is  allowed  to  cool  a  little,  hot  water 
added  to  it,  and  again  distilled  as  long  as  any 
ether  passes  over.  The  water  remaining  in 
the  retort  is,  when  clear,  poured  off  boiling-hot 
from  the  resin ;  on  cooling  it  deposits  benzoic 
acid,  probably  derived  from  the  benzoic  ether. 

The  product  obtained  is  digested  with  caustic 
potassa  until  the  whole  of  the  ether  is  decom- 
posed, finally  heated  to  boiling,  and  saturated 
with  muriatic  acid,  when  the  benzoic  acid  sepa- 
rates in  crystals  on  cooling. 

It  appears  that  the  entire  amount  of  benzoic 
acid  of  the  resin  is  obtained  in  this  manner; 
and  it  may  be  observed,  with  reference  to  the 
pharmaceutical  application,  that  the  acid  so 
prepared  possesses  entirely  the  odor  of  the 
sublimed  acid.  Whether  the  stated  propor- 
tions of  resin,  muriatic  acid,  and  alcohol  are 
the  most  advantageous,  cannot  be  affirmed 
at  present.  (Wohler  in  An.  der  Ch.  u.  Phar. 
Feb.  1844.) 

Prop.  Benzoic  acid  crystallizes  in  soft  white 
scales,  which  are  flexible,  transparent,  and  of 
a  pearly  lustre;  or  in  hexagonal  needles. 
When  pure  it  is  inodorous,  but  if  gently 
warmed  it  smells  like  gum  benzoin  ;  it  usually 
has  a  faint  aromatic  odor;  it  has  a  slightly 
biting  but  sweetish  taste,  produces  a  burning 
sensation  in  the  throat,  reddens  litmus  feebly, 
fuses  at  250°,  sublimes  at  300°  (an  appearance 
of  light  is  frequently  observed  in  the  dark),  boils 
at  462°,  yielding  a  vapor  of  spec.  grav.  4-27, 
burns  with  a  white  smoky  flame  ;  not  changed 
by  being  boiled  with  dilute  nitric  acid,  but  by 
fuming  nitric  acid  it  is  converted  into  a  yellow 
resinous  substance  of  a  strongly  bitter  taste. 
It  is  dissolved  by  concentrated  sulphuric  acid, 
but  falls  upon  the  addition  of  water.  It  is  solu- 
ble in  200  parts  of  cold  water  at  59°  and  25 
parts  of  boiling  water ;  by  boiling  or  evaporat- 
ing its  solution,  a  portion  of  the  acid  vola- 
tilizes with  the  aqueous  vapor;  very  soluble  in 
alcohol,  soluble  in  ether,  in  fixed  and  essential 
oils. 

Composition.  The  anhydrous  silver-salt  gave 
to  Liebig  and  Wohler  the  following  composi- 
tion of  the  anhydrous  acid. 

Analysis.  Equivalent:  Calculated. 

Carbon 74-378  14        84  74-70 

Hydrogen  , .     4-567  5          5  4-36 

Oxygen...    .   21-055  3        24  20-94 


100 


113       100 


Its  formula  is  C14H503,  and  its  symbol  BzO, 
form,  of  the  crystallized  acid,  BzO  -\-  HO, 
(eq.  122). 

Uses.  It  was  formerly  much  more  employed 
in  medicine  than  at  present ;  when  taken  inter- 
nally, it  passes  out  through  the  urine  in  a  short 
time,  converted  into  hippuric  acid.  It  is  far- 
ther used  in  making  the  benzoates,  several 
compounds  of  the  benzylic  series,  &c. 

BENZOATES.  The  combination  of  ben- 
zoic acid  with  the  metallic  oxides  is  usually 
attended  with  the  separation  of  the  water  of 
the  hydrate;  the  benzoates  are  generally  solu- 
ble in  water  and  absolute  alcohol;  the  soluble 
salts  have  a  strong  biting  saline  taste,  and  are 
decomposed  by  most  other  acids  with  the  sepa- 
ration of  benzoic  acid ;  the  same  change  occurs 
with  the  insoluble  salts,  when  the  acid  which 
is  added  forms  a  soluble  salt  with  the  metallic 
oxide.  According  to  Lecanu  and  Serbat,  many 
of  the  benzoates,  which  are  insoluble  in  water, 
are  taken  up  by  hot  solutions  of  the  acetate  of 
potassa  and  soda,  and  of  nitrate  of  soda ;  they  are 
insoluble,  on  the  contrary,  in  solutions  of  nitre, 
and  of  the  sulphate  of  potassa  and  soda.  The 
benzoates  of  the  alkalies  are  decomposed  by 
the  destructive  distillation  into  carbonates,  and 
a  variety  of  new  products.  Exposed  to  a  red 
heat  with  an  excess  of  hydrate  of  lime,  the  acid 
is  decomposed  into  benzole  and  carbonic  acid, 
which  unites  with  the  lime. 

Benzoate  of  Potassa.  Gcr.  Benzoesauies 
Kali.  Crystallizes  with  difficulty  in  fine,  fea- 
thery needles ;  formula  KO,  BzO  +  HO.  With 
an  excess  of  acid  is  formed  a  crystallized  salt, 
requiring  10  parts  of  water  for  solution.  B.  of 
Soda  crystallizes  with  difficulty  in  efflorescing 
needles,  difficultly  soluble  in  alcohol.  The  salt 
of  liihia  dries  to  a  deliquescent  mass.  B.  of 
Ammonia,  NH40,  BzO ;  is  prepared  by  nearly 
saturating  warm  and  strong  caustic  ammonia 
with  benzoic  acid  and  cooling;  it  deposits  in 
feathery  crystals,  very  soluble  in  water,  soluble 
in  absolute  alcohol,  deliquescent  in  moist  air, 
losing  ammonia  in  drying  and  becoming  the 
acid  salt.  The  acid  salt,  by  spontaneous  evapo- 
ration of  the  neutral,  with  loss  of  ammonia, 
forms  large  regular  crystals. 

By  distillation  benzoate  of  ammonia  yields 
Benzonitril.  It  is  a  colorless  oil,  of  a  strong 
and  agreeable  odor  closely  resembling  vol.  oil 
of  bitter  almonds,  of  a  biting  taste,  soluble  in 
100  water  at  212°,  in  every  porportion  in  alco- 
hol and  ether;  spec.  grav.  at  59°  =  1-0073  ;  be- 
gins to  boil  at  374°,  its  constant  boiling  point 
being  375-8°  ;  burns  with  a  white  smoky  flame. 
Form.  CUH5N.  It  is  therefore  isomeric  with 
Laurent's  nitrobenzyl.  Its  formation  from  the 
benzoate  is  thus  shown,  C14H503-}-  NH3=CM 
H5N+3HO;  in  which  respect  it  seems  to  be 
analogous  to  the  formation  of  cyanohydric  acid 
from  formiate  of  ammonia,  C2H034-NH3  = 
C2NH  -\-  3HO,  or  to  that  of  cyanogen  from  oxa- 
late of  ammonia,  C203  -f  NH3  =  C2N  -f  3HO. 
(Fehling  in  An.  der  Ch.  u.  Phar.  xlix.  91.  1844.) 

B.  of  Baryta  and  Strontia  are  sparingly  solu- 
ble in  cold,  but  more  freely  in  boiling  water, 
from  which  they  are  deposited  in  fine  acicular 
crystals. 

B.  of  Lime.  Crystallizes  with  1  eq.  of  water 
of  crystallization,  in  brilliant  flexible  needles  or 
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prisms,  which  require  for  solution  20  parts  of 
cold,  and  somewhat  less  of  boiling  water.  The 
products  obtained  by  the  distillation  of  this  salt 
have  been  examined  by  Peligot  and  Mitscher- 
lich.  Two  fluid  products  are  thus  obtained, 
the  benzone  C]3H50,  and  benzole  C12H6;  then 
naphthalin  C10H4;  the  residue  is  carbon  and 
carbonate  of  lime,  and  carbonic  oxide  is 
evolved.     See  below  under  Benzyl. 

B.  of  Magnesia  crystallizes  in  feathery  needles, 
very  soluble  in  water,  efflorescent  in  air. 

B.  of  Alumina.  Formed  by  adding  the  alka- 
line benzoates  to  the  salts  of  alumina,  a  crys- 
talline precipitate,  which  is  redissolved  by  heat. 

Benzoates  of  glucina,  yttria,  and  zirconia,  are 
sparingly  soluble  gelatinous  precipitates. 

Protobenz. of  Manganese.  Transparent  needles, 
unchangeable  in  the  air,  soluble  in  20  parts 
cold  water,  difficultly  soluble  in  alcohol. 

Protobenz.  of  Bon.  Crystallizes  in  needles, 
efflorescent,  and  becoming  yellow  in  the  air, 
soluble  in  water  and  alcohol. 

Perbenz.  of  Iron.  Fe203, 3BzO.  The  neutral 
salt  may  be  obtained  in  crystals,  which  are  dis- 
solved in  water  and  alcohol,  with  the  separation 
of  a  basic  salt;  salts  of  the  peroxide  of  iron,  to 
the  solutions  of  which  so  much  ammonia  has 
been  added,  that  they  lose  their  acid  reaction 
and  appear  yellow,  precipitate  with  a  neutral 
alkaline  benzoate  a  reddish  white  basic  salt;  or 
if  an  excess  of  ammonia  has  been  used,  the  so- 
lution appears  red,  and  a  slight  precipitate  re- 
mains after  some  hours'  repose,  a  yellowish 
brown  precipitate,  which  is  still  more  basic  and 
insoluble  in  water;  it  falls  as  a  bulky  gelatinous 
mass,  which,  when  dried  and  exposed  to  a  red 
heat,  leaves  25  per  cent,  of  peroxide  of  iron,  in- 
dicating the  formula  2Fe203,  3BzO-f  12HO. 
The  former  reddish  white  voluminous  precipi- 
tate is  decomposed  by  washing  with  hot  water, 
when  a  soluble  acid  benzoate  of  the  peroxide  of 
iron  is  dissolved,  and  the  yellowish  brown  basic 
compound  left;  the  decomposition  is  prevented 
by  washing  first  with  an  aqueous  then  an  alco- 
holic solution  of  sal-ammoniac.  The  benzoate 
of  ammonia  is  sometimes  used  with  the  neces- 
sary precautions  for  separating  peroxide  of 
iron  from  the  oxides  of  manganese,  nickel,  and 
zinc,  which  are  not  precipitated  by  it;  it  can- 
not be  employed  if  the  solution  contain  any  of 
the  proper  earths,  as  these  also  form  very 
sparingly  soluble  salts  with  benzoic  acid. 

B.  of  Nickel  and  Cobalt  are  soluble  and  crys- 
tallizable,  the  former  green,  the  latter  red  ;  and 
form  basic  salts  by  boiling  with  their  hydrates 
or  carbonates.  B.  of  Tin  and  Bismuth  are  white 
precipitates,  the  latter  soluble  in  excess  of  ben- 
zoic acid.  B.  of  Uranium  is  pale  yellow  ;  of 
Copper  green  when  dry,  soluble  in  dilute  acetic 
acid,  insoluble  in  alcohol. 

B.  of  Lead.  A  very  sparingly  soluble  white 
crystalline  powder,  but  soluble  in  acetic  acid, 
from  which  it  may  be  obtained  in  crystals  re- 
sembling benzoic  acid;  it  contains  2  eq.  water, 
the  half  of  which  is  retained  at  212°.  Form. 
PbO,  BzO  -f  2HO.  A  basic  salt  is  obtained 
by  precipitating  a  benzoate  of  the  alkalies  by  the 
diacetate  of  lead  in  the  form  of  a  white  anhy- 
drous insoluble  powder.     Form.  3PbO,  2BzO. 

B.  of  black  oxide  of  Mercury,  a  while,  insoluble, 
caseous  or  crystalline  precipitate.  The  salt  of 
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red  oxide  is  soluble,  but  with  an  cxee-s  of  red 
oxide  forms  a  white  powder,  difficultly  soluble 
in  water  and  alcohol,  sublimes  in  feathery  crj  s 
tals. 

B.  of  Silver.  Dilute  boiling  solutions  of  ;i 
neutral  benzoate  of  an  alkali  and  nitrate  of 
silver  being  mixed,  yield,  as  they  cool,  soft,  flat 
needles  of  a  white  color  and  strong  lustre,  ami 
very  similar  to  benzoic  acid,  which  an'  anhy- 
drous benzoate  of  oxide  of  silver;  i! 
by  exposure  to  light.  Thrown  down  from  con- 
centrated solutions,  it  forms  a  curdy,  crystalline 
mass,  which,  dissolved  in  hot  water,  yields  a 
dark-colored  solution  owing  to  the  reduction 
of  silver ;  the  salt  is  again  deposited  in  the 
described  form.     Formula,  AgOBzO. 

B.  of  Gold  and  Platinum.  Obtained  by  dis- 
solving the  oxides,  precipitated  by  potassa,  in 
a  boiling  mixture  of  acid  and  water;  are  yellow 
crystals,  unalterable  in  air,  sub-soluble  in 
water,  insoluble  in  alcohol.  They  are  proba- 
bly double  salts.  The  salt  of  Palladium  is  a 
white  precipitate,  soluble  in  much  water. 

Decomposition   of   Benzoic  acid  and  Ben- 
zoates. 

Benzoate  of  ammonia  yields,  by  distillation, 
a  compound  called  byFehling  benzonitril  (sec 
above).  Benzoate  of  lime  yields  Benzone  and 
Benzole.  Benzoic  acid  yields  with  anhydrous 
sulphuric  and  nitric  acids,  and  with  chlorine 
and  bromine,  several  distinct  acids,  which  here 
follow : 

1.  Sulphobenzoic  acid.  Syn.  Hyposulphoben- 
zoic  acid.  A  bibasic  acid,  discovered  by  Mits- 
cherlich.  It  is  prepared  by  adding  to  a  solu- 
tion of  acid  sulphobenzoate  of  baryta,  diluted 
sulphuric  acid,  till  the  baryta  is  entirely  pre- 
cipitated. The  filtered  solution  is  evaporated,  at 
first  over  the  open  fire,  and  at  last  in  vacuo  with 
sulphuric  acid,  when  the  sulphobenzoic  acid 
crystallizes.  In  the  formation  of  this  acid  by 
the  action  of  anhydrous  sulphuric  acid  on  ben- 
zoic acid,  2  eq.  sulphuric  acid  and  1  eq.  benzoic 
acid  produce  water  and  sulphobenzoic  acid; 
C]4H503  +  2  S03  =  CUH402  -f  2 SOs+  2  HO. 
Form.  UUH4024-  2  (S03,HO),  or  C14H403-f 
S205-|-2aq. 

It  forms  a  colorless  crystalline  mass,  deli- 
quescent in  a  moist  atmosphere, having  astrong 
sour  taste.  It  bears  a  heat  of  300°  without 
decomposition ;  and  is  not  decomposed  by 
boiling  with  hydrochloric  acid  nor  by  nitric 
acid.  Solutions  of  barytic  salts  cause  in  its 
solution  a  precipitation  of  acid  sulphobenzoate 
of  baryta,  in  crystals,  on  cooling,  if  the  solu- 
tions be  strong. 

Sulphobenzoates.  This  acid  forms  two  series 
of  salts.  The  neutral  salts  contain  2  eq.  me- 
tallic oxide;  the  acid  salts,  dried  at  212°,  1  eq. 
metallic  oxide  and  1  eq.  water.  All  the  salts 
of  this  acid,  when  melted  with  an  excess  of 
hydrate  of  potassa,  leave  a  residue  containing 
a  mixture  of  sulphate,  sulphite,  and  carbonate 
of  potassa. 

The  acid  salt  of  potassa  crystallizes  in  dry 
air  in  crystals  which  are  deliquescent  in  moist 
air ;  the  neutral  salt  forms  large  efflorescent 
crystals.     The  soda  salts  crystallize. 

Acid  Sulphobenzoate  of  Baryta.  The  vapors 
of  anhydrous  sulphuric  acid  are  conducted  into 


BENZOATES. 


BENZOATES. 


a  dry  receiver,  containing  crystallized  benzoic 
acid,  and  surrounded  with  cold  water.  The 
sulphuric  acid  combines  with  the  benzoic  acid, 
forming  a  translucent  mass,  which  is  mixed 
with  water  as  soon  as  the  crystalline  structure 
of  the  benzoic  acid  has  disappeared.  After  the 
acid  liquid,  by  standing,  has  deposited  any 
excess  of  benzoic  acid,  it  is  neutralized  by  car- 
bonate of  baryta,  evaporated  and  mixed  with 
hydrochloric  acid;  when  on  cooling  it  deposits 
the  acid  sulphobenzoate  of  baryta  in  crystals. 
It  may  be  rendered  perfectly  colorless  by 
animal  charcoal,  and  purified  from  muriatic 
acid  by  repeated  crystallization.  It  forms  trans- 
parent, oblique  rhombic  prisms,  generally  twin- 
crystals,  soluble  in  20  parts  of  cold  water  and 
much  less  of  boiling  water.  It  contains  3  eq. 
water  of  crystallization,  which  is  expelled  by  a 
heat  of  212°. 

The  Neutral  Salt  of  Baryta  is  obtained  by  boil- 
ing the  preceding  salt  with  carbonate  of  baryta : 
it  is  more  soluble  than  the  acid  salt ;  difficultly 
crystallizable,  and  bears  a  heat  of  630°  without 
decomposition. 

The  Neutral  Salt  of  Lead  is  obtained  by  mix- 
ing a  hot  dilute  solution  of  the  last  salt  with 
one  of  acetate  of  lead.  It  crystallizes  on  cool- 
ing, in  fine,  white,  silky  needles  arranged  in 
radiated  tufts  ;  very  sparingly  soluble  in  cold, 
more  easily  in  hot  water.  It  contains  2  eq. 
water  of  crystallization. 

The  silver  salt,  similarly  obtained,  is  very 
soluble,  forms  small,  yellowish  crystals,  which 
tose  2  eq.  water  by  drying. 

Fehling  and  others  hold  that  the  acid  in  this 
series  is  CuH403  +  S20.  -f  2  HO,  or  hyposul- 
phuric  acid,  with  the  radical  C14H403;  but  it 
may  be  expressed  by  the  formula,  C14H402-f- 
2  (S03,  HO),  which  agrees  better  with  its  satu- 
rating power,  and  in  which  1  or  2  eq.  of  water 
are  exchanged  in  the  salts  for  1  or  2  eq.  base. 
This  C14H,02  would  therefore  constitute  a  new 
radical.     (Berz.  Jahresb.  xix.  408.) 

2.  Nitrobenzene  acid.  Formed  by  the  action 
of  nitric  acid  on  cinnamic  acid  (Plantamour), 
or  on  benzoic  acid  (Mulder).  Boil  benzoic 
with  nitric  acid  until  the  evolution  of  nitric 
oxide  ceases  ;  the  new  acid  crystallizes  out  on 
cooling,  and  is  purified  by  recrystallization.  It 
forms  tufts  of  needles,  which  lose  nothing  at 
212°,  fuse  at  261°,  beginning  to  sublime  pre- 
viously ;  sublime  wholly  and  without  change 
when  pure;  soluble  in  400  cold,  in  10  boiling 
water,  and  when  in  excess  fuse  under  the  boil- 
ing solution  to  an  oily  liquid,  which  congeals 
on  cooling;  very  soluble  in  alcohol  and  ether; 
sublimes  unchanged  in  chlorine;  soluble  in 
nitric,  muriatic,  and  sulphuric  acids  without 
alteration,  but  when  heated  strongly  in  the  sul- 
phuric it  is  partially  decomposed,  yielding  a 
body  not  further  examined. 

Composition.  C14H5N08,  from  which  Mulder 
deduces  the  formula,  C14H404+ N03+ HO, 
but  Berzelius  points  out  its  resemblance  to  the 
sulphobenzoic  acid,  in  which  the  same  organic 
radical  is  here  combined  with  1  eq.  nitric  acid, 
and  gives  the  more  probable  formula,  C]4H402 
_j_  N05  +  HO,  for  the  crystallized  acid,  and 
C14H402  -+-  AgO,  NO-  for  the  silver  salt.  It  is 
a  strong  acid,  forming  salts  generally  soluble 
in  water  and  alcohol ;  when  dry  and  strongly 


heated,  they  explode;  distilled  at  a  gentle  heat, 
they  yield  nitrobenzid.  The  nitrobenzoates  of 
potassa  and  soda  are  crystalline,  very  soluble ; 
the  ammoniacal  salt  loses  ammonia  by  evapo- 
ration, and  then  crystallizes  in  white  needles, 

.*,.■-  ,  NH.O,  C14H,0„,  NO.? 
with  the  formula +  }|0i  o"h*oJ  NO*  5  °r 
2  (CuH402,  N03)  +  NH40.  The  barytic  salt 
C]4H402  -j-  N05  +  BaO  forms  fine  needles 
with  4  eq.  water,  which  it  loses  at  212°;  the 
strontian  salt,  2 (C14H402,  N05)  +  SrO+  5 HO, 
loses  2  eq.  at  212°,  the  rest  at  266°;  the  lime 
salt,  CuH402-f  N05+  2  HO,  loses  1  eq.  water 
at  266°,  the  other  at  374° ;  the  zinc  salt, 
C14H402  +  N05-f-  5  HO,  crystallizes  in  leaves, 
loses  its  water  at  266° ;  prepared  by  double 
decomposition,  it  precipitates  as  a  gelatinous 
basic  salt;  the  salt  of  manganese  has  4  eq. 
water,  loses  2  at  158°  and  the  others  above 
239°  ;  the  salt  of  peroxide  of  iron,  formed  by 
double  decomposition^  a  flesh-colored  powder, 
anhydrous,  with  the  formula,  3  (C14H402  -f- 
N05)  +  Ee203;  the  lead  salt  formed  by  double 
decomposition  is  basic,  but  by  adding  subace- 
tate  of  lead  to  a  boiling,  moderately-strong 
solution  of  the  acid  it  separates  in  fine  crystals, 
neutral  and  anhydrous;  the  copper  salt  is  a 
blue  powder  with  1  eq.  water ;  the  anhydrous 
silver-salt  is  slightly  soluble,  crystallizing  in 
spangles,  from  which  a  little  acid  sublimes  at 
212° ;  heated  to  392°,  it  yields  nitrobenzid 
largely,  which  can  be  easily  purified  over  car- 
bonate of  lime.     (Berz.  Jahresb.  xx.  287.) 

3.  Benzoic  acid,  with  chlorine  and  bromine. 
Herzog  describes  two  bodies  resulting  from  the 
action  of  chlorine  and  bromine  exposed  to 
the  light  of  the  sun.  With  the  former  a  red- 
dish tough  mass  is  obtained,  which  is  treated 
with  potassa,  the  solution  decolorized  by  animal 
charcoal,  and  nitric  acid  added,  which  precipi- 
tates a  white  crystalline  acid  resembling  the 
benzoic,  but  containing  chlorine  ;  it  fuses  at 
208'4o,  is  slightly  soluble  in  cold,  largely  in 
boiling  water,  in  alcohol  and  ether.  (Berz. 
Jahresb.  xxi.  258.) 

4.  Bromobenzoic  acid.  Prep.  Dry  benzoate 
of  silver  and  bromine,  the  latter  in  an  open 
tube,  are  introduced  into  a  stoppered  bottle, 
which  is  then  closed,  and  the  whole  left  to 
itself  at  the  ordinary  temperature.  The  vapor 
of  bromine  rising  out  of  the  tube  is  absorbed 
by  the  salt,  which  is  decomposed  thereby.  As 
soon  as  the  red  vapors  of  unabsorbed  bromine 
are  seen  in  the  bottle,  the  reaction  is  complete. 
The  mass  is  now  treated  with  ether,  which  dis- 
solves bromobenzoic  acid,  and  leaves  bromide 
of  silver  undissolved.  By  the  evaporation  of 
the  ether,  the  acid  is  obtained  in  the  form  of  a 
brown  oily  matter,  which,  after  a  time,  becomes 
solid  and  crystalline.  It  commonly  contains  a 
little  benzoic  acid  and  an  oily  matter,  to  which 
latter  its  color  is  owing.  To  purify  it,  it  is 
combined  with  potassa,  the  solution  decolorized 
by  animal  charcoal,  and  the  salt  then  decom- 
posed by  nitric  acid,  when  pure  bromobenzoic 
acid  separates.  In  this  process,  when  bromine 
acts  on  benzoate  of  silver,  both  the  benzoic 
acid  and  the  oxide  of  silver  are  decomposed. 
From  2  eq.  oxide  of  silver,  2  eq.  oxygen  pass 
over  to  the  elements  of  the  acid.  Bromide  of 
silver  is  formed,  1  eq.  hydrogen  out  of  2  eq, 
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benzom:. 


benzoic  acid  unites  with  1  eq.  bromine ;  and  is 
separated  as  hydrobromic  acid.  Finally  1  eq. 
bromine  takes  the  place  of  the  hydrogen. 
(C28H10O8  +  Ag2)  +  Br4  =  (C28H9Br08)  + 
2  AgBr  -f-  HBr.  The  anhydrous  bromoben- 
zoic  acid,  which  is  here  formed,  combines 
with  2  eq.  water  when  separated  from  its  salts 
by  a  stronger  acid.  Formula,  C28H9Br08  + 
2  HO. 

A  colorless,  crystalline  mass,  fusible  at  212, 
subliming  at  480°,  with  a  partial  decomposi- 
tion, and  leaving  a  residue  of  carbon ;  sparingly 
soluble  in  water,  very  soluble  in  alcohol,  ether, 
and  pyroxylic  spirit;  inflammable,  burning 
with  a  smoky  flame,  edged  with  green.  Its 
solutions,  added  to  nitrate  of  silver,  produce  no 
precipitate  of  bromide  of  silver. 

It  forms  soluble  salts,  some  of  which  crys- 
tallize, with  the  alkalies,  alkaline  earths,  and 
the  oxides  of  zinc,  cobalt,  nickel,  mercury,  and 
silver;  and  sparingly  soluble  salts  with  oxides 
of  lead  and  copper  and  black  oxide  of  mercury. 
The  bromobenzoate  of  peroxide  of  iron  is  in- 
soluble, and  resembles  the  benzoate  of  that 
oxide. 

BENZOIN.  Chem.  {Robiquet  and  Boutron 
Charlard.)  It  is  produced  by  the  contact  of 
alkalies  with  the  commercial  oil  of  bitter 
almonds ;  but  not  with  the  pure  hyduret  of 
benzyl.  1.  When  the  crude  oil  is  distilled 
with  hydrate  of  lime  and  protochloride  of  iron, 
the  residue  is  a  mixture  of  benzoin  with  lime 
and  hydrated  protoxide  of  iron.  It  is  treated 
with  hydrochloric  acid,  which  dissolves  the 
iron  and  lime  ;  and  the  undissolved  benzoin  is 
purified  by  solution  in  alcohol  with  the  aid  of 
animal  charcoal.  2.  The  crude  oil  is  dissolved 
with  the  aid  of  heat  in  lime  or  baryta-water, 
and  the  solution,  in  a  stoppered-bottle,  is  kept 
for  several  hours  at  the  temperature  of  212°, 
when  it  becomes  filled  with  fine,  snow-white, 
flaky  crystals,  which,  if  dissolved  in  hot  alcohol, 
are  deposited  in  a  state  of  purity  on  cooling. 
3.  The  best  method  of  preparing  it  consists  in 
mixing  a  solution  of  caustic  potassa  in  alcohol, 
with  its  equal  volume  of  crude  oil  of  bitter 
almonds.  After  a  little  time  the  mixed  liquids 
become  apparently  solid  from  the  quantity  of 
small  crystals  of  benzoin  formed  in  them; 
these  must  be  purified  by  crystallization  from 
alcohol.  They  form  transparent,  colorless, 
very  brilliant  prisms,  without  smell  or  taste  ; 
melting  at  about  230°,  volatilizing  unchanged 
at  a  higher  temperature  ;  inflammable,  burning 
with  smoke;  insoluble  in  cold,  little  soluble  in 
hot  water,  more  soluble  in  boiling  than  in  cold 
alcohol.  Benzoin  is  soluble  in  oil  of  vitriol 
with  a  violet-blue  color;  if  the  solution  be 
heated,  becoming  brown,  green,  and  at  last 
black,  with  disengagement  of  sulphurous  acid. 
It  is  insoluble  in  aqueous  solutions  of  the  alka- 
lies. If  melted  with  hydrate  of  potassa,  ben- 
zoate of  ammonia  is  formed,  with  disengage- 
ment of  hydrogen  gas.  An  alcoholic  solution 
of  potassa  dissolves  it  with  a  violet-blue  color ; 
and  if  the  solution  be  boiled,  it  passes  into 
benzilic  acid.  Its  vapor,  passed  through  a  red- 
hot  glass  tube,  is  converted  into  an  oily  sub- 
stance with  the  odor  of  bitter  almonds  (hyduret 
of  benzyl).  It  is  decomposed  by  bromine. 
Chlorine  gas,  when  made  to  act  on  melted 
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benzoin,  deprives    it   of  some    hydrogen,   and 
converts  it  into  benzile. 

The  part  which  hydrocyanic  acid  plays  in 
the  production  of  benzom  by  the  action  of  alka- 
lies on  hyduret  of  benz\  1  is  Still  obscure.     Ii  ls 
certain  that  benzoin  cannot  be  obtained  from 
pure  hyduret  of  benzyl;    but  that  it  ap] 
after  a  few  hours,  when  a  little  h 
acid  is  added  to  a  hot   solution  of  the   pure 
hyduret  in  barytic  water,  if  the  solution  I 
hot.     After  the  separation  of  the  b 
liquid   contains   ammonia  and   bei 
with  a  mere  trace  of  formobenzoic  acid. 

Formula  of  benzoin,  CUH602.  It  is  there- 
fore isomeric  with  hyduret  of  benzyl. 

Hydrobcnzdinumide,  ot  Benzovnamide,  has  the 
same  composition  as  hydrobenzamide.     It  is 
obtained  by  gently  heating  benzoin  with  caustic 
ammonia;  and  forms  a  white,  tasteless,  i 
rous  powder,  volatile  without  decomposition. 

Hydrocyanate  of  Benzoin.  (Ziuiii.)  Prep,  A 
mixture  of  4  pts.  of  oil  of  bitter  almonds,  and 
1  pt.  of  anhydrous  prussic  acid  is  added  to  1 
pt.  of  a  solution  of  caustic  potassa  of 
grav.  1"25,  diluted  with  6  times  its  bulk  of  alco- 
hol. The  whole  should  be  gently  heated 
laid  aside  for  twenty-four  hours,  after  which, 
fine,  white,  flocculent  crystals  form,  which  may 
be  purified  by  crystallization  from  alcohol.  It 
is  difficultly  soluble  in  alcohol  and  ether;  in 
sulphuric  acid  it  dissolves  with  a  green  color; 
in  muriatic  acid,  potash-lye,  and  water,  it  is 
insoluble.  Its  formula  is  C46H18N204 ;  hence 
it  is  formed  of  3  eq.  hyduret  of  benzyl  and  2 
eq.  prussic  acid,  minus  2  eq.  water. 

BENZOLE.  Chem.  Syn.  Benzin,  Mtscktr- 
lich.  First  discovered  by  Faraday  among  the 
products  of  the  destructive  distillation  of 
organic  substances ;  afterwards  noticed  by 
Mitscherlich  as  the  chief  product  of  the  decom- 
position of  crystallized  benzoic  acid  by  hydrate 
of  lime  at  a  high  temperature. 

Prep.  1  part  of  crystallized  benzoic  acid, 
intimately  mixed  with  3  parts  of  slaked  lime,  is 
subjected  to  a  distillation,  and  the  oily  liquid 
obtained  purified  by  re-distillation  with  water, 
or  with  hydrate  of  lime  and  dry  lime. 

Prop.  A  clear,  colorless  liquid  of  a  peculiar, 
ethereal,  agreeable  odor;  boils  at  186°;  spec, 
grav.  in  the  liquid  form  0*85;  in  the  form  of 
vapor  2-738  at  60°.  It  freezes  at  32°  into  a 
crystalline  mass  resembling  loaf-sugar,  which 
melts  again  at  44°.  It  is  insoluble  in  water, 
soluble  in  ether  and  alcohol,  not  altered  by 
hydrated  acids,  not  acted  on  by  potassium, 
which  retains  its  lustre  in  the  liquid.  From  its 
spec.  grav.  in  the  state  of  vapor,  it  appears  to 
contain  3  vols,  hydrogen  and  3  vols,  carbon 
vapor.  Its  formula  is  C2H ;  but  it  is  probable 
that  the  formula  C12H6  represents  its  true  con- 
stitution. It  is  polymeric  with  FonMri.  (which 
see). 

Its  production  from  benzoic  acid  is  thus 
easily  explained;  for  if  from  1  eq.  crystallized 
benzoic  acid  we  take  away  (by  the  lime)  2  eq. 
carbonic  acid,  benzole  remains.  C14H604 — 
C204  =  C12H6=6C2H. 

Decomposition  of  Benzole. 
Sulphobenzide.     {Mitscherlich.)     Benzole  and 
anhydrous  sulphuric  acid  are  brought  together, 
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when  they  form  a  Tiscid  liquid,  without  special 
signs  of  decomposition.  The  compound  dis- 
solves in  a  small  quantity  of  water,  but  by  the 
addition  of  more  water  sulphobenzide  is  pre- 
cipitated, which  may  be  obtained  in  crystals 
by  solution  in  ether  and  spontaneous  evapora- 
tion. Here  1  eq.  sulphuric  acid  and  1  eq.  ben- 
zole produce  1  eq.  water  and  1  sulphobenzide. 
It  is  a  colorless,  inodorous,  indifferent  body, 
melts  at  212°,  and  sublimes  without  decompo- 
sition at  a  higher  temperature;  soluble  in 
strong  acids  without  change ;  unaltered  by 
chlorine  or  bromine  at  common  temperatures, 
bin  decomposed  when  heated  in  them.  Form. 
C12H.S02. 

HypoaiUphobenzidic  Acid.  This  acid  is  con- 
tained in  the  liquid  from  which,  in  the  above 
process,  the  sulphobenzide  has  separated.  It 
is  also  formed  by  dissolving  sulphobenzide  in 
oil  of  vitriol,  and  by  the  action  of  the  fuming 
sulphuric  acid  on  benzole.  It  may  be  con- 
sidered as  composed  of  oil  of  vitriol  and  sul- 
phobenzide, which  explains  its  formation.  It 
is  obtained  pure  by  decomposing  the  hyposul- 
phobenzidate  of  copper  by  sulphuretted  hy- 
drogen. It  forms  a  very  sour  liquid,  which 
crystallizes  when  evaporated  to  the  consistence 
of  syrup,  and  bears  a  heat  of  nearly  400°  with- 
out decomposition.  Formula,  C]2H..S20. ;  but 
it  may  also  be  represented  by  the  formula, 
(C12H5S02)  -4-  S03,  or  a  sulphate  of  sulpho- 
benzide. For  by  dissolving  benzole  in  warm 
oil  of  vitriol  this  acid  is  produced,  containing 
the  eq.  of  water  in  the  sulphuric,  which  may  be 
exchanged  for  other  bases  in  its  salts.    (Berz.) 

Hyposulphobenzidate  of  Baryta.  A  soluble  salt, 
crystallizing  indistinctly.  It  is  obtained  by  dis- 
solving in  fuming  oil  of  vitriol  as  much  ben- 
zole as  it  will  take  up,  mixing  the  solution  with 
water,  filtering  to  separate  the  sulphobenzide, 
and  neutralizing  the  liquid  with  carbonate  of 
baryta.  A  second  filtration  separates  the  sul- 
phate of  baryta  which  is  formed  at  the  same 
time,  and  the  filtered  liquid  contains  the  barytic 
salt  in  question. 

Hyposulphobenzidate  of  Copper.  The  solution 
of  the  preceding  salt  is  accurately  precipitated 
by  sulphate  of  copper,  and  the  sulphate  of 
baryta  separated  by  filtration.  The  filtered 
liquid,  being  evaporated,  yields,  on  cooling, 
large  regular  crystals  of  hyposulphobenzidate 
of  copper.  This  salt  contains  water  of  crys- 
tallization, which  it  loses  at  340°.  It  maybe 
heated  at  430°  without  decomposition.  The 
salts  of  potassa,  soda,  ammonia,  oxides  of  zinc, 
iron,  and  silver  are  crystallizable  compounds. 

Nitrobenzide.  (Mitscherlich,)  Prepared  by 
adding  gradually  to  warm,  red,  and  fuming 
nitric  acid  as  much  benzole  as  it  can  dissolve, 
adding  water,  and  allowing  the  whole  to  cool, 
when  nitrobenzide  precipitates  ;  it  is  washed 
with  water  and  distilled.  It  is  at  60°  a  yellow 
liquid  of  an  intensely  sweet  taste,  and  an  odor 
resembling  oil  of  cinnamon  and  bitter  almonds. 
It  boils  at  415°  ;  spec.  grav.  of  the  liquid  1-209, 
of  the  vapor  -4294.  It  crystallizes  at  38°  in 
needles,  insoluble  in  water,  soluble  in  alcohol 
and  ether  in  every  proportion.  Nitrobenzide 
is  soluble  in  diluted  acids,  from  which  it  is 
precipitated  by  water.  It  is  decomposed  by 
oil  of  vitriol,  but  not  by  alkalies.     Formula, 
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C12H5N04,  which  might  be  expressed  C]2H30 
4-  N03,  resembling  nitrous  ether  with  a  radical 
different  from  ethyl. 

Azobenzide.  (Mitscherlich.)  Nitrobenzide  is 
dissolved  in  alcohol,  and  heated  with  solid 
hydrate  of  potassa:  the  red  solution  which  is 
formed  is  then  distilled.  At  first  alcohol,  then 
azobenzide  distils  over,  and  they  are  collected 
separately.  It  forms  large  red  crystals,  fusible 
at  150°,  boiling  at  380°,  insoluble  in  cold, 
slightly  soluble  in  warm  water,  very  soluble  in 
alcohol  and  ether.     Formula,  C|2H5N. 

Chloride  of  Benzoic.  (Mitscherlich  and  Pcligot.) 
Formed  by  the  action  of  chlorine  gas  on  ben- 
zole aided  by  the  sun's  rays.  The  benzole 
changes  into  a  crystalline  mass  of  chloride  of 
benzole,  which  is  a  colorless  solid,  fusible  at 
270°,  and  boiling  with  partial  decomposition 
at  550°;  insoluble  in  water,  soluble  in  alcohol 
and  ether,  crystallizing  easily  from  the  latter 
solution.     Formula,  C2HC1,  or  C12H6CI6. 

Chlorobenzide.  (Mitscherlich.)  When  the  pre- 
ceding substance  is  distilled,  half  of  its  chlo- 
rine and  hydrogen  are  separated,  especially 
with  the  aid  of  an  alkali,  such  as  hydrate  of 
lime.  It  forms  a  colorless  oily  liquid,  which 
boils  at  about  410°  ;  spec.  grav.  of  the  liquid 
at  45°,  1-457;  of  the  vapor,  6-37;  insoluble  in 
water;  readily  soluble  in  alcohol,  ether,  and 
benzole.     Formula,  C]2H3C13. 

Benzole  forms  corresponding  compounds 
with  bromine  prepared  in  a  similar  manner; 
the  bromide  is  less  soluble  in  alcohol  and 
ether  than  the  chloride. 

BENZONE.  (Mitscherlich  and  Pcligot.)  Syn. 
Carbobenzide,  Mitsch.  It  is  produced  in  the 
distillation  of  benzoate  of  lime.  To  obtain  it, 
the  raw  product  of  the  distillation  of  benzoate 
of  lime  is  heated,  first  in  the  water-bath,  and 
then  gradually  up  to  920°,  as  long  as  benzole 
passes  over.  The  residue  is  then  distilled 
separately.  The  product  is  now  benzone,  hold- 
ing in  solution  a  certain  quantity  of  naphtha- 
line, which,  by  exposure  to  a  cold  of — 5°, 
crystallizes  out,  and  leaves,  according  to  Peli- 
got,  pure  benzone.  Benzone  is  a  colorless  or 
pale-yellow,  viscid,  oily  liquid,  heavier  than 
water.  It  is  decomposed  by  sulphuric  acid  or 
chlorine,  but  not  by  nitric  acid  or  caustic 
potassa.  Form.  C13H-0.  It  may  be  derived 
from  benzole  and  carbonic  acid,  by  the  re- 
moval of  the  elements  of  water;  C12H6 -)- 
C02=  (C12H5+  CO)  +  HO. 

BENZYL.'  Chem.  Syn.  Benzoyl,  Benzule. 
The  hypothetical  radical  of  a  series  of  com- 
pounds, obtained  from  the  volatile  oil  of  bitter 
almonds.  (See  Almond.)  By  oxidation  of  the 
pure  oil,  benzoic  acid  is  produced,  which  forms 
the  benzontcs :  and  by  the  action  of  sulphuric  and 
nitric  acids  and  bromine, sulpho,nitro,  and  bromo- 
benzmc  acids.  See  these  under  Benzoic  Acid. 
By  distilling  benzoic  acid  with  lime,  it  gives 
rise  to  benzole  and  benzone ;  and  from  benzole 
are  formed  sulpho,  nilro,  azo,  and  ehloro-benzide, 
sulpho-benzidic  acid,  and  chloride  of  benzole.  See 
Benzole  and  Benzone.  Benzoate  of  ammo- 
nia yields  by  distillation  bcnzoiulril.  See  under 
Benzoic  acid. 

From  the  hyduret  of  benzyl  (pure  vol.  oil 
of  bitter  almonds)  are  obtained  the  chloride, 
bromide,  iodide,  cyanide,  and  sulphuret  nf  benzyl, 
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■mlc,  formohenzoic  acid,  and  benzoate  of  the 
hyduret:  and  by  its  decomposition  with  am- 
monia, are  produced  kydrohenzamide,  benzhydra- 
mide,  azo  and  nitro-benzyl.  By  the  contact  of 
alkalies  with  the  commercial  or  crude  oil, 
n  is  formed,  which  produces  benzo'inanride 
with  ammonia,  benzile,  by  the  action  of  chlo- 
rine, and  benzilic  acid,  by  an  alcoholic  solution 
of  potassa.  The  compounds  mentioned  in  this 
paragraph  are  described  under  the  present 
article. 

All  these  derivatives  from  the  hyduret  of 
benzyl  are  here  offered  in  a  tabular  form  with 
their  formulce. 

Formula'. 

Benzyl C14H.02,  or  Bz. 

Benzoic  acid,  anhydrous  BzO. 
Benzoic  acid,  hydrate  of  BzO  -)-  aq. 

Hyduret  of  benzyl BzH. 

Chloride         do.'   BzCl. 

Bromide         do BzBr. 

Iodide  do Bzl. 

Sulphuret       do BzS. 

Cyanuret       do BzCy. 

Benzamide     do BzNH2,  or  BzAd. 

Formobenzoic  acid  ....   BzH  -f-  C2H03. 
Benzoate  of  hyduret  of 

benzyl BzO  +  2  BzH. 

Hippuric  acid BzAd-|-  C4H03-f-  aq. 

Sulphobenzoic  acid  ....   O14H40382O5  -f-  2  aq. 
Bromobenzoic  acid  ....   C2sH908Br2  -f-  2  aq. 

Benzole C,2H6. 

Sulphobenzide C14H5,  S02. 

Hyposulphobenzidic  acid C]4H3,  S205. 

Nitrobenzide C12H5N04. 

Azobenzide C12H-N. 

Chlorobenzole C12H6C16. 

Chlorobenzide C12H3CI3. 

Benzone C13H50. 

Hydrobenzamide C42H18N. 

Benzimide C2SHnN3. 

Benzoin C14H602. 

Benzile C14H502. 

Benzilic  acid C28Hn054- aq. 

Hyduret  of  Benzyl. 

Syn.  Volatile  or  essential  oil  of  bitter 
almonds.  Hydrobenzyl.  Get.  Benzoylwasser- 
stoff.  Prep.  For  the  formation  of  the  essential 
oil,  consult  the  articles  Almond  and  At.iyt.da- 
li>-.  Thus  prepared  it  contains  benzoic  acid, 
benzoin,  and  hydrocyanic  acid :  it  is  made  into 
a  thin  paste  by  being  mixed  with  hydrate  of 
lime,  and  a  solution  of  chloride  of  iron,  and  re- 
distilled; the  oil  which  passes  over  is  freed 
from  the  admixture  of  water  by  standing  over 
dry  chloride  of  calcium,  or  freshly  powdered 
quick-lime. 

Prop.  A  transparent  colorless  fluid,  of  a 
strong  peculiar  odor  and  burning  taste  ;  spec. 
grav.  1-043,  refracts  light  strongly,  boils  at 
3o0c  ;  soluble  in  30  parts  of  water  (see  bitter- 
almond  water  under  Amygdalix),  and  mixes 
with  alcohol  and  ether;  its  vapor  is  inflamma- 
ble, and  burns  with  a  brilliant  but  smoky 
flame ;  it  may  be  transmitted  through  red-hot 
glass  tubes  without  decomposition.  By  ex- 
posure to  the  air,  to.  dry  or  moist  oxygen,  it 
absorbs  2  eq.  oxygen,  and  is  converted  into 
hydrated  benzoic  acid ;  the  same  change  is 
effected,  with  the  decomposition  of  water  and 
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the  evolution  of  hydrogen,  by  exposing  it  to  a 
high  temperature  with  hydrate  of  potassa. 
Treated  with  an  alcoholic  solution  of  hydrate 
of  potassa,  it  congeals  in  the  course  of  a  few 
moments  to  a  mass  of  benzoate  of  potassa, 
which  separates,  when  the  alcohol  is  found  to 
contain  an  oily  substance  not  yet  examined. 
By  the  actionof  chlorine  or  bromine, chloride  or 
bromide  of  benzyl,  together  with  chlorohydric 
or  bromohydric  acid  is  formed;  if  water  be 
present,  there  is  formed  at  the  same  time  either 
benzoate  of  hyduret  of  benzyl,  or  benzoic  acid. 
When  gently  heated  with  a  solution  of  am- 
monia, it  is  converted  into  hydro-benzamide. 
It  is  dissolved  by  concentrated  sulphuric  acid 
with  the  aid  of  a  gentle  heat,  but  at  a  higher 
temperature  the  solution  becomes  first  red  and 
then  black,  and  evolves  sulphurous  acid.  It 
unites  with  anhydrous  sulphuric  acid,  forming 
a  peculiar  acid,  which  is  not  precipitated  by 
baryta.  (Mitsckerlidh.)  Nitric  acid  dissolves  the 
hyduret  of  benzyl,  and  converts  it  with  diffi- 
culty into  benzoic  acid.  It  is  poisonous  when 
taken  internally  in  the  pure  state.  Formula, 
C14H602  or  Bz  +  H;  eq.  =  107-68. 

Chloride  of  Benzyl.  (  Wohler  and  Liebig.)  Pre- 
pared by  passing  a  stream  of  chlorine-gas 
through  anhydrous  hyduret  of  benzyl,  as  long 
as  chlorohydric  acid  is  evolved ;  the  liquid 
which  has  acquired  a  yellow  color  is  then 
heated,  to  drive  off  all  free  chlorine,  when  it 
again  becomes  colorless. 

Prop.  A  colorless  liquid  of  a  peculiar  un- 
pleasant odor,  which  attacks  the  eyes;  spec, 
grav.  =  1-196;  the  vapor  is  combustible  and 
burns  with  a  smoky  flame  tinged  with  green; 
it  is  slowly  decomposed  into  chlorohydric  and 
benzoic  acids  by  cold  water,  more  rapidly  by 
hot  water;  added  to  an  alkali,  a  benzoate  of 
the  alkali  and  a  metallic  chloride  are  formed; 
it  may  be  distilled  unaltered  from  anhydrous 
lime  or  baryta,  and  dissolves  sulphur  and 
phosphorus  without  change;  when  brought 
into  contact  with  the  protochloride  of  phos- 
phorus, a  strong  heat  is  developed,  with  the 
formation  of  the  perchloride  of  phosphorus  and 
a  colorless  oily  substance  which  has  not  been 
further  examined.  It  is  decomposed  by  am- 
moniacal  gas  into  benzamide  and  chlorohydric 
acid;  by  alcohol,  into  benzoate  of  oxide  of 
ethyl  and  chlorohydric  acid;  it  mixes  without 
change  with  ether,  and  the  bisulphuret  of 
carbon.     Formula,  C14H502C1,  or  BzCl. 

Bromide  of  Benzyl.  (  [Voider  and  Liebig.)  Prep. 
like  the  chloride.  It  forms  colorless  scaly 
crystals,  which  become  brown  by  exposure  to 
the  air ;  decomposed  by  water  and  the  alkalies, 
in  the  same  manner  as  the  chloride;  dissolves 
without  change  in  ether  and  alcohol.  Form. 
C14H502Br,  or  BzBr. 

Iodide  of  Benzyl.  (Wohler  and  Liebig.)  Prep. 
By  distilling  chloride  of  benzyl  and  iodide  of 
potassium,  when  it  is  obtained  as  a  crystalline 
mass,  colored  brown  by  an  excess  of  iodine. 
When  pure  it  forms  colorless  scaly  crystals, 
which  are  very  fusible  and  become  brown  in 
the  air;  it  is  acted  upon  by  water  and  alkalies 
like  the  preceding  compounds.  Form. 
C14H,02I,  or  Bzl. 

Suljthuret  of  Benzyl.  (Wohler  and  Liebig.)  Prep. 
By  distilling  the  chloride  of  benzyl  with  sul- 
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phuret  of  lead.  It  forms  a  yellow  oil  of  a  soft 
crystalline  mass,  which,  when  cooled,  has  a 
peculiarly  unpleasant  smell;  scarcely  acted 
on  by  boiling  water,  but,  when  treated  with 
solution  of  potassa,  it  is  slowly  converted  into 
benzoic  acid  and  sulphuret  of  potassium;  it  is 
combustible,  and  dissolves  unchanged  in 
alcohol  and  ether.    Form.  C14H502S,  or  BzS. 

Cyanide  of  Benzyl.  (Wohler  and  Liebig.)  Prep. 
by  distilling  chloride  of  benzyl  with  cyanide 
of  mercury.  A  yellow  oil,  which,  when  recti- 
fied, becomes  colorless;  its  smell  is  similar  to 
that  of  cinnamon,  and  it  irritates  the  eyes  vio- 
lently; taste  pungent  and  sweetish,  with  an 
after-taste  of  prussic  acid;  inflammable.  Form. 
C14H3C2Cy,  or  BzCy. 

Benzamide.  (Wohler  and  Liebig.)  Prep.  Form- 
ed by  the  action  of  chloride,  bromide,  or  cyanide 
of  benzyl  with  dry  ammoniacal  gas ;  also  a 
product  of  the  decomposition  of  hippuric  acid 
by  superoxide  of  lead.  (Fehling.)  1.  Chloride 
of  benzyl  is  saturated  with  dry  ammonia,  by 
passing  the  gas  into  it,  taking  out  the  com- 
pound several  times,  crushing  it  and  reacting 
on  it  by  ammonia;  the  white  solid  mass  pro- 
duced, which  is  a  mixture  of  sal-ammoniac 
and  benzamide,  is  finely  powdered,  and  well 
washed  with  cold  water  to  remove  the  sal- 
ammoniac.  The  residue  is  dissolved  in  boil- 
ing water,  and  the  benzamide  crystallizes  on 
cooling.  2.  Hippuric  acid  is  boiled  with  su- 
peroxide of  lead,  when  carbonic  acid  is  dis- 
engaged, and  hippurate  of  lead  and  benzamide 
are  formed,  which  remain  dissolved.  Sulphuric 
acid  is  now  added,  cautiously  avoiding  excess, 
and  the  whole  is  again  boiled  with  a  new  por- 
tion of  superoxide  of  lead.  These  operations 
are  repeated  till  all  the  hippuric  acid  has  been 
destroyed;  and  the  liquid,  when  freed  from  lead, 
yields  crystals  of  benzamide  by  evaporation. 
Chloride  of  benzyl  with  ammonia  produces 
benzamide  and  free  hydrochloric  acid,  which 
is  converted  into  sal-ammoniac  by  the  ammonia 
in  excess ;  BzCl-f- AdH  =  BzAd+ HC1.  Hip- 
puric acid  contains  the  elements  of  fumaric 
acid  and  benzamide  (see  table).  When  boiled 
with  superoxide  of  lead,  the  organic  acid  is 
converted  into  carbonic  acid  and  water,  while 
the  benzamide  is  liberated. 

Prop.  Benzamide  forms  right  rhombic 
prisms,  or  4-sided  pearly  scales.  A  concen- 
trated hot  solution  by  slow  cooling  forms  a 
soft  mass  of  minute  crystals,  which  sponta- 
neously pass  into  scales  of  considerable  size, 
after  some  time.  The  crystals  are  colorless 
and  transparent,  and  melt  at  about  240°.  At 
a  higher  temperature  they  are  volatilized,  pro- 
ducing an  inflammable  vapor.  It  is  sparingly 
soluble  in  cold  water;  freely  and  without 
change  in  hot  water;  soluble  in  alcohol  and 
ether.  Alkalies  and  acids,  water  being  present, 
decompose  benzamide,  with  the  production  of 
benzoic  acid  and  ammonia.  When  benzamide 
is  gently  heated  with  anhydrous  baryta,  a 
violent  reaction  takes  place,  with  disengage- 
ment of  heat.  Benzoate  of  baryta  is  formed; 
ammonia  is  disengaged;  and  a  colorless  oily 
liquid  distils  over,  consisting  chiefly  of  benzole. 
Formula  of  benzamide,  CJ4H7N02,  or  Bz  -f- 
NH2,  or  BzAd. 
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Formobenzoic  Acid.  Syn.  Formiate  of  Hy- 
duret  of  Benzyl.  ( Winkler.)  Prep,  by  dissolv- 
ing commercial  oil  of  bitter  almonds  in  water, 
adding  chlorohydric  acid,  and  evaporating  in 
a  gentle  heat.  The  dry  residue,  consisting  of 
formobenzoic  acid  and  sal-ammoniac, is  treated 
with  ether,  which  dissolves  the  new  acid.  It 
is  obtained  in  crystals  by  evaporating  the  ether, 
and  decolorized  by  animal  charcoal. 

Prop.  A  white  granular  powder,  imperfectly 
crystallized,  or  a  scaly  crystalline  mass,  which 
has  a  strong  sour  taste,  and  a  faint  odor  of 
almonds.  When  heated,  it  melts,  with  disen- 
gagement of  water,  into  an  oily  fluid,  which,  at 
a  higher  temperature,  is  decomposed,  with  a 
pleasant  odor,  like  that  of  hawthorn  blossom, 
and  leaves  behind  a  bulky  coal.  It  is  very 
soluble  in  water,  alcohol,  and  ether;  and  de- 
composes, with  the  aid  of  heat,  the  salts  of 
acetic,  carbonic,  and  benzoic  acids.  Its  aqueous 
solution,  heated  with  superoxide  of  manganese, 
is  resolved  into  carbonic  acid  and  hyduret  of 
benzyl.  The  same  result  ensues  from  the 
action  of  nitric  acid  or  of  chlorine. 

The  formobenzoic  acid  is  produced,  in  the 
process  above  described,  in  the  following 
manner.  The  commercial  oil  of  bitter  almonds 
contains  hydrocyanic  acid  mixed  with  the  pure 
oil  or  hyduret  of  benzyl.  In  contact  with  a 
strong  mineral  acid  and  water,  the  cyanohydric 
acid  (see  that  article)  is  resolved  into  formic 
acid  and  ammonia,  the  former  of  which,  while 
nascent,  unites  with  the  hyduret  of  benzyl  to 
produce  the  new  acid.  Oxidizing  agents,  by 
the  addition  of  2  eq.  oxygen,  convert  the  formic 
acid  into  carbonic  acid  and  water,  while  the 
hyduret  of  benzyl  is  set  free.  Formula  of 
formobenzoic  acid,  C2H03  -\-  C14H602  -(-  HO, 
or  Fo03  +  BzH  +  HO. 

Formobcnzoates.  Metallic  oxides  readily  com- 
bine with  this  acid,  equivalent  to  equivalent, 
forming  neutral  salts.  Those  with  potassa  and 
soda  are  very  soluble,  and  crystallize  with  dif- 
ficulty. Formobenzoate  of  baryta  crystallizes 
in  small,  hard,  transparent  prisms.  The  salt 
of  silver,  obtained  by  mixing  solutions  of 
formobenzoate  of  ammonia  and  nitrate  of 
silver,  appears  as  a  heavy  white  crystalline 
and  granular  precipitate,  which  is  soluble  in 
hot  water,  and  crystallizes  on  cooling  in  small 
anhydrous  scales. 

Benzoate  of  Hyduret  of  Benzyl.  (Robiquet  and 
Boutrou  Charlard.)  It  is  obtained  by  saturating 
common  oil  of  bitter  almonds  with  moist  chlo- 
rine gas.  The  liquid,  after  standing  for  some 
time,  is  converted  into  a  semi-solid  mass  ot 
crystals,  which  are  to  be  washed  with  cold 
ether.  It  forms  a  dazzling  white  crystalline 
powder;  or  short,  thin,  transparent,  and  very 
brilliant  four-sided  prisms,  insoluble  in  water, 
soluble  in  alcohol,  slightly  soluble  in  ether.  It 
dissolves  easily  in  alcohol  saturated  with 
caustic  potassa,  forming  a  colorless  solution, 
out  of  which,  after  a  time,  benzoate  of  potassa 
crystallizes.  It  melts  when  heated,  and  may 
be  sublimed  without  decomposition.  Its  forma- 
tion by  the  action  of  moist  chlorine  on  the  oil 
is  thus  explained  :  the  chlorine  converts  a  part 
of  the  oil  into  hydrated  benzoic  acid,  which,  in 
the  nascent  state,  combines  with  another  por 
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lion  of  the  oil.  BzH  -f  2  HO  +  Cl2  =  BzO, 
HO  +  2  HC1.  Formula,  U4,H180s,  which  may 
be  thus  written,  CuH604  +  2  (014HG02),  or 
BzO,  HO  +  2  BzH,  or  1  eq.  benzoic  acid  + 
2  eq.  hyduret  of  benzyl. 

Hyduret  of  Benzyl  and  Ammonia. 

Hydrobenzamide.  [Laurent.)  Prep.  Pure  hy- 
duret of  benzyl  is  mixed  in  a  stoppered  bottle 
with  twenty  times  its  volume  of  concentrated 
ammonia,  and  the  mixture  kept  for  some  hours 
at  a  temperature  of  from  100°  to  120°.  A  crys- 
talline mass  is  formed,  which  is  washed  with 
cold  ether,  and  pure  hydrobenzamide  is  left, 
which  may  be  obtained  in  large  and  regular 
crystals  by  solution  in  alcohol  and  spontaneous 
evaporation.  It  forms  regular  octahedrons  or 
rhombic  prisms,  tasteless,  inodorous,  and  color- 
less; melting  at  230°,  and  burning  with  a  smoky 
flame;  when  distilled,  it  is  decomposed  with  a 
residue  of  carbon.  It  is  insoluble  in  water, 
soluble  in  alcohol,  sparingly  soluble  in  ether; 
the  alcoholic  solution,  by  boiling,  is  resolved 
into  ammonia  and  hyduret  of  benzyl.  When 
heated  with  chlorohydric  acid,  it  is  quickly  and 
easily  resolved  into  hyduret  of  benzyl  and  sal- 
ammoniac.  Hydrate  of  potassa  scarcely  acts 
on  it;  but  it  undergoes  a  spontaneous  decom- 
position by  keeping.  It  is  produced  by  the 
action  of  2  eq.  ammonia  on  3  eq.  of  hyduret  of 
benzyl,  forming  1  eq.  hydrobenzamide,  and  6 
eq.  water.  3  (C,4H602)  -f  2  (NH3)  =  6  HO  + 
(C42H]SN2);  which  last  is  the  formula  of  hy- 
drobenzamide. 

When  the  raw  oil  of  bitter  almonds  is  em- 
ployed instead  of  the  pure  in  this  process,  a 
3rellow  resinous  mass  is  obtained,  which  is  a 
mixture  of  hydrobenzamide,  benzhydramide, 
azobenzyl,  and  nitrobenzyl.  [Ann.  de  Ch.  et 
Ph.  Ixvi.  ISO.) 

]  enzhydramide  has  the  same  composition  as 
hydrobenzamide.  When  the  above-mentioned 
resinous  mass  is  boiled  with  ether,  both  these 
substances  are  dissolved.  By  continued  boil- 
ing, the  hydrobenzamide  is  resolved  into  am- 
monia and  hyduret  of  benzyl.  The  benzhy- 
dramide crystallizes  on  cooling,  mixed  with 
azobenzyl.  Boiling  alcohol  dissolves  the 
former,  leaving  the  latter  undissolved;  and  the 
benzhydramide  is  purified  by  repeated  crystal- 
lization out  of  alcohol.  It  crystallizes  in  rec- 
tangular or  6-sided  prisms,  melts  when  heated 
into  a  transparent  liquid,  which,  when  cold,  is 
not  crystalline.  A  stronger  heat  decomposes 
it.  It  is  not  altered  by  boiling  chlorohydric  acid. 
The  crystals  are  commonly  mixed  with  others, 
whose  form  and  reactions  seem  to  indicate  that 
they  are  a  different  substance. 

Azobenzyl.  The  residue  of  the  preparation 
of  benzhydramide  contains  azobenzyl  and  nitro- 
benzyl. This  residue  is  boiled  with  100  pts.  of 
alcohol,  which,  on  cooling,  deposits  crystals  of 
azobenzyl.  It  forms  a  fine  white  crystalline 
powder,  decomposable  by  heat.  Formula, 
C42H15N2;  according  to  which,  it  may  be 
formed  by  the  action  of  3  eq.  benzyl  and  2  eq. 
ammonia.  3  (C14H.02)  -f  2  NH3  =  6  HO  + 
<^2H15N2. 

Nitrobenzyl.  The  insoluble  residue  of  the 
preparation  of  the  last  substance  is  nitro- 
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benzyl.  It  forms  a  while  tasteless  powder, 
nearly  insoluble  in  alcohol.  By  alkalies  it 
is  converted  into  another  crystalline  body  not 
examined. 

Benzyl  and  Sidphwret  of  Ammonium, 
Hyduret  of  Sulphobenssyl.   By  mixing  sulphuret 

of  ammonium  with  a  solution  of  bitter-almond 
oil  in  10  pts.  warm  alcohol,  it  precipitates  in 
the  form  of  a  white  magma,  which,  when 
washed,  resembles  starch.     Formula,  C..H.8 

+  11S. 

Hyduret  of  Sulphazobenzyl.  It  crystallizes 
from  the  evaporated  alcoholic  solution,  and  has 
the  formula  C63H27NS6. 

Sulp hydrate  of  Azobenzyl.  Formed  by  keep- 
ing a  mixture  of  equal  volumes' of  bitfer-ali 
oil,  sulphuret  of  ammonium,  and  caustic  am- 
monia in  a  closed  bottle  for  several  months  ;  it 
is  crystalline,  soluble  in  boiling  ether,  from 
which  it  crystallizes.     Form.  C14H.-N-r-  IIs- 

The  above  compounds  by  sulphuret  of  am- 
monium were  formed  by  Laurent,  who  disco- 
vered several  others  by  the  action  of  caustic 
ammonia  on  the  crude  oil  of  bitter-almonds. 
The  latter  have  not  been  fully  described. 

Benzyl  Theory. 
The  compound  CI4H502  has  been  viewed 
as  the  organic  radical  of  ihe  benzylic  series 
described  in  several  of  the  preceding  articles, 
but  it  is  evident  that  we  may  regard  benzoic 
acid,  C14H503,  as  a  tritoxideof  a  radical  C]4H.; 
the  two  modes  of  viewing  its  composition  are 
thus  expressed,  the  former  C,  ,H502-f-  O  (BzO), 
the  latter  C14H5+03  (Bz03),  in  which  latter 
case  Bz  is   the  carbohydrogen  C14H3.    Mits- 
cherlich  considers  sublimed  benzoic  acid  as 
j  anhydrous,  and  that  it  is  composed  of  1  eq. 
benzole  C)2H6-f-2eq.  carbonic  acidC204  = 
C14H604 ;  that  by  contact  with  a  base  1  eq.  H 
j  from  benzole  and  1  eq.  O  from  carbonic  acid 
'form  water;  that  an  anhydrous  benzoate  eon- 
j  tains  benzide  012H5  and  oxalic  acid  0203.   The 
j  evidence  is  rather  in  favor  of  the  benzyl  theory, 
:  which  we  have  adopted,  although  the  series  of 
!  compounds   discovered   by  Laurent  with  vol. 
i  almond  oil  and  sulphydrate  of  ammonium  seem 
i  to  prove  that  the  carbohydrogen  C14H5,  is  the 
;  only  compound  that  remains  constant  in  the 
benzylic  series,  and  that  it  is  therefore  the  true 
radical  benzyl.    Berzelius  inclined  to  this  view 
{1'erz.  ('hem.  vol.  vi.  171 — 209)  prior  to  the  dis- 
covery of  Laurent's  compounds. 

The  benzyl  series  may  be  conveniently 
studied  in  the  following  order  of  the  articles: 
Benzoic  acid,  Benzyl,  Benzole,  Benzoin,  and 
Benzile,  with  reference  to  Almond  and  Amyg- 
dalin. 

BERAUNITE.  Min.  Radiated  and  massive, 
with  one  perfect  and  one  imperfect  cleavage. 
H.  =  2  —  2-5.  G.  =  2-878.  Color  hyacinth- 
red,  becoming  darker  by  exposure  ;  translucent 
in  thin  splinters ;  lustre  of  cleavage-face  pearly, 
of  other  surfaces  vitreous;  streak  reddish 
ochrey  yellow.  Heated  in  a  closed  tube,  it 
gives  water;  it  fuses  in  the  platinum-pincette, 
coloring  the  outer  flame  intensely  bluish  green. 
It  contains  water,  phosphoric  acid,  and  peroxide 
of  iron,  without  any  protoxide,  but  its  exact 
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composition  is  unknown.  It  occurs  at  Hrbeck, 
near  Beraun  in  Bohemia.     (Plattner.) 

BERBERIN.  Chem.  A  yellow  coloring 
principle  obtained  from  the  Berberis  vulgaris 
(see  Babbeuri)  by  Buchner  and  Herberger. 
The  rasped  root  is  several  times  extracted  with 
boiling  water,  the  infusion  evaporated  to  an 
extract,  treated  with  alcohol  of  82  per  cent., 
repeated  as  long  as  it  comes  off  with  a  bitter 
taste,  the  greater  part  of  the  alcohol  distilled 
off,  and  the  residue  placed  in  a  cool  posi- 
tion ;  the  impure  berberin,  which  separates,  is 
strained  from  the  mother-liquor,  washed  with  a 
little  cold  water  and  dissolved  in  boiling  water 
to  saturation,  from  which  it  deposits  on  cool- 
ing ;  it  is  then  crystallized  from  a  saturated 
solution  in  boiling  alcohol  several  times,  and 
finally  washed  with  a  little  cold  spirits  of  wine. 
The  fresh  root  yields  1*3  per  cent. 

Prop.  Loose  bright  yellow,  silky  needles,  of 
very  bitter  taste,  soluble  in  500  pts.  water  at  54°, 
in  250  pts.  cold  alcohol;  very  soluble  in  hot 
water  and  alcohol,  soluble  with  warmth  in  fixed 
and  volatile  oils  ;  insoluble  in  ether,  naphtha, 
and  bisulphuret  of  carbon.  The  solutions  are 
neutral.  It  fuses  at  266°  with  decomposition, 
and  between  320°  and  392°  gives  off  the  odor 
of  burned  horn.  Decomposed  by  chlorine,  sul- 
phuric and  nitric  acids,  the  latter  yielding 
oxalic  acid;  in  phosphoric  and  muriatic  acids 
unchanged ;  the  vegetable  acids  dissolve  it 
unaltered;  by  tannic  it  is  precipitated.  With 
the  alkalies  it  yields  brownish  red  salts,  solu- 
ble and  crystallizable  ;  its  aqueous  solution 
precipitates  nearly  all  the  metallic  oxides; 
those  with  mercury,  tin,  silver,  antimony, cobalt, 
manganese,  and  baryta  are  yellow,  with  chlo- 
rides of  iron,  gold,  and  platinum  orange-yellow, 
with  copper  and  nickel  green  ;  it  does  not  pre- 
cipitate with  lime-water,  salts  of  lead,  zinc,  and 
protoxide  of  iron,  but  with  basic  acetate  of  lead. 
It  yields  characteristic  precipitates  with  haloid 
salts,  with  bromide,  iodide,  and  sulphocyanide 
of  potassium  light  yellow,  with  cyanide  reddish 
yellow,  with  prussiate  of  potassa  a  yellowish 
green,  and  with  sulphuret  of  potassium  a  yel- 
lowish brown.  Formula,  C33H]8N012.  The 
crystals  contain  water  which  has  not  been  de- 
termined. 

Berberin  imparts  a  fine  yellow,  without 
mordants,  to  linen,  cotton,  wool,  and  best  to 
silk,  but  it  becomes  brighter  and  faster  by  tin- 
salt. 

BERENGELITE.  Mm.  Solid,  scratched  by 
the  nail,  with  resinous  lustre  and  fracture,  a 
yellow  streak,  a  disagreeable  resinous  odor, 
and  slightly  bitter  taste  ;  is  insoluble  in  water, 
very  soluble  in  alcohol  and  ether ;  and  the 
alcoholic  solution  leaves  by  evaporation  a  soft 
viscid  resin  of  a  clear  red  color;  combines 
with  alkali  to  a  resinate,  which  is  insoluble  as 
long  as  the  solution  contains  an  excess  of 
alkali.     It  consists  of 

Carbon 72-338 

Hydrogen 9-359 

Oxygen 18-303 

Formula,  C41HI6Os. 

It  occurs  similarly  to  the  pitch  locality  of 
Trinidad,  in  large  masses  in  the  province  of 
S;.  Juan  de  Berengela,  Peru,  and  is  employed 


for  paying  boats  and  larger  vessels  and  as  a 
cement  for  buildings. 

BERGAMOT,  Oil  of.  Perfum.  Syn.  Essence 
of  B.  An  essential  oil  obtained  by  pressure 
of  the  outer  yellow  rind  of  a  variety  of  orange 
(Citrus  bergamia),  which  is  cultivated  in 
Southern  Europe.  The  commercial  oil  is  pale 
yellow,  very  fluid,  of  an  agreeable  odor,  spec, 
grav.  0-888,  congeals  a  little  below  32°;  con- 
tains acetic  acid,  from  which  it  is  purified  by 
shaking  with  water  or  an  alkali ;  a  camphor, 
Bergapten,  gradually  deposits  from  it  in  the 
course  of  time.  It  consists  of  at  least  two 
oils,  one  probably  free  from  oxygen,  for,  when 
distilled  with  water,  the  first  portions  passing 
over  contain  2-5  to  5  per  cent,  oxygen,  but  it 
has  not  been  obtained  free  from  the  next  oil 
which  followed ;  the  latter  has  a  spec.  grav. 
0-856,  boils  at  361-4°,  has  the  odor  of  the  crude 
oil;  is  unaltered  by  caustic  potassa, but  passed 
in  vapor  over  ignited  quicklime  yields  a  large 
quantity  of  benzole.  Formula,  C15H130.  From 
a  similarity  of  origin,  we  might  infer  a  close 
relation  in  its  constitution  to  oil  of  lemons, 
and  from  the  above  formula  it  may  be  viewed 
as  a  hydrate  of  oil  of  lemons  (C10H8),  thus 
2(C15H13O)  =  3C10H8+2HO. 

It  unites  with  chlorohydric  acid  gas,  forming 
a  colorless,  neutral  oil,  with  an  odor  similar  to 
that  of  the  liquid  muriate  of  terpentine-oil, 
spec.  grav.  0-896,  boiling  at  365°,  burning  with 
a  smoky,  green-edged  flame.  Its  alcoholic  so- 
lution is  decomposed  by  warming  with  nitrate 
of  silver.  Probable  formula,  C60fi50ClO,  which 
may  be  expressed,  6C10Hg-f  HCl-f-HO,  0r 
6  eq.  oil  of  lemons  with  1  eq.  chlorohydric  acid 
and  1  eq.  water. 

Bergapten.  Formed  in  the  oil  of  begamot 
probably  by  oxidation.  The  deposit  is  sepa- 
rated from  the  oil  by  pressure,  maceration  with 
ether,  and  solution  in  boiling  alcohol.  It  de- 
posits, on  cooling,  in  small  colorless  crystals, 
is  inodorous  and  tasteless,  fuses  at  403-7°,  sub- 
limes unaltered,  burns  with  a  brilliant  flame, 
slightly  soluble  in  cold,  extremely  in  boiling 
alcohol ;  is  colored  red  by  sulphuric  acid  and 
decomposed  by  nitric  without  the  formation  of 
oxalic  acid.  It  unites  neither  with  acids  nor 
bases.     Formula,  C3HO. 

Use.  Oil  of  bergamot  is  employed  in  per- 
fumery, as  an  addition  to  Cologne-water,  &c. 

BERGMANNITE.     Min.     See  Scapolite. 

BERTHIERITE.  Min.  Syn.  Haidingerite. 
Descrip.  Prismatic,  fibrous,  granular,  and  mas- 
sive, resembling  gray  antimony,  but  usually 
less  splendent  a-nd  less  of  a  bluish  tint. 

Behavior.  It  fuses  readily  on  charcoal,  evolv- 
ing antimonial  fumes,  and  when  the  antimony 
is  expelled,  leaving  a  magnetic  slag.  The  slag 
from  the  Briiunsdorf  specimen  gave  the  reac- 
tion of  manganese  with  soda  on  platinum,  and 
on  charcoal,  with  the  inner  flame,  gave  oxide 
of  zinc,  which  became  greenish  by  ignition 
with  cobalt  solution.  Soluble  in  muriatic, 
much  more  readily  in  nitromuriatic  acid. 
(Berz.     Ram.) 

Analysis.  I.  From  Chazelles  in  Auvergne  ; 
2.  from  Martouret-mine  near  Chazelles ;  3.  from 
Anglar  in  Dep.  d.  1.  Creuse,  all  by  Berthier, 
4.  from  Briiunsdorf  -"ear  Freiberg,  by  Ram- 
melsberg : 
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Sulphur 30-3 

Antimony 52-0 

Iron 160 

Zinc 0-3 

Manganese — 

98-6 


The  formulas  for  3  and  4  is  FeS  -f-  SbS3,  and 
by  making  the  sulphobase  equal  in  each,  we 
have  the  composition  of  3  kinds  : 

For  1.  3  FeS  -f  2  SbS3. 

"    3  and  4.  3  FeS  -f  3  SbS3. 
"    2.  3  FeS  +  4  SbS3. 

It  is  possible  that  they  may  all  have  the  for- 
mula of  3  and  4,  mingled  in  1  with  sulphuret 
of  iron  and  in  2  with  sulphuret  of  antimony, 
and  the  large  quantity  of  gangue  in  the  speci- 
mens examined  by  Berthier  rather  strengthens 
this  view;  or  1  may  be  viewed  as  a  compound 
analogous  to  Jamesonite  2  (FeS  -f-  SbS3)  -f- 
FeS.     See  Antimonial  ores. 

BERYL.  Min.  Syn.  Rhombohedral  Eme- 
rald, Mohs ;  Emerald;  Aquamarine  ;  Smaragd. 
Ger.  Edler  u.  Gemeiner  Beryll.  Fr.  Emeraude. 

Description.  Cryst.  system,  Hexagonal ;  the 
hexagonal  prism  M  and  terminal  plane  P  pre- 
dominate, sometimes  combined  with  three 
6-sided  pyramids  of  1st  order,  and  the  most 
acute  having  its  1st  obtuser  pyramid,  a  didode- 
cahedron,  and  a  6-sided  prism  of  the  2d  order. 
M  on  main  6-sided  pyramid  =  119°  53',  P  on 
the  same  =  150°  7'.    P  on  the  more  acute  py- 

l.  2. 

Silica 66-45  67-0 

Alumina 16-75  16-5 

Oxide  of  iron 0-60  1-0 

Glucina 15-50  14-5 

Lime —  0-5 

Oxide  of  chrome — 


BERZELITE. 

2. 

3. 

A  a. 

b. 

28-81 

29-18 

30-575 

31-326 

61-34 

58-65 

54-338 

54-700 

9-85 

12-17 

11-965 

11-432 

— 

— 

trace 

0-737 

— 

— 

0-456 

2-544 

100 

100 

97-834 

100-739 

ramid  =  130°  59'.  Cleaves  parallel  to  M. 
Rarely  occurs  granular. 

H.=  7-5  —  8.     G.=  2-68  —  2-74. 

Color  rich  emerald  green,  light  apple-green, 
passing  into  light  greenish  blue,  yellow  and 
colorless;  lustre  vitreous;  transparent,  sub- 
translucent;  sub-brittle;  fracture  conchoidal, 
uneven. 

Behavior.  A  thin  splint  is  rounded  on  the 
edges  by  a  strong  and  continued  heat,  forming 
a  vesicular  glass ;  the  transparent  becomes 
milk-white  ;  forms  a  colorless  bead  with  borax 
(smaragd  gives  a  slight  greenish  tint  with  both 
fluxes) ;  mic.  salt  dissolves  it  slowly  without 
leaving  a  skeleton  of  silica,  the  piece  diminish- 
ing much  in  size,  and  an  opaline  bead  on  cool- 
ing; dissolves  clear  and  colorless  in  soda; 
cobalt  solution  scarcely  yields  a  blue  color; 
beryl  from  Broddbo  and  Finbo  gives  traces  of 
tin.  Insoluble  in  acids,  but  after  strong  igni- 
tion is  partially  decomposed  by  sulphuric  acid. 

Analysis.    I.  Beryl  from  Siberia,  by  Klaproth ; 

2.  by  Du  Menil ;  and  3.  by  Thomson  ;  4.  from 
Broddbo  by  Berzelius ;  5.  from  Fossum  by 
Scheerer;  6.  Emerald  by  Vauquelin;  7.  by 
Klaproth : 

3.  4.  5. 
66-86         68-35         67-00 
18-41          17-60         19-64 

2-00  0-72  0-53 

12-54         13-13         12-56 

—  —  0-18 


—  —  (0-72)  — 


6. 

7. 

64-40 

68-50 

14-00 

15-75 

— 

1-00 

13-00 

12-50 

2-56 

0-25 

3-50 

0-30 

99-30         99-5 


99-81        100-52 


99-91 


97-46 


98-30 


Form.  (Be203,  4  Si03)  +  2  (A1203,  2  Si03). 
It  would  be  as  close  an  approximation  to  Ber- 
zelius's  analysis  (4)  to  write  more  simply 
(Be203,  3  Si03)  +  2  (A1203,  3  Si03).     {Ram.) 

Locality,  &c.  Emerald  and  beryl  constitute 
one  species,  the  former  being  the  transparent 
varieties  with  a  rich  green  color  due  to  oxide 
of  chrome.  Found  in  primary  rocks.  The 
finest  emeralds  occur  in  limestone  traversing 
hornblende-rock  near  Santa  F6  de  Bogota  in 
Grenada.  They  are  transparent,  of  a  deep 
green  color,  often  perfectly  crystallized,  and  of 
a  large  size.  Fine  specimens  occur  also  in 
Siberia,  in  Upper  Egypt;  at  Canjargum  in 
Hindostan  ;  Salzburg  in  mica  slate. 

The  term  Aquamarine  is  applied  to  emerald 
of  a  sky-blue,  or  mountain-green  color.  The 
heryl  (common)  occurs  at  Finbo,  Broddbo, 
Fossum  in  Sweden  and  Norway;  Bodenmais; 
Rabenstein  in  Bavaria,  &c,  &c. 

In  the  United  States  there  are  numerous 
localities  of  common  beryl,  the  most  remarka- 
ble of  which  are  Acworth,  New  Hampshire, 
and  Royalston,  Massachusetts.  One  6-sided 
prism  from  Acworth  measured  4  feet  in  length. 
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5£  inches  across  its  lateral  planes,  and  weighed 
240  lbs. ;  other  localities  are  Barre,  Pearl  Hill, 
and  Chesterfield,  Massachusetts  ;  Albany,  Nor- 
wich, Streaked  Mountain,  Georgetown,  in  Bow- 
doinham,  Topham,  Maine;  Wilmot,  New 
Hampshire;  Middletown,  Haddam,  Monroe, 
Connecticut;  Leiperville  near  Chester,  Ger- 
mantown,  &c,  Pennsylvania;  Dixon's  Quarry 
near  Wilmington,  Delaware.     (Dana.) 

BERZELINE.  Min.  Minute  white  crystals 
with  vitreous  lustre  on  the  surface  of  fracture, 
translucent;  fuses  with  difficulty  to  a  pale, 
vesicular  glass ;  gelatinizes  with  acids.  Occurs 
near  La  Riccia  in  the  Roman  States.  It  is  pro- 
bably a  zeolite.     (Ram.) 

BERZELITE.  Min.  Three  minerals  have 
received  this  name.  The  mineral  analyzed  by 
Kiihn  is  probably  a  magnesian  Phaumacolite. 
The  same  has  also  been  applied  to  Petalite. 
(See  these).  We  retain  the  name  Berzelite  for 
the  lead-ore  from  Mendiff,  which  has  also  been 
called  Mendiffite. 

Berzelite.  Syn.  Peritomous  Lead-Baryte, 
Mohs;  Mendiffite;   Kerasite. 

Descrip.     Cryst.  System,  Right  Rhombic ;  the 


BETULIN. 


BILE. 


planes  of  prism  =  102°27;  parallel  to  which  it 
cleaves  ;  occurs  in  fibrous  or  columnar  masses, 
often  radiated. 

H.=  2-5— 3.     G.  =  7— 7-1 

Color  yellowish  or  reddish  white  ;  subtrans- 
lucent,  opake,  lustre  pearly  on  planes  of  cleav- 
age ;  streak  white. 

Behavior.  Decrepitates,  fuses  readily,  be- 
coming yellower;  gives  metallic  lead  and  acid 
vapors  ;  with  mic.  salt  and  oxide  of  copper  it 
gives  the  reaction  of  chlorine,  readily  soluble 
in  nitric  acid. 

Analysis.     By  Berzelius. 

Oxide  of  lead 90-20  90-13 

Chlorohydric  acid  6-54  6-84 

Carbonic  acid....  2-63  1-03 

Water 0-63  0-54 

Silica 1-46 


100 


100 


Abstracting  carbonate  of  lead,  silica  and  wa- 
ter, it  is  a  basic  chloride  or  oxychloride  of  lead, 

PbCl-l-2PbO  or  Pb3  \  )Cm 

Local.  It  occurs  at  the  Mendip  hills,  Somer- 
setshire, on  earthy  manganese. 

BETULIN.     See  Birch. 

BEUDANTITE.  Min.  Cryst.  System,  Hex- 
agonal, occurring  only  as  an  obtuse  rhombo- 
hedron  with  terminal  planes;  the  angles  of  the 
rhom.  =  92°30'.  H.  =  4— 4-5.  Color  black; 
lustre  resinous;  in  thin  splinters  translucent, 
and  deep  brown  ;  streak,  greenish  gray  ;  gives 
only  the  reaction  of  oxides  of  iron  and  lead,  of 
which  it  consists.  It  occurs  at  Horhausen  on 
the  Rhine. 

BEZOAR.  Anat.  Rounded  concretions 
from  the  first  stomach  of  different  ruminating 
animals.  They  are  usually  divided  into  Ori- 
ental and  Occidental,  a  division  of  no  import- 
ance. The  Oriental  Bezoar  is  found  in  the 
Copra  Aegagrus  and  the  Gazelle  (Antihpe 
Dorcas).  They  are  spherical  or  oval,  from  the 
size  of  a  pea  to  a  diameter  of  several  inches, 
and  consist  of  thin  concentric  layers  enclosing 
a  central  kernel  of  some  foreign  substance. 
They  are  inodorous  and  tasteless,  almost  in- 
soluble in  water,  alcohol,  and  muriatic  acid, 
soluble  in  caustic  potassa  with  a  brown  color; 
infusible,  evolving  an  agreeable  odor  when 
heated,  and  burning  without  residue. 

Occidental  Bezoar,  derived  from  the  lama,  &c, 
resembles  the  oriental  in  external  characters, 
gives  off  less  odor  by  heat,  and  consists  mainly 
of  phosphate  of  lime  and  a  kind  of  humus  sub- 
stance. The  German  bezoar  is  derived  from 
the  chamois,  and  consists  of  interlaced  vege- 
table fibres  and  hair,  covered  with  dried  mucus. 

It  is  highly  probable  that  bezoars  are  very 
different  in  composition,  containing  cholesterin, 
gall-resin,  fatty  and  coloring  matters,  &c. 
Some,  indeed,  appear  to  consist  almost  wholly 
of  a  peculiar  acid,  such  as  Lithofelinic  and 
Bezoaiuc  acids. 

BEZOARIC  ACID.  An  oriental  bezoar  ex- 
amined by  Lippowitz  was  of  dark  olive-green 
color,  and  consisted  of  a  peculiar  acid  termed 
by  him  Bezoaric  acid.  It  was  dissolved  in  a 
cold  solution  of  potassa,  from  which  chlorohy- 


dric acid  precipitated  stellate  groups  of  minute 
yellowish  crystals.  If  the  solution  be  dilute 
and  hot,  dilute  acid  throws  down  larger  but  still 
microscopic  prisms  pointed  at  each  extremity ; 
but  if  the  solution  be  strong  and  hot,  the  crystals 
have  a  form  resembling  the  letter  S.  The  same 
peculiarities  are  observable  in  cold  solutions, 
but  the  crystals  are  half  the  size. 

Bezoaric  acid  dissolves  in  sulphuric  acid 
with  a  dark  olive-brown  color,  from  which 
water  precipitates  it  crystallized  in  the  curved 
form.  It  dissolves  in  chlorohydric  acid  with  a 
beautiful  color,  resembling  that  of  decomposed 
uric  acid.  Fused  with  potassa,  it  affords  a 
clear  solution  with  water;  the  alkaline  salts  are 
decomposed  by  the  weakest  acids,  and  even  by 
sal-ammoniac.  It  appears  to  contain  little  or  no 
nitrogen.  (Lippowitzin  Ch.  Gaz.  March,  1844.) 
Lippowitz  does  not  point  out  the  difference 
between  it  and  lithofellinic  acid,  but  from  his 
description  the  bezoaric  dissolves  with  diffi- 
culty in  ammonia. 

BI,  BIN.  Prefixes  employed  to  signify  two 
parts  of  the  substance  to  which  the  term  is 
prefixed.  Bi  is  employed  before  a  consonant, 
bin  before  a  vowel.  Thus  bicarbonate  of 
potassa  consists  of  1  eq.  potassa  and  2  eq.  car- 
bonic acid.  Other  compounds  are  bitartrate 
and  binoxalate  of  potassa,  binoxide  of  manga- 
nese, bichloride  of  platinum,  &c. 

BILE.  The  liquid  secreted  by  the  liver  and 
evacuated  through  the  hepatic  duct  into  the 
duodenum.  When  the  latter  is  empty,  the 
orifice  of  the  hepatic  duct  is  closed,  and  the 
secreted  bile  is  made  to  flow  back  through 
the  duct  of  the  gall-bladder  into  the  latter 
vesicle,  in  which  it  then  accumulates  until, 
during  digestion,  the  duodenum  is  expanded 
and  the  bile  allowed  to  flow  both  from  the  liver 
and  the  gall-bladder  through  their  common 
duct  into  the  duodenum  and  mix  with  the  di- 
gesting food. 

Bile  is  a  yellow  or  greenish  yellow  liquid  of 
a  bitter  and  nauseous  taste,  and  of  a  peculiar 
disagreeable  odor.  It  always  contains  in  solu- 
tion a  quantity  of  mucus  derived  from  the  gall- 
bladder, which  renders  it  viscid,  and  sometimes 
capable  of  being  drawn  into  threads.  Thenard 
found  the  specific  gravity  of  ox-gall  to  be  1-026. 
Bileof  birds  is  thinner,and  that  of  fishes  thicker. 
Bile  does  not  coagulate  by  heat. 

The  chemical  nature  of  bile  has  often  been 
the  subject  of  chemical  investigation,  but  with 
such  different  results  that,  although  our  know- 
ledge in  regard  to  this  secretion  has  been  con- 
siderably enlarged,  we  are  at  present,  after 
more  than  thirty  years  laborious  investigations 
by  the  most  eminent  chemists  in  regard  to  a 
true  understanding  of  its  chemical  nature,  left 
at  the  same  point  whence  we  first  started. 

The  property  of  bile  to  froth,  by  shaking, 
and  to  decompose,  by  the  addition  of  acids, 
with  the  precipitation  of  a  resinous  substance, 
induced  chemists  at  first  to  consider  it  as  a 
soap-like  combination.  Fourcroy  observed  the 
precipitation  of  mucus  by  the  addition  of  alco- 
hol, and  considered  it  as  albumen.  Berzelius, 
who  afterwards  (1807)  examined  the  chemical 
nature  of  bile,  called  the  resinous  substance  of 
the  bile,  which  precipitates  by  heating  it  with 
acids,  GallcnstojJ  (biliary  matter).  He  obtained 
2  i)  2  317 


BILE. 


hii.i;. 


it  by  precipitation  with  sulphuric  acid  ami 
subsequent  removal  of  this  acid  from  the  pre- 
cipitate by  digestion  with  carbonate  of  lead  or 
baryta;  but  it  was  afterwards  proved  that  the 
substance  thus  prepared  contained  baryta,  or 
oxide  of  lead  in  chemical  combination.  A.1  ul 
the  same  time  Thenard  separated  the  bile  by 
precipitation,  with  neutral  and  basic  acetate  of 
lead,  into  two  different  substances,  of  which 
he  called  the  one  Gall-resin  and  the  other 
Picromel  (Uu^c,  bitter,  and  /usx,  ho, icy),  from  its 
sweetish  and  bitterish  taste,  and  his  views,  that 
these  two  substances  constituted  the  main 
ingredients  of  bile,  prevailed  for  a  long  time. 
Twenty  years  afterwards  (1828),  L.  Gmelin 
undertook  an  extensive  examination  of  the 
bile.  He  showed  that  Thenard's  gall-resin  and 
picromel  were  no  pure  substances,  but  that 
they  contained  considerable  quantities  of  each 
other,  and  that  a  great  portion  is  not  precipi- 
tated from  the  bile  by  basic  acetate  of  lead,  but 
remains  in  the  solution,  and  which  he,  from  its 
sweetish  taste,  called  bile-sugar.  Gmelin  also 
proved  that  Berzehus's  gallenstoff  contained,  in 
combination,  baryta  or  oxide  of  lead,  according 
to  the  base  used  for  its  preparation,  and  he 
continued  the  idea  of  the  bile  being  mainly  con- 
stituted of  bile-resin  and  bile-sugar.  He  dis- 
covered, besides,  a  number  of  other  substances, 
as  taurin,  cholic  acid,  &c,  which  he  considered 
as  ingredients  of  the  bile. 

Ten  years  later,  Demarcay  showed  that 
Gmelin's  bile-sugar  was,  by  continued  boiling 
with  the  mineral  acids,  converted  into  am- 
monia, taurin,  and  gall-resin,  and  by  long-con- 
tinued boiling  with  potassa,  into  cholic  acid. 
It  was  thus  proved,  that  at  least  some  of  these 
substances  obtained  in  the  analysis  of  bile 
might  be  products  of  decomposition  ;  still  it 
remained  probable  that,  on  the  other  hand,  some 
of  them  might  exist  in  the  bile  from  sponta- 
neous decomposition  before  its  evacuation. 
In  his  general  view  of  the  chemical  nature  of 
bile,  Demarcay  returned  to  the  old  notion,  that 
the  bile  mainly  consisted  of  a  salt  of  soda, 
formed  by  its  combination  with  a  resinous  sub- 
stance, which  dissolved  with  difficulty  in  water, 
and  precipitated  by  the  addition  of  acids.  This 
substance  he  called  choleic  acid  (acide  choleique). 
Demarcay  denied  the  existence  of  Thenard's 
picromel,  or  Gmelin's  bile-sugar,  and  con- 
sidered them  both  identical  with  his  acide 
choleique. 

We  will  now  give  the  main  results  of  a  more 
recent  and  complete,  but  laborious  examination 
of  ox-bile  by  Berzelius,  and  afterwards  add 
some  different  views  and  additions  advanced 
after  him  by  Liebig  and  others. 

According  to  Berzelius,  ox-bile  consists  prin- 
cipally of  a  peculiar  substance,  to  which  he  has 
given  the  name  of  bilin,  and  which  possesses  a 
bitter,  afterwards  sweetish,  taste,  is  soluble  in 
water  and  anhydrous  alcohol,  but  not  in  ether 
nor  in  concentrated  solutions  of  the  carbonated 
or  hydrated  alkalies.  Besides  this,  the  bile 
contains  mucus,  which  may  be  precipitated  by 
alcohol  and  dilute  acids,  one  or  more  coloring 
matters,  cholesterin,  fat,  oleic  and  margaric 
acids,  extractive,  and  salts,  similar  to  those 
contained  in  the  blood.  It  moreover  contains 
i  combination  with  bilin  and  the  fatty 
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acids.     100  parts  of  ox-gall  j  ielded  7*188  solid 

residue,  of  which  the  mucus  only  amoun 
0-251,  cholesterin  only  to  O'OOl;  extractive  solu- 
ble in  alcohol  of  0-833, 0-121,  extractive  insolu- 
ble in  alcohol,  soluble  in  water  0-483. 

It  would  seem,  says  Berzelius  (.7»/>.  L842, 
p.  557),  as  if  the  bile  only  contained  the  above 
ingredients  in  the  first  moment  of  its  separa- 
tion, but  that  it  very  soon,  even  in  the  gall- 
bladder, commences  to  undergo  decomposition. 
The  bilin  is  converted  into  two  acids,  fellinic 
and  colinic  acids,  ammonia  and  taurin.  The 
two  first-mentioned  acids  combine,  in  the  mo- 
ment of  their  formation  with  bilin,  to  bilifellinic 
and  bilicolinic  acids,  which  are  characterized 
by  being  precipitated  by  the  mineral  acids 
added  in  excess  from  their  solution  in  water, 
while  the  bilin,  which  is  not  in  combination 
with  them  remains  in  solution,  and  mav  sub- 
sequently be  extracted  by  alcohol  after  the 
removal  of  the  acid  by  carbonate  of  lime,  if  it 
be  sulphuric  acid,  or  by  carbonate  of  baryta, 
if  it  be  nitric  acid. 

Perfectly  sound  bile,  taken  immediately  after 
the  death  of  the  animal,  and  freed  from  the 
mucus  by  the  addition  of  a  small  portion  of 
sulphuric  acid  and  subsequent  filtration,  may 
be  mixed  with  sulphuric  acid  of  1-6  spec.  grav. 
in  all  proportions  without  precipitation  of  any 
bilifellinic  acid,  which  proves  that  the  decom- 
position of  bilin  has  not  extended  very  far.  No 
taurin  can  be  discovered  in  such  fresh  bile. 

Out  of  the  body  this  decomposition,  on  the 
contrary,  takes  place  rapidly,  if  the  mucus  be 
not  separated  either  by  alcohol  or  an  acid,  as 
it  acts  as  a  ferment,  so  that,  after  the  lapse  of  a 
few  days,  the  addition  of  any  of  the  mineral 
acids  will  produce  a  large  precipitate  of  bili- 
fellinic and  bilicolinic  acids. 

Bile,  when  left  to  itself,  without  previous 
filtration,  for  one  or  more  weeks,  becomes 
darker,  its  yellow  or  yellowish  red  color  chang- 
ing into  green,  and  it  assumes  an  ammoniacal 
and  putrid  smell.  In  this  case  it  contains  dif- 
ferent substances.  Bilin  is  still  contained  in 
it,  but  combined  with  different  acids,  which 
precipitate  by  the  addition  of  even  a  small 
quantity  of  acid,  leaving  scarcely  any  bilin  in 
the  solution.  The  precipitate  is  insoluble  in 
water,  like  that  of  bilifellinic  and  bilicolinic 
acids.  The  contained  acids  are  now  cholic 
and  fellanic  acids,  and  greater  and  smaller 
quantities  of  fellinic  and  cholinic  acids.  The 
bile  now  contains  quite  a  considerable  quantity 
of  taurin. 

The  ox-bile  of  Pharmaceutists  (fel  tav.ri  in- 
spissatum).  Obtained  by  evaporating  common 
ox-gall  to  the  consistence  of  an  extract  without 
previous  separation  of  the  mucus,  suffers 
gradually  the  same  decomposition,  but  it  con- 
tains another  acid  besides  these,  the  cholanic 
acid. 

The  acids  which  thus  are  formed  by  the  pro- 
gressive decomposition  of  the  bilin  in  the  bile, 
are  fellinic  and  cholinic  acids,  next  cholic  and 
fellanic  acids,  and  lastly,  cholanic  acid.  The 
four  first  mentioned  form,  with  bilin,  com- 
pound acids. 

Although  boiling  with  acids  accelerates  the 
decomposition  of  bilin  into  ammonia,  taurin, 
and  fellinic  and  cholinic  acids,  as  shown  by 
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Demarcay's  experiments,  the  presence  of  free 
acid  is  by  no  means  necessary.  The  decom- 
position occurs  even  with  the  presence  of  free 
alkali,  and  both  in  watery  as  well  as  in  alcoholic 
solutions,  although  in  the  latter  much  slower. 
This  is  also  the  cause  of  the  great  differences 
in  the  results  of  the  analyses  of  the  bile  and 
of  the  number  of  ingredients  which  have  been 
found,  but  do  not  exist  in  fresh  bile. 

In  regard  to  the  coloring  matter  of  the  bile, 
it  is  mostly  as  prone  to  decomposition  as  bilin. 
The  green  coloring  matter,  which  Berzelius 
called  biliverdin,  but  which  he  afterwards 
found  to  be  identical  with  chlorophyll,  or  the 
green  coloring  matter  of  leaves  (see  Chloro- 
phyll), does  not  exist  in  fresh  bile.  The  color 
of  fresh  bile  is  not  green  but  yellow  or  reddish 
yellow,  and,  like  bilin,  extremely  prone  to  de- 
composition, so  much  so,  that  it  would  be 
extremely  difficult  of  investigation,  if  it  not 
sometimes  accumulated  in  such  quantity  as  to 
form  a  peculiar  kind  of  biliary  concretions, 
which  have  been  investigated  by  Thenard  and 
L.  Gmelin.  Berzelius  proposes  for  it  the  name 
of  cholepyrrhin  (from  xj»ji,  ^e'  an<^  tvffast 
orange-yellow).  Of  its  metamorphosis,  the  green 
coloring  matter  of  the  bile,  biliverdin,  or  chlo- 
rophyll is  probably  a  product.  Berzelius  found, 
besides,  another  yellow  substance  in  the  bile, 
which  he  called  hilifulvin,  but  he  leaves  it  un- 
decided whether  it  exists  originally  in  the  bile 
or  it  be  a  product  of  its  decomposition. 

We  will  now  give  a  more  detailed  descrip- 
tion of  the  above-mentioned  substances,  accord- 
ing to  Berzelius: 

1.  Bilin.  It  forms  the  main  ingredient  of  the 
bile.  Berzelius  obtained  it  by  evaporating  the 
bile  to  dryness,  pulverizing  the  dry  mass,  and 
extracting  free  fatty  matter  by  ether.  The 
residue  is  then  dissolved  in  anhydrous  alcohol, 
which  leaves  behind  mucus,  chloride  of  sodium, 
and  other  saline  and  organic  matters  insoluble 
in  alcohol,  while  the  main  mass  of  the  bile, 
with  oleale  and  margarate  of  soda  and  the 
coloring  matter  dissolve.  The  alcoholic  solu- 
tion is  then  precipitated  with  a  solution  of 
chloride  of  barium  as  long  as  any  precipitate 
is  produced,  filtered,  and  then,  in  the  same 
way,  precipitated  by  barytic  water,  by  which 
the  solution  becomes  almost  perfectly  colorless. 
The  solution  is  then  freed  from  baryta  by  a 
stream  of  carbonic  acid  gas,  filtered,  evapo- 
rated to  perfect  dryness,  which  may  be  com- 
pleted in  vacuo, redissolved  in  anhydrous  alco- 
hol, which  leaves  behind  the  freshly  formed 
chlorides  of  barium  and  sodium,  and  the  alco- 
holic solution  precipitated  by  sulphuric  acid, 
diluted  first  with  half  its  weight  of  water,  and 
afterwards  with  alcohol,  whereby  the  remain- 
ing bases  of  soda,  baryta,  and  ammonia  are 
precipitated  as  sulphates.  After  complete  pre- 
cipitation, the  solution  is  mixed  in  a  retort  with 
freshly  precipitated  carbonate  of  lead  and  dis- 
tilled, excluding  the  air  as  much  as  possible. 
After  the  distillation  of  most  of  the  alcohol, 
the  solution  is  separated  by  filtration  from  the 
precipitate;  the  small  quantity  of  oxide  of  lead 
which  it  contains  in  solution,  precipitated  by 
sulphuretted  hydrogen,  and  the  solution  evapo- 
rated to  dryness  in  a  water-bath,  and,  for  com- 
plete expulsion  of  the  water,  heated  in  vacuo 


to  from  212°  to  238°.  The  mass  is  then  again 
treated  with  ether,  which  extracts  free  fatty 
acids,  and  freed  from  the  ether  by  placing  it  in 
vacuo  over  sulphuric  acid.  This  substance 
forms  then,  apparently,  a  homogeneous  mass 
of  an  acid  character,  and  constitutes  what 
Berzelius  in  his  earlier  examination  called 
gallenstoff,  but  then  combined  with  baryta.  It 
is  dissolved  in  water  and  digested  well  with 
fine  oxide  of  lead,  added  in  small  portions,  and 
the  solution  filtered  from  the  plaster-like  mass, 
evaporated  to  dryness  in  a  water-bath,  and  dis- 
solved in  anhydrous  alcohol,  without  washing 
the  small  residue  that  remains.  Thus  a  color- 
less solution  is  obtained  which  contains  no 
oxide  of  lead,  is  not  precipitated  by  addition 
of  sulphuric  acid,  and  is  perfectly  neutral  to 
vegetable  colors.  This  solution,  evaporated  in 
vacuo  over  sulphuric  acid,  leaves  the  bilin  in 
its  perfectly  pure  state. 

Bilin  may  also  be  prepared  from  the  precipi- 
tate which  is  obtained  by  digesting  bile  with 
dilute  sulphuric  acid,  by  treating  it  with  ether 
and  afterwards  with  fine  oxide  of  lead,  in  the 
above  detailed  manner.  The  biliverdin  and 
the  fatty  acids  are  then  partly  dissolved  by  the 
ether  and  partly  remain  afterwards  in  combi- 
nation with  the  oxide  of  lead. 

Thus  obtained,  bilin  forms  a  transparent, 
colorless,  or  slightly  yellowish  mas£,  inodorous, 
and  of  a  bitterish  taste.  At  a  temperature 
above  212°  it  swells  up  and  gives  off  water. 
It  is  soluble  in  all  proportions  in  water  and 
alcohol,  but  insoluble  in  ether,  by  the  addition 
of  which,  to  its  alcoholic  solution,  it  precipi- 
tates in  the  form  of  a  magma.  It  is  identical 
with  the  bile-sugar  of  Gmelin.  But  the  crys- 
talline texture  in  which  Gmelin  obtained  it  was 
due  to  its  content  of  acetate  of  soda,  with 
which  it  occurred  so  intimately  mixed  as  to 
render  it  difficult  to  distinguish  them. 

Bilin  is  not  precipitated  from  its  watery  so- 
lutions by  acids,  not  even  by  tannin,  nor  by 
chlorine  passed  through  its  solution,  nor  by 
salts  of  the  alkalies,  the  earths,  or  the  metals ; 
but  when  mixed  with  a  great  excess  of  the 
alkalies  or  their  carbonates  a  semi-liquid  com- 
bination of  bilin  with  the  alkali  is  separated, 
which  is  soluble  in  anhydrous  alcohol. 

Bilin  is  exceedingly  prone  to  decomposition, 
even  in  solid  form.  Acids  and  heat  accelerate 
the  decomposition  very  much.  The  mineral 
acids  cause  a  complete  decomposition,  and 
precipitate  at  the  same  time  several  of  the  pro- 
ducts of  the  decomposition.  The  organic  acids, 
on  thecontrary,decompose  it  only  incompletely, 
and  do  not  cause  any  precipitate.  If  bilin  be 
digested  for  some  time  in  dilute  muriatic  acid, 
a  yellow  oily  substance  separates,  which  in- 
creases on  cooling,  and  which  is  the  first  pro- 
duct of  its  decomposition.  It  still  contains 
bilin,  but  in  combination  with  two  acids,  fel- 
linic  and  colinic  acids  (see  further  below,  under 
Bilifellinic  and  Bilicolinic  acids),  and  which  are 
contained  in  the  combination  obtained  in  the 
preparation  of  the  bilin  by  digestion  with  oxide 
of  lead.  By  continuing  the  digestion,  the  bilin 
is  entirely  decomposed,  the  precipitate  assumes 
a  resinous  character,  and  contains  now  only 
fellinic  and  cholinic  acids  and  dyslysin  (see 
further   below),   while   the   solution   contains 
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ammonia  in  combination  with  the  chlorohydric 
acid,  and  a  crystallizable  substance  called 
taurin. 

2.  Fellinic  acid:  3.  Cholinic  acid;  and,  4.  Dys~ 
lysin.  These  substances  are  obtained  by  digest- 
ing bilin  with  chlorohydric  acid  in  the  above- 
mentioned  way  until  the  resinous  precipitate, 
when  washed  with  water,  does  not  dissolve  in 
fresh  portions  of  warm  water  so  as  to  produce 
a  precipitate  when  added  to  the  original  acid 
solution.  The  resinous  precipitate  is  then 
treated  with  cold  alcohol  of  0-04,  which  dis- 
solves fellinic  and  colinic  acids,  and  leaves 
behind  the  dyslysin. 

Dyslysin  (from  JW,  difficulty,  and  m/m?,  solution) 
is  thus  obtained  as  a  resinous  substance, 
sparingly  soluble  in  boiling  alcohol,  even  when 
anhydrous.  The  latter  deposits  it  by  sponta- 
neous evaporation  as  a  white  earthy  precipi- 
tate, insoluble  in  the  alkaline  carbonates. 

Fellinic  (Fel,  bile)  and  Cholinic  (^ah,  bile) 
acids  are  contained  in  the  alcoholic  solution 
from  the  dyslysin.  They  are  best  separated 
by  adding  to  the  solution  several  times  its  bulk 
of  water  and  leaving  it  to  rest,  by  which  it 
deposits  a  precipitate,  which,  in  preference, 
contains  cholinic  acid,  while  the  solution  re- 
tains most  of  the  fellinic  acid.  The  precipi- 
tate is  treated  with  a  solution  of  carbonate  of 
ammonia,  which  dissolves  fellinic  acid,  while 
cholinic  acid  remains  as  an  acid  salt  in  combi- 
nation with  ammonia  in  the  state  of  a  soft, 
flocculent  precipitate,  resembling  coagulated 
albumen.  The  solution  containing  fellinic 
acid,  combined  with  ammonia,  is  evaporated 
to  dryness,  and  forms  a  yellowish,  transparent, 
hard  mass,  of  a  bitter  taste,  which,  by  cautious 
solution  in  water,  still  leaves  some  residue  of 
supercholinate  of  ammonia.  By  the  addition 
of  chlorohydric  acid  to  the  solution,  fellinic 
acid  separates  as  white  flocks,  which  collect 
and  adhere  to  the  vessel,  and  become  hard  on 
drying,  if  they  contain  bilin,  otherwise  they 
remain  pulverulent. 

Fellinic  acid  is  without  odor,  has  a  bitter  taste, 
fuses  above  212°  to  a  clear  mass,  giving  off,  at 
the  same  time,  a  great  deal  of  water,  and  re- 
maining, after  cooling,  hard,  colorless,  and 
transparent.  By  greater  heat,  it  swells  up, 
takes  fire,  and  burns  like  a  resin,  leaving  a 
porous  coal.  Boiled  in  water,  it  melts  into  a 
white  mass  and  dissolves  to  a  certain  extent, 
separating  again  on  evaporation  in  limpid 
drops.  The  solution  in  water  reddens  litmus- 
paper,  and  has  a  faint  bitterish  taste.  It  is 
easily  soluble  in  alcohol,  even  when  dilute, 
and  the  solution  has  a  pure  bitter  taste  like 
bile.  It  is  more  soluble  in  ether  than  in  water, 
but  less  than  in  alcohol.  Both  from  alcohol 
and  water  it  separates  on  evaporation  in  drops. 

With  the  alkalies,  fellinic  acid  forms  salts, 
which  are  soluble  in  water  and  alcohol,  but 
insoluble  in  ether.  Excess  of  the  caustic  or 
carbonated  alkalies  precipitate  them  com- 
pletely from  their  solution  in  a  plaster-like 
mass.  Fellinatc  of  baryta  is  obtained  by  pre- 
cipitation of  one  of  its  alkaline  salts  by  chlo- 
ride of  barium.  It  is  plaster-like,  and  melts 
into  a  transparent  mass  by  heating ;  is  percep- 
tibly soluble  in  hot  water  and  dissolves  easily 
in  alcohol.  The  salt  of  lead  is  similar  to  it. 
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Cholinic  acid  is  obtained  by  treating  in 
the  same  way  the  obtained  salt  of  ammonia 
with  chlorohydric  acid,  by  which  it  is  con- 
verted into  white  flocks,  which  are  washed, 
and,  on  drying,  become  a  brown,  hard,  and 
easily  pulverizable  mass.  It  melts  easily;  is 
insoluble  in  water,  but  dissolves  easily  in  alco- 
hol; is  sparingly  soluble  in  ether.  With  the 
alkaline  carbonates,  it  forms  combinations  re- 
sembling, in  appearance,  glue,  and  being  but 
very  slightly  soluble  in  water,  but  soluble  in 
alcohol.  Caustic  alkalies  show  little  reaction 
on  fused  cholinic  acid,  but  added  to  its  alcoholic 
solution,  it  forms  combinations  soluble  both  in 
water  and  alcohol.  The  salt  of  baryta  does 
not  agglutinate. 

5.  Bilifellinic  and  6.  Eilicholinic  acids.  These 
two  acids  are  contained  in  the  plaster-like  pre- 
cipitate obtained  in  the  preparation  of  the  bilin 
(see  above)  by  digestion  with  oxide  of  lead. 
This  precipitate  is  washed  with  water,  and  di- 
gested with  an  alkaline  carbonate  for  the  sepa- 
ration of  the  oxide  of  lead,  and  filtered.  A 
solution  is  thus  obtained  resembling  bile  in 
taste  and  odor.  If  this  solution  be  mixed  with 
sulphuric  acid  as  long  as  any  precipitation 
takes  place,  the  plaster-like  precipitate  washed 
with  dilute  sulphuric  acid  and  then  treated 
repeatedly  with  pure  ether,  a  thick  liquid  sepa- 
rates, while  the  ethereal  solution  on  evapora- 
tion leaves  a  brownish  residue,  soluble  in 
alcohol,  and  by  treatment  with  carbonate  of 
ammonia  yields  fellinate  and  cholinate  of  am- 
monia. 

The  syrupy  liquid  separated  from  the  ethereal 
solution  may  be  mixed  with  water  in  all  pro- 
portions, and  has  a  bitter  taste  like  bile. 
Treated  with  oxide  of  lead  it  forms  again  a 
plaster-like  precipitate,  while  bilin  remains  in 
the  solution.  By  repeated  treatment  of  the 
former,  exactly  in  the  same  way  as  before,  with 
carbonate  of  soda,  sulphuric  acid,  and  ether, 
the  whole  may  thus  be  converted  into  bilin  and 
fellinic  and  cholinic  acids.  The  rationale  of 
this  is,  that  bilin  combines  with  fellinic,  and 
probably  also  with  cholinic,  acid  in  two  pro- 
portions, of  which  the  one  is  formed  by  treat- 
ment with  a  base  in  excess,  with  which  it  forms 
an  insoluble  compound.  A  portion  of  bilin  is 
then  liberated  and  remains  in  the  solution  with 
a  small  portion  of  the  basic  lead-salt,  which  is 
separated  by  evaporation  to  dryness,  and  treat- 
ment with  alcohol.  If,  then,  the  combination 
of  the  base  with  these  acids  containing  less 
bilin  be  decomposed  by  sulphuric  acid,  and  the 
separated  compound  treated  with  ether,  the 
latter  takes  up  a  portion,  perhaps  half,  of  the 
acids,  and  leaves  the  other  portion  in  combina- 
tion with  the  whole  of  the  bilin.  It  seems 
somewhat  uncertain  whether  cholinic  acid 
combines  with  bilin,  or  whether  it  merely  fol- 
lows, mechanically,  the  fellinic  acid  in  these 
reactions.  Berzelius  suggests  that  the  bilifel- 
linic acid,  with  both  proportions  of  bilin,  might 
be  combined  to  salts  with  bases,  of  which  those 
of  the  bilifellinic  acid,  with  the  greatest  pro- 
portion of  bilin,  are  soluble  in  water,  and  per- 
haps contained  in  the  gall. 

7.  Biliverdin  {Chlorophyll).  Ger.  Gallengrun. 
Obtained  by  precipitating  an  alcoholic  solution 
of  inspissated  bile  by  a  solution  of  chloride  of 
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barium  added  in  small  portions  as  long  as  any 
precipitate  is  formed,  which  is  separated  by 
nitration,  and  washed  first  with  alcohol  and 
afterwards  with  water.  This  precipitate  of 
biliverdin  with  baryta  is  not  obtained  from  a 
watery  solution  on  account  of  its  solubility  in 
a  watery  solution  of  bilin.  The  above  precipi- 
tate, while  yet  moist,  is  then  treated  with  dilute 
chlorohydric  acid,  which  extracts  the  baryta, 
leaving  biliverdin  behind;  the  latter  is  freed 
from  adhering  fatty  matter  by  ether,  which  also 
dissolves  a  small  portion  of  biliverdin.  The 
remaining  precipitate  is  then  treated  with  cold 
anhydrous  alcohol,  which  dissolves  the  biliver- 
din with  a  greenish  brown  color,  and  deposits 
it  again  on  evaporation.  The  residue  from  the 
solution  in  alcohol  is  soluble  in  alkaline  car- 
bonates and  is  a  combination  of  biliverdin  with 
an  animal  matter. 

Biliverdin  is  of  a  greenish  brown  color,  pul- 
verulent, without  taste,  and  inodorous.  Does 
not  melt  by  heat,  and  yields  no  ammoniacal 
products.  Insoluble  in  water,  soluble  with 
green  color  in  caustic  and  carbonated  alkalies, 
and  again  precipitable  by  the  addition  of  acids. 
The  solution  in  carbonate  of  ammonia  loses 
its  ammonia  by  evaporation.  The  tint  of  its 
green  color  varies.  It  dissolves  in  alcohol; 
addition  of  water  does  not  precipitate  it.  The 
concentrated  alcoholic  solution  is  almost  red 
by  transmitted  light.  Soluble  but  sparingly  in 
ether,  mostly  with  a  red  color.  Combines  with 
fat,  to  which,  as  well  as  to  other  animal  matters, 
it  is  capable  of  imparting  a  green  color,  even 
in  very  small  quantities.  Soluble  in  sulphuric 
and  chlorohydric  acids  with  a  beautiful  green, 
and  in  acetic  acid  with  a  red  color.  Nitric 
acid,  like  the  other  acids,  precipitates  biliverdin, 
from  its  solution  in  alkalies,  but  added  in 
excess  destroys  it.  Biliverdin  is  identical  ivith 
Chlorophyll,  or  the  green  coloring  matter  of 
leaves.  In  the  gall  of  carnivorous  animals  it 
seems  to  have  different  properties,  or  to  be 
combined  with  some  other  coloring  matter. 

8.  Sometimes  a  yellow  coloring  matter  occurs 
suspended  in  the  bile  and  gives  rise  to  a  pecu- 
liar variety  of  biliary  concretions.  Thenard, 
who  first  observed  this  substance  in  human 
bile,  called  it  matiere  jaune  de  la  bile,  and  showed 
its  identity  with  gallstones  from  oxen  and  with 
one  obtained  from  an  elephant. 

According  to  Gmelin,  who  examined  a  gall- 
stone from  an  ox,  the  latter  could  easily  be 
reduced  to  a  reddish  brown  powder.  Boiling 
alcohol  extracted  a  small  portion  of  fat  and 
assumed  a  yellow  color.  Caustic  ammonia 
dissolved  only  a  small  portion.  Caustic  po- 
tassa  proved  the  best  solvent.  The  potassic 
solution  had  a  yellow  color,  and  became 
greenish  brown  by  absorption  of  oxygen  from 
the  air.  With  an  excess  of  nitric  acid  it  shows 
a  reaction  which  is  characteristic  of  it.  If  too 
great  an  amount  of  acid  be  avoided,  and  the 
whole  stirred  at  the  same  time,  the  liquid 
becomes  at  first  green,  then  blue,  violet,  and  at 
last  red,  all  in  the  course  of  a  few  minutes. 
After  some  time  the  red  color  also  disappears, 
the  liquid  becomes  yellow  and  the  coloring 
substance  is  now  entirely  changed.  The  pre- 
sence of  only  a  very  minute  quantity  of  color- 
in0  matter  is  sufficient  to  produce  this  reaction 
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in  a  very  perceptible  degree,  and  it  takes  place 
not  only  with  bile,  but  also  with  serum,  chyle, 
urine,  and  other  fluids  as  soon  as  they,  in  jaun- 
dice, assume  a  yellow  color,  and  affords  there- 
fore the  surest  test  of  the  presence  of  bile,  or 
at  least  its  coloring  matter.  •  Addition  of  chlo- 
rohydric acid  to  the  potassic  solution  precipi- 
tates it  in  dark  green  flocks,  which,  after 
washing  and  drying,  are  again  soluble  in  nitric 
acid  with  a  red  color,  which,  however,  soon 
becomes  yellow;  they  are  also  soluble  in  am- 
monia and  potassa.  The  cause  of  the  change 
in  the  color  of  bile  from  yellow  into  brown  and 
green  seems  to  depend  on  the  oxidation  of  the 
coloring  matter  of  the  bile,  whereby  it  passes 
from  yellow  into  green  and  becomes  easier 
soluble  in  water.  Bile  mixed  with  an  acid, 
and  left  exposed  to  the  air  for  several  days, 
becomes  perfectly  green,  with  absorption  of 
oxygen;  but,  if  the  air  be  perfectly  excluded, 
this  change  does  not  take  place.  Gmelin 
mixed  dog-bile,  which  is  yellowish  brown,  with 
chlorohydric  acid  in  a  sealed  tube  over  mer- 
cury. Thus  protected  from  the  influence  of 
the  air,  the  color  remained  unaltered,  but  on 
admission  of  oxygen,  it  absorbed  half  of  its 
volume  of  the  latter  gas  and  became  green, 
beginning  from  the  surface. 

Biliverdin  is  therefore  most  probably  a  product 
of  the  decomposition  of  this  yellow  coloring  sub- 
stance, for  which  Berzelius  proposes  the  name 
of  Cholepijrrhin  (mifh;,  yellow).  Biliverdin  of 
oxgall  does  not  exhibit  this  change  of  color, 
nor  that  produced  by  nitric  acid.  Chlorine 
produces  the  same  change  of  color  as  nitric 
acid,  but  less  distinctly.  This  change  of  colors 
by  nitric  acid  is  not  only  produced  with  bile 
from  carnivorous  animals,  but  also  from  birds, 
fishes,  and  reptiles,  although  the  color  of  the 
bile  varies  not  only  in  different  animals,  but 
even  in  different  individuals  of  the  same 
animaj. 

9.  Bilifulvin.  This  name  is  given  by  Berze- 
lius to  a  crystallizable  reddish  yellow  sub- 
stance which  is  contained  in  the  precipitate 
obtained  by  barytic  water  after  precipitation 
of  the  alcoholic  solution  of  oxgall  by  chloride 
of  barium  (see  under  Bilin).  The  precipitate 
is  first  washed  with  alcohol,  then  dissolved  in 
water,  and  the  watery  solution  precipitated  by 
acetate  of  lead.  The  precipitate  is  washed, 
decomposed  by  sulphuretted  hydrogen,  and  the 
filtered  solution  evaporated  to  an  extract,  dis- 
solved in  alcohol,  and  left  to  spontaneous 
evaporation,  by  which  bilifulvin  separates  in 
small  reddish  yellow  crystals;  these  are  an 
acid  double  salt  of  soda  and  lime,  with  biliful- 
vinic  acid,  which  forms  a  pale  yellow  pulveru- 
lent mass,  insoluble  in  water  and  alcohol. 

10.  Mucus.  The  bile  contains  much  mucus, 
partly  dissolved,  but  for  the  most  part  in  sus- 
pension, as  a  slimy  mass,  which  is  the  cause 
of  its  property  of  drawing  into  threads  ;  this  is 
not  the  case  after  its  filtration,  by  which  the 
suspended  mucus  remains  on  the  filter.  But 
the  filtered  bile  contains  also  mucus  in  solu- 
tion, which  may  be  precipitated  by  acetic  and 
other  acids,  and  by  alcohol.  If  precipitated  by 
acid  it  retains  a  portion  of  this  in  chemical 
combination.  The  mucus  remaining  on  the 
filter  may  likewise  be  combined  with  acids. 
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Carbonated  alkalies  extract  the  acid,  with- 
out restoring  the  slimy  appearance.  By  a 
small  portion  of  caustic  potassa  or  soda  it 
again  becomes  slimy,  and  may  be  drawn  intp 
threads  ;  by  addition  of  more  alkali  it  becomes 
thin.  When  precipitated  by  acetic  acid  from 
the  bile  it  often  retains  a  portion  of  biliverdin, 
which  may  be  extracted  by  carbonate  of  am- 
monia. Alcohol  does  not  precipitate  it  in  its 
slimy  state,  but  this  is  resumed  on  washing 
with  water,  unless  when  precipitated  by  alcohol 
of  great  strength.  The  mucus  becomes  yellow 
and  transparent  on  drying,  after  which  it  again 
swells  up  in  water,  but  does  not  become  slimy. 
By  the  treatment  of  inspissated  bile  with  alco- 
hol, the  mucus  remains  with  other  residuary 
substances,  but  in  a  coagulated  condition,  and 
cannot  be  recognised.  In  its  moist  state  it 
soon  becomes  putrid,  which  does  not  happen 
with  the  other  ingredients  of  the  bile. 

Gmelin  found  that  by  boiling  washed  mucus 
with  water,  evaporating  the  filtered  solution  to 
dryness,  and  treating  it  with  boiling  alcohol, 
the  latter  dissolved  a  substance  which  partly 
precipitated  on  cooling,  and  partly  separated 
by  evaporation  of  the  alcohol,  as  a  yellowish 
transparent  pellicle.  This  substance  Gmelin 
called  casern.  The  residue  left  by  the  alcohol 
he  considered  as  identical  with  salivary  matter 
orPtyalin  (see  Saliva),  but  they  are  evidently 
products  from  the  decomposition  of  the  mucus 
by  boiling. 

11.  Fat.  The  bile  contains  several  fatty 
matters,  as  common  fat  (not  saponified),  and  as 
fatty  acids,  in  combination  with  soda,  choleslerin, 
and  probably  serolin  and  other  fatty  matters  of 
the  blood.  If  bile  be  evaporated  to  dryness  and 
treated  with  ether,  the  latter  dissolves  common 
fat,  serolin,  cholesterin,  and  a  portion  of  the 
fatty  acids,  the  greater  part  of  which  remains 
in  combination  with  alkali.  The  ethereal  solu- 
tion deposits,  on  evaporation,  cholesterin  in 
foliated  crystals  mixed  with  a  liquid  fat,  which 
may  be  extracted  by  weak  cold  alcohol. 
Stronger  cold  alcohol  dissolves  the  choles- 
terin and  leaves  a  pulverulent  fat,  which  seems 
to  be  serolin.  The  alcohol  deposits  the  cho- 
lesterin in  crystals  by  spontaneous  evapo- 
ration. 

Choleslerin  or  Gall-fat.  We  have  already 
mentioned  that  cholesterin  only  forms  yg^j, 
part  of  common  ox-bile.  The  greater  part  of 
biliary  concretions  are  often  formed  of  this 
substance.     See  Cholesterin. 

12.  Salts  of  the  Bile.  These  are  chloride  of 
sodium,  phosphate,  lactate,  oleate,  margarate, 
and  perhaps  also  cholate  of  potassa,  soda,  and 
ammonia;  soda  exists  also  in  combination 
with  bilin  and  bilifellinic  acid ;  some  phosphate 
of  lime  is  also  contained  in  it.  Of  these, 
chloride  of  sodium  and  the  phosphates  of  soda 
and  lime  remain  undissolved  by  the  treatment 
of  dry  bile  with  anhydrous  alcohol.  Car- 
bonate of  ammonia  is  generally  also  contained 
in  inspissated  bile,  as  kept  for  medicinal  pur- 
poses. 

Action  of  Acids  on  Bile.  By  the  addition  of 
acids  to  bile  the  mucus  is  first  precipitated. 
After  the  separation  of  the  latter,  chlorohydric 
rr  sulphuric  acid  may  be  added  in  any  quan- 
tity without  producing  any  precipitate.  In  the 
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same  way  the  alcoholic  extract  of  bile  may  be 
dissolved  in  sulphuric  acid  diluted  with  I  to  S 

times  its  weight  of  water,  and  mixed  with 
water  in  all  proportions  without  the  separation 
of  any  precipitate.  But  as  soon  as  the  solu- 
tion is  heated,  it  deposits  a  thick  green  liquid 
at  the  bottom,  which,  by  continued  dige 
becomes  more  solid.  If  the  liquid  be  then 
left  for  some  hours  to  cool,  a  viscid  mass, 
which  is  liquid  while  hot,  is  floating  on  the  top, 
and  consists  of  fat,  fatty  acids,  and  cholesterin. 
The  deposit  at  the  bottom  is  bilifellinic  acid, 
and  contains  also  a  chemical  combination  of 
bilin,  with  sulphuric  acid.  The  bilin,  by  diges- 
tion with  the  acid,  has  been  converted  into  bili- 
fellinic acid,  which  is  only  sparingly  soluble 
in  dilute  acid,  and  therefore  precipitates.  This 
precipitate  constitutes  Demarcay's  arid*  cho- 
Icique.  By  continued  digestion  the  bilin,  which 
is  combined  with  sulphuric  acid,  is  first  decom- 
posed, then  the  bilin  of  the  resinous  acids,  and 
at  last  these  only  (fellinic  and  cholinic  acids 
and  dyslysin)  remain  mixed  with  some  fatty 
acids  and  biliverdin.  Chlorohydric  acid  pro- 
duces exactly  similar  results. 

The  soluble  products  which  are  formed  at 
the  same  time  by  this  decomposition  of  the 
bilin  by  acids,  and  which  remain  in  the  solu- 
tion, are  ammonia,  which  combines  with  the 
acid,  and  luurin. 

13.  Taurin  (from  taurus,  ox)  discovered  by 
Gmelin,  and  by  him  at  first  called  gall-aspara- 
gin,  from  its  resemblance  to  asparagin.  Its  oc- 
currence in  perfectly  fresh  bile  is  uncertain. 

Preparation.  Fresh  concentrated  bile  is  freed 
from  mucus  by  chlorohydric  acid,  filtered,  and 
then  boiled  with  chlorohydric  acid  till  perfect 
decomposition  of  the  bilin.  The  resinous  pre- 
cipitate is  then  separated  and  the  acid  solution 
concentrated,  by  which  chloride  of  sodium 
separates.  The  solution  is  then  mixed  with  4 
to  5  times  its  weight  of  hot  alcohol,  and  left  to 
cool,  by  which  the  taurin  separates  in  radiated 
crystals,  which  are  washed  with  alcohol.  The 
acid  solution  may  also  be  evaporated  to  dry- 
ness in  a  water-bath  and  the  chloride  of  sodium 
extracted  by  alcohol  of  0-86  spec.  grav.  The 
remaining  taurin  is  then  dissolved  in  the  least 
possible  quantity  of  boiling  water,  from  which 
it  crystallizes  on  cooling. 

Taurin  crystallizes  in  colorless,  transparent 
regular  six-sided  prisms,  terminated  by  four  or 
six-sided  pyramids,  of  a  sharp  taste,  without 
admixture  of  sweet  or  bitter;  permanent  in  the 
air,  even  when  heated  to  212°.  It  is  perfectly 
neutral.  By  a  higher  temp,  it  melts  to  a  thick 
liquid,  puffs  up,  and  leaves  a  charcoal,  which 
is  easily  incinerated.  By  the  dry  distillation,  it 
yields  oil  and  an  acid-water,  which  contains 
ammonia  and  turns  a  solution  of  salts  of  iron 
red.  At  54°  it  requires  15£  pts.  of  water  for 
its  solution  ;  but  in  boiling  water  it  is  considera- 
bly more  soluble,  and  crystallizes  from  it  on 
cooling.  Alcohol  of  0-835  only  dissolves  -,'„; 
almost  insoluble  in  absolute  alcohol.  Cold 
nitric  acid  dissolves  it  without  alteration.  Its 
solution  in  water  is  not  precipitated  by  chloro- 
hydric acid,  potassa,  ammonia,  alum,  chloride 
of  tin,  sulphate  of  copper,  nitrate  of  black  oxide 
of  mercury,  or  nitrate  of  silver. 

Composition.    Taurin  has  been  analyzed  by 
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Demarcay  and  by  Dumas,  with  corresponding 

results.     It  consists  of 

Atoms.  In  100  parts. 

Carbon 4  19-48 

Hydrogen 7  5-57 

Nitrogen 1  11-27 

Oxygen 10  63-68 

Its  great  content  of  oxygen  is  remarkable  on 
account  of  its  neutral  character. 

Action  of  alkalies  on  Bile.  Demarcay  has  shown 
that  by  boiling  a  solution  of  the  alcoholic  ex- 
tract of  bile  with  caustic  potassa  as  long  as 
ammoniacal  vapors  are  given  off,  replacing 
the  evaporated  water,  from  time  to  time ;  the 
greatest  portion  of  the  bilin  is  converted  into 
cholic  acid. 

14.  Cholic  acid.  Discovered  by  Gmelin.  Pre- 
paration. Berzelius  prescribes  to  precipitate 
the  bile  by  basic  acetate  of  lead,  which  precipi- 
tates all  foreign  matters,  leaving  only  bilin  in 
the  solution,  to  filter  and  precipitate  the  lead 
from  the  filtered  solution  by  carbonate  of  po- 
tassa, and  then  to  boil  it  with  an  excess  of 
caustic  potassa  or  soda  as  long  as  ammoniacal 
vapors  are  given  off.  The  solution  is  then  con- 
centrated till  the  cholate  of  potassa  has  pre- 
cipitated from  the  solution,  which,  after  cool- 
ing, is  poured  off.  The  cholate  of  potassa  is 
then  dissolved  in  water,  and  precipitated  by 
acetic  or  chlorohydric  acid.  The  cholic  acid 
separates  thus  in  white  flocks,  which  soon  be- 
come crystalline,  and  may  easily  be  washed. 

Prop.  Cholic  acid  forms,  after  drying,  a 
coherent  shining  mass,  consisting  of  minute 
crystals  of  a  sweetish  and  acrid  taste.  It  melts 
by  heat  and  burns  with  a  smoky  flame.  By 
the  dry  distillation  it  yields  a  thick  empyreu- 
matic  oil  and  an  ammoniacal  liquor  (Gmelin). 
It  is  only  sparingly  soluble  in  cold  water,  more 
so  in  boiling;  easily  soluble  in  alcohol;  solu- 
ble in  sulphuric  acid,  from  which  it  is  again 
precipitated  by  water.  It  expels  carbonic  acid, 
with  effervescence,  from  the  carbonates. 

According  to  Dumas,  cholic  acid  does  not 
contain  nitrogen,  consisting  of 

In  100  pts.  Atoms.  By  calculation. 

Carbon 68-5  42                 68-8 

Hydrogen...    9-7  36                   9-6 

Oxygen 21-8  10                 21-6 

The  salts  of  cholic  acid  are  generally  solu- 
ble, and  have  a  sweet  taste.  Cholate  of  soda 
forms  a  crystalline  mass  permanent  in  the  air 
and  easily  soluble  in  water.  Cholate  of  ammonia 
becomes  acid  on  evaporation  and  leaves  behind 
a  colorless,  transparent,  gum-like  mass,  easily 
soluble  in  water. 

Decomposition  of  Bile  by  keeping.  Bile  has  a 
great  tendency  to  putrefy,  caused  by  its  content 
of  mucus,  for  it  does  not  take  place  after  its 
separation. 

The  Fel  tauri  inspissatum  of  pharmaceutists, 
made  by  evaporating  ox-bile  in  a  water-bath  to 
an  extract,  undergoes  also  a  change  by  keep- 
ing, which  seems  to  be  different  from  that 
effected  by  acids.  Berzelius,  who  examined  a 
specimen  of  it,  found,  besides  the  usual  pro- 
ducts of  the  decomposition  of  the  bilin,  two 
new  acids,  which  he  called: 

15.  Cholanic,  and,  16.  Fellinic  acids.    These 
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acids  were  obtained  in  the  following  way: 
Extract  of  bile,  8  months  old,  and  yielding  am- 
moniacal vapors  by  the  approach  of  a  glass 
rod,  moistened  with  nitric  acid,  was  completely 
dried  in  a  water-bath,  treated  with  ether,  dis- 
solved in  alcohol,  and  precipitated  by  chloride 
of  barium  and  barytic  water  for  the  separation 
of  the  coloring  matters,  as  described  under 
bilin  ;  the  alcohol  distilled  off,  and  the  remain- 
ing extract  then  dissolved  in  water  and  precipi- 
tated by  acetic  acid,  which  produces  an  abun- 
dant plaster-like  precipitate,  leaving  only  a 
small  amount  of  bilin  in  solution.  The  pre- 
cipitate is  dissolved  in  ammonia,  evaporated  to 
the  consistence  of  honey,  and  then  diluted  with 
100  times  its  volume  of  water  and  boiled  down 
to  i  of  its  volume,  by  which  a  white  precipi- 
tate is  obtained,  which  is  separated  by  filtration, 
dissolved  in  ammonia,  precipitated  by  chloride 
of  barium,  and  the  white  precipitate  obtained 
washed  with  boiling  water,  decomposed  by 
carbonate  of  soda,  and  the  filtered  solution  su- 
persaturated with  chlorohydric  acid,  which  pre- 
cipitates cholanic  acid  in  white  flocks. 

Cholanic  acid  forms  a  white  earthy  powder, 
without  taste,  and  inodorous,  melts  at  a  temp, 
considerably  above  212°,  and  congeals  to  a 
white  transparent  mass.  It  burns  like  a  resin. 
Boiled  in  water  it  does  not  agglutinate,  and  dis- 
solves only  very  sparingly.  Sparingly  soluble 
in  cold,  easily  in  hot  alcohol,  which,  on  cooling, 
deposits  a  small  portion  crystalline.  The  rest 
deposits,  on  evaporation,  as  a  colorless,  trans- 
parent, resinous  mass.  It  is  not  much  soluble 
in  ether,  from  which  it  deposits  crystalline  by 
slow  evaporation. 

It  is  a  feeble  acid,  expels  carbonic  acid  from 
the  alkaline  carbonates,  and  forms  with  them 
colorless,  gum-like  salts,  soluble  in  water  and 
alcohol,  and  insoluble  in  concentrated  solutions 
of  the  alkaline  carbonates  themselves.  Its 
salt  with  ammonia,  is  decomposed  by  boiling, 
and  the  precipitate  contains  some  ammonia. 
The  salt  of  baryta  is  earthy,  insoluble  in  water, 
only  sparingly  soluble  in  alcohol,  and  is  de- 
composed, in  contact  with  it,  by  carbonic  acid 
gas,  into  carbonate  of  baryta  and  an  acid  salt, 
which  remains  in  solution.  Boiling  with  chlo- 
rohydric acid,  decomposes  cholanic  acid. 

Fellanic  acid  is  contained  in  the  solution, 
after  the  precipitation  of  the  cholanic  acid,  by 
dilution  with  water  and  boiling.  The  solution 
is  further  concentrated  and  precipitated  by 
chlorohydric  acid  ;  the  plaster-like  precipitate 
treated  first  with  ether  and  then  water,  which 
leaves  the  fellanic  acid  as  a  white  powder. 

Fellanic  acid,  when  precipitated  by  acids 
from  a  solution  of  one  of  its  salts,  forms  white 
flocks,  which  melt  by  heat  into  a  clear  transpa- 
rent liquid,  solidifying,  on  cooling,  to  a  semi- 
transparent  mass.  After  drying,  it  forms  a 
white  pulverulent  mass,  without  taste,  and  ino- 
dorous. By  dry  distillation,  it  is  mostly  con 
verted  into  an  acid  oil.  It  is  sparingly  soluble 
in  cold  water,  more  so  in  hot,  easily  soluble  in 
alcohol,  from  which  it  crystallizes  by  slow 
evaporation;  slightly  soluble  in  ether,  crystal- 
lizing in  needles  by  slow  evaporation. 

It  expels  carbonic  acid  from  the  alkaline 
carbonates,  combining  with  them  to  salts,  which 
are  not  precipitated  by  an  excess  of  the  car- 
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bonates,  and  forming  a  transparent,  gum-like 
mass.  The  salt  of  ammtmia  dissolves  again  in 
water  after  evaporation  to  dryness  in  a  water- 
bath.  The  salt  of  baryta  dissolves  with  diffi- 
culty in  water,  and  crystallizes,  on  cooling,  in 
feathery  crystals.  From  its  alcoholic  solution 
it  may  be  obtained  in  regular  crystals. 

Frequent  use  being  still  made  of  several 
names  given  by  Thenard,  Gmelin,  and  Demar- 
cay to  substances,  which  they  obtained  by  cer- 
tain methods,  and  which  they  considered  as 
pure  substances  and  ingredients  of  the  gall, 
the  following  will  give  a  comparison  between 
these  substances  and  those  of  Berzelius  treated 
of  in  the  foregoing. 

Thenard's  Resine  de  la  bile,  as  obtained  by 
him,  was  a  mixture  of  bilifellinic  and  bilicho- 
linic  with  fatty  acids  and  biliverdin.  Gmelin 
showed  that  it  contained  bilin  (bile  sugar). 

Gmelin's  Bile-resin  was  the  product  of  the 
complete  decomposition  of  bilin,  and  consisted 
therefore  of  a  mixture  of  fellinic  and  cholinic 
acids  and  dyslysin,  the  same  as  Demarcay's 
choloidic  acid. 

Thenard's  Picromel  consisted  mostly  of  bili- 
fellinic and  bilicholinic  acid  mixed  with  a 
small  portion  of  the  fatty  acids. 

Gmelin's  bile-sugar  is  identical  with  bilin,  but 
mixed  with  acetate  of  soda.  The  fine  crystal- 
line state  in  which  he  obtained  it  was  due  to 
this  substance  so  intimately  mixed  with  it,  that 
he  considered  it  to  be  bilin. 

Demargay's  Choleic  acid  (Jlcide  choleique). — 
Demarcay  prescribes  for  its  preparation  either, 
I.  to  dissolve  alcoholic  extract  of  bile  in  100 
pts.  of  water,  add  1  pt.  of  sulphuric  acid  diluted 
with  10  pts.  of  water,  and  evaporate  the  solution 


for  several  hours  till  the  appearance  of  oily 
drops  on  the  surface.  The  solution  is  then 
allowed  to  cool,  the  oily  substance  removed) 

the  sediment  at  the  bottom  removed  from  the 
solution,  which,  by  further  evaporation  to  $  of 
its  volume,  yields  a  new  portion  of  it.  These 
sediments  are  washed  with  small  portions  of 
cold  water,  dissolved  in  alcohol,  freed  from  a 
content  of  sulphuric  acid  by  barytic  water, 
filtered,  and,  after  concentration  to  syrupy 
consistence,  shaken  with  some  ether  for  (he 
removal  of  fatty  acids,  and  then  further  evapo- 
rated; or,  2.  alcoholic  extract  of  bile  is  dis- 
solved in  water  precipitated  by  neutral  acetate 
of  lead,  while  the  liberated  acetic  acid  is  re- 
peatedly saturated  by  caustic  ammonia.  The 
plaster-like  precipitate  is  washed  with  water 
and  treated  with  boiling  alcohol,  and  the  alco- 
holic solution  freed  from  lead  by  sulphuretted 
hydrogen,  filtered,  and  after  evaporation  to  sy- 
rupy consistence,  shaken  with  ether  for  the 
removal  of  fatty  acids,  and  then  further  evapo- 
rated and  the  desiccation  completed  in  vacuo 
at  248°.  For  reasons  previously  stated,  neither 
of  these  methods  is  capable  of  yielding  pro- 
ducts always  exactly  similar.  By  the  last 
process  bilifellinic  acid  would  be  obtained,  but 
the  shaking  with  ether  may  abstract  various 
proportions  of  fellinic  and  cholinic  acids.  The 
description  given  by  Demarcay  corresponds 
almost  entirely  with  bilifellinic  acid,  but  shows 
also  the  admixture  of  an  excess  of  the  resinous 
acids  (fellinic  and  cholinic),  since  bilifellinic 
acid  is  not  precipitated  by  acetic  acid  and  is 
easily  dissolved  by  acetates  of  potassa  and 
soda.  The  analyses  of  Demarcay  and  Dumas 
yielded  the  following  results: 


Demarcay 

Carbon 63-71 

Hydrogen 8-82 

Nitrogen 3-26 

Oxygen 24-22 

Demarcay's  choloidic  acid  (acide  choloidique). 
This  name  Demarcay  gave  to  the  resinous  pre- 
cipitate of  fellinic  and  cholinic  acids  and  dys- 

Demarc,ay 
Carbon 73-16 


umas. 

Atoms. 

By  calculation 

63-5 

42 

63-7 

9-3 

36 

8-9 

3-3 

1 

3-5 

23-9 

12 

23-9 

ly  sin,  which  remains  after  the  completed  decom- 
position of  bilin  by  the  action  of  acids  on  bile. 
The  analyses  of  Demarcay  and  Dumas  yielded : 
Dumas.  Atoms.        By  calculation. 

73-3  38  73-0 


Hydrogen 9-48 

Oxygen 17-36 


9-7 
17-0 


30 
7 


9-4 
17-6 


The  close  agreementof  these  analyses  can  only 
be  explained  on  the  supposition  that  the  above 
acids  always  are  produced  in  the  same  relative 
proportion  from  the  decomposition  of  bilin. 

Gmelin's  Gliadin  seems  to  be  dyslysin. 

Analysis  of  Bile.  According  to  Berzelius,  the 
analysis  of  bile  may  be  performed  as  detailed 
under  bilin  and  the  subsequent  ingredients  of 
the  bile.  Another  method  is  to  precipitate  the 
mucus  by  the  addition  of  a  small  portion  of 
dilute  acetic  acid,  just  so  much  as  is  sufficient 
for  this  purpose,  or  by  mixing  it  with  double  its 
volume  of  alcohol.  The  solution  is  then  filtered 
and  mixed  with  neutral  acetate  of  lead,  by 
which  a  small  precipitate  is  obtained  of  bili- 
verdin, combined  with  oxide  of  lead  and  oleate 
and  margarate  of  lead.  The  solution  is  then 
precipitated  with  basic  acetate  of  lead,  which 
produces  a  white  or  yellowish  plaster-like  pre- 
cipitate, of  the  same  composition  as  formerly 
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mentioned  (dyslysin,  bilifellinic,  and  bilicho- 
linic acids,  see  under  these),  and  containing, 
besides,  basic  chloride  of  lead  and  all  the  other 
acids  contained  in  the  bile,  and  precipitated  in 
combination  with  oxide  of  lead  in  excess.  The 
solution  then  contains  only  bilin,  which  is  not 
precipitated  by  basic  acetate  of  lead,  even  by 
the  addition  of  caustic  ammonia.  The  plaster- 
like precipitate  is  treated,  as  prescribed  above, 
with  carbonate  of  soda,  sulphuric  acid,  and 
ether,  &c.  (See  under  Bilifellinic  acid.)  The 
residue  left  by  the  ether  on  evaporation  is, 
however,  glutinous,  on  account  of  an  admixture 
of  fatty  acids.  In  the  present  state  of  our 
knowledge,  besides  the  uncertainty  and  diffi- 
culty attending  it,  but  little  practical  use  could 
be  expected  from  a  quantitative  determination 
of  the  different  ingredients  of  the  bile. 

According  to  Liebig,  and  after  him  Theyer 
and  Schlosser,  bile,  when  freed  from  mucus, 
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coloring  matter  and  fat,  is  a  compound  of  soda 
with  only  one  homogeneous  nitrogenized  sub- 
stance, which  he  calls  choleic  acid  (gall-acid, 
GTallensaiire),  and  which  he  considers  identical 
in  composition  with  Demarcay's  choleic  acid, 
and  Berzelius's  bilifellinic  acid,  and  which,  by 
Theyer  and  Schlosser,  has  been  called  bilic 
acid.  This  substance  is,  according  to  him, 
entirely  precipitated  by  basic  acetate  of  lead, 
and  he  asserts  that  Berzelius's  bilin  is  nothing 
else  than  this  same  substance,  of  which  a  cer- 
tain portion  remains  in  solution  after  precipita- 
tion by  basic  acetate  of  lead,  on  account  of  its 
solubility  in  acetate  of  lead  and  soda,  and  that 
bilin  possesses  no  property  which  distinguishes 
it  from  pure  biliary  substance.  In  order  to 
obtain  bile  in  a  purified  state,  or  freed  from 
mucus,  coloring  matter,  and  fat,  fresh  ox-gall  is 
strained  through  linen,  and  inspissated  by 
evaporation  in  a  water-bath,  and  then  treated 
with  alcohol  in  the  cold,  and  the  biliary  mucus 
separated  by  filtration.  The  coloring  matter 
is  then  removed  from  the  alcoholic  solution 
by  precipitation  with  barytic  water,  avoiding 
carefully  an  excess,  or  still  better  by  digestion 
with  bone-black  for  twelve  hours  at  ordinary 
temperatures,  being  frequently  shaken,  after 
which  it  is  filtered,  the  alcohol  distilled  off  from 
the  colorless  liquid,  and  the  syrupy  residue 
repeatedly  agitated  with  ether  until  this  removes 
nothing  more,  and  finally  dried  in  a  water-bath. 
Thus  purified  and  dried,  bile  forms  a  solid 
mass,  resembling  gum  arabic,  which  may  be 
reduced  to  a  powder,  and  dissolves  without 
residue  to  a  clear  solution  in  water  and  anhy- 
drous alcohol,  but  not  in  ether,  which  precipi- 
tates it  from  its  alcoholic  solution  as  a  magma 

Kemp. 

. A 

Carbon 58-46  58-46 

Hydrogen 8-30  8-81 

Nitrogen 3-70?  . 

Oxygen 22-645 

Soda 6-53  6-53 

Chloride  of  sodium 0-37  0-54 

That  the  soda  does  not  exist  as  carbonate, 
but  is  in  actual  combination  with  the  electro- 
negative substance  of  the  bile,  (choleic  acid, 
Liebig,  bilic  acid,  Th.  and  S.)  follows  from  the 
fact  that  gall,  when  fresh,  nearly  always  exhibits 
a  neutral  reaction.  The  composition  of  this 
biliary  matter,  his  choleic  acid  (Gallensaiire)  and 
Theyer  and  Schlosser's  bilic  arid,  he  represents, 
after  deducting  the  fixed  ingredients  from  the 
above  composition,  by  the  following: 

Carbon 63-7 

Hydrogen 8-9 

Nitrogen 3-9 

Oxygen 23-5 

From  which  he  concludes  it  to  be  identical, 
at  least  in  composition,  with  Demarcay's  choleic 
acid  (see  this  above),  and  he  recommends  the 
following  method  for  obtaining  it  in  its  free 
state.  8  pts.  dry  purified  bile  are  dissolved  in 
alcohol  and  mixed  with  one  part  of  effloresced 
oxalic  acid,  heated  to  ebullition,  and  subse- 
quently left  to  rest  for  10  to  12  hours,  whereby 
the  soda  separates  as  oxalate  of  soda.  The 
solution   is   then   filtered,  diluted   with   some 


From  its  aqueous  solution  it  separates  by  the 
addition  of  hydrate  of  potassa  as  a  thick  syrup 
Acetic  and  oxalic  acids  cause  no  change  in  its 
aqueous  solution ;  but  the  addition  of  a  minera' 
acid  produces  immediately  a  milkiness,  and 
after  some  time  a  syrupy  liquid  separates. 
Acetate  of  lead  and  nitrate  of  silver  also  pro- 
duce precipitates  in  its  aqueous  solution.  A 
solution  of  purified  gall  is  thrown  down  entirely 
by  the  addition  of  tri-basic  acetate  of  lead,  so 
that  only  a  very  small  quantity  of  organic 
matter  remains  in  solution ;  an  excess  of  the 
acetate  redissolves  a  portion  of  the  precipitate 
An  alcoholic  solution  of  pure  gall  is  not  pre- 
cipitated by  neutral  acetate  of  lead;  but  basic 
acetate  of  lead  produces  a  plaster-like  precipi- 
tate, which  dissolves  on  the  addition  of  neutral 
acetate  of  lead. 

By  precipitation  of  the  aqueous  solution  with 
neutral  acetate  of  lead,  the  liquid  at  the  same 
time  acquires  an  acid  reaction.  If  acetic  acid 
be  previously  added,  no  precipitation  takes 
place.  The  acid,  therefore,  which  is  set  free 
prevents  further  precipitation,  and  if  it  be  neu- 
tralized by  an  alkali,  the  neutral  acetate  pro- 
duces a  fresh  precipitate,  and  the  liquid  again 
becomes  acid.  After  precipitation  by  neutral 
acetate  of  lead,  a  fresh  precipitate  is  produced 
by  the  further  addition  of  subacetate  of  lead, 
but  a  considerable  portion  of  the  biliary  matter 
(choleic  acid,  Liebig)  remains  in  solution,  on 
account  of  its  solubility  in  the  excess  of  the 
neutral  acetates. 

The  composition  of  pure  gall,  purified  from 
mucus,  coloring  matters,  and  fat  (as  prescribed 
above),  Liebig  represents  by  the  following 
table.     (An.  der  Ch.  u.  Ph.  xlvii.  3,  1843.) 


Theyer  and  Schlosser. 


59-9 
8-9 


58-28 
9-20 


58-00 
8-09 


58-49 
8-48 


59-48 
8-47 


water,  and  digested  with  carbonate  of  lead  for 
the  removal  of  oxalic  acid.  A  trace  of  lead  in 
the  solution  may  afterwards  be  removed  by 
sulphuretted  hydrogen.  The  solution  is  then 
evaporated  in  a  water-bath  to  dryness.  Instead 
of  oxalic  acid,  the  dry  purified  bile  may  be  dis- 
solved in  anhydrous  alcohol  and  the  solution 
saturated  with  chlorohydric  acid  gas,  by  which 
the  soda  separates  as  chloride  of  sodium.  The 
solution  is  then  concentrated  in  a  water-bath 
and  mixed  with  water,  by  which  it  separates 
into  two  portions  an  aqueous  acid  solution  con 
taining  chlorohydric  acid  and  a  viscid  portion 
formed  by  the  acid  in  question,  which  is  insolu- 
ble in  dilute  mineral  acids,  and  is  removed, 
dissolved  in  alcohol,  and  treated  with  finely 
pulverized  oxide  of  lead  till  the  solution  indi- 
cates a  content  of  the  latter.  It  is  then  filtered, 
freed  from  oxide  of  lead  by  sulphuretted  hy- 
drogen, and  evaporated  as  before. 

It  thus  forms  a  colorless  mass  of  a  resinous 
nature,  easily  pulverizable,  and  of  an  intensely 
bitter  taste.  It  attracts  moisture  from  the 
atmosphere,  and  dissolves  easily  in  alcohol  and 
water,  but  not  in  ether.  The  aqueous  solution 
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remains  clear  for  several  days,  has  a  strong 
acid  reaction,  and  is  not  precipitated  by  acetic 
acid.  Addition  of  dilute  chlorohydric  or  sul- 
phuric acid  produces  a  turbidness,  and  pre- 
cipitates the  acid  as  oily  drops,  which  again 
disappear  by  an  excess  of  the  acid.  Heated 
on  platinum  foil,  the  dry  acid  is  decomposed, 
burns  with  a  smoky  flame,  and  leaves  a 
porous  coal,  which,  on  incineration,  yields  no 
ashes. 

If  a  solution  of  this  acid  be  re-combined 
with  soda,  it  again  acquires  most  of  the  pro- 
perties of  gall.  One  main  difference,  however, 
remains,  for  this  restored  bile  is  precipitated 
immediately  by  mineral  acids,  while  these  may 
be  mixed  with  fresh  bile  without  any  precipita- 
tion, until  heat  be  applied. 

This  latter  fact  seems,  in  reality,  to  point  out 
an  essential  difference  between  this  acid  and 
the  electro-negative  ingredient  as  it  exists  in 
the  bile.  Subsequent  analyses  of  G.  Kemp 
seem  also  to  prove  that  bile  is  by  no  means 
homogeneous,  and  that  at  all  events  its  compo- 
sition is  not  identical  with  Demarcay's  or  Lie- 
big's  choleic  acid,  for  the  organic  portion  of  the 
bile  of  some  animals  (the  tiger)  he  found  to 
contain  as  much  as  69  per  cent,  of  carbon, 


while  the  organic  body,  precipitated  from  this 
bile  by  basic  acetate  of  lead,  contained  only  68 
per  cent,  of  carbon. 

Liebig  also  asserts  that  Berzelius's  fellinic 
acid  and  several  other  of  his  substances  are 
not  pure  bodies,  but  derive  their  main  differ- 
ences from  the  admixture  of  biliary  matter  in 
its  different  stages  of  decomposition. 

Bile  of  different  j&nimah.  Human  bile  is  neo 
tral,  of  a  deep  brownish  yellow  color,  without 
the  olive  tint  which  characterizes  ox-bile.  The 
coloring  matter  of  human  bile  produces  the 
characteristic  change  of  colors  with  nitric  acid. 
Frommherz  and  Gugert  give  the  following  as 
ingredients  of  human  bile,  biliary  mucus,  co- 
loring matter,  salivary  matter  (?),  casein  (!), 
extractive,  cholesterin,  bile-sugar,  bile-resin, 
cholate,  margarate,  carbonate,  phosphate  and 
sulphate  of  soda,  with  a  minute  portion  of 
potassa,  phosphate,  sulphate,  and  carbonate  of 
lime.  For  its  ultimate  composition,  see  table 
below. 

According  to  Kemp,  bile  of  carnivorous 
animals  contains  no  chloride  of  sodium,  but 
only  soda.  The  following  table  gives  the  re- 
sult of  the  ultimate  analysis  of  bile  from  dif- 
ferent animals,  performed  by  him  : 


Inorganic  Portion. 

Ox-bile.  Human  bile. 

Soda 6-53  6-6 

Chloride  of  sodium 0-37  1-87 


Tiger's  bile. 
5-2 


Leopard's  bile. 
4-6 


Oreanic  Portion. 


Carbon 64-60 

Hydrogen 9-62 

Nitrogen 3-40 

Oxygen 22-38 


2. 

61-85 
9-40 
3-40 

22-35 


Human  bile 
1. 


68-4 
10-13 
3-44 

18-03 


2. 

68-3 

10-00 

3-50 
18.2 


Tiger's  bile. 

*Lead  salt. 


Leopard's  bile. 
2. 


69-6 

11-8 

6-0 

12-60 


62-1 
9-3 


1. 

59-8 
9-49 
4-60 

26-11 


59-5 
10-0 
4-60 
25-90 


100-00       100-00 


100-00     100-00        100-00 


100-00     100-00 


Bile  of  birds  varies,  according  to  Gmelin  and 
Tiedeman,  in  different  individuals  of  the  same 
species,  being  sometimes  of  a  bluish,  at  others 
of  an  emerald  green  color,  and  sometimes  ex- 
hibiting the  color  of  verdigris.  Their  bile  con- 
tains the  same  inorganic  substances  as  are 
found  in  ox-bile.  Chicken's  bile  is  precipi- 
tated by  sulphuric  and  chlorohydric  acids,  but 
the  precipitate  redissolves  in  an  excess  of 
the  acid.  The  solution  by  sulphuric  acid 
exhibits  a  green  color,  but  passes  gradually 
into  a  red.  From  the  same  bile  potassa  pre- 
cipitates a  green  substance,  which  agglutinates 
and  adheres  to  the  sides  of  the  vessel,  but  dis- 
solves again  in  pure  water,  and  deserves  further 
examination.     (See  under  bile  of  fishes.) 

The  bile  of  several  serpents  is  grass  green. 
Berzelius  examined  the  bile  of  Python  bivittalus 
with  the  following  results.  Its  color  was  dark 
greenish.  Tt  contained,as  a  principal  ingredient, 
bilin,  identical  with  that  in  the  bile  of  mamma- 
lia, but  scarcely  any  bilifellinic  acid,  yielding 
with  basic  acetate  of  lead  only  a  very  slight  pre- 
cipitate. The  bilin  is  also  decomposed  by  acid 
with  much  greater  difficulty  than  that  of  ox-bile. 
The  coloring  matter,  with  which  it  occurs  com- 
bined, resembles  that  of  other  animals,  being 
but  slightly  soluble  in  water,  but  abundantly  in 
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a  solution  of  bilin.  It  contained,  besides  these, 
a  small  quantity  of  a  crystallizable  biliary  sub- 
stance, precipitable  by  carbonate  of  potassa, 
and  resembling  that  found  in  the  bile  of 
fishes. 

Berzelius  found  also  a  substance  resembling 
salivary  matter,  together  with  another  sparingly 
soluble  in  cold,  but  easily  in  boiling  water. 
This  bile  contained  no  biliary  mucus,  but 
instead  of  it  a  peculiar  animal  matter;  and 
also  fatty  acids  and  the  usual  salts. 

Bile  of  Jislics  is  generally  more  concentrated 
than  in  warm-blooded  animals.  The  bile  of 
Cyprinus  leuciscus,  alburnus,  and  barbus,  of 
Salmofario  (trout)  and  Esox  Indus  (pike),  have 
been  examined  by  Gmelin.  The  inorganic 
salts  consisted  principally  of  sulphate  of  soda 
and  lime,  with  traces  of  ammonia,  and,  on  in- 
cineration, phosphate  and  carbonate  of  lime 
and  magnesia.  The  coloring  matter  varies 
both  in  quantity  and  tint.  The  bile  from  Oypri- 
nvs  barbus  contained  19-3  per  cent.,  and  that 
of  C.  leuciscus  14-3  per  cent,  solid  matter.  The 
biliary  matter  of  the  genus  Cyprinus  is  peculiar, 
possessing   but   little   color,  but  crystallizing 


*  Obtained  by  precipitating  the  bile  by  basic  acetate  of 
lead. 
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easily,  and  imparting  a  crystalline  appearance 
to  the  residue  of  the  bile  on  evaporation.  It 
may  be  precipitated  from  the  bile  by  caustic 
potassa,  by  the  addition  of  which  it  coagulates 
to  a  greenish  granular  mass,  which  may  be 
pressed,  washed  with  a  weak  solution  of  po- 
tassa, again  pressed,  and  dissolved  in  alcohol, 
and  remains  then,  on  evaporation,  as  a  color- 
less crystallized  mass.  It  is  not  improbable 
that  in  this  state  it  contains  potassa  in  chemical 
combination.  Its  aqueous  solution  is  precipi- 
tated by  acids,  but  re-dissolves  by  an  excess. 
It  is  not  precipitated  by  chloride  of  iron  or  an 
infusion  of  nut-galls.  The  bile  of  the  pike  and 
other  fishes  does  not  become  crystalline  on 
evaporation,  and  is  not  precipitated  by  caustic 
potassa. 

Bile  in  diseases.  In  that  affection  of  the  liver 
in  which  the  latter  is  converted  into  fat,  the 
bile  loses  entirely  its  usual  character  and 
becomes  albuminous.  In  some  cases  diseased 
bile  has  been  found  poisonous. 

In  jaundice  bile  passes  over  in  nearly  all 
secretions,  in  which  the  coloring  matter  may 
be  discovered  by  the  stain  it  imparts  to  paper 
or  linen,  and  by  its  peculiar  reactions  with 
nitric  acid.  (See  under  coloring  matters  of  the 
bile.)  The  use  of  the  bile,  in  digestion,  is  not 
yet  clearly  understood  by  physiologists. 

Uses  of  Bile.  Bile  is  employed  for  several 
technical  purposes,  such  as  the  removal  of 
stains  from  clothes,  and  as  an  admixture  to 
several  paints.  It  is  also  employed  in  medi- 
cine. In  order  to  preserve  it  for  these  pur- 
poses, it  is  generally  evaporated  to  an  extract, 
in  which  state  it  keeps  for  a  longer  time,  espe- 
cially if  it  be  previously  freed  from  its  mucus 
by  precipitation  with  alcohol. 

BILIARY  CONCRETIONS.  Ger.  Gallen- 
steine.  Insoluble  substances  often  precipitate 
from  the  bile,  and  form  solid  masses  or  concre- 
tions. These  are  called  biliary  calculi,  or  gall- 
stones, and  are  most  frequently  found  in  the 
gall-bladder,  but  also  in  the  liver  or  its  ducts. 
Sometimes  they  pass  into  the  intestines,  and 
are  then  evacuated  with  the  feces.  They  occur 
both  in  man  and  animals. 

Biliary  concretions  consist  mainly  of  cho- 
lesterin  and  coloring  matter,  mixed  in  various 
proportions.  They  generally  contain  also  more 
or  less  biliary  mucus  and  inspissated  bile. 
According  to  their  various  content  of  coloring 
matter  and  its  different  tints,  their  color  varies 
from  white  to  yellow,  brown,  and  dark  green. 
Sometimes  they  are  soft  and  plastic,  but  more 
frequently  brittle,  and  pulverizable  to  an  unc- 
tuous powder.  Their  shape  is  mostly  round  or 
oval,  but  if  several  occur  together  in  the  gall- 
bladder, they  receive  from  pressure  on  each 
other  a  polyhedral  form.  Their  size  varies 
from  very  small  to  that  of  a  walnut. 

Biliary  calculi  in  man  consist  most  fre- 
quently of  cholesterin,  when  they  are  internally 
white  and  crystalline.  On  being  dissolved  in 
boiling  alcohol,  they  frequently  leave  a  nucleus 
of  coagulated  mucus  and  coloring  matter.  They 
are  generally  lighter  than  water.  Gren  found 
the  specific  gravity  of  a  specimen  of  this 
variety  to  be  0-803.  When  they  at  the  same 
time  contain  a  large  quantity  of  coloring  matter 
their  specific  gravity  increases,  according  to 
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Thomson,  to  1-06,  and  they  become  of  a  dark 
and  brownish  color. 

The  following  table  exhibits  the  results  of 
some  analyses  of  gall-stones 

Glaube.  Brandes. 

Dry  bile 8  3-12       5-66 

Cholesterin 56  81-25     69-76 

Coloring  matter  of  bile  15  9-38     11-38 

Coagulated  albumen..    9 

Biliary  mucus 12  6-25     13-20 

Chevalier  analyzed  a  gall-stone,  consisting 
of  cholesterin  96,  coloring  matter  3.  Another, 
analyzed  by  John,  contained:  cholesterin  93, 
animal  matter  soluble  in  water  and  alcohol  1, 
brown  coloring  matter  with  mucus  6  ;  another, 
by  Joyenz,  cholesterin  4,  green  colored  bile- 
resin  5,  bile-sugar  6,  concrete  bile  8,  yellow  co- 
loring matter  70,  phosphate  of  lime  and  mag- 
nesia 3,  oxide  of  iron  and  loss  4.  Sometimes 
the  cholesterin  and  the  coloring  matter  contain 
quite  considerable  quantities  of  phosphate  and 
carbonate  of  lime,  but  this  is  not  often  the  case 
inhuman  calculi.  Bally  and  Henry,  jr.  found 
in  a  human  gall-stone  72-70  pis.  carbonate  of 
lime,  with  traces  of  carbonate  of  magnesia, 
13-51  phosphate  of  lime,  10-81  mucus  or  albu- 
men, besides  some  oxide  of  iron  and  coloring 
matter.  Biliary  concretions  of  animals  exhibit 
a  much  greater  variety  in  their  chemical  com- 
position. Those  of  oxen  consist  most  frequently 
of  coloring  matter.  One  was  found  to  consist 
mainly  of  margarin  and  margaric  acid,  with  a 
small  portion  of  coloring  matter  (J.  Vogel). 
One  obtained  from  a  dog  consisted  of  carbonate 
of  lime,  with  some  phosphate  of  lime,  coloring 
matter,  and  a  trace  of  fat.  Lassaigne  analyzed 
biliary  calculi  from  hogs.  They  were  of  an 
orange  yellow  color,  very  light  and  soft,  and 
lost  by  drying  more  than  half  of  their  weight. 
They  contained:  cholesterin  6,  colorless  bile- 
resin  45,  bile  4,  animal  and  coloring  matter, 
phosphate  of  lime  and  oxide  of  iron  45. 

A  rarer  variety  of  biliary  calculi  seems  to 
consist  mainly  of  carbon,  which,  after  extrac- 
tion with  water,  alcohol,  ether,  acids,  and  alka- 
lies, remains  as  a  dark  residue  without  taste, 
suffering  no  change  by  heating  in  a  retort,  and 
burning  without  flame  in  oxygen  gas,  and  with 
the  formation  of  carbonic  acid. 

Closely  allied  to  biliary  concretions  is  a  kind 
of  bezoar,  consisting  chiefly  of  a  peculiar  sub- 
stance called  Lithofellinic  acid,  but  it  is  most 
probably  a  concretion  formed  in  the  intestinal 
canal,  even  should  the  bile  by  its  passage 
through  this  afford  the  main  material  for  its 
formation.  (See  Bezoar  and  Litiiofellixit 
Acid.) 

Analysis  of  Biliary  Concretions.  No  definite 
rules  can  be  given  for  the  examination  of 
biliary  calculi,  as  they  may  contain  a  number 
of  different  substances.  In  general,  they  may 
first  be  pulverized,  and  then  treated  with  water, 
which  dissolves  inspissated  bile.  The  residue 
may  then  be  treated  with  ether,  which  dissolves 
cholesterin  and  fat,  which  are  separated  by  so- 
lution in  boiling  alcohol  and  crystallization  of 
the  cholesterin,  after  which,  fat  and  fatty  acids 
remain  in  the  solution,  mixed  sometimes  with 
traces  of  bile-resin.  The  residue,  from  the 
treatment  with   ether,  is  then  first   extracted 
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with  culd  alcohol  of  0-86,  in  which  solution 
several  of  ihe  ingredients  of  the  bile  may  be 
.-ought  for,  such  as  cholinic  and  fell  in  ie  acids, 
and  then  with  boiling  anhydrous  alcohol,  with 
carbonate  of  ammonia,  and  finally  with  caustic 
potassa,  which  dissolves  biliary  mucus.  The 
latter  may  be  precipitated  by  acetic  acid  added 
in  excess, in  order  to  retain  in  solution  a  possi- 
ble content  of  albumen  or  other  protein  com- 
pound. 

BILIC  ACID,  BILIFELLINIC  ACID,  BILIN, 
BILIVERDLN,  &c,  &c.     See  under  Bile. 

BINARY  THEORY.     Chem.     See  Salts. 

BIOTINE.     Mm.     See  Anorthitk. 

BIRCH.  The  bark  and  other  portions  of 
several  species  of  birch  (Betula)  contain  es- 
sential oil,  belulin,  &c.  Grassmann's  analysis  of 
the  young  leaves  of  Betula  alba  yielded 

Water 54-5 

Essential  oil  with  wax 0-3 

Aqueous    extract,  with   a  yellow   bitter, 

free  acid,  gum,  and  albumen 11*4 

Alcoholic  extract,with  resin,  chlorophyll, 

wax,  and  vegetable  fibre 33-8 

100-0 


The  aqueous  extract  dissolved  in  water 
with  a  reddish  brown  color,  and  contained  a 
yellow  bitter  substance  soluble,  and  another 
brown  substance  insoluble  in  alcohol.  The 
alcoholic  extract  made  after  extracting  the 
leaves  with  water,  contained  a  solid  fat,  the 
greater  part  of  which  separates  from  the  cool- 
ing alcohol;  and  the  clear  solution  then  eva- 
porated gives  a  rich  green  silky  extract,  soluble 
in  ether  with  the  same  color,  leaving  a  brown 
resin.  The  essential  oil  is  limpid,  colorless, 
becoming  yellow  in  the  course  of  time,  has  the 
peculiar  balsamic  odor  of  the  fresh  leaf,  a 
mild  and  sweetish  taste  at  first,  subsequently 
burning  and  aromatic;  congeals  at  14°  with- 
out crystallizing.     (Grassmunn.) 

Birch-bark  (from  Betula  alba)  when  sub- 
jected to  dry  distillation  or  burned  with  imper- 
fect access  of  air  (as  in  the  preparation  of 
lamp-black)  yields  a  tar,  very  rich  in  empyreu- 
matic  oils,  and  containing  some  of  the  peculiar 
principles  of  the  plant  undecomposed.  The 
tar  subjected  to  distillation  yields  a  brown 
oily  acid  liquid,  of  a  strong  odor,  and  lighter 
than  water,  which  redistilled  at  different  tem- 
peratures gives  different  products  ;  among 
others,  at  212°  an  oil  analogous  to  oil  of  ter- 
pentine. 

Essential  oil  The  crude  oil  repeatedly  wash- 
ed with  a  solution  of  potassa  is  distilled  at 
212°;  the  yellow  oil,  treated  several  times 
with  lime-water,  is  distilled  alone  then  in  an 
atmosphere  of  carbonic  acid,  and  the  first  por- 
tions of  the  last  distillation  are  received  sepa- 
rately as  the  pure  oil. 

It  is  colorless,  in  odor  between  terpentine 
and  birch-bark  ;  spec.  grav.  at  68°  =  0-847  ; 
boils  at  313°,  density  of  vapor=5318  ;  soluble 
in  alcohol  and  ether,  slightly  in  water,  dissolves 
resins  ;  cooled  to  1°  to  3°  it  deposits  a  white 
substance.  It  absorbs  oxygen  from  the  air, 
becoming  yellow,  thicker  and  changing  by 
■ime  into  a  resinous  substance. 

Formula,    C20H16. 
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Boiled  with  dilute  nitric  acid,  it  is  changed 
into  a  reddish  substance  soluble,  and  a  yellow 
substance  insoluble  in  cold  alcohol,  both  of 
which,  like  the  resins,  combine  with  base  ,  \ 
small  quantity  of  prussic  acid  is  generated  at 
the  same  time.     (Subnro.) 

Betulin  or  Betulin  resin.  Discovered  by 
Lowitz  in  the  epidermis  of  birch-bark,  pre- 
pared by  exhausting  the  bark  with  boiling 
water,  extracting  the  residue  with  alcohol  and 
evaporating ;  it  deposits  in  warty  masses, 
which  may  be  purified  from  solution  in  ether. 
Betulin  is  colorless,  insoluble  in  water,  soluble 
in  120  pts.  cold,  in  80  pts.  boiling  alcohol, 
soluble  in  ether,  fixed  and  essential  oils  ;  fuses 
at  392°  to  a  colorless  transparent  liquid,  and 
may  be  sublimed  in  a  stream  of  air.  Formula, 
Qi$a3°a-     {Hess.) 

Essential  oil  of  Betula  lent  a.  (Syn.  Sweet, 
black,  cherry-birch  growing  abundantly  in  the 
middle  and  northern  parts  of  the  United  States.) 
The  bark  of  trunk  and  larger  branches  coarsely 
bruised,  macerated  for  several  days  with  water 
and  distilled,  yields  an  oil  identical  in  its  pro 
perties  and  behavior  to  reagents  with  the  oil 
of  Gaultheria procumbens.  When  gently  heated 
with  sulphuric  acid,  it  is  decomposed,  and  by 
standing,  the  solution  becomes  a  mass  of 
crystals,  having  all  the  properties,  when  puri- 
fied, of  salicylic  acid.  The  oil  of  vitriol  pro- 
bably acts  on  the  methylic  ether,  and  sets  the 
salicylic  acid  free.  The  oil  does  not  appear  to 
exist  in  the  dry  bark,  for  the  latter  only  de- 
velops its  characteristic  odor  by  contact  with 
water  ;  but  by  treating  the  dry  bark  in  a  man- 
ner analogous  to  the  preparation  of  amygda- 
lin,  a  transparent,  gummy  substance  (gaul- 
therin)  is  obtained,  which  bears  the  same 
relation  to  the  essential  oil  of  birch  that 
amygdalin  bears  to  the  oil  of  bitter  almonds 
The  bark  appears  likewise  to  contain  an 
albuminous  principle,  analogous  to  emulsin, 
by  the  reaction  of  which  with  gaultherin  the 
oil  is  generated.    (Proctor.)     See  Gaulthkiua. 

BIRDLIME.  Syn.  Ger.  Vogelleim,  Viscum 
album,  Ft:  Glu.  Prepared  by  boiling  the  middle 
bark  of  the  holly  several  hours  with  water,  and 
placing  it  under  ground  in  a  moist  situation 
until  it  becomes  viscous  by  fermentation  ;  it  is 
next  bruised,  washed,  and  kneaded  to  remove 
extraneous  matter;  and  lastly  left  for  some 
days  to  ferment  in  earthen  vessels.  It  may  like- 
wise be  procured  from  the  mistletoe,  and  other 
plants.    The  peculiar  substance  in  it  is  viscin. 

Viscm.  The  mistletoe  contains  this  peculiar 
tough  and  viscous  substance  in  all  its  parts. 
It  is  obtained  by  repeatedly  treating  the  dried 
berries  with  ether;  it  extracts  at  first  green 
wax  (chlorophyll])  and  viscin,  and  by  each 
successive  treatment  a  purer  viscin,  which 
remains  colorless  after  distilling  the  ether 
Viscin  is  white,  opake,  tough,  very  adhesive, 
and  may  be  viewed  as  a  kind  of  soft,  undrying 
resin,  similar  to  a  melted  mixture  of  fat  and 
rosin.  It  is  soluble  in  ether  and  nitrous  ether, 
but  not  in  acetic  ether,  which  extracts  only 
wax  and  chlorophyll ;  soluble  in  oil  of  terpen- 
tine, rosemary  and  naphtha,  scarcely,  if  at  all 
in  alcohol;  soluble  in  potassa  by  heat;  dilute 
acids  do  not  acton  it;  nitric  acid  changes  it 
into  oxalic  acid  and  a  solid  fat. 


BISMUTH. 

Macaire  observed  that  pure  viscin  is  ex- 
creted from  the  flower-base  and  involucre  of 
the  Distaff-thistle  (Atractylis  or  JLearna  gum- 
mifera).  It  consists,  according  to  Macaire- 
Prinsep,  of  carbon  75-6,  hydrogen  9-2,  and 
oxygen  15-2.  He  holds  common  birdlime  to 
be  a  mixture  of  viscin,  bassorin,  and  acetic 
acid,  and  that  it  is  not  contained  ready  formed 
in  the  holly  or  mistletoe,  but  changed  into  it 
by  fermentation. 

Nees  v.  Esenbeck  and  Clamor  Marquart 
state  that  the  milky  juice  of  the  green  twigs  of 
Ficus  elasticus  contain  viscin,  instead  of  caout- 
chouc, while  the  latter  was  contained  in  the 
juice  of  the  older  branches.  With  constant 
clamminess,  the  toughness  of  viscin  is  so 
great,  that  when  small  birds  alight  on  branches 
smeared  with  it,  they  cannot  escape;  hence 
the  name  birdlime. 

BISMUTH.  Mm.  Syn.  Octahedral  B.  Mohs. 
Native  B.     Ger.     Gediegen  Wismuth. 

Descrip.  Cryst.  System,  Regular  Octahedron, 
with  perfect  octahedral  cleavage.  Frequently 
in  imitative  crystalline  forms;  foliated  and 
granular. 

H.  =  2-— 2-5         G.  =  9-737. 

Color  reddish  white;  lustre  metallic, brilliant 
when  fresh,  subject  to  a  dull  tarnish ;  sectile ; 
very  brittle  when  cold. 

Behavior.  To  distinguish  it  from  metallic 
tellurium  and  antimony,  with  which  it  may  be 
confounded,  Berzelius  gives  the  following. 
1.  In  a  closed  tube,  at  the  softening  heat  of 
glass,  tellurium  only  gives  off  a  little  oxidized 
vapor  followed  by  a  gray  sublimate  of  metallic 
tellurium.  2.  In  an  open  tube  antimony  gives 
white  fumes,  covering  the  glass  with  a  white 
coating  which  may  be  wholly  driven  by  heat 
from  one  part  to  another,  while  only  a  small 
quantity  of  fused  oxide  surrounds  the  bead. 
Tellurium  evolves  copious  fumes,  covers  the 
glass,  but  fuses  into  drops  when  heated,  while 
the  metallic  bead  is  surrounded  by  clear,  fused 
and  almost  colorless  oxide,  which  on  cooling 
forms  a  white,  lamellar  and  opake  layer. 
Bismuth  fumes  slightly,  unless  mingled  with 
sulphur,  and  the  bead  is  surrounded  with  the 
fused  oxide  of  a  dark  brown  color  while  hot, 
pale  yellowish  on  cooling:  it  attacks  the  glass 
powerfully.  3.  On  charcoal  all  three  metals 
fume,  forming  a  ring  on  the  charcoal,  which 
with  antimony  is  pure  white,  and  with  bismuth 
and  tellurium  has  a  red  or  dark  yellow  border. 
When  this  coating  is  acted  on  by  the  reducing 
flame,  tellurium  communicates  a  rich  green 
color  to  the  flame,  antimony  a  faint  greenish 
blue,  and  bismuth  gives  no  color.  Bismuth 
fuses  at  476°,  crystallizing  readily  on  cooling. 
Soluble  in  nitric  acid,  its  solution  becoming 
milky  by  addition  of  water,  and  brownish  by 
Milphuretted  hydrogen.  Native  bismuth  con- 
tains occasionally  a  little  arsenic. 

Loral.  Occurs  in  gneiss  and  clay-slate  with 
ores  of  silver,  cobalt,  lead  and  zinc.  Its  prin- 
cipal localities  are  in  Saxony  and  Bohemia  at 
Schneeberg,  Annaberg,  Altenberg,  Johann- 
georgenstadt,  Joachimsthal,  &c;  Bieber  near 
Hanau ;  Transylvania;  Carinthia;  Modum  in 
Norway;  Fahlun  in  Sweden;  Huel  Sparnon, 
Carrock  Fell,  England.  In  the  United  States, 
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the  only  known  locality  is  Lane's  mine  in 
Monroe,  Conn.,  imbedded  in  quartz  and  with 
tunstate  of  lime  and  iron,  Galena,  blende,  &c. 
BISMUTH.  Syn.  Tin-glass,  Marcasita.  Ger. 
Wismuth,  Aschblei.  Fr.  E tain  de  Glace.  Men- 
tioned by  Agricola  in  1529  as  a  peculiar  metal, 
more  particularly  examined  by  Pott  and  Geof- 
frey in  1753,  and  its  compounds  more  fully  by 
Berzelius,  Lagerhielm,  J.  Davy,  and  Jacquelain. 
It  may  be  regarded  as  rather  a  rare  metal,  al- 
though the  quantity  extracted  is  about  sufficient 
to  meet  the  demand.  It  is  almost  exclusively 
employed  in  the  metallic  state  to  add  to  lead, 
to  harden  it,  and  render  it  more  fusible,  &c,  as 
in  stereotype-metal. 

Metallurgic  Treatment  of  Bismuth. 

Of  the  ores  of  bismuth,  the  native  metal  is 
most  abundant,  associated  with  cobalt  and 
silver  ores,  and  might  therefore  be  regarded  as 
a  secondary  product  in  the  metallurgic  treat- 
ment of  those  ores.  (See  Bismuth  Ohes.)  It  is 
principally  procured  in  the  Saxon  Erzgebirgat 
Schneeberg,  where  it  is  mingled  with  Arsenical 
Cobalt,  averaging  about  7  lb.  to  the  cwt.  From 
its  existence  chiefly  in  the  metallic  state,  and 
its  ready  fusibility,  it  is  obtained  by  Eliquation, 
with  an  arrangement  analogous  in  principle  to 
those  employed  in  the  eliquation  of  crude  anti- 
mony ;  the  ready  oxidability  of  bismuth  re- 
quiring some  precautions  to  avoid  loss. 

PI.  IV.  figs.  6,  7,  and  8  represent  the  bismuth 
eliquation  furnace  of  Schneeberg;  fig.  6  is  a 
view  from  above ;  fig.  7  a  vertical  section  in 
the  line  A  B  of  fig.  6 ;  fig.  8  is  a  view  in  front 
along  gg  of  fig.  6.  a  is  the  ashpit,  b  the  fire- 
place, c  the  eliquation  tubes,  d  the  fire-hearth 
or  grate  of  brick-work,  supplied  with  fuel 
through  e,  fig.  6.  The  pipes  are  placed  in  an 
inclined  position,  their  lower  opening  being 
closed  by  a  clay  plate,/,  with  a  small  circular 
opening  on  the  lower  part  through  which  the 
fused  metal  flows  into  the  iron  pans  i,  contain- 
ing a  little  coal-dust;  these  rest  upon  a  wall,  g, 
with  as  many  fire-flues,  h,  as  there  are  pipes  ; 
I  are  the  upper  back  ends  of  the  pipes,  closed 
by  a  sheet-iron  plate ;  k  is  a  wooden  water- 
trough  in  which  the  residue  (Wismuthgrau- 
pen)  is  quenched,  falling  first  on  the  oblique 
surface  m.  n,  n  are  draft-holes  between  every 
pair  of  pipes  designed  to  increase  or  diminish 
the  heat  at  pleasure. 

The  ore  is  sorted  from  the  gangue  by  hand, 
prepared  in  pieces  of  a  hazelnut  size  and 
smaller,  thrown  into  the  red-hot  pipes  to  the 
amount  of  about  ^  cwt.,  so  that  they  are  filled 
to  £  their  diameter  and  J  their  length,  and 
tightly  closed  by  the  sheet-iron  plate.  In  10 
minutes  the  metal  begins  to  flow  out  into  the 
hot  iron  pans,  where  oxidation  is  prevented  by 
the  coal-dust.  When  the  eliquation  slackens, 
the  charge  in  the  pipes  is  raked,  which  is  per- 
formed several  times  in  the  course  of  a  £  hour, 
when  the  operation  is  complete.  The  residue 
(Wismuthgraupen)  is  raked  out  from  the  upper 
end  of  the  pipes  into  the  water-trough,  and  the 
pipes  re-charged.  When  the  iron  pans  are 
nearly  full  the  metal  is  ladled  out  into  an  iron 
mould,  in  which  it  cools  in  bars  of  25—50  lb. 
weight.  A  ton  of  ore  is  worked  off  in  8  hours, 
consuming  some  50  cubic  feet  of  wood.  The 
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yield  of  bismuth  at  Schneeberg  in   1S30  was 
10,000  pounds. 

The  bismuth  thus  prepared, although  closely 
resembling  the  pure  metal,  contains  variable 
quantities  of  arsenic,  sulphur,  iron,  &'*. ;  the 
presence  of  the  two  former  may  sometimes  bo 
recognised  by  the  cracking  of  the  metal  on 
cooling,  but  unless  present  in  some  quantity, 
they  do  not  materially  injure  it  for  technical 
purposes.  For  pearl-powder,  &c,  arseniferous 
bismuth  should  be  rejected.  (See  the  proper- 
ties of  the  metal  below.) 

I.  Bismuth  and  its  Non-sai.i\k  Compounds. 
Bismuth.  Sym.  Bi.  Equiv.  213  (or  2660-7 
O  =  100).  The  oxide  of  bismuth,  formerly  as- 
sumed to  be  Bi203,  was  subsequently  changed 
to  BiO,  which  diminished  the  equiv.  of  the 
metal  from  106-5  to  71.  According  to  the  for- 
mula for  the  strong  base,  the  equivalent  varies  ; 

for  BiO  the  eq.  of  Bi  =  71. 
"  Bi203     "         "       =106-5. 
"   Bi03     "         "       =213. 

The  analogy  between  some  of  the  salts  of 
bismuth  and  those  of  magnesia  and  oxide  of 
copper  led  to  the  adoption  of  BiO,  but  the 
analogy  is  not  strong,  while  there  is  a  more 
striking  resemblance  between  some  of  the  cor- 
responding compounds  of  bismuth  and  anti- 
mony, and  the  observation  of  Kopp  strengthens 
the  adoption  of  Bi203,  or  Bi03,  viz.,  that  the 
spec,  volume  of  bismuth  expands  in  the  same 
manner  as  tin  and  zinc,  when  we  assume  this 
formula,  instead  of  BiO.  We  shall  therefore 
employ  the  formula  for  the  oxide  Bi03  and  the 
eq.  of  Bi  =  213.  Gmelin  thinks  that  it  should 
be  210  instead  of  213  (or  70  instead  of  71,  when 
oxide  of  bismuth  =  BiO). 

Commercial  bismuth  may  be  best  purified  by 
solution  in  nitric  acid,  evaporating  the  clear 
solution,  adding  water  largely  to  precipitate 
subnitrate;  digesting  this  with  caustic  potassa 
to  extract  arsenious  acid,  and  reducing  the  re- 
maining oxide  with  black  flux  at  a  low  ignition. 

It  crystallizes  perfectly  in  octahedrons  and 
cubes,  with  very  distinct  cleavage,  parallel  to 
the  8-hedral  planes.  To  obtain  it  well  crystal- 
lized, fuse  the  commercial  metal  in  a  crucible, 
add  a  little  saltpeter  from  time  to  time,  with 
stirring,  and  maintain  it  at  the  temperature  of 
fusing  saltpeter,  until  a  test  taken  out  ceases  to 
exhibit  a  violet  or  rose  color,  which  disappears 
on  cooling,  but  shows  a  green  and  yellow  color, 
which  it  retains  on  cooling.  Pour  the  metal 
into  a  heated  crucible,  covered  with  sheet-iron, 
containing  live  coals  to  prevent  the  surface 
from  congealing,  cool  it  rapidly,  and  when 
about  £  is  congealed,  bore  a  hole  through  the 
solid  layer  by  an  ignited  coal,  and  pour  out  the 
still  liquid  metal. 

Pure  bismuth  has  a  spec.  grav.  =  9-654, 
Karsten,  9-799,  Marchand  and  Scheerer ;  the  com- 
mercial =  9-783  —  9-833.  A  cylinder  of  the 
commercial  metal  of  spec.  grav.  9-783  passed 
into  a  steel  mortar,  and  at  a  pressure  of  100,000 
!b. has  a  spec.  grav.  =  9-779,  with  150,000  lb.= 
4-655;  with  200,000  lb.  =  9-556,  becoming  very 
Brittle  and  exhibiting  a  fine-grained,  scarcely 
crystalline  structure.  A  rod  of  it  ^  inch 
diameter  bears  40  lb.  B.  is  rather  soft,  has 
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little  ring,  is  brittle,  but  may  be  extended 
slightly  by  careful  hammering,  is  mine  mallea- 
ble when  heated.  It  is  reddish  white,  with 
little  lustre,  fuses  at  497°— 508°,  ami  expands 
on  congealing  about  3V- 

At  a  higher  temperature  it  may  be  distilled 
in  close  vessels,  condensing  in  lamina1.  It  is 
soluble  in  nitric  and  nitro-muriatic  acids.  It 
exhibits  a  similar  passive  slate  with  iroi)| 
though  in  a  less  degree  by  contact  with  an 
electro-negative  metal;  for  though  rapidly  solu- 
ble in  nitric  acid  of  spec.  grav.  1-4,  if  a  piece 
of  platinum  be  laid  upon  it  in  the  acid,  the 
action  ceases,  and  each  time  that  contact  with 
the  platinum  is  broken,  the  bismuth  assumes  a 
black  coating,  which  disappears ;  the  metal 
remains  blight  and  the  acid  acts  feebly  or  not 
at  all  upon  it.  It  is  also  rendered  inactive  by 
dipping  it  in  nitrous  and  immediately  in  nitric 
acids. 

1.  Suboxide  of  Bismuth.  When  bismuth  is 
melted  in  the  air  at  a  low  temperature,  or 
exposed  in  fine  powder  to  the  air,  it  becomes 
coated  with  a  suboxide  of  a  reddish  brown 
color;  when  basic  nitrate  of  B.  is  digested  with 
an  excess  of  protochloride  of  tin,  washed  with 
boiling  water,  and  dried  in  a  vacuum,  it  is  also 
formed  of  a  coal-black  color,  and  burns  like 
tinder  to  oxide.  Its  action  before  the  blowpipe 
with  mic.  salt  resembling  that  of  suboxide  of 
copper,  it  would  seem  to  be  capable  of  forming 
salts,  at  least  in  the  dry  way. 

2.  Oxide  of  B.  Ger.  Wismuthoxyd.  It  occurs 
native  as  Bismuth  Ochre.  Formation.  1.  B. 
does  not  oxidize  in  moist  air,  but  when  par- 
tially covered  with  water,  it  first  forms  hydrated 
oxide,  then  fine  crystals  of  oxide,  and  if  the  air 
contained  carbonic  acid,  a  hydrous  carbonated 
oxide  in  white  scales  is  formed.  2.  B.  heated 
to  a  white  heat  in  the  air,  burns  with  pale  blue 
flame  to  oxide  or  Flowers  of  B.  3.  By  keeping 
it  fused  in  the  air,  removing  the  dross  or  B.-ash 
from  the  surface,  until  the  whole  is  thus  con- 
verted, and  exposing  it  to  a  continued  moderate 
heat.  4.  By  decomposing  steam  at  a  white 
heat.  5.  By  the  action  of  nitric  acid  in  the 
cold,  sulphuric  with  heat,  evolving  nitric  oxide, 
or  sulphurous  acid,  and  forming  a  salt  of  B. 
Fuming  nitric  acid  produces  ignition  with 
the  powdered  metal. 

Prep.  1.  By  removing  the  dross  of  the 
melted  metal  and  exposing  it  to  the  continued  ac- 
tion of  heat.  2.  By  gently  heating  basic  nitrate 
or  the  carbonate  of  B.  3.  By  fusing  caustic 
potassa  with  an  excess  of  oxide  of  bismuth, 
or  boiling  the  hydrated  oxide  with  a  caustic 
lye  of  potassa  or  soda,  it  is  crystallized.  4.  The 
hydrate  is  obtained  by  precipitating  the  nitrate 
by  caustic  potassa. 

Prop.  Prepared  by  1  and  2  it  is  a  pale  lemon- 
yellow  powder;  by  3.  shining,  yellow  needles; 
by  4.  the  hydrate  is  a  white  powder.  It  be- 
comes, temporarily,  reddish  brown  by  heat, 
then  fuses  to  a  dark-brown,  or  black  opake 
glass,  becoming  yellow  and  crystalline  on 
cooling.  Fused  in  a  clay  crucible,  it  takes  up 
silica,  alumina,  &c,  forming  a  yellow  transpa- 
rent glass  when  cold.  Spec.  grav.  8- 1 74—8-968. 
Easily  reduced  to  metal  by  carbon,  potassium, 
sodium,  and  carbonic  oxide ;  to  sulphuret  by 
sulphur. 
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3.  Bismuthic  acids,  fyc.  It  is  probable  from  the 
experiments  of  Stromeyer,  Jacquelain,  Fremy, 
and  Arppe,  that  there  are  several  other  oxides, 
and  an  acid  of  bismuth. 

1.  A  brown  colored  oxide  is  prepared  by 
fusing  together  oxide  of  bismuth  and  caustic 
soda,  boiling  the  mass  with  an  excess  of  soda- 
lye,  washing  the  brown  powder  with  nitric 
acid,  and  then  with  water.  (Fremy.)  Proba- 
bly the  same  oxide  is  obtained  by  dropping 
nitrate  of  bismuth  into  a  boiling  solution  of 
chlorited  alkali,  with  an  excess  of  chlorous 
acid,  and  boiling  the  oxide  in  a  solution  of 
caustic  potassa  to  remove  the  remaining  chlo- 
rine.    Form.  Bi04.  (?)     (Arppe.) 

2.  When  the  preceding  brown  oxide  is  thrown 
into  fused  caustic  potassa,  or  the  nitrate  is 
dropped  into  a  concentrated  solution  of  chlo- 
rited alkali,  a  yellow  hydrated  oxide  is  produced. 
Form.  Bi05-|-HO.  If  the  chlorited  solution 
be  dilute,  the  yellow  tint  is  different,  and  the 
formula  is  Bi5024  -f-  HO.  (Arppe.)  It  is  evi- 
dent that  these  contain  the  same  oxide,  which 
is  probably  Bi05,  and  consists  of  Bi  84-19 -)-  O 
15-81  =  100,  although  his  analyses  vary  between 
83  and  88  per  cent,  of  bismuth.  Arppe  ob- 
tained also  a  brown  oxide,  by  passing  chlorine 
through  caustic  polassa  in  which  carbonate  of 
bismuth  was  suspended,  which  had  the  formula 
Bi05,  and  was  different  in  its  behavior  from  the 
brown  oxide  above  (1). 

3,  When  the  yellow  oxide  (2)  is  treated  with 
nitric  acid,  there  remains  a  reddish  brown  mass 
which  changed  so  rapidly  that  it  could  not  be 
examined,  and  by  the  continued  action  of  the 
acid  it  passed  into  green  or  yellowish  brown. 
The  latter  had  the  formula  Bi2Ou  -f-  HO. 
(Arppe.)  It  may  be,  perhaps,  when  pure,  Bi06, 
or  what  is  more  probable,  may  contain  an  acid 
Bi07.  These  oxides  or  acids  cannot  be  re- 
garded as  ultimately  determined. 

Sulphurets  of  Bismuth.  1.  Bisulphuret.  Fuse 
equal  parts  of  tersulphuret  and  metallic  bis- 
muth, and  when  beginning  to  congeal,  pour  out 
the  still  fluid  metal.  The  sulphuret  crystallizes 
in  the  interior  in  long,  thin,  quadratic  prisms, 
with  replaced  edges  (2d  prism),  very  brilliant, 
metallic,  light  gray,  more  fusible  than  tersul- 
phuret; specific  gravity  7-29.  Formula,  BiS2. 
(  Wertheim.) 

2.  Tersulphuret.  BiS3.  Occurs  native  as  Bis- 
muth Glance.  Formed  readily  by  fusing  bis- 
muth and  sulphur  together,  when  it  resembles 
bismuth  glance;  or  by  precipitating  a  salt  of 
bismuth  by  sulphuretted  hydrogen,  when  it  falls 
in  brownish  black  flocculae.  When  fused,  it 
expands  considerably  on  cooling,  and  after 
each  fusion  presses  out  globules  of  the  metal 
when  congealing.     (Marx.) 

Phosphuret.  Phosphorus  has  little  affinity 
for  bismuth,  a  small  quantity  combining  with 
it  in  the  dry  way,  and  rendering  it  more  brittle 
and  less  foliated.  Phosphuretted  hydrogen  pre- 
cipitates from  nitrate  of  bismuth  a  black  phos- 


phuret, which  loses  all  its  phosphorus  by  dis- 
tillation. 

Alloys.  Bismuth  combines  readily  with  the 
metals,  forming  compounds,  which  are  gene- 
rally brittle  and  very  fusible.  It  readily  unites 
with  potassium  and  sodium,  and  the  alloy  may 
also  be  obtained  by  fusing  bismuth  with  bitar- 
trate  of  potassa.  The  sodium  alloy  expands 
considerably  during  congelation.  These  alloys 
are  oxidized  by  water,  hydrogen  being  given 
off  and  pure  pulverulent  bismuth  being  left. 
B.  combines  with  arsenic  with  the  same  diffi- 
culty as  with  phosphorus;  with  antimony  it  may 
be  fused  in  every  proportion,  and  when  the 
alloy  contains  33  or  more  per  cent,  of  bismuth 
it  expands  on  cooling.  B.  forms  with  tungsten 
a  submetallic,  brittle  mass  of  a  brownish  color; 
with  copper  a  pale  red  and  brittle  compound.  It 
is  chiefly  employed  in  an  alloy  with  lead,  to 
impart  greater  fusibility  and  a  little  expansion 
in  congelation.  See  Lead, Type  Metal,  Solder, 
Amalgam. 

Salts. 
The  salts  of  B.  are  easily  obtained  by  solu- 
tion of  the  oxide  in  liquid  acids,  by  the  decom- 
position of  a  portion  of  the  acid;  or  some  of  the 
insoluble  by  double  decomposition.  They  are 
colorless  with  a  colorless  acid,  have  a  high 
spec,  grav.,  are  poisonous;  the  soluble  decom- 
posed by  water  into  a  basic  and  acid  salt,  or  a 
basic  salt  and  free  acid,  unless  they  are  in  a 
very  acid  solution.  The  carbonated  alkalies 
precipitate  the  carbonate,  carbonated  alkaline 
earths  the  hydrated  oxide  ;  sulphuretted  hydro- 
gen and  sulphydrates  precipitate  all  the  bismuth 
present  as  a  brownish  black  sulphuret,  insolu- 
ble in  excess  of  precipitant,  even  from  a  very 
acid  solution.  Iodide  of  potassium  gives  a 
brown  iodide,  soluble  in  an  excess  of  precipi- 
tant. Alkaline  chromates  throw  down  yellow 
chromate.  Yellow  prussiate  of  potassa  pro- 
duces a  white  precipitate  insoluble  in  muriatic 
acid;  red  prussiate  a  pale  yellow,  soluble  in 
muriatic  acid.  B.  is  precipitated  metallic  by 
zinc,  cadmium,  tin,  iron,  lead,  copper  ;  by  the 
two  first  rapidly;  by  the  three  following  more 
slowly,  by  the  last,  copper,  it  is  wholly  thrown 
down,  only  when  the  solution  is  warm. 

Analysis.  Ullgren  separates  lead  and  bismuth 
by  precipitating  them  with  carbonate  of  am- 
monia, dissolving  in  acetic  acid,  and  putting  in 
a  clean  and  weighed  piece  of  metallic  lead  in 
a  closed  vessel  for  a  few  hours.  Collect  the 
bismuth  on  a  filter,  wash  with  boiled  and 
cooled  water,  dissolve  in  nitric  acid,  evaporate 
to  dryness,  ignite,  and  weigh  as  oxide  of  bis- 
muth. The  lead  solution  is  precipitated  by 
carbonate  of  ammonia,  the  oxide  of  lead 
weighed,  and  the  amount  deducted  from  it, 
which  it  gained  from  the  strip  of  metallic  lead. 

Haloid  Salts. 
1.  Chloride  of  Bismuth.     Syn.     Butter  of  B. 
Ger.  Chlorwisrauth.     Prep.    B.  takes   fire   in 
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chlorine  and  forms  chloride  of  bismuth.    2.  It  is 

obtained  by  heating  1  pt.  bismuth  with  2  pts. 
corrosive  sublimate.  3.  Dissolve  B.  in  strong 
chldrohydrie  acid  and  evaporate  to  crystallize. 
Prop.  Brownish  or  grayish  white,  opake,  and 
of  a  granular  texture,  or  from  the  3d  process  it 
crystallizes  in  prisms.  It  fuses  readily  t"  an 
oily  liquid,  volatilizes  by  a  gentle  heat ;  decom- 
poses by  water  into  free  muriatic  acid  and 
oxychloride  (2).  Form.  BiCI3 ;  eq.  313-5;  in 
100  pts.  Bi  66-73 -f  CI  33-27. 

2.  Oxychloride  of  B.  Syn.  Basic  chloride  of  B. 
Prep.  Decompose  1  with  water  and  wash  the 
residue.  2.  Pass  steam  over  fused  chloride  of 
B.  3.  Precipitate  a  solution  of  B.  in  nitric 
acid  by  a  strong  solution  of  common  salt,  chlo- 
ride of  potassium  (not  in  excess),  or  by  mode- 
rately dilute  muriatic  acid. 

Prop.  Crystalline,  white,  becoming  yellow  at 
every  ignition,  fuses  without  decomposition. 
Decomposed  by  hot  sulphuric  acid  into  sul- 
phate, by  heating  in  chlorine  into  chloride,  by 
concentrated  potassa  into  oxide  of  bismuth. 
Insoluble  in  water,  soluble  in  nitric  and  mu- 
riatic acids.  Formula,  Bi3CI306  or  BiCl3-f- 
2Bi03,  and  contains  80-56  per  cent,  bismuth. 

3.  Double  Chlorides  are  obtained  by  dissolving 

1  eq.  chloride  of  B.  and  2  eqs.  of  the  alkaline 
chlorides  in  muriatic  acid,  and  evaporating 
until  the  salt  begins  to  form,  when,  on  cooling, 
it  crystallizes.  Form,  of  the  potassium  salt, 
2KC1+  BiCl3-f  5  HO;    of  the   sodium   salt, 

2  Nad  +  BiCI3+  6  HO.  The  double  salt  of 
ammonia  contains  no  water,  and  forms  double 
6-sided  pyramids  isomorphic  with  the  double 
salt  of  terchloride  of  antimony  and  sal-am- 
moniac. 

Bromide  of  B.  BiBr3.  Introduce  bismuth  in 
powder,  with  a  great  excess  of  bromine,  into  a 
long  tube,  closed  at  one  extremity,  and  expose 
it  to  heat.  Yellow  vapors  appear  and  con- 
dense on  the  sides  of  the  tube ;  that  which 
remains  at  the  bottom  of  the  tube  is  bromide 
of  bismuth,  of  a  steel-gray  colour,  having  the 
aspect  of  fused  iodine.  It  fuses  at  392°,  as- 
suming a  hyacinth  red  color;  but,  on  cooling, 
resumes  its  gray  color;  exposed  to  the  air,  it 
rapidly  absorbs  moisture,  and  assumes  a  fine 
sulphur  yellow  color ;  more  water  decomposes 

H  =  l. 

Bi03 237 

3N05 162 

9  HO 81 
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it  into  hydrobromic  acid  and  oxylnomide  of 
bismuth. 

1.  Subiodidi  oj  B.  By  heating  about  equal 
pans  of  bismuth  and  iodine  together,  they  fuse, 
and  the  compound  sublimes  even  before  fusion 
in  scales  with  a  metallic  lustre.  Formula, 
Bi2I3.  (?) 

2.  Iodide  of  B.  Make  a  solution  of  B.  clear 
by  acetic  or  muriatic  acid,  precipitate  by  water, 
and  add  iodide  of  potassium.  Brown,  crys- 
talline, somewhat  decomposed  by  washing. 
Form.  Bil3. 

3.  O.ryiodide  of  B.  Obtained  by  boiling  sub- 
iodide  (1)  with  water.  A  brown  powder,  de- 
composed by  concentrated  solutions  of  potassa, 
soda,  and  strontia. 

Fluoride  of  B.  Precipitates  by  evaporating 
its  aqueous  solution  as  a  white  powder. 

Oxysalts. 

Sulphate  of  B.  Bi03  +  3  S03.  Obtained  by 
dissolving  the  metal  in  oil  of  vitriol  and  evapo- 
rating to  dryness.  Ignited  in  hydrogen  it  leaves 
pure  bismuth.  It  is  resolved  by  water  into  a 
soluble  acid  salt  and  an  insoluble  basic  salt, 
with  the  formula  Bi03,  S03. 

Sulphite  of  B.  Sulphurous  acid  forms  a  salt 
with  hydrated  oxide  of  B.,  insoluble  in  water 
and  sulphurous  acid,  and  which  loses  its  acid 
by  heat. 

Nitrate  of  B.  a.  Neutral.  Dissolve  bismuth 
in  warm  nitric  acid  and  set  it  aside  to  crystal- 
lize. If  the  metal  be  powdered,  and  concen- 
trated fuming  acid  be  poured  over  it,  the  heat 
rises  to  ignition.  It  forms  6  and  8-sided  prisms, 
apparently  doubly  oblique  rhombic,  terminated 
by  several  planes,  transparent  and  colorless; 
they  are  soluble  in  dilute  nitric  acid;  water 
decomposes  them  into  a  basic  salt,  b,  which 
precipitates,  while  the  neutral  salt  and  free 
nitric  acid  remain  in  solution.  (Freundt.) 
Heated  to  212°  this  salt  separates  into  a  solid 
and  fluid  portion,  the  latter  of  which  rapidly 
congeals  on  cooling;  heated  more  highly,  it 
loses  nitric  acid  and  water,  leaving  a  basic 
salt,  and  by  a  still  higher  heat  the  oxide  alone 
remains.  It  deflagrates  slightly  on  ignited 
coals,  more  violently  by  friction  with  phos- 
phorus. 


In  100  pts. 

Berzelius. 

Duflos. 

Freundt 

49-38 

48-8 

48-3 

49-00 

33-75 

33-7 

33-5 

33-25 

16-87 

17-5 

18-2 

17-75 

100 


100 


100 


100 


Form.  Bi03,  3  N05  +  9  HO.  The  analyses 
of  Duflos  and  Freundt  indicate  10  eq.  water. 
It  is  employed  for  preparing  the  basic  salt. 

6.  Basic.  Syn.  Magistery  of  B.,  Pearl-white, 
Pearl  Powder;  Get:  Perlweiss,  Schminkweiss; 
Fr.  Blanc  d'Espagne.  Prepared  by  adding 
water  to  the  neutral  salt  (see  a).  The  greatest 
yield  is  obtained  by  adding  2400  pts.  of  boiling 
water  to  100  pts.  of  the  crystals,  a,  which  gives 
45-5  of  the  basic  salt ;  and  washing  with  not 
too  great  an  excess  of  water.  By  evaporating 
this  acid  solution  without  the  wash-water,  nitric 
acid  jia^^s  off,  and  the  neutral  salt  crystallizes, 
which  may  again  be  decomposed  by  water, 
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leaving  still  a  portion  of  neutral  salt  in  solu- 
tion. To  obtain  nearly  all  the  bismuth  salt, 
the  last  solution  may  be  added  to  the  acid  water 
of  the  first  decomposition.  (Duflos  and  Freundt.) 
Bismuth  usually  contains  arsenic,  to  avoid 
which  Duflos  dissolves  100  pts.  of  the  crystals, 
a,  in  200 — 300  warm  water,  which  leaves  ar- 
seniate  of  B.,  and  pours  the  clear  liquid  into 
2400  pts.  water.  Wittstein  removes  arsenic  by 
boiling  the  nitrate  with  caustic  potassa,  which 
extracts  the  nitric  and  arsenious  acids,  leaving 
oxide  of  B.;  the  oxide  is  again  dissolved  in 
nitric  acid. 
Prop.    As  above  prepared,  it  is  a  pure  white, 


BISMUTH. 

somewhat  pearly,  loose  powder,  possessing 
great  body;  composed  of  crystalline  scales 
when  seen  under  the  microscope.  Prepared 
from  the  acid  solution,  or  with  little  water,  it 
consists  of  less  minute  needles  and  scales,  with 
a   more    silky  lustre.    It    reddens    moistened 


BISMUTH  BLENDE. 

litmus  paper,  is  insoluble  or  nearly  so  in  water, 
becomes  more  basic  by  washing,  especially 
with  hot  water. 

The  exact  composition  of  the  basic  nitrate  is 
not  known,  unless  we  admit  the  existence  of 
several  distinct  compounds. 


BiO,.. 

NiO 

HO... 

11  =  1. 
..  237 

291 

In  100  pts. 
81-44 
18-56 

Phillips. 
81-92 
18-36 

Gmelin. 

80-67 

16-41 

2-92 

Herberger. 

79-70 

14-44 

5-86 

Dvflos. 

80-00 

13-58 

6-42 

Grouvelle. 

81-37 

13-97 

4-66 

Freundt,  a. 

80-00 

15-39 

4-61 

b. 
80-60 
14.05 

4-45 

100 

100-28 

100 

100 

100 

100 

100 

100 

Phillips'  salt  was  obtained  from  an  acid  so- 
lution, and  Ullgren  finds  that  the  acid  solution, 
as  well  as  the  acid  liquid  remaining  from  the 
decomposition  of  the  neutral  salt  by  water, 
yield  a  salt  of  similar  constitution.  Its  for- 
mula is  therefore  Bi03,  NO..  Gmelin's  analy- 
sis of  the  precipitate  thoroughly  dried,  gives 
nearly  Bi03,  N03  +  HO.  The  analyses  of 
Herberger  and  Duflos  give  5  Bi03,  4  N03  -f- 
HO,  which  may  be  4  (Bi03,  N03)  +  Bi03,  HO. 
Those  of  Grouvelle  and  Freundt, 6,  give  7  Bi03, 
5  N05+  HO,  or  5  (Bi03,  NO.)  +  2  Bi03,  HO, 
while  the  other  analysis  of  Freundt,  a,  yields 
nearly  7  Bi03,  6  N05  +  HO.  Admitting  the 
researches  to  be  correct,  we  have  the  following 
basic  nitrates : 

Bi03,  N05. 
Bi03,  N05+  HO. 

4  (Bi03,  NO.)  +  Bi03,  HO. 
6  (Bi03,  NOJ  -f  Bi03,  HO. 

5  (Bi03,  N05)  +  2  Bi03,  HO. 

Use.  Subnitrate  of  B.  or  pearl  powder  is 
employed  as  a  cosmetic  from  its  pure  white 
color,  but  it  should  be  remembered  that  it  is 
apt  to  become  gray  in  color  of  itself,  and  to 
darken  by  sulphuretted  hydrogen.  It  is  farther 
employed  to  a  limited  extent  in  medicine  inter- 
nally, and  as  an  ointment. 

1.  Phosphate  of  B.  Aqueous  phosphoric  acid 
combines  with  hydrated  oxide  of  B.  by  diges- 
tion, forming  partly  a  white,  insoluble  powder, 
which  fuses  before  the  blowpipe  to  a  white 
enamel,  and  is  decomposable  by  carbon,  partly 
a  crystallizable  salt,  soluble  in  water. 

2.  Pyrophosphate  of  B.  Syn.  Bibasic  phos- 
phate of  B.  Formed  by  precipitating  a  salt  of 
B.  by  pyrophosphate  of  soda,  is  soluble  in  an 
excess  of  the  precipitant. 

3.  Metaphosphate  of  B.  Syn.  Monobasic  ph. 
of  B.  Add  metaphosphoric  acid  and  then  am- 
monia to  a  solution  of  nitrate  of  B.  It  is  in- 
soluble in  an  excess  of  ammonia. 

Phosphite  of  B.  Terchloride  of  phosphorus 
dissolved  in  water,  neutralized  by  ammonia, 
and  added  to  a  solution  of  chloride  of  B.  par- 
tially neutralized  by  ammonia,  produces  a  volu- 
minous white  precipitate,  which  evolves  pure 
hydrogen  by  distillation. 

Bromatc  of  B.  Bromic  acid  left  for  a  long 
time  in  contact  with  hydrated  oxide  of  B.  forms 
an  insoluble  and  a  soluble  salt.  The  latter 
acid  solution  yields  by  evaporation  bromine 
and  oxygen,  leaving  a  little  deliquescent  salt. 
The  former  is  a  white  amorphous  powder,  loses 
its  water  between  302°  and  320°,  decomposes 
violently  at  a  higher  temperature,  leaving  yel- 


low oxybromide  of  B.     3  Bi03, 2  Br06  +  6  HO. 
Eq.  1001-8. 

Iodate  of  B.  Iodic  acid  and  an  alkaline  iodate 
give,  with  nitrate  of  B.,  a  white  precipitate  in- 
soluble in  water. 

Carbonate  of  B.  Formed  by  dropping  nitrate 
of  B.  into  a  solution  of  carbonate  of  potassa  ; 
a  white  powder  insoluble  in  carbonated  water. 
It  is  a  basic  salt,  and  has  been  employed  in 
medicine 

Borate  of  B.  A  white  powder  almost  insolu- 
ble in  water. 

Silicate  of  B.  An  impure  silicate,  Bismuth 
Blende,  occurs  native.  Oxide  of  B.  dissolves 
in  glass  with  a  yellowish  color. 

Sulphocarbonate  of  B.  Formed  by  adding  sul- 
phocarbonate  of  lime  to  a  solution  of  B.  It  is 
a  dark  brown  powder,  soluble  in  an  excess  of 
the  precipitant  with  a  bright  reddish  brown 
color. 

BISMUTH  BLENDE.  Mm.  Syn.  Arsenical 
Bismuth,  Silicate  of  B.  Ger.  Kieselwismuth. 
Dcscrip.  Cryst.  system,  Regular,  but  only  in 
the  hemi-forms  of  the  |-hedron,  -V--hedron,  or 
these  2  right  hemi-forms  combined.  Cleavage 
imperfect  parallel  to  12-hedron;  crystals  minute. 
It  occurs  also  in  globular  masses  with  columnar, 
lamellar,  or  granular  structure. 

H.  =  3-5  —  4-5.     G.=  5-912  — 60. 

Color,  dark  hair-brown  or  light  yellowish ; 
lustre  resinous  or  adamantine;  subtransparent, 
opake;  streak  yellowish  gray;  rather  brittle, 
with  uneven  fracture. 

Behavior.  In  a  closed  tube  decrepitates,  giv- 
ing traces  of  water ;  on  charcoal  froths  and 
fuses  readily  to  a  brownish  bead,  giving  off 
fumes  (which  sometimes  have  an  arsenical 
odor),  and  coating  the  coal  yellowish  brown ; 
dissolves  in  mic.  salt,  giving  traces  of  iron,  and 
leaving  a  skeleton  of  silica;  with  soda  gives 
metallic  bismuth. 

Decomposed  by  acids  with  the  separation  of 
gelatinous  silica;  muriatic  is  the  best  solvent. 
Heated  in  a  platinum  crucible  with  sulphuric 
acid  it  exhibits  traces  of  fluohydric  acid. 

Average  of  two  analyses  by  Kersten : 

Silica 22-23 

Oxide  of  bismuth 69-38 

Phosphoric  acid 3-31 

Peroxide  of  iron 2-40 

Peroxide  of  manganese 0-30 

Water  and  fluohydric  acid 1-01 

Fluohydric  acid  and  loss 1-37 


100 
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BISMUTH  COBALT. 

Omitting  the  iron  as  unessential,  its  formula 
is  5  (3  BiO,  2  SiOg)  -f  4  BiO,  P05,  mingled  with 
a  little  silicofluonde  of  bismuth. 

Locality.  It  accompanies  cobalt  ores  and 
native  bismuth  near  Schneeberg  in  Saxony. 

BISMUTH  COBALT.  Mm.  Kersten  ana- 
lyzed a  mineral  from  Schneeberg  to  which  he 
gave  this  name,  but  it  appears  to  be  an  aggre- 
gate, containing  a  large  proportion  of  arsenical 
cobalt  and  Bismuth  glance. 

BISMUTH  GLANCE.  Min.  Syn.  Pris- 
matic B.  G.  Mohs.  Sulphuret  of  B. ;  Bismuth- 
ine.  Ger.  Wismuthglanz.  Descrip.  Crysl.  sys- 
tem, Right  Rhombic,  crystals  acicular,  pre- 
senting several  vertical  prisms,  and  terminal 
planes  of  the  three  axes,  with  two  first  and 
one  second  horizontal  prisms.  Cleavage  pa- 
rallel to  all  the  terminal  planes,  most  perfect 
to  the  terminal  plane  of  first  lateral  axis. 
Occurs  also  massive  with  foliated  or  fibrous 
structure. 

H.  =  2  —  2-5.     G.  =  6-549. 

Color  and  streak  lead-gray;  lustre  metallic; 
opake;  sectile. 

Behavior.  In  an  open  tube  sublimes  sulphur, 
gives  off  sulphurous  acid,  and  boils;  on  char- 
coal in  reducing  flame  fuses  readily  with  spirt- 
ing to  a  bead  of  metallic  bismuth,  and  forms  a 
heavy  yellow  coating.  Soluble  in  nitric  acid, 
with  the  separation  of  sulphur ;  water  renders 
the  solution  turbid. 

Analysis.  1.  From  Riddarhyttan  in  West- 
manland  by  Rose;  2.  from  Retzbanya  by 
Wehrle ;  3.  from  Cornwall  by  Warrington. 

1.  2.  3. 

Bismuth 80-98  80-96  72-49 

Sulphur 18-72  18-28  20-00 

Iron —  —  3-70 

Copper —  —  3-81 

99-70         99-24       100 


By  abstracting  copper  pyrites  from  3,  it 
leaves  the  same  compound  as  1  and  2.  Its 
formula  is  therefore  BiS,  a  simple  sulphuretof 
bismuth.  Berzelius  infers  the  existence  of  a 
lower  sulphuret  from  the  behavior  of  a  bismuth 
glance  from  Gregersklack,  as  it  did  not  sublime 
sulphur. 

Local.  Occurs  generally  in  same  localities 
as  native  bismuth;  associated  with  cerium-ore 
at  Bastnaes,  in  Sweden.  In  the  United  States, 
it  is  said  to  have  been  found  at  Haddam,  Con- 
necticut. 

BISMUTH  OCHRE.  Min.  Syn.  Oxide  of 
B.  Ger.  Wismuthocker.  It  occurs  massive 
and  disseminated;  pulverulent,  earthy,  some- 
times lamellar.  G.  =  4-361.  Color  yellow, 
grayish  white;  lustre  adamantine,  dull;  opake. 
Behaves  like  pure  oxide  of  bismuth,  often 
containing  iron,  copper,  arsenic,  carbonic 
acid,  and  water.  It  occurs  on  the  ores  of 
bismuth  and  its  associates  at  Schneeberg, 
Saxony;  Joachimsthal,  Bohemia;  Beresof, 
Siberia. 

BISMUTH  ORES.  Min.  The  following  are 
the  principal  minerals  in  which  bismuth  is 
found: 
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BITTER  PHINCiPLE. 

Min.  name.  Formula. 

Bismuth Bi 

Bismuth  ochre. .  BiO 

Bismutite BiO,  COBi(?) 

Bismuth  blende.,  (a  silicate) 

Bismuth  glance..  BiS 

Telluric  bismuth  BiS -f  2  BiTe. 

Bismuth  silver. .  m  (Pb,  Bi,  Ag)  S  (?) 

Copper  bismuth.  Cu^s,  His 

Needle-ore Cu2S,  BiS  +  2  (PbS,  BiS) 

BISMUTH  SILVER.  Min.  Ger.  Wismuih- 
silbererz.  Generally  amorphous,  rarely  acicu- 
lar. Color  tin-white,  tarnishing;  lustre  metal- 
lic; soft  and  sectile. 

Analysis  by  Klaproth  of  B.  S.  from  Schap- 
bachthal  in  Schwarzwalde.but  from  the  method 
pursued  the  analysis  cannot  be  relied  on 
(Ram.) 

Lead 33-0 

Bismuth 27-0 

Silver 15-0 

Iron 4-3 

Copper 0-9 

Sulphur 16-3 

96-5 

BISMUTHINE.   Min.   See  Bismuth  Glance. 

BISMUTITE.  Min.  Disseminated  acicular 
crystals.  H.  =  4  —  4-5,  or  3-5  when  they  have 
lost  their  lustre.  G.  =  6-86  —  6-91.  Color 
mountain-green,  occasionally  straw-yellow  and 
yellowish  gray;  lustre  vitreous,  dull;  subtrans- 
lucent,  opake;  streak  greenish  gray  to  color- 
less ;  brittle. 

Behavior,  fyc.  Fuses  on  an  ignited  coal,  being 
reduced  with  effervescence  to  a  globule  of  me- 
tallic bismuth,  and  producing  a  coating  of  the 
oxide.  Forms  a  deep  yellow  solution  with 
chlorohydric  acid.  According  to  Planner's 
tests,  it  is  carbonate  of  bismuth  with  (probably 
carbonates  of)  iron  and  copper,  and  sulphuric 
acid. 

Local.  It  occurs  in  Cornwall,  at  Schneeberg, 
Saxony,  and  near  Hirschberg  in  Russian  Voigt- 
land,  with  other  ores  of  bismuth.     (Dana.) 

BISTRE.  A  brownish  black  color,  prepared 
and  used  similarly  to  China  ink.  That  portion 
of  wood-soot  which  collects  in  the  lower  por- 
tions of  a  flue  or  chimney  from  imperfect  com- 
bustion, is  usually  more  compact,  and  consists 
of  carbon  more  highly  charged  with  empyreu- 
matic  products,  pyro-resin,  ammoniacal  and 
alkaline  compounds,  &c.  The  soot  arising 
from  beech  wood  is  preferred.  It  is  pulverized, 
sifted,  washed  with  cold  and  sometimes  warm 
water  to  remove  the  soluble  saline  ingredients; 
and  washed  over  to  obtain  the  finest  particles. 
The  finest  sediment  is  then  mixed  with  gum- 
water,  moulded  into  cakes,  and  dried.  It  is 
only  used  as  a  water  color. 

BITTER  ALMONDS.  See  Almond  and 
Amygdalin. 

BITTER  PRINCIPLE.  Ger.  Bitterstoff.  The 
extractive  portion  of  many  plants  is  often 
termed  bitter  extract  or  bitter  extractive,  from  its 
possessing  a  bitter  taste,  and  is  divided  into 
mild,  acrid,  and  narcotic. 

Prep.     I,  The  bitter  portions  of  plants,  if 


BITTER  PRINCIPLE. 


BITTER  SPAR. 


fresh,  are  pressed,  or  if  dry,  are  extracted  with 
water,  and  the  juice  or  solution  concentrated  by 
evaporation,  when  a  deposit  usually  takes  place, 
consisting  of  albumen,  apothem,  and  insoluble 
salts  of  lime,  &c.  The  filtered  liquor  is  evapo- 
rated to  an  extract,  and  treated  with  dilute  al- 
cchol,  which  extracts  the  bitter  principle  in  a 
purer  state,  leaving  starch,  gum,  salts,  &c. 

2.  Prepare  an  extract  of  the  plant  directly 
with  dilute  alcohol  and  treat  it  with  water, 
which  dissolves  the  bitter,  leaving  resin.  In 
either  case  the  solution  yields,  by  evaporation, 
a  dark-colored  extract,  which,  besides  the  bitter, 
contains  resin,  sugar,  coloring  matter,  and  va- 
rious salts.  Absolute  alcohol  removes  resin 
and  some  salts;  some  of  the  salts  may  also  be 
removed  by  adding  sulphuric  acid  to  the  tinc- 
ture, and  forming  sulphates  insoluble  in  alco- 
hol, while  the  excess  of  sulphuric  acid  is  re- 
moved by  carbonate  of  lead.  Sugar  is  removed 
by  fermentation.  The  coloring  matters  are  re- 
moved by  neutral  acetate  of  lead.  To  the  filter- 
ed solution  add  basic  acetate  of  lead,  wash  the 
precipitate  with  a  little  cold  water,  suspend  it 
in  water,  decompose  it  by  sulphuretted  hydro- 
gen, filter,  and  evaporate.  The  bitter  principle 
thus  obtained  is  probably  not  always  free  from 
a  little  foreign  admixture. 

Prop.  The  bitter  principle  is  uncrystalliza- 
ble,  yellowish  or  brownish,  translucent,  and, 
after  perfect  drying,  brittle,  with  conchoidal 
fracture,  and  pulverizable.  It  is  heavier  than 
water,  inodorous,  with  a  pure  bitter  taste,  solu- 
ble in  water  and  spt.  wine,  but  not  in  absolute 
alcohol,  ether,  or  the  oils.  Subjected  to  dry 
distillation  it  yields  gases,  an  acid,  generally 
an  ammoniacal  liquid,  empyreum.  oil,  and 
charcoal.  It  burns  with  a  feeble  flame  in  the 
air,  leaving  a  porous  charcoal,  which  generally 
yields  ashes  by  combustion. 

By  repeated  evaporation,  or  by  the  action  of 
chlorine,  it  deposits  Apothem.  Its  solution  is 
rendered  darker  by  alkali  without  precipitation. 
Alumina,  most  metallic  oxides,  and  especially 
basic  acetate  of  lead,  form  insoluble  or  diffi- 
cultly soluble  precipitates.  It  does  not  precipi- 
tate with  gelatin.  Many  bitters  are  abstracted 
from  a  solution  by  boiling  with  bone-black, 
with  which  they  enter  into  combination.  The 
above  properties  are  general,  and  subject  to  ex- 
ceptions from  the  presence  of  other  substances. 

The  exact  chemical  character  of  the  different 
kinds  of  bitter  has  not  been  determined,  nor  is 
it  at  all  probable  that  they  will  agree  in  their 
constitution,  or  other  essential  characteristics. 
The  following  list  comprises  some  of  those 
best  determined,  which  are  free  from  nitrogen, 
and  have  a  neutral  reaction. 

Jlbsinthiin,  flowers  of  Artemisia  absinthium. 

Moin,  Aloe  spicata. 

Bryonin,  root  of  Bryonia  alba. 

Catharlin,  leaves  of  Cassia  lanceolata. 


Cetrarin,  Cetraria  Islandica. 

Colocynthin,  seed-pulp  of  Cucumis  Colocyntni* 

Columbin,  root  of  Menispermum  palmatum. 

Cusparin,  bark  of  Galipea  cusparia. 

Daphnin,  Daphne  Mezereum,  &c. 

Elaterin,  fruit  of  Momordica  elaterium. 

Ergotin,  Ergot  of  Rye. 

Fraxinin,  bark  of  Fraxinus  excelsior. 

Gentianin,  root  of  Gentiana  lutea. 

Hesperidin,  spongy  part  of  Orange-rind. 

Bum,  leaves  of  Ilex  aquifolium. 

Lartucin,  Lactuca  sativa,  &c. 

Liriodcndrin,  root-bark  of  Liriodendron  tulipi 

fera. 
Lupulin,  female  flowers  of  Humulus  Lupulus. 
Olivil,  Gum-resin  of  Olea  Europea. 
Olivin,  leaves  of         do.  do. 

Picrolichenin,  Variolaria  amara. 
Picroloxin,  Menespermum  cocculus. 
Phyllyrin,  bark  of  Phillyrea  media. 
Quassiin,  wood  of  Quassia  amara. 
Sciliuin,  bulb  of  Scilla  maritima. 
Tanacetin,  Tanacetum  vulgare. 
Tanghinin,  seeds  of  TanghinaMadagascariensis 
Xanthopterin,  bark  of  Xanthoxylon  Clava  Hep 

culis. 

BITTER  SPAR.  Syn.  Macrotypous  Lime- 
Haloid,  Mohs;  Ankerite;  Brown  Spar;  Conite; 
Dolomite;  Guhrhofian;  Magnesian  Limestone; 
Miemite;  Pearl  Spar;  Rhomb-spar. 

Descrip.  Cryst.  system,  Hexagonal,  closely 
resembling  calcareous  spar,  and  differing  only 
in  the  angles  (see  Atomic  Volume).  It  occurs 
only  in  hemiedric  forms,  the  radical  rhomb  R 
on  R  =  106°  15',  and  two  more  acute  rhombs; 
the  latter  are  rare ;  it  has  been  found  com 
pounded.  It  also  occurs  imitative,  amorphous, 
and  granular,  like  marble. 

H.  =  3-5— 4.     G.  =  2-85  — 3-1. 

Color  white,  reddish,  brownish,  greenish ;  also 
brown,  green,  rose-red,  gray,  and  black;  lustre 
sub-pearly,  often  vitreous;  translucent;  brittle. 

Behavior.  It  closely  resembles  calcareous 
spar  or  pure  lime;  many  of  the  varieties  show 
a  content  of  more  or  less  iron  or  manganese, 
especially  ankerite,  which  may  become  mag- 
netic by  calcination.  Soluble  with  considera- 
ble effervescence  in  chlorohydric  acid;  and  in 
sulphuric  yielding  crystals  of  Epsom  salt. 

Analysis.  1.  Guhrhofian;  2.  Crystallized  B. 
spar  from  Hall,  Tyrol ;  and,  3.  Fibrous  from  Ta- 
berg  by  Klaproth;  4.  Crystalline  from  Phillips- 
town,  N.  J.,  by  Dr.  Beck ;  5.  Miemite,  from  Ko- 
lozoruknear  Bilin  byRammelsberg;  6.  Fibrous, 
from  Gliicksbrunn  by  Klaproth ;  7.  Dolomite, 
from  Liebenstein  by  Wackenroder;  8.  do.  Spez- 
zia  by  Laugier ;  9.  Cryst.  colorless  from  Jena  by 
Luckow;  10.  ditto  yellow;  11.  Dolomite,  black, 
from  Scheidama  by  Gobel;  12.  Cryst.  from  Zil- 
lerthal;  and  13.  fibrous,  from  Orenburg  by  Kla- 
proth ;  14.  Conite,  from  Meissner,  Hessia,  by 
John. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

CaO,  C02. 

.  .  .  70  5 

680 

73 

71-58 

60-996 

600 

63-875 

55-36 

552 

517 

53-50 

52 

51 

281 

MsO,  cos  . 

. . .  29  5 

255 

25 

28-42 

36-530 

36-5 

33-237 

41-30 

44-7 

420 

41-50 

45 

47 

67-4 

FeO,  C02  . 

.  .    — 

10 

— 

— 

2-742 

40 

0-912 

— 

— 

— 

1-50 

— 



35 

MnO,  CO", . 

. .  .    — 

— 

— 

— 

— 

— 

0073 

— 

— 

61 

— 

— 



Fe203  .... 

.  .    — 

— 

2-25 

— 

— 

— 

— 

200 

— 

— 



3 

1 



100 

40 
98-5 

100  25 

100 

100-268 

1005 

1050 
99147 

050 

9916 

999 

99-3 

2-75 

- 

9925 

100 

90 

99-9 
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The  following  6  were  analyzed  by  Berthier,  Vizille ;  6,  Ankerite  from  Goldrath  in  Btyria,; 
and  7  by  Schroder.  I,  from  Villefranche ;  2,  '  7,  Ankerite  from  Hohe  Wand  in  Btyria  by 
from  Schams ;  3,  from  Miihlen ;  4  and  5  from  j  Schrotter. 


CaO,  C02 60-9 

MgO,  C02 30-3 

FeO,  C02 60 

MnO,  CO, 3-0 


2. 

3. 

4. 

5. 

6. 

7. 

47-8 

50-5 

50-0 

50-9 

511 

6<Hia 

28-9 

32-4 

30-8 

29-0 

25-7 

11-846 

13-7 

12-3 

13-4 

18-7 

200 

35*308 

0-3 

— 

0-4 

0-5 

30 

3-084 

In  the  1st  table  the  4-  in  No.  2  consists  of  clay 
and  water,  the  1-05  in  7  is  organic  matter,  the 
0-5  in  8  is  silica,  and  the  2-75  in  11  is  a  residue. 
In  the  2d  table  several  of  the  specimens  ana- 
lyzed by  Berthier  contained  foreign  matter. 


Notwithstanding  the  variations  in  the  rela- 
tive proportion  of  the  carbonates,  they  ap- 
pear to  be  combined  in  a  definite  ratio  in  the 
purest  specimens,  as  may  be  seen  in  the  fol- 
lowing table. 


Tabular  View  of  the  Formulas  of  Bitter  Spar. 


I.  a. 
b. 


II. 
III. 
IV. 


CaO, 
CaO, 

4  (CaO, 

3  (CaO, 


CO, 
CO, 


+  MgO,  C02 


C02)  + 

co2)  + 


5  (CaO,  C02)  + 


;  3  (MgO,  C02)  l 
'  1  (FeO,  C02)  5 
'2  (MgO,  C02)l 

1  (FeO,  C02)  5 
"3  (MgO,  C02)  ~) 
/FeO,  C02\  y 

2VMnO,  COjj) 


8  (CaO,  C02)  + 


5  (FeO,  C02) 
3  (CaO,  C02)  +  2  (MgO,  C02) 
2  (CaO,  C02)  +  (MgO,  C02) 
(CaO,  C02)  -f  3  (MgO,  C02) 


8—13 
1—3 

4 

5 


5—7 

1—4 

14 


There  are  evidently  4  classes,  with  several 
varieties  in  the  1st  class.  The  general  type  of 
the  first  class  is  represented  by  I.  a.,  consisting 
of  one  equiv.  of  each  carbonate ;  the  varieties 
b  to/contain  the  carbonates  of  iron  and  man- 
ganese, replacing  the  carbonate  of  magnesia. 
Those  analyses  which  approach  most  nearly  to 
their  formulas  are  in  I.  a,  analysis  No.  9  ;  in 
II.  No.  6;  in  III.  No.  1. 

It  is  evident  that  those  of  the  2d  table  ap- 
proximate to  the  ferruginous  magnesite,  under 
which  Rammelsberg  has  placed  them,  but  their 
large  content  of  lime  ranks  them  more  natu- 
rally with  bitter  spar.  In  consequence  of  the 
large  content  of  iron  in  ankerite  it  has  been 
recognised  as  a  distinct  species  by  some  mine- 
ralogists, but  its  formula,  and  the  measurement 
of  its  angles,  requires  that  it  should  be  included 
with  bitter  spar. 

Localities,  6,-c.  Dolomite  (from  Dolomieu)  is 
applied  to  the  granular  magnesian  limestones; 
when  the  crystals  are  distinct,  have  curved 
faces  and  a  pearly  lustre,  they  are  termed  pearl 
spar,  when  brown  from  the  presence  of  iron 
brown  spar.  From  the  presence  of  magnesia 
(bitter  earth)  it  was  termed  bitter  spar.  Guhr- 
hnfiun  or  Gurhofite  and  Miemite  are  named  from 
the  localities  Guhrhof  in  Lower  Austria,  and 
Miemo  in  Tuscany.  Beside  the  above  foreign 
localities,  it  is  abundantly  disseminated  through 
the  United  States.  Pearl  spar  occurs  at  Lock- 
port,  Niagara  Falls,  Rochester,  Glen's  Falls, 
New  York,  at  Phoenixville  above  Philadelphia, 
Pennsylvania,  &c;  crystallized  Dolomite  at 
Quarantine,  Staten  Island,  New  York,  and  Ho- 
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boken,  New  Jersey ;  the  latter  modified  by  a 
combination  of  2  rhombs  ;  brown  spar  at  War- 
wick, Orange  county,  and  with  the  lead-ore,  St. 
Lawrence  county,  New  York,  Manayunk,  near 
Philadelphia,  Pennsylvania,  &c;  Guhrhofian, 
Phillipstown,  New  York ;  Ankerite  at  Quebec, 
and  at  West  Springfield,  Massachusetts. 

Magnesian  limestones  are  abundant  in  the 
United  States  ;  those  around  Philadelphia  and 
Baltimore  often  containing  3  carbonate  of  mag- 
nesia. They  are  extensively  and  successfully 
applied  as  a  manure  for  the  soil ;  and  they 
usually  make  a  strongly  binding  mortar  or 
cement.  For  some  chemical  manufacturing 
purposes,  it  is  by  no  means  immaterial  how 
much  magnesia  they  contain,  nor  can  we  as- 
sume with  safety  that  by  using  a  larger  quan- 
tity it  will  be  an  equivalent  in  the  amount  of 
strong  alkaline  base.  Thus  magnesia  renders 
the  slag  of  the  blast-furnace  more  difficult  of 
fusion;  with  sulphuric  acid,  it  forms  a  much 
more  soluble  salt  than  sulphate  of  lime.  (Refer 
to  Magnesite.) 

BITTERN.  Tech.  The  mother-water  re- 
maining after  extracting  common  salt  by  evapo- 
rating sea-water.  It  is  used  to  prepare  sulphate 
of  magnesia,  &c.     See  under  Sodium,  Water. 

BITUMEN.  Tech.  Another  name  for  As- 
phalt, but  the  term  bitumen  may  rather  be  em- 
ployed generically  to  denote  the  compounds  of 
carbon  and  hydrogen  with  or  without  oxygen, 
existing  in  asphalt,  petroleum,  coal,  &c,  so 
that  the  terms  bituminous  slate,  coal,  &c.  are 
properly  employed,  although  their  constituents 
are  combined  in  varying  proportions.    For  the 


BITUMINOUS  SHALE. 


BLEACHING. 


chemical  characters  refer  to  Asphalt,  Petro- 
leum. 

Bituminous  substances  are  Amber,  Jlsphalt, 
Bcrengelite,  Coal,  Elastic  Bitumen,  Fossil  Copal, 
Guayaquillite,  Hartite,  Haichetine,  Idrialin,  Ixolyte, 
Middlctonite,  Ozokerite,  Petroleum,  Retinasnhalt, 
Rock  Tar. 

Use.  Asphalt  enters  into  the  composition  of 
some  black  varnishes,  and  rock-tar  boiled  to  a 
certain  consistency  may  be  employed  alone, 
while  hot,  especially  if  some  resin  be  fused 
with  it. 

Bituminous  Mastic,  or  Asphalt,  has  been  ex- 
tensively employed  in  France,  and  has  received 
some  attention  in  the  United  States  for  covering 
roofs,  pavements,  floors,  and  lining  cisterns. 
A  bituminous  limestone  is  ground  and  added 
to  -J-  of  its  weight  of  asphaltum,  fused  in  an  iron 
kettle,  and  when  sufficiently  homogeneous  it  is 
spread  over  the  surface  to  be  covered.  A  mix- 
ture of  coarse  and  fine  pebbles,  fragments  of 
brick,  stone,  &c.  are  often  introduced  into  the 
mass  for  pavements.  Coal-tar  yielding  by 
evaporation  a  pitch  resembling  asphalt,  but 
more  brittle  when  cold,  may  be  employed  as  a 
substitute  for  asphalt,  mixed  with  lime,  pounded 
brick,  and  stones.  Such  a  pavement,  tried  at 
the  Philadelphia  gas-works,  bore  the  wear  of 
carts  passing  over  it  for  a  considerable  time 
without  material  injury.  When  asphalt  is  em- 
ployed for  the  floor  of  a  hall,  or  entrance,  to 
which  it  is  well  adapted,  it  may  be  ornamented 
with  any  device  by  impressing  in  its  surface 
while  hot  small  pebbles  of  the  same  or  different 
colors. 

BITUMINOUS  SHALE.  Geol.  Slates  im- 
pregnated with  bitumen,  which  is  sometimes 
so  abundant  that  they  may  be  employed  as  fuel. 
The  slates  containing  iron  pyrites  are  also  em- 
ployed in  the  manufacture  of  Alum.  The  bitu- 
minous impregnation  of  the  copper-slate  of 
Germany  allows  it  to  be  treated  metallurgically 
for  Copfer,  notwithstanding  its  small  content 
of  copper-pyrites. 

BITUMINOUS  COAL.     See  Coal. 
BLACK  COPPER.    Tech.    Crude  or  coarse 
metal.     See  Copper. 

BLACK  DYE.  Tech.  The  basis  of  black 
dyes  for  all  organic  fabrics  is  the  tannogallate 
of  iron;  but  the  modes  of  application  vary 
with  the  nature  of  the  fabric,  whether  silk, 
wool,  or  cotton.  The  finest  blacks  are  obtained 
by  a  combination  of  colors  ;  thus  a  rich  black 
is  imparted  to  wool  by  grounding  it  with  a  deep 
indigo-blue,  then  passing  it  through  logwood, 
galls,  or  sumach,  and  finally  through  a  bath  of 
these  with  copperas  and  verdigris,  or  imme- 
diately through  the  latter. 

BLACK  FLUX.  Chem.  Tech.  Prepared  by 
igniting  cream  of  tartar  in  close  vessels,  con- 
verting it  into  a  mixture  of  carbon  and  car- 
bonate of  potassa.     See  Tartaric  Acm. 

BLACKJACK.  Mining.  Applied  to  a  black 
blende  or  sulphuret  of  Zinc. 

BLACK  LEAD.     See  Graphite. 
BLACK  WAD.     Min.     See  Wad. 
BLANQUININ.     Chem.     A  supposed  alka- 
loid found  by  Dr.  Mills  in  white  Cinchona  bark 
(C.  ovalifolia),  not  farther  examined. 

BLEACHING.    Ger.  Bleichen ;  Fr.  Blanchi- 
ment.    The  destruction  or  removal  of  color 
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from  an  organic  substance,  the  main  mass  of 
which  is  while,  is  termed  bleaching;  thus  yel- 
low beeswax,  by  a  careful  exposure  to  the  at- 
mosphere, will  eventually  become  white,  with- 
out any  other  material  change  in  its  properties, 
as  the  yellow  coloring  matter  does  not  necessa- 
rily belong  to  it.  In  this  sense,  some  of  the 
discharges  employed  in  calico-printing  are 
bleaching  agents,  but  we  propose  confining 
ourselves  in  the  present  article  to  the  methods 
of  removing  color  from  organic  fibre,  such  as 
cotton,  linen,  &c,  either  to  prepare  it  for  re- 
ceiving other  colors  by  dyeing  or  printing,  or 
to  throw  it  into  commerce  with  a  pure  white 
color.  The  methods  formerly  pursued,  and 
still  practised,  consist  in  exposing  cotton,  &c. 
to  the  action  of  atmospheric  agents  or  sul- 
phurous acid  derived  from  burning  sulphur, 
assisted  by  soap  and  alkali,  but  within  the  pre- 
sent century  chlorine  has  become  the  principal 
bleaching  agent,  especially  for  cotton  goods. 
We  may  remark  in  passing,  that  the  use  of 
chlorine  for  bleaching,  a  substance  which 
emanated  from  the  laboratory  of  the  theoretic 
chemist,  has  been  one  principal  cause  of  the 
present  extensive  production  and  consumption 
of  cotton  goods,  even  independently  of  the  im- 
provements in  machinery  which  have  distin- 
guished the  last  century. 

I.  Atmospheric   Bleaching. 

It  is  only  employed  for  linen  and  cotton,  the 
latter  of  which  is  the  simpler  and  easier. 

Cotton. 

Cotton  contains  naturally  a  little  coloring 
matter,  which  is  easily  bleached,  but  as  this 
operation  is  performed  on  the  spun  or  woven 
goods,  the  weaver's  dressing,  grease,  and  other 
impurities  must  be  removed  at  the  same  time. 

The  process  consists,  1st,  in  steeping  the 
cotton  in  water  (not  too  cold),  in  order  to  de- 
stroy the  weaver's  dressing  by  fermentation, 
which  takes  place  in  from  1  to  6  days,  accord- 
ing to  the  weather  and  the  kind  of  goods,  when 
it  is  thoroughly  cleansed  in  the  dash-wheel,  or 
otherwise. 

2d.  Bleaching.  The  goods  are  then  spread 
out  on  the  grass,  and  exposed  for  2  to  6  days 
to  the  action  of  the  sun,  air,  and  moisture, 
sprinkling  them  occasionally  with  water,  if 
necessary;  and  then  bucked  with  a  hot  alkaline 
lye.  The  process  of  exposing  and  bucking  is 
repeated  2  or  3  times  until  the  fibre  is  white. 

3d.  Cleansing,  by  laying  the  goods  in  luke- 
warm water  acidulated  with  sulphuric  acid, 
and  finally  washing  them  thoroughly  at  the 
dash-wheel.  Cotton  loses  about  5  per  cent,  of 
its  weight  in  bleaching. 

Theory.  It  is  remarkable  that  we  cannot  yet 
explain  the  manner  in  which  bleaching  is  per- 
formed, whatever  process  is  pursued.  In  the 
present  case,  it  is  probable  that  air  and  moisture 
(arising  from  rain,  dew, or  artificial  sprinkling), 
influenced  by  solar  light,  oxidize  the  color  on 
the  fibre,  even  without  the  assistance  of  alkali. 
But  by  exposure,  the  color  becomes  more  solu- 
ble in  alkali,  and  hence  each  successive  buck- 
ing removes  the  portion  decomposed.  The 
final  souring  removes  any  earthy  matters,  which 
may  have  become  attached  to  the  fibre  during 
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the  process,  and  neutralizes  the  last  portions  of 
alkali,  which  would  have  been  difficult  to  re- 
move by  water  alone. 

By  the  preparatory  fermentation,  the  weaver's 
paste,  containing  starch  and  gluten,  undergoes 
successively  the  saccharine,  vinous,  and  ace- 
tous fermentation,  by  which  gluten  and  other 
substances  are  dissolved  in  the  acetic  acid 
generated,  and  the  fibre  becomes  swollen.  Care 
must  be  taken  to  stop  the  operation  before  the 
putrefactive  process  commences,  which  would 
injure  the  fibre. 

The  above  operations  are  sometimes  slightly 
varied.  To  hasten  and  complete  the  fermenta- 
tion, bran  or  rye-flour  may  be  added  to  the 
steeping  water.  The  addition  of  alkali  or  lime 
(which  is  sometimes  used)  lengthens  the  fer- 
mentation, and  should  only  be  used  where  it  is 
too  rapid.  If  the  goods  be  greasy,  fermenta- 
tion, being  injurious,  is  omitted,  and  they  are 
then  merely  boiled  some  hours  in  water,  and 
washed.  A  bath  of  milk  of  lime  is  sometimes 
given  immediately  after  fermentation  and  be- 
fore bucking,  which  materially  assists  the 
bleaching,  but  it  acts  injuriously,  unless  all  the 
weaver's  paste  has  been  destroyed  by  fermen- 
tation and  washing.  At  the  present  time  nearly 
all  the  cotton  of  commerce  is  bleached  by  chlo- 
rine, the  atmospheric  agents  being  employed 
as  very  subordinate  assistants. 

Linen. 

Flax,  when  not  retted,  contains  but  little  co- 
loring matter,  which  can  be  removed  by  a  few 
washings  with  soap  and  alkali,  but  the  putre- 
factive process  of  retting  produces  a  color 
.which  requires  a  tedious  series  of  operations 
to  remove.  To  employ  the  chlorine  process 
alone  would  undoubtedly  shorten  the  time  of 
bleaching,  but  the  color  adheres  so  pertina- 
ciously to  the  fibre,  and  so  obstinately  resists 
decomposition,  that  the  strength  of  the  fibre 
would  be  impaired.  Hence  a  tedious  atmo- 
spheric bleaching  is  always  resorted  to  for 
linen,  combined  to  a  limited  extent  with  chlo- 
rine. Even  with  this  process,  the  long  expo- 
sure to  light,  air,  and  moisture,  the  oft  repeated 
operations  necessarily  weaken  the  fibre,  as  may 
be  inferred  from  the  loss  by  bleaching,  whfch 
may  often  amount  to  5  or  30  per  cent,  of  the 
weight. 

The  process  without  chlorine,  as  practised 
in  Silesia  and  Bohemia,  consists  of,  1st,  steep- 
ing, exposure  to  light,  &c,  and  washing;  2d, 
bucking,  exposure,  washing. 

1st,  Steeping.  After  fermentation  and  wash- 
ing, the  linen  is  steeped  for  12  hours  in  a  solu- 
tion of  potash  or  waste  lye  (1000  water  to  1  or 
1£  lbs.  potash)  at  the  temperature  of  70° — 80°, 
wrung  out,  and,  without  being  washed,  spread 
out  upon  grass  to  the  action  of  the  air  until  dry, 
and  for  several  hours  after.  It  is  again  steeped 
and  exposed  to  the  air,  the  temperature  of  the 
solution  being  gradually  raised  at  the  last  steep- 
ing, but  not  above  170°.  The  steeping  and 
exposure  being  repeated  2  to  5  times,  the  linen 
is  washed  in  the  dash-wheel,  steeped  again  1 
to  3  times  in  alkaline  solution,  and  then  pro- 
perly bucked. 

2d,  Bucking.    The  bucking  solution  contains 
at  first  4  lbs.  potash  to  1000  water,  and  the  tem- 
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perature  beginning  with  95°  is  increased  during 
18  hours  to  boiling.  The  linen  is  then  1 
to  the  air  as  before,  while  still  hot,  and  wet  vi  ith 
the  solution  until  fully  dry.  This  alternate 
bucking  and  exposure  is  repeated  8  or  10  tunes, 
the  alkaline  solutions  being  rendered  a  little 
stronger,  but  not  exceeding  4  lbs.  to  the  1000 
of  water;  the  linen  is  then  washed  in  the  dash- 
wheel.  It  is  again  steeped  and  again  bucked 
several  times,  the  liquors  employed  being 
weaker,  and  the  linen  exposed  on  the 
for  a  longer  time,  and  being  kept  moist  by 
sprinkling. 

Thus,  after  steeping  8 — 10  times,  bucking 
12 — 15  times,  and  as  often  exposing  it,  which 
operations  require  60 — 70  days,  the  linen  is 
sufficiently  white  for  domestic  use.  But  for  a 
pure  white,  it  is  next  passed  through  a  bath 
acidulated  with  sulphuric  acid,  steeped,  bucked 
2 — 3  times  more,  and  exposed,  again  passed 
through  the  acid,  and  finally  cleansed  in  the 
dash-wheel.  The  whole  process  requires  80 — 
90  days,  and  the  linen  loses  from  12  to  25  per 
cent,  of  its  weight,  the  less  in  proportion  to  its 
fineness. 

Theory.  The  stem  of  flax  and  hemp  consists 
of  the  inner  woody  part,  or  boon,  surrounded 
by  the  harl  like  a  fibrous  sheathe,  and  exter- 
nally the  cuticle.  The  harl  is  united  with  the 
boon  and  cuticle  by  a  cement  of  gluten,  gum, 
resin, &c,  which  is  destroyed  by  retting  (putre- 
faction in  water  or  moist  air).  When  the  ret- 
ting is  completed,  the  harl  is  easily  separated 
from  the  others,  but  beside  its  natural  color, 
it  has  received  a  deposit  of  a  humus-like  sub- 
stance, of  a  more  or  less  dark  color,  which  is 
insoluble  in  boiling  water,  in  acids,  and  alka- 
lies. But  when  it  has  been  exposed  to  the  air, 
light,  and  moisture,  it  becomes  soluble  in  caus- 
tic and  carbonated  alkali.  The  bleaching  suc- 
ceeds much  better  when  the  fibre,  imbued  with 
alkali,  is  exposed  to  the  air,  from  which  we 
infer  that  the  alkali  induces  the  formation  of 
an  acid  from  the  coloring  matter,  but  it  is  un- 
known whether  it  act  by  forming  carbonic  or  a 
ternary  organic  acid.  The  operations  consist 
simply  of  the  decomposition  of  the  color  and 
its  removal  by  alkali.  But  as  the  color  exists 
in  every  part  of  the  bundles  of  fibres,  and  in 
considerable  quantity,  its  complete  removal  is 
only  effected  by  frequent  repetition  of  the 
operations. 

II.  Bleaching  by  Chlorine. 

This  powerful  bleaching  agent  might  be  and 
has  been  employed  both  in  its  gaseous  slate 
and  in  solution  in  water,  but  the  former  is  in- 
convenient in  use,  acts  unequally  on  the  goods, 
and  is  too  dangerous  to  the  health  of  operatives. 
The  latter  is  more  easily  regulated  and  less  in- 
jurious, but  the  chlorohydric  acid  produced 
during  bleaching  may  be  a  source  of  inconve- 
nience. Hence  chlorited  alkali  is  preferred,  as 
it  develops  chlorine  in  proportion  as  acid  is 
made  to  act  on  it,  is  not  detrimental  to  health, 
and  offers  alkaline  base  to  neutralize  the  gene- 
rated muriatic  acid.  Chloride  of  lime  or  po- 
tassa  is  employed,  the  former  most  usually. 
1  pt.  dry  chloride  of  lime,  as  far  as  regards  its 
bleaching  salt,  dissolves  in  10  pts.  water,  but 
this  would  be  too  strong  for  bleaching  white 
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grounds,  and  is  only  used  for  printing;  this 
bleaching  liquid  may  therefore  be  diluted  with 
5  or  10  times  as  much  water.  Chlorine  bleach- 
ing is  performed  on  cotton,  linen,  and  rags. 

Cotton. 
Cotton  bleached  by  chlorine  is  subjected  to 
the  successive  action  of,  1st,  soda-lye,  2d,  chlo- 
ride of  lime,  3d,  sulphuric  acid,  ail  employed 
in  dilute  solutions.  To  remove  the  weaver's 
dressing:,  either  fermentation  or  boiling  with 


milk  of  lime  and  souring  are  employed.  If 
the  goods  are  greasy,  fermentation  is  aban- 
doned and,  indeed,  boiling  water  and  the  lime- 
bath  forms  at  present  the  usual  preparatory 
step.  The  succession  of  separate  processes  is 
various,  according  to  »he  nature  of  the  goods, 
or  their  destined  object,  and  according  to  the 
pleasure  or  experience  of  the  bleacher.  The 
following  tabular  views  will  present  some  of 
these  differences : 


1.  Preparatory. 

a.  Washing. 

b.  Boiling  in  lime-water. 

c.  Washing. 

d.  Souring. 

e.  Washing. 

2.  Bleaching. 

a.  Soaking  in  soda-lye. 

b.  Washing. 

c.  Chemicking. 

d.  Souring. 

e.  Washing. 

3.  The    same   as  2   repeated 

throughout. 

4.  Finishing. 

a.  Soaking  in  hot  water. 
6.  Squeezing  and  drying. 

Theory.  In  the  preparatory  process,  the  first 
steeping  in  hot  or  cold  water  removes  whatever 
is  soluble  in  water.  The  lime  then  dissolves 
the  gluten  of  the  paste,  forms  a  lime-soap  with 
grease,  or  the  gluten  is  destroyed  by  fermenta- 
tion. (See  Atmospheric  Bleaching  above.)  If  the 
goods  had  been  greasy,  the  fatty  matter  is  re- 
moved by  the  following  bucking  in  soda-lye. 
Thus  cleansed,  the  goods  are  steeped  for  some 
hours  in  the  bath  of  chloride  of  lime,  or  che- 
micked.  The  quantity  of  the  bleaching  salt 
varies  in  different  establishments,  and  accord- 
ing to  the  goods ;  100  lbs.  of  the  latter  require 
about  50  lbs.  of  chloride,  which  is  first  made 
into  a  paste  with  water,  and  then  added  to  about 
300  gallons  water.  From  the  chloride  the  goods 
are  immediately  transferred  to  the  sour,  or  di- 
lute sulphuric  acid,  consisting  of  one  gallon  of 
oil  of  vitriol  to  from  20  to  40  of  water,  in  which 
they  remain  a  shorter  or  longer  time  in  propor- 
tion to  the  strength  of  the  acid.  The  action  of 
the  acid  is  to  develope  chlorine  from  the  bleach- 
ing salt  with  which  the  goods  are  imbued,  and 
to  neutralize  and  remove  lime.  The  goods  are 
washed,  and  the  bleaching  repeated,  either  by 
chemicking  and  souring,  or  by  alkali  and  expo- 
sure, until  sufficiently  white. 

Chloride  of  lime  may  be  simply  viewed, 
without  reference  to  chemical  theories,  as 
chlorine  gas  combined  with  lime,  so  that  the 
sulphuric  acid,  by  combining  with  the  lime, 
expels  the  chlorine,  which  is  the  cause  of  the 
destruction  of  the  coloring  matter  in  goods. 
But  in  what  manner  it  decomposes  the  color 
nas  not  been  determined  experimentally,  al- 
though all  chemists  are  agreed  that  it  is  by  its 
affin ity  for  hydrogen, forming  chlorohydric  acid. 
Berzelius  holds  that  chlorine,  with  the  action 
of  liCTht,  or  from  the  presence  of  oxidable  sub- 
stances, decomposes  water,  forming  muriatic 
acid,  while  the  oxygen  set  free  combines  with 
another  portion  of  chlorine  to  chlorous  acid,  or 


1.  Preparatory. 

a.  Boiling  with  water. 

b.  Washing. 

c.  Boiling  in  milk  of  lime. 

d.  Washing. 

2.  Bleaching. 

a.  Bucking  in  soda-lye. 

b.  Exposing  on  grass. 

c.  Washing. 

3.  Same  as  2,  repeated  once  or 
twice. 

4.  Finishing. 

a.  Souring. 

b.  Washing. 


1.  Preparatory. 

a.  Steeping  in  water. 

b.  Fermentation. 

c.  Washing. 

2.  Bleaching. 

o.  Bucking    with    weak 
caustic  potash. 

b.  Bucking  with  stronger 

lye. 

c.  Chemicking. 

d.  Souring. 

e.  Washing. 

3.  The  same  as  2,  repeated,  or 

a.  Exposure  on  grass. 

b.  Souring. 

c.  Washing. 


with  water  to  binoxide  of  hydrogen  ;  either  oi 
these  yields  up  its  oxygen  to  the  color  until  all  the 
chlorine  is  changed  into  muriatic  acid.  Others 
believe  that  the  chlorine  combines  directly 
with  the  hydrogen  of  the  color  to  muriatic  acid ; 
while  some  think  it  is  substituted  for  the  hydro- 
gen. In  any  case,  whether  by  oxidation,  dehy- 
drogenation,  or  substitution,  the  color  is  de- 
stroyed. But  from  the  powerful  action  of  chlo- 
rine, even  when  dilute,  it  cannot  be  continued 
for  a  long  time,  as  it  would  destroy  the  fibre,  as 
well  as  the  color.  Hence  it  is  well  adapted  to 
cotton,  whose  color  is  easily  removed,  but  it 
can  only  be  employed  as  an  assistant  in  linen 
bleaching,  whose  color  more  stubbornly  resists 
decomposition. 

Warmth  assists  the  action  of  chlorine,  but  is 
apt  to  be  injurious  to  the  fibre.  A  little  dilute 
sulphuric  acid  may  be  added  to  the  chloride 
of  lime  when  largely  diluted  with  water,  and 
is  thought  to  hasten  its  action,  from  the  forma- 
tion of  chlorite  of  lime  or  oxygenated  water, 
which  remain  in  the  bath  when  dilute  and  cold. 
For  it  has  been  found  that  even  when  a  suffi- 
cient quantity  of  acid  is  added  to  decompose 
nearly  all  the  bleaching  salt,  in  a  dilute  and 
cold  bath,  its  bleaching  power  is  undiminished 
or  imperceptibly  weakened  after  the  lapse  of 
some  days. 

Linen. 

Chlorine  and  souring,  with  sulphuric  acid, 
have  been  latterly  employed  as  an  aid  to  the 
bleaching  process  of  linen,  and  it  would  seem 
without  injury  to  the  fibre,  which  loses  even 
less  in  weight  than  by  the  older  process.  The 
first  steps  are  usually  the  same  to  about  the  5th 
bucking,  as  shown  in  the  following  view  of 
the  process. 

1, 2.  Steeping  in  weak,  warm  lye. 
3 — 7.  Bucking,  exposure,  and  washing. 
8.  Souring  1 2  hours  in  dilute  acid,  and  washing. 

339 


BLEACHING. 


BLEACHING. 


9,  10.  Steeping,  bucking,  &c. 

11.  Chemicking  (chloride  oflime),  washing. 

12.  Souring  and  washing. 

13.  Bucking  and  exposure. 

14.  Chemicking,  and  washing. 

15.  Souring  and  washing. 
lfi.  Bucking  and  exposure. 

17.  Souring  and  washing. 

18.  Washed  with   soap,  and   thoroughly  with 

water. 
The  chemic  or  bath  of  chloride  of  lime 
is  sometimes  employed  but  once,  sometimes  3 
times.  Chloride  of  soda  or  potassa  is  fre- 
quently employed  instead  of  lime.  The  linen 
is  washed  after  being  in  the  chlorine-bath,  and 
previous  to  souring,  for  immediate  souring 
after  the  bleaching  salt  weakens  the  fibre. 
The  action  is  similar  to  that  above  (see  under 
cotton),  with  this  difference,  that  the  chlorine  is 
developed  more  slowly.  By  the  assistance  of 
chlorine  the  time  of  bleaching  linen  is  short- 
ened some  3  to  5  weeks. 

Rags. 

The  sorted,  cut,  and  dusted  rags  are  thrown 
into  a  tight  vat,  in  which  they  are  boiled  with 
milk  of  lime  containing  a  little  alkali  to  remove 
grease,  loosen  colors,  &c,  or  interstratified 
with  dry  lime  and  a  little  alkali,  are  steamed. 
They  are  then  washed  in  the  engine  (Hol- 
lander) and  reduced  to  half-stuff,  when  the 
chloride  of  lime  is  thrown  in  and  worked 
through  the  mass  by  the  engine,  the  gates  being 
closed.  Dilute  oil  of  vitriol  is  then  let  on  the 
mixture  and  worked  through  in  order  to  de- 
velope  chlorine ;  after  which  the  gates  are 
opened,  and,  while  reducing  to  fine  pulp,  the 
current  of  water  removes  the  salts  of  lime.  A 
solution  strong  enough  to  bleach  dark-colored 
rags  must  weaken  the  fibre,  to  avoid  which  a 
second  bath  of  chloride  may  be  resorted  to; 
by  washing  off  the  salts  from  the  first,  then 
passing  a  little  alkali  through,  and  adding  chlo- 
ride afresh,  or  immediately  adding  the  latter 
after  washing,  and  then  souring  and  washing 
as  before.  When  chloride  is  applied  in  two 
portions,  a  small  quantity  is  used  with  less 
injury  to  the  fibre.  Muriatic  acid  may  be  sub- 
stituted advantageously  for  sulphuric,  from  the 
greater  solubility  of  chlorides  over  sulphates. 
To  prevent  paper  from  becoming  yellow,  after 
bleaching  and  washing  off  the  salts  of  lime, 
work  a  little  alkali  through  the  engine,  with 
the  gates  dov/n,  and  wash  off  the  residue  with 
water.  The  principles  are  the  same  as  ex- 
plained above  under  the  bleaching  of  Cotton 
by  chlorine. 

III.  Sulphurous  Bleaching. 

The  vapor  of  burning  sulphur  is  employed 
for  removing  color  from,  or  whitening  wool, 
silk,  and  straw. 

Wool. 
Neither  chlorine  nor  atmospheric  bleaching 
can  be  employed  for  wool,  as  they  rather  render 
it  dirty  yellow.  Wool  contains  a  greasy  coat- 
ing, called  the  yolk  (Schweiss,  Suint),  arising 
from  the  sweat  of  sheep,  which  is  composed 
of  a  potash  soap,  together  with  acetate,  car- 
bonate, and  muriate  of  potassa,  a  salt  of  lime, 
and  an  animal  substance,  the  cause  of  its  pe- 
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culiar  odor.  The  greater  part  of  the  yolk  is 
soluble  in  water,  but  alkali  n  more 

perfectly.  It  is  usual  to  employ  putrid  human 
urine, diluted  with  4  to  8  times  as  much  water, 
warmed  to  100°  or  a  little  more,  into  which  the 
wool  is  steeped  for  a  short  time,  taken  out, 
drained,  and  washed.  The  yolk  may  also  be 
removed  by  weak  and  warm  soap-water,  <>v  a 
little  very  dilute  carbonated  or  caustic  potassa 
or  soda,  or  both  soap  and  a  little  alkali;  hut 
the  use  of  alkali  requires  more  care,  lest  the 
fibre  should  be  attacked,  and  hence  it  is  only 
used,  if  at  all,  for  inferior  kinds  of  wool.  A 
continuance  in  the  urine  or  alkali,  and  too  high 
a  temperature,  injure  woollen  fibre.  The  loose 
wool  should  not  be  worked  about  too  much, 
which  would  cause  it  to  felt,  and  thereby  injure 
it  for  spinning. 

After  washing,  the  bleaching  is  performed 
by  exposing  the  moistened  wool  in  a  close 
chamber  to  the  vapor  of  burning  sulphur,  or  it 
is  steeped  in  water  acidulated  by  sulphurous 
acid.  The  latter  solution  is  made  by  passing 
sulphurous  acid  gas,  derived  from  oil  of  vitriol 
and  charcoal,  into  water  (see  Sulphur).  Sul- 
phuring by  the  gas  of  burning  sulphur  is  more 
commonly  practised,  and  is  more  economical, 
but  the  liquid  acid,  while  it  bleaches  equally 
well,  renders  the  wool  less  harsh  and  crisp, 
and  does  not  injure  the  fibre.  It  is  exposed  to 
the  gas  for  12  to  24  hours,  to  the  liquid  acid 
24  to  48  hours.  The  harshness  derived  from 
sulphuring  is  removed  by  soaking  the  wool  in 
a  warm  and  weak  bath  of  potash-soap,  wring- 
ing, and  drying.  To  impart  a  more  brilliant 
white,  the  bleached  wool  is  sometimes  dipped 
into  chalk-water. 

Wool  is  sometimes  bleached  in  the  fleece, 
and  sometimes  in  the  yarn.  Both  yarn  and 
cloth  are  cleansed  in  a  manner  similar  to  the 
above  by  alkali  or  soap,  in  order  to  remove 
grease  and  glutinous  matter  derived  during 
spinning  and  weaving.  Cloths  may  be  cleansed 
in  the  wash-stocks,  with  fuller's  earth,  or  a 
soap  containing  it. 

Silk. 

The  bleaching  of  silk  is  of  a  simple  nature. 
This  fibre  is  coated  with  a  gelatinous  sub- 
stance, a  little  wax,  oil,  and  generally  a  yellow 
coloring  matter;  and  is  therefore  essentially 
different  from  gum,  as  it  is  usually  called.  The 
gluey  material,  often  constituting  24  per  cent, 
of  the  weight  of  the  silk,  is  soluble  in  water, 
scarcely  in  boiling  alcohol,  precipitable  by 
tincture  of  galls,  putrefies  like  animal  matter, 
and  its  odor,  when  heated,  indicates  the  pre- 
sence of  nitrogen.  The  yellow  coloring  sub- 
stance, constituting  nearly  2  per  cent,  of  the 
silk,  is  of  a  resinous  character,  insoluble  in 
water,  very  soluble  in  alcohol,  scarcely  soluble 
in  cold,  more  in  warm  alkali,  and  still  more  in 
a  hot  solution  of  soap,  is  decolorized  by  chlo- 
rine, sulphurous  acid,  and  in  a  few  days  by  the 
atmosphere. 

The  coating  imparts  a  stiffness  and  elasticity 
to  silk,  which  must  be  removed  in  order  to  im- 
part to  it  its  requisite  softness  and  lustre. 
Although  alkali  has  been  proposed  and  em- 
ployed to  remove  the  coating,  it  is  found  that 
scouring  by  soap,  used  long  since,  cannot  be 
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well  superseded.  From  30  to  40  lbs.  of  soap 
to  100  lbs.  silk  are  usually  required.  The 
greater  part  of  the  soap  is  dissolved  in  boiling 
water,  and  when  cooled  a  little,  the  silk  is  hung 
over  and  partly  immersed  in  the  solution,  which 
is  maintained  below  a  boiling  heat,  until  the 
immersed  part  has  attained  its  requisite  white- 
ness and  softness,  when  the  other  portion  is 
next  introduced  in  like  manner.  After  being 
wrung  out  it  is  next  put  into  bags,  which  are 
introduced  into  a  weaker  solution  of  soap,  in 
which  they  are  boiled  for  an  hour  or  more. 
For  silks  designed  to  receive  dark  dyes,  20  to 
25  lbs.  soap  will  be  sufficient. 

Silks  designed  to  be  of  a  pure  white  are  sub- 
jected to  the  action  of  sulphurous  acid  by  ex- 
posing them  in  a  sulphur  chamber  to  the  fumes 
of  burning  sulphur,  while  still  moist  with  soap- 
water.  After  sulphuring,  they  are  washed,  and 
passed  through  a  warm  soap-bath,  in  order  to 
remove  the  sulphurous  odor  and  restore  their 
pliancy. 

Silk  designed  for  blonds,  gauzes,  &c,  are 
merely  stripped  of  their  yellowish  color  by 
steeping  them  for  two  days  in  alcohol  with  SV 
as  much  muriatic  acid;  a  process  proposed 
by  Beaume,  which  can  be  conducted  economi- 
cally, since  a  large  proportion  of  the  alcohol 
may  be  recovered  by  distillation  after  neutral- 
izing the  muriatic  acid  by  chalk  or  limestone. 
Alcohol  removes  color,  wax,  &c.  without  touch- 
ing the  gelatine. 

Si  row. 

A  careful  culture  insures  a  requisite  degree 
of  fineness  and  firmness  in  the  material,  but 
for  most  purposes  the  color  must  be  diminished 
or  removed.  This  may  be  done  by  chlorine, 
sulphurous  acid,  alkali,  or  atmospheric  agents, 
but  a  violent  process  injures  the  fibrous  tex- 
ture. It  may  be  steeped  in  pure  fresh  water 
for  several  weeks,  exposed  to  the  air,  and  then 
sulphured.  According  to  Kurrer,  it  may  be 
perfectly  whitened  by  repeated  steeping  in 
boiling  water  and  very  weak  alkali,  which 
removes  all  soluble  matter,  then  treated  alter- 
nately with  very  dilute  solutions  of  chloride  of 
lime  and  sulphurous  acid  vapor,  finally  washed 
and  dried  in  the  sun.  The  process  is  tedious, 
but  is  said  to  remove  the  varnish  which  makes 
the  natural  straw  brittle,  and  to  render  the  fibre 
brilliant,  white,  and  pliant. 

Theory.  It  is  even  more  difficult  to  explain 
the  bleaching  process  by  means  of  sulphurous 
acid  than  that  by  chlorine.  It  is  generally 
assumed  that  the  acid  combines  directly  with 
the  color,  without  cither  giving  or  receiving 
oxygen,  and  forms  a  colorless  or  slightly  co- 
lored compound  with  it;  for  by  the  action  of 
alkali  or  a  stronger  acid,  the  original  color  is 
restored;  and  hence,  also,  the  color  reappears 
on  sulphured  goods  in  the  lapse  of  time  by  the 
gradual  dissipation  of  sulphurous  acid.  The 
action  of  alkali  in  the  above  operations  with 
wool,  silk,  and  straw,  depends  simply  on  the 
solubility  of  the  coloring  or  other  matters  in  the 
alkaline  solution. 

IV.  Discharges. 
There  are  many  operations  practised  by  the 
calico-printer,  which  may  be  termed  bleaching, 
although  they  consist  only  in  a  topical  removal 


or  discharge  of  color.  Thus  chromic  acid,  or 
bichromate  of  potassa,  or  the  chlorides  of  tin 
are  employed  to  discharge  colors,  but  their 
action  has  not  been  minutely  studied.  It  is 
probable  that  chromic  acid  yields  up  oxygen, 
destroying  the  color  by  oxidation,  and  that  the 
tin-bases  form  with  the  coloring  matters  com- 
pounds possessing  little  or  no  color.  But  their 
action  is  different  on  different  colors,  and  the 
protoxide  of  tin  decomposes  some  colors  by 
abstracting  oxygen.  (See  Calico-Printing.) 
In  short,  wherever  we  destroy  color,  with  the 
view  of  obtaining  a  white  basis  or  ground,  it  is, 
strictly  speaking,  a  bleaching  operation.  Thus 
a  liquid  may  be  decolorized  by  passing  it 
through  animal  black,  which  absorbs  the  color- 
ing matter  (see  Sugar).  Some  oily  substances 
may  be  whitened  by  sulphuric  acid,  and  some 
again  by  nitric  acid,  the  former  carbonizing, 
the  latter  oxidizing  the  coloring  substance. 

BLEACHING  POWDER.  Syn.  Bleaching 
salt,  Chloride  of  lime  ;  Ger.  Bleichkalk,  Bleich- 
pulver,  Chlorkalk;  Fr.  Chlorure  de  chaux. 
This  being  the  most  important  of  the  bleaching 
salts,  its  manufacture  will  be  here  treated  of, 
referring  for  theoretic  views  to  Chlorine. 
Its  manufacture  depends  on  the  absorption  of 
chlorine  gas  by  slacked  lime,  and  consists: 
1st,  of  the  preparation  of  lime;  2d,  of  that  of 
chlorine;  and,  3d,  of  the  combining  the  two 
together. 

1.  Lime.  Limestones  frequently  contain  iron, 
clay,  and  magnesia.  (See  remarks  at  the  close 
of  Bitter  Spar.)  Such  are  not  well  adapted 
to  the  manufacture  of  bleaching  powder.  Sup- 
posing the  limestone  to  be  of  the  best  kind,  and 
well  burned  (see  Lime  under  Calcium),  the 
operation  of  slacking  requires  some  attention, 
for  just  so  much  water  should  be  used  as  is 
sufficient  to  cause  the  quick-lime  to  fall  to  a 
fine  flour.  It  is  likewise  important  that  the 
lime  should  be  fresh,  for  otherwise  it  will  have 
absorbed  carbonic  acid  from  the  air  and  have 
become  proportionally  injured.  In  order  to 
effect  the  perfect  slacking,  it  is  perhaps  better 
to  add  a  little  less  than  a  little  too  much  water. 

2.  Chlorine.  This  gas  may  be  made  either 
with  black  oxide  of  manganese  and  muriatic 
acid,  or  with  the  same  oxide,  and  common  salt 
with  sulphuric  acid.  The  manganese  ore 
should  contain  as  much  pyrolusite  and  as  little 
manganite  as  possible,  since  the  former  con- 
tains much  more  oxygen,  which  is  required  to 
oxidize  the  chlorohydric  acid  and  develope 
chlorine.  To  determine  the  value  of  the  ore, 
see  Manganese  ores.  The  ore  is  reduced  by 
calculation  to  binoxide.  The  ore  is  coarsely 
pulverized,  for  if  in  fine  powder  it  is  apt  to 
form  a  compact  mass  at  the  bottom  of  the 
vessel  for  generating  chlorine.  For  every  41 
pts.  of  binoxide  present  in  the  ore,  58  pts.  dry 
common  salt  are  required,  which  are  well 
mixed  with 'the  ore,  and  the  whole  thrown  into 
a  leaden  vessel  or  generator;  140  pts.  sul- 
phuric acid,  diluted  with  as  much  water,  are 
then  poured  into  the  generator. 

The  generators,  or  retorts  for  generating 
chlorine,  are  in  some  cases  made  entirely  of 
lead,  in  others  of  two  hemispheres,  joined 
together  in  the  middle,  the  upper  hemisphere 
being  lead,  the  under  one  cast-iron.  The  first 
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kind,  P!.  V.  fig.  9,  is  enclosed  for  two-thirds  from 
its  bottom,  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  'between  the  two  being  destined 
to  receive  steam  from  an  adjoining  boiler 
through  the  pipe  a.  Those  which  consist  be- 
low of  cast-iron,  have  their  bottom  directly  ex- 
posed to  a  very  gentle  fire;  round  the  outer 
edge  of  the  iron  hemisphere  a  groove  is  cast, 
into  which  the  under  edge  of  the  leaden  hemis- 
phere fits,  the  joint  being  rendered  air-tight  by 
Roman  or  patent  cement.  In  this  leaden  dome 
there  are  four  apertures,  each  secured  by  a 
water-lute.  The  first  opening,  b,  is  about  10  or 
12  inches  square,  and  is  shut  with  a  leaden 
valve,  with  incurvated  edges,  that  fit  into  the 
water  channel  at  the  margin  of  the  hole.  It  is 
destined  for  the  admission  of  a  workman  to 
rectify  any  derangement  in  the  apparatus  of 
rotation,  or  to  detach  hard  concretions  of  salt 
from  the  bottom. 

The  second  aperture,  c,  is  in  the  centre  of  the 
top.  Here  a  tube  of  lead  is  fixed,  which  de- 
scends nearly  to  the  bottom,  and  through  which 
the  vertical  axis,  d,  passes.  To  its  lower  end 
the  cross  bars  of  iron,  or  of  wood,  sheathed 
with  lead,  are  attached,  by  whose  revolution 
the  materials  receive  the  proper  agitation  for 
mixing  the  dense  manganese  with  the  sul- 
phuric acid  and  salt.  The  third  opening,  e, 
admits  the  syphon-formed  funnel,  through 
which  the  sulphuric  acid  is  introduced;  and 
the  fourth,  /,  is  the  orifice  of  the  eduction- 
pipe,  g.  The  residue,  after  being  exhausted  of 
chlorine,  is  drawn  off  by  the  pipe  h.  The  pipe 
g,  is  conveyed  into  a  leaden  chest  or  cylinder,  i, 
in  which  all  the  other  eduction-pipes  also  ter- 
minate. They  are  connected  with  it  simply  by 
water-lutes,  having  a  hydrostatic  pressure  of  2 
or  3  inches.  In  this  the  chlorine  is  washed  from 
adhering  muriatic  acid,  by  passing  through  a 
little  water,  in  which  each  tube  is  immersed, 
and  from  this  the  gas  is  let  off  by  a  pretty  large 
leaden  tube,  k,  into  the  combination-room.  It 
usually  enters  in  the  top  of  the  ceiling,  whence 
it  diffuses  its  heavy  gas  equally  round. 

Four  days  are  required,  at  the  ordinary  rate 
of  working,for  making  good  marketable  bleach- 
mg-powder.  A  more  rapid  formation  would 
endanger  an  elevation  of  temperature,  produc- 
tive of  muriate  of  lime,  at  the  expense  of  the 
bleaching  quality.  But  skilful  manufacturers 
use  an  alternating  process,  by  piling  up  the 
wooden  trays  containing  slacked  lime  only  in 
alternate  shelves  in  each  column.  At  the  end 
of  the  two  days  the  distillation  is  intermitted, 
and  the  chamber  is  laid  open.  After  two  hours 
the  workman  enters,  to  introduce  the  alternate 
trays  covered  with  fresh  hydrate  of  lime,  and 
at  the  same  time  rakes  up  thoroughly  the  half- 
formed  chloride  in  the  others.  The  door  is 
then  secured,  and  the  chamber,  after  being 
filled  for  two  days  more  with  chlorine,  is  again 
opened,  to  allow  the  first  set  of  trays  to  be  re- 
moved, and  to  be  replaced  by  others,  containing 
fresh  hydrate,  as  before.  But  for  this  judicious 
plan,  as  the  hydrate  advances  in  the  impreg- 
nation, its  faculty  of  absorption  becoming  di- 
minished, it  would  be  requisite  to  diminish 
proportionately  the  evolution  of  chlorine,  or  to 
allow  the  excess  to  escape  to  the  great  loss  of 
'.he  proprietor,  and,  what  is  of  more  conse- 
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quence,  to  the  great  detriment  of  the  health  of 
the  workmen.     (Dire.) 

Instead  of  admitting  the  chlorine  into  a 
chamber,  it  may  be  conducted  into  cylindrical 
vessels  of  stone-ware,  m,  PI.  V.  fig.  9,  through 
inverted  leaden  funnels,  /,  the  lower  rim  of 
which  has  a  waved  outline  in  order  to  favor 
the  escape  of  the  gas.  The  hydrate  of  lime  is 
shaken  loosely  into  the  vessel  around  the 
funnel,  the  vessel  covered  with  a  wooden  cover, 
and  the  chlorine  passed  into  it.  26 — 30  such 
vessels  are  enclosed  by  low  walls,  and  in  order 
to  keep  the  temperature  low,  are  surrounded 
with  cold  water,  so  that  the  temperature  in  the 
interior  of  the  pots  does  not  exceed  1 10°.  The 
chloride  of  lime  made  in  pots  is  much  harder 
and  denser  than  that  made  in  chambers. 

A  good  dry  chloride  of  lime  should  be  a 
white,  uniform  powder,  possessing  a  faint  odor 
of  chlorine,  slowly  deliquescent  in  the  air,  form- 
ing a  smooth  paste  with  a  little  water,  and  dis- 
solving in  20  pts.  water  with  little  residue, 
which  solution  should  react  alkaline.  It  should 
always  have  an  excess  of  lime  to  protect  it  as 
far  as  possible  from  decomposition,  and  to  neu- 
tralize free  muriatic  acid,  which  may  be  ge- 
nerated. 

A  liquid  chloride  is  often  preferred  to  the 
dry  powder  by  many  calico-printers,  especially 
where  it  is  manufactured  in  their  own  establish- 
ment. The  arrangement  above  given  may  be 
employed  for  liquid  chloride  by  passing  the 
chlorine  through  tubes  into  milk  of  lime,  con- 
sisting of  3  or  more  pts.  lime  to  100  water. 
The  tubes  should  not  dip  deeply  in  the  liquid, 
and  the  milk  should  be  stirred  up  frequently. 
This  solution  of  chloride  tests  stronger  than 
the  dry  chloride  from  an  equal  quantity  of 
lime,  but,  per  contra,  it  is  more  liable  to  decom- 
position and  must  be  used  a  short  time  after 
its  preparation.  For  the  theoretic  view  of  the 
chemical  constitution  of  chloride  of  lime,  see 
CuLoniNE ;  and  for  determining  its  bleaching 
value,  see  CirLoniMETnY. 

BLENDE.  Min.  Syn.  Dodecahedral  Gar- 
net-Blende, Mohs;  Black  Jack;  Sulphuret  of 
Zinc.  Descrip.  Crystal,  system,  Regular;  in 
form  of  cube,  12-hedron,  or  these  combined 
with  the  8-hedron ;  the  12-hedron  is  the  pre- 
dominating form;  hemiform  of  the  |  hedron  is 
sometimes  observed.  A  singular  combination 
is  frequently  met  with  the  12-hedron  and  ^- 
hedron  in  equilibrium;  more  rarely  this  com- 
bination includes  other  forms,  which  render  it 
extremely  complex.  It  is  sometimes  com- 
pounded, the  plane  of  revolution  being  parallel 
to  an  octahedral  face.  B.  cleaves  perfectly 
parallel  to  the  12-hedron.  It  also  occurs  botry- 
oidal,  mamillary,  in  small  detached  spheres 
and  other  imitative  shapes;  amorphous  with 
granular  structure. 

H.  =  3-5— 4.     G.  =  4  —  4-15. 

Color  black,  brown,  red,  yellow,  green,  some- 
times almost  colorless  with  a  yellowish  tint, 
lustre  adamantine,  resinous  ;  translucent,  trans- 
parent; fracture  conchoidal ;  brittle;  streak 
reddish  brown,  white. 

Behavior.  Sometimes  decrepitates  violently, 
is  rounded  slightly  on  thin  edges,  and  gives 
traces  of  sulphurous  acid  ;  on  charcoal  in  the 
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BLOCK  TIN. 

exterior  flame  it  produces  a  coating  of  oxide  ; 
soda  reduces  it.  Dissolves  in  strong  nitric 
acid,  leaving  sulphur. 

Analysis.  1.  By  Arfvedson ;  2,  a  lamellar 
brown  variety  from  Luchon  in  the  Pyrenees  by 
Berthier;  3,  fibrous,  from  Przibram,  Bohemia, 
average  of  two  analyses  by  Lowe. 

l.  2.  3. 

Zinc 66-34  63-0  62-01 

Iron —  3-4  2-25 

Cadmium —  —  1*64 

Sulphur 33-66  33-6  32-95 

100  100  98-85 


In  its  pure  state  its  formula  is  ZnS,  to  which 


Sulphuret  of  zinc 75-5 

Sulphuret  of  iron 17-2 

92-7 


2. 
63-4 
11-6 

75-0 


BLOOD. 

1  approaches.  Several  have  been  examined, 
in  which  the  quantity  of  protosulphuret  of  iron 
is  considerable.  1,  from  Cogolin,  and  2,  from 
Argentiere,  France,  by  Berthier;  3,  from  Che- 
ronie,  France,  by  Lecanu;  4,  from  Cabrera, 
Eastern  Pyrenees,  by  Bouis ;  5  and  6,  black 
blendes,  from  Marmato  (hence  Marmatite)  near 
Popayan,  by  Boussingault. 

In  the  2d  and  4th  the  impurities  are  omitted. 
For  1,4,  5,  and6  the  formula  is  nearly  3ZnS-(- 
FeS. 

localities,  ^c.  B.  occurs  in  metamorphic  and 
secondary  rocks,  usually  associated  with  galena, 
and  rarely  alone;  also  with  copper  pyrites, 
heavy  spar,  sparry  iron,  red  hematite,  &c.  Its 
localities  are  therefore  numerous  both  in  Eu- 
rope and  the  United  States. 


3. 
82-76 
13-71 

96-47 


4. 
67-00 
19-86 

86-86 


5. 
77-5 
22-5 

100 


76-8 
23-2 


100 


BLOCK  TIN.  Tech.  This  term  was  for- 
merly applied  exclusively  to  solid  metallic  tin, 
but  it  is  also  applied  at  present  to  sheet-tin, 
with  a  thicker  coating  than  ordinary  of  metallic 
tin. 

BLOEDITE.     Min.     See  Polyhaltte. 

BLOOD.  The  fluid  which  circulates  in  the 
animal  body  in  certain  vessels,  called  blood- 
vessels. In  vertebrated  animals  it  is  of  a  red 
color  in  the  greater  vessels,  but  colorless  in 
their  minute  ramifications.  The  blood  of  the 
lower  classes  of  animals  is,  with  few  excep- 
tions, colorless. 

In  the  higher  classes  of  animals,  that  blood 
which  is  brought  to  the  heart  from  the  lungs, 
and  projected  through  the  arteries  from  its  left 
ventricle  into  all  parts  of  the  body,  has  a 
brighter  red  color,  and  is  called  arterial  blood; 
that  which  is  returned  from  all  parts  of  the 
body  through  the  veins  to  the  heart  and  thrown 
from  its  right  ventricle  into  the  lungs,  has  a 
dark  red  color,  and  is  called  venous  blood. 
The  difference  in  the  color  of  these  two  seems 
to  depend  on  an  absorption  of  oxygen  in  the 
lungs,  but  the  color  of  the  venous  blood  may 
be  changed  into  that  of  arterial  by  other  sub- 
stances incapable  of  producing  any  chemical 
change  in  it,  as  several  salts  of  the  alkalies, 
sugar,  &c.  Both  varieties  of  blood  seem  not 
otherwise  to  vary  materially  from  each  other. 

Blood  of  mammalia  and  birds  forms  an 
opake,  slightly  viscid,  red  liquid  of  1-0527  to 
1-057  spec,  grav.,  of  a  saline  disagreeable  taste, 
and  feeble  but  peculiar  ordor.  Examined  under 
the  microscope,  it  is  seen  to  consist  of  a  number 
of  small  red  particles,  commonly  called  blood- 
globules, floating  in  a  clear,  colorless,  or  slightly 
yellowish  fluid,  liquor  sanguinis.  In  mammalia 
the  red  particles,  or  blood  corpuscles,  form  cir- 
cular disks,  more  transparent  in  the  middle 
than  at  the  edges,  and  appearing  under  the 
microscope  not  red,  but  only  of  a  darker  color 
than  the  fluid  in  which  they  float.  Besides 
these,  other,  but  less  numerous  and  smaller 
bodies  are  observed  of  a  roundish,  but  less 
regular  form,  and  of  a  granular  appearance, 
which  are  called  lymph  globules. 


When  blood,  either  arterial  or  venous,  is 
withdrawn  from  circulation  in  the  body,  it  soon 
coagulates  and  forms  a  clot,which  gradually  con- 
tracts more  and  more,  and  then  floats  in  a  clear 
yellowish  or  greenish  liquid  called  the  serum. 
This  coagulation  is  not  prevented  by  any  ex- 
traneous circumstances,  such  as  temperature, 
exclusion  of  the  air,  &c,  and  it  takes  place  in 
the  blood-vessels  themselves  as  soon  as  the 
circulation  is  interrupted,  and  used  therefore 
to  be  ascribed  to  the  loss  of  an  innate  vitality. 
The  coagulation  depends  on  a  content  of  fibrin, 
which  is  kept  in  solution  in  the  blood,  but  on 
its  coagulation  separates  and  encloses  at  the 
same  time  the  red  globules  and  other  particles 
kept  in  suspension  in  the  blood,  thereby  form- 
ing the  coagulum,  or  clot,  which  subsequently 
contracts  more  and  more.  If  the  blood  be 
whipped  while  drawn,  the  fibrin  coagulates  on 
the  whip,  and  is  thereby  prevented  from  en- 
closing the  red  particles  of  the  blood,  which 
remain  in  suspension,  and  the  blood  then 
retains  its  usual  appearance  without  further 
coagulation. 

If  blood  be  received  in  water,  the  envelope 
and  the  red  coloring  matter  of  the  blood- 
globules  dissolve  in  the  water,  and  their  color- 
less nuclei  remain  in  suspension  in  the  liquid. 
Coagulation  is  in  this  case  prevented  by  the 
addition  of  water,  by  which  the  fibrin  is  kept 
in  solution.  Coagulation  of  the  blood  may 
also  be  prevented  by  the  addition  of  a  small 
portion  of  hydrated  soda  or  potassa  CrsVir)' 
which  is  a  powerful  solvent  for  the  fibrin.  It 
may  further  be  prevented  by  the  alkaline  car- 
bonates and  some  other  salts,  but  of  which  a 
much  larger  amount  is  required. 

In  the  serum  the  red  globules  remain  without 
change.  The  same  is  the  case  if  the  serum  be 
diluted,  instead  of  water,  with  a  weak  solution 
of  sugar,  or  of  certain  salts.  If  blood  be  mixed 
with  8  times  its  volume  of  a  saturated  solution 
of  Glauber's  salt,  coagulation  is  prevented,  and 
at  the  same  time  the  globules  remain  undis- 
solved, and  settle  after  some  time  to  the  bottom 
of  the  vessel,  and  may  then  be  separated  by  fil- 
tration, which  could  not  be  done  with  fresh 
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blood  on  account  of  its  slimy  character.  In 
the  former  case,  the  globules  remain  on  the 
lilter  as  a  magma,  owing  to  their  pulpy  consist- 
ence, when  saturated  with  water.  Dissolved 
fibrin  seem  to  have  considerable  influence  in 
disposing  the  globules  to  settle. 

The  main  proximate  constituents  of  the  blood 
are:  fibrin,  albumen,  globulin,  and  hematin. 
Of  these,  the  fibrin  and  albumen  occur  in  solu- 
tion, while  the  globules  are  formed  of  globulin 
and  hematin  (coloring  matter).  On  coagula- 
tion, the  fibrin  separates  and  encloses  the 
globules,  which,  together,  form  the  clot,  while 
the  albumen  remains  in  solution  and  forms  the 
main  ingredient  of  the  serum.  Fibrin,  albu- 
men, and  globulin  resemble  each  other  so  much 
in  their  chemical  properties  that  a  similarity 
in  their  composition  was  long  suspected,  till  at 
last  the  Holland  chemist,  Mulder,  proved  that 
they  all  contain  one  and  the  same  organic  sub- 
stance, but  modified  by  the  different  chemical 
processes  in  the  body,  and  combined  with  dif- 
ferent quantities  of  inorganic  substances  (eul- 
phur  and  phosphorus).  This  substance  Mulder 
considered  as  the  basis  of  all  the  other  sub- 
stances contained  in  the  blood  and  used  for  the 
nourishment  of  the  body  and  the  performance 
of  its  other  chemical  processes,  or  as  the 
prima  materia,  and  called  it,  for  this  reason, 
protein  (from  7rgan<ua>,  to  be  the  first). 

For  the  chemical  properties  of  protein,  its  se- 
paration and  its  relation  to  the  different  animal 
substances,  &c,  &c,  we  refer  to  Protein. 

The  fibrin  is  dissolved  in  the  blood,  but  pre- 
cipitates, as  we  have  seen,  when  the  blood  is 
withdrawn  from  the  circulation.  It  thus  forms 
a  kind  of  fine  net  or  cell-work,  which  encloses 
the  blood-globules  and  forms  the  cougulum  or 
clot.  The  size  of  the  latter  depends,  therefore, 
mainly  on  the  quantity  of  the  red  globules,  the 
quantity  of  fibrin  being  always  small,  amount- 
ing only  to  about  |or|  per  cent,  of  the  blood. 
For  fibrin,  we  refer  to  article  Fibrin. 

We  have  already  mentioned  how  the  globules 
might  be  separated  from  the  blood.  The  red 
globules  of  the  blood  are  formed  of  two  sub- 
stances, hematin  and  globulin.  Of  these,  the 
former  is  the  substance  to  which  the  blood  is 
owing  its  red  color.  For  the  separation  of  these 
two  substances,  and  their  chemical  character, 
see  Hematin  and  Globulin.  The  latter  sub- 
stance has  great  resemblance  to  albumen,  with 
which  it,  for  a  long  time,  was  confounded. 
When  the  red  globules  of  the  blood  are  dis- 
solved in  pure  water,  their  nuclei  remain  un- 
dissolved, as  extremely  small  colorless  globuli, 
which,  in  the  mammalia,  are  too  small  for  ex- 
amination, but  in  the  frog  may  be  collected  and 
examined.  These  nuclei  seem  not  to  be  formed 
of  a  substance  resembling  albumen,  as  they 
neither  swell  up  nor  dissolve  in  acetic  acid,  but 
their  true  nature  has  not  yet  been  fully  inves- 
tigated. 

jfilbumen  is  contained  in  the  serum,  which 
is  mainly  a  solution  of  it  in  water.  The  serum 
forms  a  yellowish,  sometimes  greenish  or  red- 
dish yellow  liquid,  of  a  saline  disagreeable 
taste  and  an  alkaline  reaction,  and  has  a  spec, 
grav.  of  1-027  to  1-029.  It  forms  about  f  of  the 
weight  of  the  blood,  while  the  clot  in  its  moist 
(not  pressed)  stale  forms  about  £.  In  the  serum 
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the  albumen  is  combined  with  fat  and  with  soda, 
to  winch  it  owes  its  alkaline-  reaction,  and  with 
phosphate  of  lime.  It  the  scrum  be  heated  to 
109°,  it  is  converted  into  a  jelly-like  mass  from 
the  coagulation  of  the  albumen,  without  ihe 
extrication  of  any  gaseous  substance.  For 
the  chemical  properties  of  alb-umen  sec  Under 
Album  kn. 

Fatty  mutters  in  the  Blood.  Both  the  clot  and 
the  serum  contain  several  fatty  matters,  which 
occur  in  the  blood,  partly  dissolved  as  fatty 
acids  in  combination  with  bases,  and  partly 
suspended  as  globules.  When  Mood  coagu- 
lates spontaneously,  the  clot  encloses  the  sus- 
pended particles  of  fat,  which  may  be  extracted 
with  alcohol  or  ether,  but  a  portion  remains  in 
solution  in  the  serum,  from  which  a  great  por- 
tion of  it  may  be  abstracted  by  shaking  with 
ether. 

It  is  probable  that  the  blood  contains  all  the 
different  fats  contained  in  the  body.  Berzelius 
examined  the  fat,  which  may  be  extracted  by 
alcohol  or  ether  from  the  fibrin  after  its  coagu- 
lation from  ox-blood.  In  its  melted  state  it  is 
yellow,  but  becomes  solid  and  crystalline  on 
cooling.  It  contains  no  phosphorus,  but  leaves 
an  alkaline  ash, and  its  solution  in  alcohol  red- 
dens litmus-paper.  It  is  therefore  precipitated 
in  its  saponified  state  as  an  acid  salt.  By  di- 
gestion with  caustic  potassa  a  portion  of  it 
remains  undissolved  as  a  white  powder. 

Boudet  examined  the  fat,  which  may  be  ex- 
tracted from  dried  blood  by  boiling  alcohol, 
after  completed  extraction  with  water,  after 
which  the  blood  is  again  dried  and  repeatedly 
treated  with  boiling  alcohol.  After  filtration, 
the  boiling-hot  alcohol  deposits,  on  cooling,  a 
solid  fat  in  flocks,  which,  by  Boudet,  has  been 
named  serolim  (from  oleum  oil  and  serum). 

Serolin  is  thus  obtained  as  flocks  of  a  pearly 
lustre,  and  unctuous  to  the  touch.  At  97°  it 
melts,  and  may  almost  be  distilled  without 
change,  yielding,  however,  at  the  same  time, 
ammoniacal  vapors  of  a  peculiar  characteristic 
odor.  It  is  lighter  than  water,  and  is  not  capa- 
ble of  forming  an  emulsion  with  it.  It  is  in- 
soluble in  alcohol  of  0-833  spec,  grav.,  in  which 
it  only  dissolves  very  sparingly  by  boiling,  and 
separates  again  on  cooling.  Easily  soluble  in 
ether.     Is  not  saponified  by  alkalies. 

The  alcoholic  solution,  from  which  the  sero- 
lin has  deposited,  leaves,  on  evaporation,  a 
mixture  of  several  fatty  matters.  On  treat- 
ment of  this  with  cold  alcohol  of  0-833,  a  white 
crystalline  fat  remains,  which  contains  phos- 
phorus, and  seems  to  be  identical  with  some 
of  the  fatty  matters  of  the  brain.  The  alco- 
holic solution  deposits,  on  evaporation,  choles- 
terin  in  foliated  crystals,  and  leaves  at  last  a 
mixture  of  oleic  and  margaric  acids  combined 
with  a  small  portion  of  alkali. 

In  serum  Lecanu  detected  cholesterin,  sero- 
lin, and  fatty  acids,  but  no  fat  containing  phos- 
phorus. 

It  seems  to  follow  from  the  foregoing,  that 
both  albumen  and  fibrin  is  accompanied  by 
peculiar  fats  containing  no  phosphorus,  and 
that  the  latter  variety  of  fat,  therefore,  must 
belong  to  the  red  globules  of  the  blood. 

After  coagulation  of  blood,  or  of  serum,  by 
heat,  the  remaining  liquid  contains,  besides  dif- 
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ferent  inorganic  salts,  several  organic  matters, 
the  amount  of  which,  however,  is  not  great, 
and  a  portion  of  which  may  be  formed  by  the 
action  of  the  water  by  heat  on  the  albuminous 
substances  during  the  coagulation.  On  evapo- 
ration to  dryness  in  a  water-bath,  an  extractive 
mass  is  left,  with  distinct  crystals  of  chloride 
of  sodium.  Anhydrous  alcohol  extracts  only  a 
very  small  portion  of  a  yellowish  substance, 
after  which  alcohol  of '833  dissolves  chlorides 
of  potassium  and  sodium,  lactate  of  soda,  and 
several  other  animal  matters  of  an  extractive 
nature,  similar  to  those  occurring  in  flesh  and 
urine.  After  neutralization  of  the  carbonated 
alkalies,  in  the  residue,  by  acetic  acid,  and  ex- 
traction of  the  acetates  by  alcohol,  water  dis- 
solves phosphate  and  sulphate  of  the  alkalies, 
and  an  animal  substance  precipitable  by  tannin, 
after  which  a  small  portion  of  coagulated  albu- 
men only  remains  undissolved. 

Salts  of  the  Blood.  It  has  already  been  stated 
that  the  albumen  exists  in  the  blood  in  actual 
combination  with  soda.  The  latter  base,  with 
a  small  quantity  of  potassa,  is  also  found  in  the 
blood  in  combination  with  fatty  acids,  and  with 
smaller  or  greater  quantities  of  lactic,  car- 
bonic, sulphuric,  and  phosphoric  acids.  It  has 
also  been  mentioned  that  the  blood  contains  a 
considerable  quantity  of  chloride  of  sodium. 
The  existence  of  ammonia  in  fresh  blood  is 
uncertain.  Lime  occurs  also  in  the  blood  in 
combination  with  phosphoric  acid, as  phosphate 
of  lime,  with  a  small  quantity  of  phosphate  of 
magnesia.  These  earthy  phosphates  exist  in 
combination  with  the  albuminous  ingredients 
of  the  blood,  which  keep  them  in  solution,  and 
with  which  they  remain  in  combination  after 
their  coagulation.  The  gaseous  ingredients  of 
the  blood,  see  under  Respiration. 

Besides  the  above  mentioned  usual  ingre- 
dients of  the  blood,  it  occasionally  contains 
others  which  are  accidental,  either  taken  up  by 
the  digestive  organs  or  from  vitiated  or  sup- 
pressed secretions.  These  are,  however,  often 
excreted  again  so  fast  that  their  detection  is 
difficult. 

Analysis  and  Composition  of  Blood.  The  quan- 
titative estimation  of  the  different  constituents 
of  the  blood  often  becomes  a  matter  of  interest 
in  a  physiological  or  pathological  point  of 
view.  Berzelius  prescribes  the  following 
method:  two  quantities  of  the  same  blood  are 
weighed,  and  one  allowed  to  coagulate  spon- 
taneously, the  other  is  evaporated  in  a  water- 
bath  to  perfect  dryness,  and  the  residue  weighed, 
which,  deducted  from  the  original  weight  of  the 
blood,  yields  the  amount  of  water. 

The    coagulum  of   the  first    portion,  when 


the  serum,  is  removed,  cut  to  pieces  if  too 
large,  laid  between  two  counterpoised  filters, 
and  pressed  between  folds  of  blotting  paper, 
which  are  to  be  renewed  without  removing  the 
counterpoised  filters.  When  all  the  serum  has 
been  thus  absorbed,  the  clot  is  dried  without 
removing  it  from  the  filters  in  vacuo  over  sul- 
phuric acid,  and  weighed  with  proper  precau- 
tions to  prevent  it  from  absorbing  moisture 
from  the  air.  After  deduction  of  the  weight 
of  the  filters,  this  yields  the  amount  of  fibrin  and 
blood-globules ;  the  latter  are  then  extracted  by 
repeated  treatment  with  water  of  a  tempera- 
ture of  from  77°  to  86°  till  it  becomes  no  longer 
colored,  when  the  fibrin  which  thus  remains  is 
dried  and  weighed.  It  may  sometimes  be  more 
convenient  not  to  employ  the  whole  clot,  but 
only  a  weighed  portion  of  it.  Thus  the  rela- 
tive proportion  of  fibrin  and  blood-globules  is  ob- 
tained. In  the  aqueous  solutions  the  globulin 
and  hematin  of  the  blood-globules  are  con- 
tained, and  may  be  separated  from  each  other, 
as  indicated  under  these  heads. 

The  other  weighed  portion  of  the  blood, 
which  has  been  evaporated  to  dryness,  is  pul- 
verized and  treated  first  with  ether,  and  then 
with  alcohol,  and  at  last  with  boiling-hot  water. 
The  residue  thus  left  yields,  when  dried  (as 
before),  the  amount  of  all  the  albuminous  in- 
gredients of  the  blood,  from  which  the  weight 
of  the  albumen  is  obtained  by  deducting  that  of 
the  fibrin  and  blood-globules.  The  ethereal 
solution  contains  the  fat,  the  amount  of  which 
is  determined  after  evaporation  of  the  ether. 
The  alcoholic  and  aqueous  solutions  contain 
the  salts  and  the  other  less  important  organic 
substances  of  the  blood  (extractive). 

For  the  analysis  of  the  serum,  the  latter  may 
be  coagulated  by  heating  it  to  170°,  evaporating 
it  in  a  water-bath  to  dryness,  pulverizing,  and 
then  extracting,  first  with  ether  to  dissolve  fat, 
and  then  with  boiling  water,  by  which  the  al- 
bumen remains  undissolved.  The  aqueous 
solutions  are  evaporated  to  dryness,  and  the 
residue  treated  with  alcohol,  which  dissolves 
chlorides  of  potassium  and  sodium  with  lac- 
tate of  soda  and  extractive.  The  residue  from 
the  alcohol,  which  ought  to  be  perfectly  soluble 
in  water,  is  alkaline;  neutralized  with  acetic 
acid,  and  again  evaporated  to  dryness  and  ex- 
tracted with  alcohol,  the  latter  dissolves  acetate 
of  soda,  which,  on  incineration,  is  converted 
into  carbonate.  The  residue  from  the  alcohol 
is  small,  and  contains  phosphate  of  soda  with  a 
small  portion  of  an  animal  matter,  soluble  in 
water,  and  precipitable  by  solutions  of  galls 
and  chloride  of  mercury. 

According  to  Berzelius's  analysis,  serum  con- 
sists of: 


sufficiently  contracted  so  as  to  float  freely  in 

Serum  from  the  ox.  Prom  man 

Water 90-50  90-59 

Albumen 8-00  8-00 


.Substances  soluble  in  alcohol 0-88 

Albumen,  with  soda  and  lactate  of  soda  . .  062') 
Chloride  of  potassium 0-26  J 

Substances  insol.  in  alcohol,  soluble  in 
water,  animal  matter,  and  phosphate 
or  the  alkalies 0-15 


Extractive,  and  lactate  of  soda  . .  04 ") 
Chloride  of  sodium 06  j" 


1-00 


0-41 


100-00 


100-00 
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These  results  agree  well  with  those  of  Marcet  and  Lecanu's  analyses  of  scrum  from  human 
blood. 

Marcet.  \<  canu. 

1  2. 

Water 90-000  90000  90100 

Albumen 8*88€  7-800  6-120 

Extractive,  including  lactates 0400  0-379  0-460 

Chlorides  of  potassium  and  sodium 0-660  0-600  0-658 

Carbonate  of  soda,  with  phosphate  and  sulphate  of  soda    0-200  0-210  0-200 

Phosphates  of  lime  and  magnesia 0-060  0-071  0-087 

Fat  0-220  0-340 


100-000 


99-900 


99-859 


The  relative  proportion  of  the  coagvlvm  and 
the  serum  of  human  blood  is,  according  to  Lecanu, 
Clot  (dried)  13-085  (varying  from  11-59  to  14-85) 

Serum 86-915 

The  dot  consists,  according  to  him,  of: 

Fibrin 0-295 

Hematin 0-227 

Albumen  (globulin) 12-568 

13090 

From  this,  and  the  analyses  of  the  serum,  he 
calculated  the  composition  of  the  blood  as  follows : 

1.  2. 

Water 78-015  78-559 

Fibrin 0-210  0-356 

Albumen 6-509  6-942 

Blood-globules 13-300  11-963 

Crystallizable  fat 0-243  0-430 

Oily  fat 0-131  0-227 

Extractive,  soluble  in  alcohol    0-179  0-192 

Substances  only  sol.  in  water    0-126  0-201 

Salts  of  the  alkalies 0-837  0-730 

Salts  of  earths  and  ox.  of  iron    0-210  0-141 

Loss 0-240  0-259 


100-000     100-000 


Lecanu  found  that  blood  of  females  contains 
more  water,  the  amount  of  which  is  also  more 
variable.  In  10  analyses  of  blood  of  females 
he  found  the  amount  of  water  to  vary  between 
79  and  85j  per  cent.,  while  in  the  same  number 
of  analyses  of  blood  of  males  it  varied  between 
77-9  and  80^  per  cent.  Between  twenty  and 
60  years  the  amount  of  water  does  not  seem  to 
be  influenced  by  the  age.  The  amount  of 
albumen  varies  from  5-8  to  7-8  per  cent.,  and 
does  not  seem  to  be  influenced  by  sex  or  age. 
The  red  globules  of  the  blood  vary  in  the  fe- 
male between  6-8  and  13  per  cent.,  in  the  male 
between  11-6  and  14-8.  After  sustained  lossof 
blood,  and  in  females,  after  menstruation,  the 
amount  of  red  globules  is  considerably  less. 
The  amount  of  salts  varies  between  0-08  and 
0-014  per  cent. 

Denis  has  derived  the  following  results  from 
83  analyses,  carefully  performed,  showing  the 
maximum  and  minimum  of  each  of  the  chief 
constituents  of  the  blood: 

MALE. 

Maximum.  Minim.  Variation.  Mean. 

Water 80-5  73-20        7-30  76-7 

Albumen 6-3  4-85        1-45         5-7 

Blood-globules  18-6  11-05        7-55  14-9 

Fibrin 0-4  020       0-20         0-275 
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FEMALE. 

Water 84-80  75-00  9-80  78-70 

Albumen 6-84  5-00  1-84  5-90 

Blood-globules  16-71  7-14  9-57  12-77 

Fibrin 0-31  0-20  0-11  0-2C 

The  blood  of  the  vena  porta  is  said  to 
vary  in  some  points  from  common  venous 
blood  by  being,  according  to  Schultz,  of  a 
darker  color,  its  color  being  not  affected  by 
oxygen  nor  by  the  addition  of  salts,  and 
yielding  no  coagulum,  or  only  one  that  is 
white  and  diffused,  which  again  disappears 
after  12  to  14  hours,  separating  into  a  clear 
liquid  and  a  brown  sediment.  It  contains 
more  water  than  venous  blood,  and  a  less  pro- 
portion of  albumen,  but  a  considerably  larger 
amount  of  fat,  amounting,  according  to  him, 
to  1-66  per  cent.,  while  common  venous  blood 
only  contains  0-83. 

The  following  table  exhibits  the  results  of 
the  analyses  of  Dumas  and  Prevost  of  blood 
from  different  animals.  The  size  of  the  blood- 
globules  are  given  in  fractions  of  millimeters. 


Blood  in  100  pts. 

Serum  in 
100  pts. 

Diameter 
of  blood- 

i  m 

a 

g   = 
O  J3 

S 

i 

3 

1> 

globules. 

m2 

J3 

CS 

rt 

M 

< 

£ 

<! 

£ 

12-92 

8-69 

78-39 

10-0 

90-0 

l 

TSTT 

l 

Monkey  .  . 

14-61 

7-79 

77-60 

9-2 

90-8 

Dog 

12-38 

6-55 

81-07 

7-4 

92-6 

l 

Cat 

12-04 

8-43 

79-53 

9-6 

90-4 

1_ 

Horse  .... 

9-20 

8-97 

81-83 

9-9 

90-1 

1 

Calf 

9-12 

8-28 

82-6 

9-9 

90-1 

-00 

Sheep .... 

9-35 

7-72 

82-93 

8-5 

91-5 

1 

2BS 

1 
TTff 

1 

Goat 

10-20 

8-34 

81-46 

9-3 

90-7 

Rabbit 

9-38 

6-83 

83-79 

10-9 

89-1 

Guinea-pig 

12-80 

8-72 

78-48 

10.0 

90-0 

Raven .... 

14-66 

5-64 

79-70 

6-6 

93-4 

1         I 

B5>  TSff 

Heron .... 

13-26 

5-92 

80-82 

6-8 

93-2 

Duck 

15-01 

8-47 

76-52 

9-9 

90-1 

1        l 

Chicken  . . 

15-71 

6-30 

77-99 

7-5 

92-5 

l         t 

5T>  TTTo" 

Pigeon  . . . 

15-57 

4-69 

79-74 

5-5 

94-5 

1         1 

Trout  .... 

6-38 

7-25 

86-37 

7-7 

92-3 

Barbot..  .  . 

4-81 

6-57 

88-62 

6-9 

93-1 

I         1 

TS>    1  2  3 

Eel 

6-00 

9-40 

84-60 

10-0 

90-0 

JL,  _iT 

Land  turtle 

15-06 

8-06 

77-88 

9-6 

90-4 

4&>  TT 

Frog 

6-90|4-64 

88-46 

5-0  95-0 

From  the  above  table  it  appears  that  the 
blood  of  birds  is  richest  in  red  globules,  and 
that  among  the  mammalia  the  blood  of  carni- 
vorous animals  contains  more  of  them  than 
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that  of  herbivorous,  and  that  cold-blooded 
animals  contain  them  in  the  least  quantity. 

Dumas  and  Prevost  found  that  arterial  blood 
contained  about  one  per  cent,  more  of  blood- 
globules  than  venous  blood,  which,  however,  is 
not  probable,  on  account  of  the  difficulty  with 
which  the  formation  of  the  blood-globules  is 
attended  under  other  circumstances.  Accord- 
ing to  some  late  investigations  of  Mulder,  it 
seems  probable  that  most  of  the  fibrin  exists 
in  the  arterial  blood  in  an  oxidized  state  (as 
oxyprotein,  see  under  Fibrin),  but  is  again 
returned  to  the  venous  blood  as  fibrin. 

Simon  has  performed  a  series  of  analyses 
of  blood,  the  result  of  which  are  exhibited  in 
the  following  table.  (Bcrzel.  Arsb.  1841.)  He 
determined  the  amount  of  fibrin,  by  receiving 
the  blood  in  a  bottle  containing  pieces  of 
metal,  which  had  been  previously  weighed 
separately,  and  with  the  bottle,  when  the  whole 
was  again  weighed  after  the  reception  of  the 
blood  into  it.     By  shaking  the  blood  in    the 
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bottle  the  fibrin  coagulated  on  the  metallic 
fragments,  and  was  then  washed,  dried,  and 
weighed  with  them,  and  the  fat  subsequently 
extracted  by  ether.  A  portion  of  the  blood 
thus  freed  from  fibrin  was  coagulated,  evapo- 
rated to  dryness,  weighed,  pulverized,  freed 
from  fat  by  ether,  and  the  remainder  boiled 
from  5  to  8  times  with  alcohol  of  50  per  cent, 
till  it  no  longer  became  colored.  The  residue 
of  albumen  was  then  dried  and  weighed.  The 
alcoholic  solution,  which  becomes  turbid  on 
cooling,  is  freed  from  alcohol  by  distillation, 
after  which  the  solution  is  separated  from  the 
precipitate,  and  again,  if  necessary,  precipi- 
tated by  alcohol.  The  obtained  precipitates, 
consisting  of  globulin  and  hematin,  are  then 
separated  from  each  other  by  boiling  with 
alcohol  acidulated  with  sulphuric  acid,  which 
leaves  sulphate  of  globulin,  and  dissolves 
sulphate  of  hematin.  The  solution  from  which 
the  alcohol  has  been  distilled  is  evaporated  to 
dryness,  and  the  residue  weighed. 
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The  colorless  fluid,  which  forms  the  blood 
of  the  lower  classes  of  animals,  has  not  yet 
been  sufficiently  investigated.  Blood  of  earth- 
worms is  transparent,  of  a  reddish  blue  color, 
which,  on  exposure  to  air,  becomes  perfectly 
red,  but  in  which  no  blood-globules  are  visible 
even  by  great  magnifying  power.  According 
to  the  experiments  of  Hunefeld,  it  contains  al- 
bumen and  hematiii,but  no  fibrin  or  globulin. 
Blond  in  Diseases.  The  peculiar  property  of 
the  blood  in  the  beginning  of  inflammatory 
diseases,  to  coagulate  in  an  unusual  manner, 
forming  on  the  top  of  the  clot  what  is  known 
as  the  inflammatory  or  buffy  coat  (crusta  in- 
flammatory) has  long  been  known  to  physi- 
cians. This  is  owing  to  a  subsidence  of  the 
red  particles  before  the  coagulation  of  the 
fibrin  commences,  by  which  the  upper  part  of 
the  coagulum,  which  soon  afterwards  forms, 
becomes  of  a  white  or  grayish  yellow  color, 
while  the  lower  part  is  red  as  usual,  from  the 
enclosed  red  particles.  Subsequently  this  upper 
portion  contracts  considerably  more  than  the 
lower,  which  is  kept  extended  by  the  enclosed 
blood-globules.  The  essential  condition  of  the 
formation  of  the  buffy  coat  is  an  increase  in 
the  quantity  of  fibrin  (or  its  oxides)  in  propor- 
tion to  the  globules,  by  which  the  blood  coagu- 
lates slower,  and  at  the  same  time  the  blood- 
globules  settle  readier,  while  the  fibrin  remains 
in  solution.  It  may  be  artificially  imitated  with 
healthy  blood,  especially  of  man  or  cats,  by  the 
addition  of  a  certain  quantity  of  such  salts, 
which  retard  the  coagulation,  as,  for  instance, 
carbonate  of  potassa  or  sulphate  of  soda.  Ac- 
cording to  the  last  investigations  of  Mulder, 
the  buffy  coat,  when  freed  from  the  adherent 
albumen,  contains  no  true  fibrin,  but  consists 
mainly  of  two  oxides  of  protein  (oxyproteins), 
formed  from  the  fibrin  of  the  blood  by  oxida- 
tion, in  consequence  of  the  inflammation  in 
much  larger  quantity  than  in  the  normal 
healthy  state  (see  under  Fibrik  and  Protein). 
The  buffy  coat  contains,  besides,  from  2|  to  3 
per  cent,  of  fat. 

Andral  and  Gavarrethave  performed  a  num- 
ber of  analyses  of  blood  with  a  view  to  deter- 
mine the  quantities  and  variations  of  its  essen- 
tial ingredients  in  different  diseases,  for  which 
we  refer  to  Jinn,  de  Chem.  et  de  Pliys.  lxxv.  p. 
225,  and  v.  404  (3d  series).  They  estimate  the 
following  as  the  usual  or  normal  quantities  of 
each  ingredient  in  1000  pts.  of  healthy  blood  : 
fibrin  3,  globules  127,  solid  matter  of  serum 
80,  water  790.  The  extreme  variations  of  each 
ingredient  noticed  by  them  were  fibrin  from 
0-90  to  10-0  in  every  1000  parts  of  blood;  the 
globules  from  21  to  185;  the  solid  parts  of  the 
serum  from  57  to  104  and  the  water  from  725 
to  915.  Abstinence  from  food  and  loss  of  blood 
by  venesection,  diminish  the  solid  ingredients, 
but  act  more  especially  upon  the  globules. 
During  acute  inflammatory  affections  there  is 
an  invariable  increase  in  the  quantity  of  (oxi- 
dized) fibrin  proportional  to  the  intensity  of 
the  inflammation. 

In  Asiatic  cholera  the  blood  is  deprived  of  a 
large  amount  of  its  water,  with  a  small  propor- 
tion of  its  solid  ingredients,  by  the  thin  liquid 
evacuated  during  this  disease  by  the  intestinal 
canal,  bv  which  the  blood  is  so  much  concen- 
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trated  as  to  be  impeded  in  its  circulation. 
taining  25  to  62  per  cent  of  solid  matter.  It 
also  seems  to  contain  less  alkali  than  in  health. 
Lassaigne  has  proved  that  at  least  in  some 
cases  of  jaundice  the  coloring  matter  of  the  bile 
is  actually  contained  in  the  blood,  (i^ee  under 
Bilk.) 

In  suppression  of  urine,  the  blood  is  also 
found  to  contain  urea.  In  a  case  of  suppres- 
sion of  urine,  in  dropsy  after  scarlatina,  both 
the  blood  and  the  serous  effusions  were  found 
by  one  of  the  authors  to  contain  urea  to  the 
amount  of  1$  grains  to  the  ounce.  The  urea 
may  in  such  cases  be  detected  by  precipitating 
the  blood  with  strong  alcohol,  evaporating  the 
alcoholic  liquid  in  a  water-bath  to  dryness  or 
syrupy  consistence;  again,  if  necessary,  dis-  ' 
solving  in  anhydrous  alcohol  and  evaporating 
to  dryness  in  a  water-bath,  and  dissolving  the 
residue  in  a  small  portion  of  water,  by  which 
fat  remains,  and  after  concentration  of  the 
filtered  liquid,  mixing  it  with  cold  nitric  acid, 
by  which  crystals  of  nitrate  of  urea  precipitate 
either  immediately  or  after  the  lapse  of  some 
time.  Urea  has  also  been  found  in  the  blood 
of  persons  affected  with  Bright's  disease  of  the 
kidneys,  and  with  cholera. 

In  diabetes,  in  which  the  urine  contains 
sugar,  this  substance  has  also  been  sought  for 
in  the  blood, but  mostly  without  success,  except 
in  one  case  by  Ambrosiani.  In  many  cases  of 
this  disease,  the  serum  of  the  blood  has  been 
found  combined  with  so  much  fatty  matter  as 
to  resemble  an  emulsion.  A  similar  condition 
of  the  blood  has  also  been  observed  in  affec- 
tions of  the  liver. 

Lecanu  and  Zanarelli  have  analyzed  white 
blood  from  a  person  suffering  from  mania  a 
potu.  These  examinations  confirm  the  obser- 
vation that  the  white  color  is  owing  to  an 
excess  of  fatty  matter.  Fibrin  is  entirely 
wanting,  and  hemalin  has  almost  disappeared. 
The  following  is  the  result  of  their  analyses: 
Zanarelli.  Lecanu. 

Water 90-5  79-4 

Albumen 7-6  6-4 

Crystallized  fat 0-4  Fat 11-4 

Oily  fat 0-6  Hematin traces 

Extractive  and  salts    0-5  Extract  with  ~)     „, 
some  fat. .  5 

Detection  of  blood-stains  on  Steel  and  Linen. 
Blood-stains  on  Steel.     When    the  blade   of 
a  knife   is   stained  by  blood,  it  is  red  when 
the  layer  is   very  thin,  but  brown  if  thicker: 
heated  to  about  80°,  the  blood-spot  peels  off, 
leaving  the  steel  tolerably  clean  ;  no  such  ap- 
pearance arises  from  common  rust,  but  some- 
thing like  it  may  be  produced  by  the  juice 
of  fruits;  in  that  case  the  blood-spot  may  be 
distinguished  from  that  of  vegetable  juices,  by 
collecting  the  portion  which   scales  off,  and 
heating  it  in  a  glass  tube  closed  at  one  end; 
it   exhales    the   odor  of   animal    matter  and 
ammonia,  and  the  latter  may  be  recognised  by 
its  alkaline  reaction  on  test-paper:  any  of  the 
vegetable  stains   would,  under  such  circum- 
stances, exhale   acid  fumes;   and   mere   rust 
would  either  give  out  nothing,  or,  at  all  events, 
the  slightest  possible  trace  of  ammonia.  Where 
it  is  practicable,  the  following  process  is  more 
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exact;  the  stained  steel  is  immersed  in  water; 
the  hsematin  and  albumen  (uncoagul.)  gradu- 
ally dissolve,  and  leave  the  fibrin  on  the  blade, 
from  which  it  may  be  removed  by  the  nail ;  red 
streaks  form  in  the  water,  which  becomes  red 
at  bottom :  divide  this  red  part  into  several 
portions  ;  to  1  add  chlorine  ;  it  becomes  green, 
then  colorless,  and  then  deposits  white  flakes. 
To  2  add  ammonia,  which  does  not  alter  the 
color  when  from  blood,  but  if  from  any  ordi- 
nary dye-stuff,  it  becomes  purple.  Into  3  drop 
nitric  acid;  it  becomes  pale-gray.  Into  4  a 
drop  or  two  of  infusion  of  galls ;  it  does  not 
alter  the  color,  but  occasions  a  slight  cloud. 
Heat  5  till  it  boils,  when  it  either  deposits 
flakes,  or  becomes  opalescent.  Of  these  tests, 
nitric  acid  and  infusion  of  galls  are  the  most 
delicate  ;  should  rust  of  iron  have  mingled 
itself  with  the  liquid,  it  may  be  separated  by 
filtration. 

Blood-stains  on  Linen,  fyc.  Suspend  the  piece 
of  linen  in  a  little  water;  the  fibrin  remains 
upon  it,  and  may  be  detected  by  the  evolution 
of  ammonia,  if  linen  or  cotton,  on  the  applica- 
tion of  a  sufficient  degree  of  heat,  in  a  small 
tube;  but  the  hasmatin  and  some  albumen 
are  dissolved  or  extracted  ;  test  the  colored  solu- 
tion as  above  directed.  Should  the  blood  have 
coagulated  upon  one  piece  of  linen,  and  then 
have  gone  through,  so  as  to  discolor  another, 
no  fibrin  will  be  found  on  the  latter.  It  is  pos- 
sible that  a  solution  of  madder,  or  some  such 
coloring  matter,  in  a  serous  or  albuminous 
liquid,  might  lead  to  deception;  but  in  this 
case  the  stain  upon  the  linen  would  not  be  so 
easily  removed  by  water,  and  the  red  solution 
would  become  yellow  by  acids,  and  violet  by 
alkalis:  a  mixture  of  serum  and  the  red  of 
madder  is  rendered  yellow,  and  does  not  remain 
red,  on  adding  infusion  of  galls. 

Uses.    Ox-blood  is  used  for  several  technical 


purposes.  It  was  formerly  much  employed  by 
sugar-refiners  for  clarifying,  its  action  depend- 
ing upon  its  albuminous  constituent.  It  is 
also  largely  employed  in  the  manufacture  of 
prussiate  of  potash,  to  which  it  is  well  adapted, 
from  its  large  content  of  nitrogen. 

BLOODSTONE.     Min.     See  Quartz. 

BLOWPIPE.  Min.  Chem.  An  instrument 
employed  to  obtain  an  intense  heat,  by  forcing 
a  current  of  atmospheric  air  through  a  common 
white  flame  of  oil,  tallow,  &c,  or  by  burning 
currents  of  mixed  combustible  gases  and  oxy- 
gen. We  distinguish  the  mouth,  table,  and 
hydroxygen  blowpipes. 

Mouth  Blowpipe. 
This  little  instrument  is  of  the  highest  value 
to  the  chemist  in  qualitative  analyses,  in  ascer- 
taining the  nature  of  substances  present  in  any 
compound,  or  in  confirming  results  obtained  in 
the  humid  way;  it  is  of  equal  value  to  the 
mineralogist  in  determining  the  nature  and 
more  or  less  of  the  composition  of  a  mineral 
under  examination.  The  blowpipe,  with  its 
few  tests  and  few  accompanying  instruments, 
forms  a  small  portable  laboratory,  with  which 
a  vast  number  of  useful  investigations  can  be 
carried  on.  We  shall  consider,  1st,  the  appa- 
ratus ;  2d,  the  tests  and  their  use ;  3d,  the  re- 
sults of  experiments  with  the  elements  or  their 
compounds,  or  their  behavior. 

1.  Apparatus. 

Blowpipe.  By  urging  a  blast  of  air  horizon- 
tally through  the  flame  of  a  candle  or  lamp 
(see  Flame),  the  white  light  disappears  by  a 
more  rapid  and  intense  ignition  of  the  combus- 
tible matter,  and  is  replaced  by  a  blue  cone  of 
light  with  a  faint  outer  rim  of  a  yellowish  or 
reddish  hue.  The  mouth  blowpipe  is  designed 
to  produce  this  effect,  and  has  received  various 
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forms.  It  is  always  made  of  metal,  brass, 
argentan,  silver,  or  tin.  Fig.  3'2,  represents 
Gahn's  blowpipe,  which  is  one  of  the  best,  con- 
sisting of  three  parts:  the  hollow  cylinder,  a, 
in  which  the  moisture  of  the  breath  condenses, 
the  long  hollow  shaft,  6,  by  which  the  blowpipe 
is  held  in  the  hand,  with  its  upper  end  ter- 
minating in  an  ivory  mouth-piece,  and  its 
lower  fitting  by  its  conical  form  in  the  solid 
cylinder,  and  the  small  tube,  c,  fitting  in  like 
manner  into  the  cylinder.  A  small  platinum 
cap,  d,  of  a  conical  form,  is  fated  on  the  end 
of  c,  and  is  removable  at  pleasure,  in  order  to 
burn  off  the  carbon  that  adheres  to  it,  and  to 
cleanse  the  tube.  The  several  parts  of  this 
blowpipe  are  represented  separately;  indicated 
by  the  same  letters.  The  common  mouth- 
blowpipe  of  the  jeweller,  fig.  33,  a  plain  brass 
tube,  tapering,  and  bent  at  right  angles  towards 
the  point,  will  answer  the  same  purpose,  but 
after  continued  blowing,  it  is  apt  to  become 
charged  with  moisture.  The  opening  for  pro- 
ducing the  jet  should  be  round  and  about  the 
size  of  a  small  pin. 

Flame.  A  wax  or  sperm  candle,  or  small 
oil-lamp  may  be  employed,  the  latter  with  a 
single,  straight,  elongated  wick  being  prefera- 
ble to  the  others.  It  were  useless  to  give  too 
minute  directions  for  producing  the  flame, 
since  the  operator  will  be  successful  after  a 
few  persevering  attempts.  Grasp  the  mouth- 
piece with  the  lips,  close  them  firmly,  distend 
the  cheeks  slightly,  and  try  to  breathe  through 
the  nostrils  while  air  escapes  through  the 
blowpipe.  The  flame  should  present  an  inte- 
rior cone  of  a  blue  tint  and  an  outer  faint  red- 
dish tint  free  from  white  light.  Within  the 
outer  rim  of  the  blue  cone,  the  combustible 
gases  of  the  oil  are  in  a  state  of  imperfect  com- 
bustion from  a  limited  supply  of  oxygen.  This 
part  of  the  flame,  the  extreme  end  of  the  blue 
flame,  is  the  hottest,  and  is  called  the  reducing 
flame,  from  its  intensity  of  heat,  and  its  being 
an  atmosphere  in  part  of  the  reducing  agent, 
carbon.  Metallic  oxides  heated  at  this  point 
are  often  reduced  to  the  metallic  state,  and 
many  substances  are  fused.  The  outer  faint 
rim  of  light  consists  of  the  generated  gases  of 
combustion  rendered  luminous  by  heat,  and 
receives  an  unlimited  supply  of  oxygen  from 
the  surrounding  air.  Oxidable  substances 
heated  in  this  flame  are  placed  in  the  most  fa- 
vorable situation  for  oxidation,  viz.  a  high  tem- 
perature and  the  free  access  of  oxygen. 

Supports.  The  substance  under  examination 
is  usually  placed  upon  charcoal,  which  often 
acts  as  a  test  (see  below).  It  is  sometimes 
held  in  a  forceps  with  platinum  points,  espe- 
cially if  rather  infusible.  Or  if  it  be  treated 
with  flux,  it  is  placed  on  the  end  of  a  platinum 
wire  bent  into  a  crook  at  one  end,  or  on  thin 
platinum  foil  held  at  one  end  by  the  fingers  or 
pincers.  Glass  tubes,  open  at  both  ends,  or 
closed  at  one  end,  are  employed  chiefly  for  de- 
termining volatile  substances.  Their  use  is 
more  minutely  described  under  Qualitative 
Analysis  of  Solids,  p.  174. 

2.  Reagents  and  their  Uses. 

The  following  excellent  view  of  the  prin- 
cipal reagents  is  from  Fresenius  : 
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1.  Charcoal  Any  kind  of  completely  cal- 
cined wood-charcoal  may  be  used  for  blowpipe 

experiments.  The  charcoal  of  smaller  branches 
of  pine  or  willow  is  preferable  to  any  otle 
Smooth  and  rather  compact  pieces  ought  to  be 
id,  as  knotty  pieces   split  and  throw  off 
fragments  of  the  test  specimen  when  heated. 

It  is  principally  used  as  a  support,  its  value 
depending  on  the  following  properties:  1st,  its 
infusibility  ;  2d,  its  low  conducting  power  for 
heat,  which  admits  of  a  substance  being  heated 
more  strongly  upon  a  charcoal  than  on  any 
other  support;  3d,  its  porosity,  by  means  of 
which  it  imbibes  easily  fusible  substances, 
such  as  borax,  soda,  &c,  whilst  infusible  bodies 
remain  on  its  surface;  4th,  its  property  of  re- 
ducing oxidized  bodies,  by  means  of  which  it 
co-operates  in  the  reduction  of  oxides  by  the 
inner  flame  of  the  blowpipe. 

2.  Carbonate  of  Soda.  For  its  purification; 
which  is  essential,  see  under  Sodium.  We  em- 
ploy this  reagent,  on  account  of  its  fusibility, 
to  promote  the  reduction  of  oxidized  substances 
by  the  inner  flame  of  the  blowpipe.  In  fusing, 
it  brings  the  oxides  into  most  intimate  contact 
with  the  charcoal  support,  and  allows  the  flame 
of  the  blowpipe  to  embrace  every  part  of  the 
specimen.  But  it  does  not  co-operate  in  this 
process  by  its  matter,  or  by  decomposition.  If 
the  quantity  operated  upon  is  very  minute,  the 
reduced  metal  will  often  be  found  in  the  pores 
of  the  coal.  In  such  cases,  the  parts  surround- 
ing the  little  hole  which  contained  the  sample, 
are  taken  off  with  a  knife,  triturated  in  a  mor- 
tar, and  the  coal  washed  off  from  the  metallic 
particles,  which  then  become  visible,  either  as 
powder  or  as  small  and  flat  spangles,  accord- 
ing to  their  various  nature.  In  many  cases, 
e.  g.  in  the  reduction  of  peroxide  of  tin,  it  is 
advantageous  to  add  some  borax  to  the  car- 
bonate of  soda,  in  order  to  render  the  mass 
more  easily  fusible. 

In  the  second  place,  carbonate  of  soda  serves 
as  solvent.  It  is  best  to  use  platinum  wire  as 
the  support,  when  testing  whether  bodies  are 
soluble  in  carbonate  of  soda.  For  this  pur- 
pose the  substance  is  made  into  a  paste  with 
some  carbonate  of  soda  and  water;  this  paste 
is  placed  on  the  loop  of  a  platinum  wire,  and 
heated.  A  few  only  of  the  bases  dissolve  in 
melting  carbonate  of  soda,  but  acids  dissolve 
with  facility  therein.  Silicic  acid  differs  from 
all  other  acids,  inasmuch  as  the  glass  which  it 
forms  with  carbonate  of  soda  remains  clear 
on  cooling,  if,  of  course,  the  two  constituents 
are.  present  in  the  right  proportion  to  each  other. 

Carbonate  of  soda  is  moreover  applied  as  a 
means  of  decomposing,  and  rendering  other 
bodies  soluble,  especially  the  insoluble  sul- 
phates, with  which  it  exchanges  acids,  whilst, 
at  the  same  time,  a  reduction  of  the  new-formed 
sulphate  of  soda  to  sulphuret  of  sodium  takes 
place  ;  when  fused  together  with  sulphuret  of 
arsenic,  both  are  decomposed,  giving  rise  to  the 
formation  of  sulphuret  of  arsenic  and  sodium, 
and  of  arsenite  or  arseniale  of  soda,  and  thus 
converting  it  into  such  a  form  as  to  admit  of 
its  being  reduced  by  means  of  hydrogen. 

Finally,  carbonate  of  soda  is  the  most  sus- 
ceptible reagent,  in  the  dry  way,  for  the  detec- 
tion of  manganese,  since,  when  fused  together 
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in  the  outer  flame  of  the  blowpipe,  with  a  sub- 
stance containing  manganese,  it  produces  a 
green,  turbid  button,  owing  to  the  formation  of 
manganate  of  soda. 

3.  Cyanide  of  Potassium.  For  its  prepara- 
tion, see  under  Cyanogen.  This  reagent  is  a 
powerful  reducing  agent  in  the  dry  way.  It 
separates  the  radicals  not  only  from  oxygen 
combinations,  but  also  from  sulphur  combina- 
tions, giving  rise,  in  the  first  case,  to  the  forma- 
tion of  cyanate  of  potash,  by  absorbing  oxygen, 
and,  in  the  latter  case,  to  the  formation  of  sul- 
phocyanide  of  potassium.  We  may,  by  means 
of  it,  obtain  pure  metals  from  their  combina- 
tions, as  e.  g.  antimony  from  antimonious  acid, 
or  from  sulphuret  of  antimony,  iron  from  per- 
oxide of  iron,  arsenic  from  arseniates,  &c.  &c. 
The  separation  of  these  metals  is  much  pro- 
moted by  the  easy  fusibility  of  cyanide  of  po- 
tassium. As  a  blowpipe  reagent,  cyanide  of 
potassium  is  also  highly  useful;  substances 
like  peroxide  of  tin,  sulphuret  of  tin,  &c,  &c, 
which,  for  their  reduction  with  carbonate  of 
soda,  require  rather  a  strong  flame,  are  re- 
duced with  the  greatest  facility  when  cyanide 
of  potassium  is  used.  In  blowpipe  experi- 
ments we  always  use  a  mixture  of  equal  parts 
of  carbonate  of  soda  and  of  cyanide  of  potas- 
sium, since  the  cyanide  of  potassium  alone 
fuses  too  easily.  This  mixture,  besides  its 
more  powerful  action,  has  another  advantage 
over  carbonate  of  soda:  it  is  with  extreme 
facility  imbibed  by  the  porous  charcoal,  so  that 
the  purest  metallic  globules  are  obtained. 

4.  Biborate  of  Soda.  {Borax.)  Boracic  acid 
shows  a  great  affinity  for  oxides,  when  brought 
into  contact  with  them  whilst  fusing.  It  com- 
bines, therefore,  in  the  first  place,  directly 
with  oxides.  2.  It  expels  weaker  acids  from 
their  salts ;  and,  3,  with  the  co-operation  of 
the  outer  flame  of  the  blowpipe,  it  disposes 
metals,  sulphur  combinations,  and  haloid  com- 
binations to  oxidize,  in  order  to  combine  with 
the  oxides.  The  borates  produced,  generally 
fuse  readily  by  themselves,  but  by  far  more 
easily  when  fused  together  with  borate  of 
soda ;  the  latter  salt  acts  in  this  operation 
either  as  a  mere  flux,  or  by  giving  rise  to 
the  formation  of  double  salts.  In  the  bibo- 
rate of  soda,  we  have,  1,  free  boracic  acid; 
and  2,  borate  of  soda;  and  thus  both  condi- 
tions united,  by  which,  as  before  stated, 
oxides,  sulphurets,  metals,  &c,  are  disposed 
for  solution  and  fusion ;  borax  is  therefore, 
as  a  blowpipe  reagent,  of  the  greatest  im- 
portance in  analytical  chemistry.  Charcoal, 
platinum  wire,  or  foil  are  used  as  supports 
in  this  operation,  heating  the  loop  of  the 
wire  to  redness,  dipping  it  into  the  borax 
powder,  and  holding  it  in  the  outer  flame, 
whereby  a  colorless  pearl  is  obtained.  This 
pearl  is  brought  into  contact  with  the  test  spe- 
cimen, either  when  still  hot,  or  after  being 
moistened,  and  thus  a  small  quantity  of  the 
latter  attached  to  it;  it  is  then  again  exposed, 
first,  to  the  flame  of  a  spirit-lamp,  then  to  that 
of  the  blowpipe,  observing  the  phenomena 
which  appear.  When  heated  on  charcoal,  a 
bead  is  fused,  and  the  test  added  to  it  while 
hot.  The  following  points  ought  to  be  ex- 
amined with  especial  care:   1.  Whether  the 
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specimen  dissolves  transparent  or  not,  and 
whether  it  retains  this  transparency  on  cool- 
ing, or  not.  2.  Whether  it  shows  a  distinct 
and  definite  color,  which,  in  many  cases,  e.  g. 
with  cobalt,  leads  to  an  instantaneous  and 
certain  detection  ;  and,  3.  Whether  the  pearls 
show  the  same  or  a  different  relation  in  the 
outer  and  inner  flame.  Phenomena  of  the 
latter  kind  depend  on  the  mutation  from  higher 
degrees  of  oxidation  to  lower,  or  even  to  the 
metallic  state. 

5.  Phosphate  of  Soda  and  Ammonia.  {Micro- 
cosmic  salt.)  For  its  preparation,  see  under 
Sodium.  When  this  salt  is  heated,  the  am- 
monia escapes,  together  with  the  water  of 
crystallization.  There  remains  consequently 
a  compound,  which,  with  regard  to  composi- 
tion (free  acid  and  fusible  salt),  very  nearly 
approaches  borax.  The  action  of  microcosmic 
salt  is  therefore  quite  analogous  to  that  of  bibo- 
rate of  soda.  We  prefer  it,  however,  to  borax 
in  many  cases  as  a  solvent  or  flux,  as  the 
glasses  which  it  forms  with  many  substances 
are  more  beautifully  and  distinctly  colored 
than  those  of  borax.  Platinum  wire  is  equally 
used  as  a  support  when  employing  microcos- 
mic salt  as  a  flux ;  it  ought,  however,  here  to 
be  remarked,  that  the  loop  of  the  wire  must  be 
small  and  narrow,  or  else  the  pearl  will  not 
stick  to  it.  The  operation  is  conducted  as 
stated  in  the  preceding  paragraph. 

6.  Nitrate  of  Cobalt.  For  its  preparation,  see 
under  Coealt.  When  heated  with  certain  in- 
fusible substances  this  reagent  forms  with 
them  combinations  of  divers  various  charac- 
teristic colors,  and  may  therefore  serve  for  the 
detection  of  those  substances.  Experiments 
of  this  kind  are  conducted  in  the  following 
manner.  The  substance  under  examination, 
reduced  to  powder,  is  heated  to  redness  on  a 
charcoal  support,  the  smallest  possible  drop 
of  solution  of  nitrate  of  cobalt  is  then  dropped 
upon  it,  and  it  is  again  heated  to  redness.  In 
this  process,  oxide  of  zinc  assumes  an  in- 
tensely green  color,  alumina  a  blue,  and  mag- 
nesia a  feeble  rose  tint.  The  rose  tint  of  mag- 
nesia is  of  so  little  intensity  that  beginners 
may  easily  overlook  this  reaction.  Silica,  also, 
when  moistened  with  solution  of  nitrate  of 
cobalt  and  heated  to  redness,  assumes  a  feeble 
blue  tint,  which  ought  to  be  borne  in  mind 
when  testing  for  alumina.  The  blue  com- 
pound of  the  latter  is,  however,  by  far  more 
beautifully  and  intensely  colored  than  that  of 
silica.     (Fresenius.) 

The  following  reagents  are  of  limited  utility. 
Vitrified  boraric  acid,  to  detect  phosphoric  acid 
by  means  of  fine  iron-wire.  Bisulphate  of  po- 
tassa,  for  detecting  lithia,  boracic  acid,  and  bro- 
mine. Metallic  tin  is  useful  to  assist  in  re- 
ducing metallic  oxides  to  metal  or  lower  oxides. 
Pure  lead  and  bone-ash  are  used  for  cupellation. 
Silica  is  employed  to  detect  sulphur  or  sul- 
phuric acid,  oxide  of  copper  for  chlorine,  strips 
of  red  and  blue  litmus  paper  for  free  acid. 

3.  Behavior  of  Oxides  and  Acids. 
The  following  tables  drawn  from   Parnell 
exhibit  the  reaction  of  the  various  metallic 
oxides,  acids,  and  metalloids  before  the  blow- 
pipe, either  alone  or  with  various  reagents. 
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Acids  and  Metalloids. 

Carbonates  are  best  tested  in  the  humid  way 
by  chlorohydric  or  nitric  acid. 

Hydrates  are  heated  in  a  closed  glass  tube. 
The  smallest  amount  of  moisture  condenses  on 
the  sides  of  the  tube. 

Sulphates.  Mixed  with  the  colorless  and 
transparent  glass  of  silica  and  soda,  sulphates 
give,  in  the  interior  flame,  a  deep  yellow  or 
red  color,  either  immediately  or  on  cooling. 
Heated  with  soda  on  charcoal,  in  the  interior 
flame,  the  resulting  mass  blackens  metallic 
silver  when  moistened. 

Nitrates.  Those  which  are  fusible  deflagrate 
on  charcoal.  Infusible  nitrates,  heated  to  red- 
ness in  a  glass  tube,  give  off  nitrous  vapors. 
All  nitrates  give  deep  red  vapors  when  mixed 
with  bisulphate  of  potassa  and  heated. 

Borates.  Fused  with  carbonate  of  potassa  on 
charcoal,  and  moistened  with  sulphuric  acid 
and  alcohol,  a  green  flame  is  produced.  Mixed 
with  a  flux  of  one  part  of  fluor  spar  and  four 
and  a  half  of  bisulphate  of  potassa,  borates 
give  a  dark  green  flame  for  an  instant,  when 
held  at  the  point  of  the  blue  flame  on  a  pla- 
tinum wire. 

Phosphates.  To  detect  phosphoric  acid,  fuse 
the  substance  with  boracic  acid  on  charcoal; 
when  fused,  introduce  the  extremity  of  a  steel 
wire  and  heat  strongly  in  the  interior  flame. 
Borate  and  phosphuret  of  iron  are  formed  ;  on 
breaking  the  fused  mass  (wrapped  in  paper) 
in  a  mortar,  the  phosphuret  of  iron  is  per- 
ceived, having  the  appearance  of  a  metallic 
button,  which  affects  the  magnet,  and  is  brittle. 

Moistened  with  sulphuric  acid,  and  held  in 
the  platinum  tongs  at  the  point  of  the  blue 
flame,  phosphates  give  a  pale  green  color  to 
the  outer  flame. 

Silicic  acid  is  characterized  by  dissolving 
easily  in  carbonate  of  soda  with  effervescence, 
giving  a  transparent  and  colorless  bead.  It  is 
slowly  dissolved  in  borax,  giving  a  clear  glass. 

Seleniates  and  selcnites  give  the  characteristic 
odor  of  selenium,  with  soda  on  charcoal,  in  the 
interior  flame.  They  behave  like  sulphates 
with  the  glass  of  silica  and  soda. 

Arsenic.  On  charcoal,  in  the  interior  flame, 
the  acids  of  arsenic  give  the  characteristic  al- 
liaceous odor  of  arsenic.  Mixed  with  black 
flux  and  heated  in  a  glass  tube  closed  at  one 
end,  a  brilliant  sublimate  of  metallic  arsenic  is 
formed,  crystalline  in  its  interior  surface.  It 
may  be  chased  up  the  tube,  becoming  slowly 
oxidized.  If  the  bottom  of  the  tube  be  cut  off, 
and  the  sublimed  metal  heated,  it  is  imme- 
diately converted  into  arsenious  acid,  which 
condenses  as  a  white  crystalline  sublimate.  In 
a  closed  tube  some  arseniurets  give  a  sublimed 
ring  of  shining  metallic  arsenic.  In  an  open 
tube  they  sublime  crystalline  arsenious  acid, 
and  give  an  arsenical  odor. 

Sulphurets.  Heated  in  an  open  inclined  tube, 
or  on  charcoal,  they  evolve  the  odor  of  sulphu- 
rous acid,  which  acid  bleaches  moist  Brazil- 
wood paper.  Sulphurets  behave  as  sulphates 
with  the  glass  of  silica  and  soda. 

Seleniurets,  in  the  exterior  flame,  evolve  a 
strong  odor  resembling  putrid  horse-radish. 
Heated  in  the  open  tube,  metallic  selenium 
sometimes  condenses.    With  the  glass  of  silica 


and  soda,  seleniurets  behave  as  seleniates  and 
sulphates. 

Jntimoniurels  give  a  sublimate  of  oxide  of 
antimony  when  roasted  in  the  open  tube. 

Tellurets  give,  when  roasted  in  the  inclined 
open  tube,  a  sublimate  of  a  white  powder, 
which,  when  heated,  fuses  into  colorless  drops 
before  it  sublimes. 

Chlorides,  added  to  a  glass  of  microcosmic 
salt,  saturated  with  oxide  of  copper  (or  held 
by  a  very  small  brass  instead  of  a  platinum 
wire),  and  suddenly  heated,  communicate  a 
bright  color  to  the  flame. 

Iodides,  with  the  glass  of  microcosmic  salt 
and  oxide  of  copper,  give  a  fine  emerald-green 
flame.  Heated  with  bisulphate  of  potassa  in  a 
glass  tube  closed  at  one  end,  iodine  vapor  is 
evolved. 

Bromides,  with  the  glass  of  microcosmic  salt 
and  oxide  of  copper,  give  a  greenish  blue  flame. 
Heated  with  bisulphate  of  potassa,  bromine 
vapor  is  expelled. 

Fluorides.  Those  which  contain  water,  give 
off  hydrofluoric  acid,  when  heated  in  a  tube 
closed  at  one  end.  All  fluorides,  when  mixed 
with  bisulphate  of  potassa,  or  with  microcos- 
mic salt  previously  fused,  and  heated  at  the 
lower  extremity  of  an  open  glass  tube,  evolve 
hydrofluoric  acid,  known  by  its  corrosive  ac- 
tion on  glass,  and  its  property  of  bleaching 
Brazil-wood  test  paper. 

Table  Blowpipe. 

This  very  convenient,  and  to  the  chemist 
almost  indispensable,  apparatus,  consists  of  a 
table,  beneath  which  is  a  bellows  worked  by 
the  foot,  from  which  a  current  of  air  is  forced 
through  a  tube  terminating  in  a  small  orifice. 
This  orifice  is  introduced  a  little  way  into  the 
white  or  smoky  flame  of  a  large  wick,  some  \ 
inch  or  more  in  diameter,  and  the  current  of 
air  is  forced  a  little  upwards  from  a  horizontal 
line.  The  fuel  is  either  oil,  tallow,  or  lard.  By 
thrusting  the  orifice  more  or  less  into  the  flame, 
the  blowpipe  flame  will  be  tapering  to  a  point 
or  spreading  from  the  orifice  into  a  cone,  with 
a  ragged  base  at  its  farthest  point,  producing 
in  the  latter  case  a  peculiar  noise.  For  heat- 
ing a  small  surface,  the  former  is  preferable, 
for  a  more  extended  surface  the  latter.  The 
pressure  on  the  bellows  may  be  regulated  by 
weights  which  may  be  permanent,  but  they 
should  be  in  some  proportion  to  the  orifice  and 
size  of  the  wick.  A  water-regulator  is  some- 
times used  to  equalize  the  current  of  air,  but 
it  is  cumbersome  and  unnecessary,  and  a  small 
blacksmith's  or  organ-bellows  produces  a  suf- 
ficiently uniform  blast. 

We  employ  a  brass  cylinder  and  piston, 
worked  by  a  treadle,  which  drives  the  air  into 
a  large  tin  box  immediately  under  the  top  of 
the  table.  From  the  front  end  of  the  box  a  tube 
rises  through  the  table-top,  and  terminating 
with  its  small  jet  within  the  interior  of  an 
argand  burner  urges  the  air  vertically  upwards, 
producing  flames  similar  to  the  above.  The 
argand  burner  may  be  connected  with  a  lamp 
or  reservoir  containing  a  solution  of  oil  of  ter- 
pentine in  alcohol,  or  with  a  gas-pipe.  In  the 
former  case  the  burner  has  a  circular  wick 
with  a  contrivance   for  adjusting  its  height 
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We  employ  the  latter,  which  is  neater,  always 
ready,  gives  a  powerful  heat,  and  may  be  ele- 
vated or  depressed  at  pleasure.  Different  jets 
with  larger  or  smaller  orifices  may  be  em- 
ployed. The  convenience  of  this  arrangement 
in  the  use  of  gas,  an  argand  burner,  and  the 
solid  metal  piston,  is  such  that  we  often  sub- 
stitute it  for  ordinary  furnace  operations. 

The  uses  of  the  table  blowpipe  are  mani- 
fold. Glass  tubes  are  bent,  blown  out,  &c, 
into  a  variety  of  small  apparatus.  Decompo- 
sitions and  ignitions  are  performed  with  great 
facility  and  rapidity.  Substances  may  be 
fused  which  usually  require  a  good  wind-fur- 
nace. By  driving  the  current  of  air  obliquely 
and  somewhat  downward  through  the  argand 
burner,  the  process  of  cupellation  may- be  ac- 
curately performed  on  20  grammes  (300  grains) 
of  lead. 

Htdro-Oxy«ex  or  Compound  Blowpipe. 

The  object  of  the  instruments  which  have 
received  this  name  is  to  enable  us  to  employ, 
for  the  purposes  of  fusion  or  illumination,  the  in- 
tense heat  of  an  ignited  jet  of  the  gaseous  ele- 
ments of  water,  hydrogen  and  oxygen. 

To  Dr.  Robert  Hare  of  Philadelphia  belongs 
the  credit  of  having  first  pointed  out  the  greater 
heat,  which  ought  to  result  from  the  combina- 
tion of  hydrogen  with  oxygen  over  all  others, 
and  to  have  invented  the  first  apparatus  for 
applying  the  flame  produced  by  their  union  to 
the  heating  of  substances. 

In  his  first  paper,  in  which  he  describes  the 
apparatus  invented  by  him  for  this  purpose, 
he  also  gives  an  account  of  his  experiments 
with  it,  having  effected  the  fusion  of  a  num- 
ber of  substances  formerly  considered  in- 
fusible, and  among  other  observations  also 
notices  the  greater  light  emitted  by  them  when 
subjected  to  this  superior  heat,  although  the 
hydro-oxygen  flame, by  itself,  is  rather  destitute 
of  illuminating  power.  (See  Memoir  on  the  Sup- 
ply and  Application  of  the  Bloupipe,  (Sec,  by  Robert 
Hare,  published  by  order  of  the  Chemical  So- 
ciety of  Philadelphia,  1802,  and  republished  in 
Tillocli's  Philosophical  Magazine  for  1803,  vol. 
xiv.)  The  appellation  of  compound  blowpipe 
was  given  to  it  by  Professor  Silliman,  it  con- 
sisting, as  it  were,  of  two  blowpipes  connected 
into  one. 

In  all  compound,  or  hydro-oxygen  blowpipes, 
therefore  the  gaseous  elements  of  water  form 
the  material  for  the  production  of  the  heat,  or, 
as  it  may  also  be  expressed,  the  hydrogen  is 
the  fuel  which  is  burned,  and  pure  oxygen  the 
gas  which  is  used  for  supporting  the  combus- 
tion. These  two  gases  have  therefore  to  be 
prepared  previously,  and  are  then  supplied 
from  the  blowpipe  reservoirs  just  in  the  pro- 
portion in  which  they  combine  chemically, 
while  another  contrivance  must  be  arranged 
where  the  gases  issue,  and  are  inflamed  for  the 
purposes  of  acting  with  safety  and  to  the 
greatest  advantage  on  the  substances  to  be 
heated. 

In  regard  lo  the  manner  in  which  the  gases 
are  kept  in  the  reservoirs  for  supplying  the  jet, 
a  great  difference  exists.  In  Dr.  Hare's  ori- 
ginal apparatus,  the  two  gases  were  kept  in 
separate  reservoirs,  and  only  made  to  unite 
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near  the  orifice  of  their  common  efflux.  When 
Humphry  Davy  subsequently  discovered  that 
the  flame  of  explosive  gaseous  mixtures  would 
not  pass  back  through  wire  gauze  or  other  small 
apertures,  and  thus  a  mixture  of  hydrogen  and 
oxygen  might  be  ignited  at  the  point  of  their 
efflux  without  danger  of  communicating  the 
fire  to  the  explosive  mixture  in  the  reservoir, 
it  was  considered  advantageous  and  more  con- 
venient to  have  the  gases  mixed  beforehand  in 
the  proper  proportions,  and  then  to  allow  this 
mixture  to  pass  out  through  small  tubes,  and 
to  be  inflamed  at  their  apertures.  The  most 
common  apparatus  on  this  plan  that  has  been 
used,  is  one  contrived  by  Mr.  Brooke,  and  exe- 
cuted by  Newman,  originally  merely  intended 
for  the  supply  of  a  jet  of  oxygen.  Fig.  1,  PI. 
vi.  represents  this  apparatus  as  employed  by 
Dr.  Clark. 

The  gases  are  mixed  in  a  bellglass  and 
transferred  into  the  bladder,  C,  and  by  means 
of  the  syringe,  B,  are  condensed  into  the  box, 
A,  made  of  iron,  from  which  they  are  allowed 
to  escape  through  a  fine  thermometer  tube,  D, 
at  the  orifice  of  which  they  are  ignited.  For 
greater  security,  a  safety  cylinder  is  placed  in- 
side the  box,  A,  which  at  the  bottom  is  im- 
mersed in  oil,  and  furnished  at  the  top  with 
fine  wire-gauze,  so  that  the  condensed  gases 
have  to  pass  from  the  box  through  the  oil  and 
the  gauze  before  reaching  the  stopcock  and 
blowpipe  nozzle.  As  a  further  precaution 
never  to  be  omitted,  a  wooden  screen  is  placed 
between  the  box  and  the  operator.  All  such 
apparatus,  however,  is  liable  to  disastrous  ac- 
cidents, for,  notwithstanding  these  and  other 
numerous  contrivances  invented  to  prevent  the 
return  of  the  flame,  there  is  hardly  any  one 
which,  from  some  unperceived  or  uncertain 
circumstance,  will  not  fail  at  one  time  or 
another. 

In  all  practical  applications  of  the  hydro- 
oxygen  blowpipe  this  plan  of  employing  the 
gases  mixed  beforehand  in  the  reservoirs  has 
been  abandoned,  and  the  original  plan  of  Dr. 
Hare  of  discharging  them  from  separate  reser- 
voirs again  resorted  to.  The  gases  are  gene- 
rally kept  in  metallic  reservoirs,  and  their 
regular  and  steady  efflux  effected  by  hydrosta- 
tic pressure  and  stopcocks,  immersing  the 
gasometers  or  reservoirs  in  water.  For  larger 
purposes  closed  reservoirs  may  in  Philadel- 
phia and  other  large  cities,  where  such  con- 
venience offer,  be  connected  by  a  pipe  and 
stopcock  with  the  pressure  of  the  city  water- 
works. The  hydrogen  may  in  many  cases  be 
employed  as  obtained  directly  from  a  large  self- 
regulating  reservoir  (see  under  Gasohetf.ii) 
containing  zinc  and  dilute  sulphuric  acid.  The 
facility  with  which  large  india-rubber  bags  are 
now  manufactured  in  the  United  States,  and 
the  convenience  and  nicety  with  which  they 
are  filled  with  the  gases,  and  these  retained, 
and  subsequently  discharged  by  superposed 
weights,  has  lately  introduced  them  into  exten- 
sive use  for  these  purposes. 

From  the  reservoirs  the  gases  are  delivered 
by  pipes  furnished  with  stopcocks  to  the  ori- 
fices, where  the  combustion  takes  place.  Near 
these  the  pipes  are  either  made  to  combine  by 
being  united  into  one,  as  the  two  branches  of 


BLOWPIPE. 

the  letter,  Y,  or  the  pipe  with  oxygen  terminates 
concentrically  within  the  pipe  discharging  the 
hydrogen,  likewise  at,  or  a  short  distance  in- 
side its  terminating  orifice.  The  two  different 
modes  were  already  in  the  first  instance  em- 
ployed by  Dr.  Hare,  which  may  be  seen  from 
Fig.  34,  taken  from   his   original  memoir  of 


Fig.  34. 


1802.  a  and  b  exhibiting  the  termination  of  the 
two  delivery-pipes,  being  soldered  into  two  per- 
forations in  the  frustum,  c,  which  converge  till 
they  form  one,  the  open  end  of  which  is  their 
common  orifice,  as  seen  by  the  dotted  lines 
in  d.  e  represents  another  frustum  for  the 
same  purpose,  where  the  two  perforations  ter- 
minate beside  each  other  in  a  larger  orifice  or 
cavity.  /  represents  the  pipes  as  connected 
"when  used  for  the  fusion  of  platinum  or  sub- 
jects of  the  larger  kind.  They  consist  of  a 
large  and  a  small  pipe,  the  orifice  of  the  one 


BLOWPIPE. 

being  inserted  into  that  of  the  other,  as  maybe 
understood  from  the  dotted  lines." 

Just  before  the  union  of  the  two  discharge- 
pipes  these  may  be  furnished  with  inserted 
safety-pipes,  consisting  of  a  number  of  short 
tubes  with  small  bores,  or  containing  a  series 
of  wire  gauzes.  The  gases  may  also  after 
their  mixture,  before  being  discharged  through 
the  orifices,  be  conducted  through  a  short  pipe 
containing  a  similar  safety-tube,  but  these 
safety-tubes  are  often  dispensed  with,  as  with 
proper  precautions  of  always  keeping  the  gases 
under  sufficient  pressure  during  the  use,  and 
attending  the  closure  of  the  stopcocks,  when 
not  in  use,  no  danger  of  retrogression  and  mix- 
ture of  the  gases,  and  consequent  explosion,  is 
to  be  apprehended. 

PI.  VI.,  Fig.  2,  shows  a  different  form  of  the 
blowpipe,  where  the  gases  meet  from  the  two 
sides  in  A,  and  are  then  emitted  through  B  for 
ignition.  The  annexed  wood-cut,  fig.  35,  ex- 
hibits another  improved  construction,  where 
the  two  pipes  terminate  concentrically  near 
their  orifice,  and  the  description  of  which  may 
be  found  in  the  Journal  of  the  Franklin  Insti- 
tute, vol.  1,  1826,  p.  196,  and  in  Dr.  Hare's 
Compendium. 


Fig.  35. 


For  the  application  of  the  compound  blow- 
pipe to  purposes  of  light  and  illumination  by 
the  lime  or  Drummond  light,  which  is  produced 
by  causing  the  hydro-oxygen  flame  to  play  on 
a  cylinder  of  lime,  the  nozzle  or  orifice  of  the 
blowpipe  must  be  pointed  upward,  in  order  to 
allow  the  flame  to  play  on  the  lime  (see  under 
Drummond  Light). 

By  exposing  substances  to  the  heat  of  the 
flame  of  the  compound  blowpipe,  these  are 
either  applied  in  splinters  held  by  forceps,  or 
placed  on  supports  of  charcoal  or  fire-brick, 
having  an  excavation  in  which  the  substance 
is  laid.  In  the  latter  case,  the  nozzle  or  orifice 
must  always  have  a  direction  downward.  In 
order  to  prevent  the  substance  from  being 
blown  away,  especially  when  in  powder,  it 
often  becomes   necessary  to  moisten  it  with 


water  and  compress  it  in  a  mould.  It  is  to  the 
original  inventor,  Dr.  Hare,  that  most  of  the 
subsequent  improvements  have  been  made,  by 
which  this  apparatus  has  been  employed  for 
practical  purposes;  and  under  Platinum  a  de- 
scription will  be  given  of  his  last  improved 
apparatus,  which  he  employs  for  the  fusion  of 
large  quantities  of  this  metal  for  technical  pur- 
poses. 

Under  the  different  substances,  will  be  found 
an  account  of  their  behavior  under  the  hydro- 
oxygen  blowpipe  where  this  requires  special 
notice.  Suffice  it  here  to  say,  that  the  original 
experiments  of  Dr.  Hare  were  afterwards  re- 
peated with  additions  and  improvements  by 
Professor  Silliman,  an  account  of  which  was 
published  in  the  Memoirs  of  the  Connecticut 
Academy  of  Sciences  in  1813,  and  republished 
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in  Bruce's  Mineralogical  Journal.  Since  which 
time  several  others,  mostly  English  experi- 
menters, have  occupied  themselves  with  simi- 
lar experiments,  and  that  it  may  be  said  that 
scarcely  any  substance  which  could  fairly  be 
exposed  to  its  influence  has  yet  been  found 
able  to  resist  its  liquefying  power,  and  that 
by  recent  improvements  Dr.  Hare  has  in- 
creased the  power  of  this  instrument  to  such  a 
degree  as  to  fuse  28  ounces  of  platinum  into 
one  malleable  mass. 

BLUE  IRON  EARTH.  Min.  See  Vivi- 
aniti;. 

BLUE  MALACHITE.  Min.  Syn.  Blue 
Copper-ore,  Blue  Carbonate  of  Copper,  Azu- 
nte  ;  Prismatic  Azure-Malachite,  Moks ;  Ger. 
Kupferlasur. 

Descrip.  Cryst.  system,  Oblique  Rhombic. 
Main  vertical  prism  M  on  M  =  98°  50',  main 
plane  P  on  M  =  91°  30'.  It  often  exhibits  se- 
veral lateral  planes  (the  radical  and  other  oc- 
tahedra)  and  several  in  the  same  zone  with  P. 
Cleavage  perfect  parallel  to  M.  It  also  occurs 
massive,  imitative  with  fibrous  structure;  and 
earthy. 

H.  =  3-5  —  4-0.     G.  =  3-5  —  3-83. 

Color  various  shades  of  azure-blue, sometimes 
very  dark;  lustre  vitreous,  shining;  transpa- 
rent; subtranslucent;  brittle,  with  conchoidal 
fracture,  and  light  blue  streak. 

^Behavior.  In  a  closed  tube  it  gives  water 
aud  blackens ;  fuses  on  charcoal  and  is  re- 
duced to  a  globule  of  copper;  in  the  platinum- 
pincers  it  gives  a  faint  green  color  to  flame ;  the 
fluxes  give  both  green  and  red  glasses.  Soluble 
in  acids  with  effervescence  and  in  ammonia. 

Analysis.  1.  From  the  Ural,  by  Klaproth ; 
2,  from  Chessy,  France,  by  Vauquelin  ;  and  3, 
from  the  same,  by  Phillips. 


l. 

CuO 70 

C02 24 

HO 6 


2.  3. 

68-5  69-08 

25  25-46 

6-5  5-46 


100       100 


100 


Hence  the  empirical  formula  is  3  CuO, 
2  C02,  HO,  or  the  rational  formula,  according 
to  Berzelius,  2  (CuO,  C02)  +  CuO,  HO. 

Localities,  fyc.  Splendid  specimens  occur  at 
Chessy,  France  ;  it  also  occurs  at  Moldawa  in 
the  Bannat;  Huel  Buller,  Cornwall,  &c.  In 
America,  near  Puerto  Principe,  on  Cuba,  and 
on  some  of  the  smaller  islands  ;  in  Nova  Scotia 
on  the  Cariboo  river;  near  Singsing,  N.  York; 
in  several  copper  mines,  New  Jersey;  near 
Nicholson's  Gap,  in  the  Blue  ridge,  at  Perkio- 

l.  2. 

Silica 42-00  41-05 

Alumina 24-04  25-03 

Peroxide  of  iron 10-03  8-09 

Magnesia 0-43  0-50 

Lime 0-62  0-45 

Potassa —  — 

Water 24-03  24-02 


men,  Pennsylvania;  fibrous,  abundafit  in  War- 
ren county,  Virginia. 

BLUE  SPAR.    Min.    See  Law  cjt*. 

BLUE  VITRIOL.  Tech.  See  Sulphate  of 
Copper. 

BLUE  VITRIOL.  Mm.  Tetarto-prismatifl 
Vitriol-salt,  Mohs ,-  Sulphate  of  Copper;  Ger. 
Kupfervitriol ;  Fr.  Cyanose,  Beudant. 

Descrip.  Cryst.  system,  Doubly  Oblique 
Rhombic.  P  on  M  =  109°  32' ;  P  on  T  =  127° 
40';  M  on  T=  123°  10'.  Cleaves  imperfectly. 
Occurs  also  massive  stalactitic. 

H.  =  2-5.     G.  =2-213. 

Color  deep  sky-blue,  sometimes  with  greenish 
tint;  lustre  vitreous  ;  translucent,  sublranspa- 
rent;  taste  metallic,  nauseous;  brittle,  with 
conchoidal  fracture  and  bluish  white  streak. 

Behavior.  Yields  water  in  a  closed  tube, 
becoming  white;  readily  reduced  to  copper  on 
charcoal;  soluble  in  water  and  in  ammonia 
with  a  deep  prussian-blue  color. 

Analysis.  From  Copiapo  in  Chili  by  H.  Rose, 
according  to  whom  its  formula  is  CuO,  S034- 
5  HO,  which  is  the  same  as  the  artificial  sul- 
phate of  copper. 

Berthier  analyzed  a  mixed  silicate  and  sul- 
phate of  copper  from  Valparaiso,  for  the  latter 
of  which  he  proposes  the  formula  4  CuO,  S03-|- 
4  HO.     It  may  have  been  Brochantite. 

Localities,  fyc.  It  undoubtedly  arises  from 
the  oxidation  of  sulphuret  of  copper,  and  is 
hence  found  near  the  surface  in  newly-opened 
copper  mines,  or  in  solution  in  waters  issuing 
from  older  mines.  Very  beautiful  crystals 
have  been  lately  found  in  the  copper  mines  of 
our  N.  Western  states. 

BOG  ORE.     Min.    See  Brown  Hematite. 

BOILING.  Tech.  See  Heat  and  Vapori- 
zation. 

BOLE.  Min.  Massive,  impalpable.  H.= 
1—2.  G.=  1-977— 1-6.  Color  yellowish  or  red- 
dish brown  ;  dull,  glimmering;  opake;  greasy, 
adheres  to  the  tongue ;  streak  shining,  greasy. 

Behavior.  Yields  water  in  a  closed  tube; 
burns  hard  and  fuses  on  charcoal  with  intu- 
mescence to  a  dark  yellow  enamel;  acts 
towards  the  fluxes  like  a  silicate  of  iron.  No.  5 
fuses  to  a  white  vesicular  enamel,  without  giv- 
ing an  iron-reaction.  It  is  imperfectly  decom- 
posed by  chlorohydric  acid. 

Analysis.  1.  From  Ettingshausen,  and  2,  from 
Cape  de  Prudelles  by  Lowig;  3,  from  the  ba- 
saltic Siisebuhl  near  Dransfeld  by  Wackenro- 
der;  4,  a  variety  from  the  broad  mountain  near 
Striegau ;  5,  a  variety  filling  the  clefts  between 
the  basaltic  columns  of  Stolpen  by  Rammels- 
berg;  6,  Erinite  from  Antrim,  Ireland,  by 
Thomson. 


101-05 


99-14 


3. 

4. 

5. 

6. 

41-9 

42-00 

45-922 

47-036 

20-9 

20-12 

22-145 

1 8-464 

12-2 

8-53 

trace 

6-360 

— 

2-01 

trace 

trace 

— 

2-81 

3-902 

1000 

— 

0-50 

— 

Salt  0-900 

24-9 

2400 

25-860 

25-280 

999 

99-97 

97-829 

99-040 
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According  to  1  and  2,  it  is  a  half  silicate ;  from 
3  Berzelius  drew  the  formula  of  a  ■§  silicate, 
which  Rammelsberg's  analysis,  5,  confirms. 
Its  formula  is  therefore  A1203,  2  Si03-f  6  HO. 

Thomson's  Erinte,  6,  approaches  so  nearly 
to  5  that  it  is  probably  the  same.  It  is  said, 
however,  to  burn  white  and  not  fuse  before  the 
blowpipe. 

Uses.  Bole  appears  to  be  disintegrated  ba- 
salt. It  was  formerly  introduced  in  medicine 
in  small  cakes  impressed  with  a  seal,  whence 
its  name  terra  sigillata.  A  chestnut  brown  va- 
riety from  Sienna  in  Italy  is  employed  as  a  pig- 
ment under  the  name  of  Sienna  and  burned 
Sienna.  Bole  is  farther  employed  for  pipe- 
bowls,  in  Turkey,  Germany,  by  the  North 
American  Indians,  &c.  It  is  also  used  as  a 
ground  for  gilding  wood,  &c. 

BOLUS.  Min.  Similar  to  the  preceding, 
Bole.  Analysis.  1.  From  Sinope  by  Klaproth; 
2,  from  Orawitza  in  the  Bannat  (Breithaupt's 
Ochran),  and,  3,  from  Halsbriicke  near  Frei- 
berg (Freiesleben's  Fettbol)  by  Kersten.  The 
last  is  brown,  becoming  shining  and  greasy  by 
friction. 

1.  2.  3. 

Si03 32-p         31-3         4640 

A1203 26-5         430  3-01 

Fe203 21-0  1-2         23-50 

NaCl 1-5  —  — 

HO 17-0         21-0         24-50 


98-0 


96-5 


97-41 


These  appear  to  be  £  silicates,  with  a  varia- 
ble content  of  water. 

BOLETIC  ACID.  Discovered  by  Bracon- 
not  in  Boletus  Pseudoigniarius.  Prep.  Evapo- 
rate the  expressed  juice  to  a  syrup,  treat  with 
alcohol,  and  wash  the  white  undissolved  resi- 
due with  alcohol;  dissolve  it  in  water,  precipi- 
tate with  nitrate  of  lead,  suspend  this  precipi- 
tate in  water  and  decompose  it  by  sulphuretted 
hydrogen.  By  evaporating  the  solution,  the 
acid  crystallizes,  leaving  a  very  acid  mother 
liquor  containing  fungic  and  phosphoric  acids; 
by  resolution  in  alcohol  and  recrystallization, 
it  is  obtained  purer. 

Prop.  Colorless,  4-sided  prisms,  of  acid  taste, 
like  cream  of  tartar,  reddens  litmus,  unaltera- 
ble in  the  air,  soluble  in  180  pts.  water  at  68°, 
in  45  pts.  alcohol.  The  greater  part  may  be 
volatilized  unchanged.  It  is  characterized  by 
precipitating  the  peroxide  of  iron  perfectly  and 
not  the  protoxide. 

Salts.  Boletate  of  potassa  crystallizes  with 
difficulty,  is  very  soluble  in  water,  insoluble  in 
alcohol.  B.  of  ammonia  crystallizes  readily  in 
4-sided  prisms,  unalterable  in  air,  fusible,  and 
sublimable.  B.  of  baryta,  crystallizes,  tastes 
acid,  difficultly  soluble  in  water  and  nitric  acid. 
B.  of  lime  crystallizes  in  4-sided  prisms,  soluble 
in  100  pts.  cold  water.  B.  of  alumina  and  pro- 
toxide of  manganese  are  insoluble.  B.  of  protoxide 
of  iron  is  soluble;  the  free  acid  dissolves  iron 
with  evolution  of  hydrogen,  giving  a  yellowish 
solution,  which  soon  becomes  cloudy  in  the 
air.  B.  of  peroxide  of  iron  is  precipitated  both 
by  the  free  acid  and  its  salts,  of  a  rust-red 
color;  the  peroxide  is  wholly  precipitated.  B. 
of  lead  is  only  soluble  in  an  excess  of  acid. 


BOLOGNIAN  PHOSPHORUS. 

B.  of  copper  is  difficultly  soluble,  and  slowly 
precipitates  in  fine  silky  needles  when  formed 
by  double  decomposition.  B.  of  silver  soluble 
only  in  excess  of  acid. 

BOLETUS.  Bot.  Various  genera  and  spe- 
cies of  mushroom  are  employed  as  food  and 
for  other  purposes. 

B.juglandis  analyzed  by  Braconnot  yielded: 

Fatoil 0-09 

Fat 0-10 

Mushroom  sugar • 0-04 

Nitrogenous  substance  insoluble  in  alco.  1-43 

Nitrogenous  substance  soluble  in  alcohol  0-95 

Vegetable  albumen 0-58 

Fungeate  of  potassa  with  traces  of  phos- 
phate of  lime 0-48 

Leathery  skeleton 7-60 

Water 88-77 

B.  laricis  yielded  to  Bucholz  : 
Acrid  resin,  soluble  only  in  boiling  oil  of 

terpentine 9"0 

Resin  very  soluble  in  cold  oil  of  terpentine  41-0 

Bitter  extract 3-0 

Gum 6-0 

Skeleton 30-6 

Water  and  loss 10-4 

The  same  B.,  analyzed  by  Bley,  gave : 
Gum  with  bitter  extract  and  soluble  salts 

of  vegetable  acids 8-30 

Soluble  vegetable  albumen 0-70 

Soft  resin  extracted  by  water  with  solu- 
ble substances 1-20 

Resin  extracted  by  boiling  water,  soluble 

in  ether,  not  in  essential  oils 2-40 

Resin  then  extracted  by  alcohol,  soluble 

in  ether  and  essential  oils 23-50 

Wax-like  substance 0-20 

Extractive  matter 2-00 

Boletic  acid 0-13 

Fungic  acid 0-06 

Tartaric  and  phosphoric  acids 1-35 

Potassa  -33,  lime  -16 0-49 

Coagulated  albumen  and  a  gummy  sub- 
stance extracted  by  muriatic  acid 15-50 

Resin  then  extracted  by  potassa 9-50 

Fungin 15-00 

Water 1 1-00 

B.  pseudoigniarius  is  distinguished  from  other 
mushrooms  by  the  uncrystallizable  character 
of  the  sugar,  which  is  more  soluble  in  water 
than  alcohol,  and  its  solution  is  precipitated  by 
barytic  water,  nitrate  of  lead,  and  tannic  acid. 
It  also  contains  boletates  and  fungeates. 

Uses.  Boletus  (Polyporus)  igiiarius,  is  cut 
in  thin  slices,  and  beaten  with  the  hammer 
until  soft,  like  buckskin,  and  impregnated 
with  saltpeter,  when  it  is  use!  as  tinder  under 
the  name  of  Spunk,  Touchw  >od.  P. fomenta- 
rius  is  used  in  a  similar  manner.  The  larch 
agaric  ( TJolctus  or  Polyporus  laricis)  was  for- 
merly employed  as  a  purgative  medicine. 
Polyporus  Tuberaster  is  much  employed  and 
esteemed  as  food  in  Naples  and  the  Pontifical 
states.  P.  annosus  is  used  in  Sweden  as  an 
antidote  to  the  bite  of  a  snake. 

BOLOGNIAN  PHOSPHORUS.  Phys. 
Heavy  spar  (sulphate  of  baryta)  mixed  with 
tragacanth  paste  to  a  stiff  mass,  dried,  and  ig- 
nited in  charcoal,  has  the  property  of  giving 
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BOLOGNA  VIAL. 


hum:. 


off  a  yellowish  light  in  the  dark  after  exposure 
to  the  sun's  light.  It  should  be  kept  in  well- 
stoppered  bottles. 

BOLOGNA  VIAL,  is  a  vial  or  tumbler  of 
ordinary  shape  made  of  any  kind  of  glass, 
much  thicker  at  its  bottom  than  in  its  upper 
portion,  and  which  has  not  been  annealed,  but 
suddenly  cooled  in  the  air.  From  its  thickness 
it  will  bear  uninjured  a  considerable  blow 
from  any  blunt  instrument,  as  a  wooden  mallet, 
or  the  sudden  concussion  caused  by  the  fall  of 
a  leaden  bullet;  but  if  any  hard  and  angular 
substance,  such  as  a  small  shiver  of  flint,  or 
even  a  pointed  grain  of  sand,  be  dropped  into 
it,  it  will  cause  the  bottle  to  break  suddenly  to 
pieces.  This  is  caused  by  the  extreme  tension 
of  the  outer  portion  of  the  glass  produced  by 
the  sudden  cooling,  which  causes  the  particles 
to  tear  asunder  like  a  stretched  piece  of  cloth 
the  moment  the  continuity  of  its  surface  is  rup- 
tured in  any  place. 

BOLTONITE.  Min.  Massive,  coarsely 
granular;  cleaves  in  one  direction  more  per- 
fectly than  in  two  others,  which  all  indicate  a 
doubly  oblique  rhombic  prism.  H.  =  5 — 6. 
G.  =  2-8 — 2-9.  Color  bluish  or  yellowish  gray, 
yellowish  white,  the  darker  turning  yellow  on 
exposure;  lustre  vitreous,  transparent,  trans- 
lucent; streak  white  Before  the  blowpipe  it 
becomes  white  without  fusion.  Thomson's 
analysis  gives  silica  56-64,  alumina  6-07,  pro- 
toxide of  iron  2-46,  magnesia  36-52=  101'69. 
Berzelius  supposes  it  to  be  §  silicate  with 
binaluminate  of  magnesia  and  protoxide  of 
iron.  Kobell  proposes  3  MgO,  2Si03,  or  aj 
silicate  of  magnesia.  Localities.  It  occurs  dis- 
seminated through  the  white  limestone  at  Bol- 
ton, Boxborough,  and  Littleton,  Massachusetts; 
in  dolomite  at  Ridgefield  in  bluish  grains,  and 
at  Hill's  quarry,  Reading,  Connecticut,  of  a 
pale  straw-yellow  color.     (Dana.) 

BONE.  The  different  parts  of  the  skeleton, 
or  that  solid  framework  which  supports  or 
protects  the  soft  parts  of  the  body  of  the  higher 
orders  of  animals,  are  called  bones  ;  and  owe 
their  solidity  to  inorganic  earthy  materials 
which  they  contain.  Bones  are  not  equally 
compact  throughout  their  whole  substance,  but 
exhibit  on  their  surfaces  an  osseous  mass  of  a 
denser  nature,  while  their  interior  part  forms  a 
more  or  less  cellular  or  spongy  mass.  The 
bones  are  covered  both  externally  and  inter- 
nally by  a  membrane  called  periosteum,  by 
which  the  ramifications  of  the  blood-vessels 
and  the  nerves  pass  into  them.  This  membrane 
is  formed  by  a  dense  tissue  which,  by  boiling; 
with  water,  is  converted  into  gelatin  or  glue. 
The  long  or  cylindrical  bones,  such  as  those 
of  the  extremities,  are  hollow,  and  generally 
filled  with  marrow  (refer  to  this  article). 

The  bones  themselves  consist  of  a  living  or 
organic  portion,  formed  of  cartilage;  and  an 
earthy  or  inorganic,  formed  mainly  of  phos- 
phate of  lime,  with  a  certain  portion  of  car- 
bonate of  lime.  The  cartilaginous  portion  of 
bone  is  formed  before  the  deposition  of  the 
earthy  takes  place,  and  the  ossification  always 
starts  from  certain  fixed  points  called  points 
of  ossification.  The  mode  of  combination  of 
'he  organic  with  the  earthy  matter  is  not  well 
understood,  but  it  is  generally  supposed  to 
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exist  by  the  extremely  small  cavities  of  the 
former,  receiving  earthy  particles  in  the  same 
way  that  a  sponge  holds  water.     (Horner.) 

The  organic  or  cartilaginous  portion  of  the 
bones  may  be  obtained  in  a  separate  state  by 
immersion  of  a  bone  in  diluted  muriatic  acid 
at  a  temperature  of  54°  or  less.  The  acid  dis- 
solves the  earthy  portion  without  attacking 
perceptibly  the  cartilaginous,  which  is  then 
freed  from  remaining  acid  by  repeated  steep- 
itigs  in  cold  water,  and  remains  in  the  original 
form  of  the  bone,  but  transparent,  flexible, and 
elastic.  By  drying,  it  shrivels  up,  and  becomes 
hard  and  brittle,  but  remains  translucent.  It 
is  entirely  converted  into  gelatin  by  boiling  in 
water,  with  the  exception  of  a  few  fibres,  de- 
rived from  the  fine  blood-vessels,  which  remain 
insoluble  and  may  be  separated  by  filtration. 
If  bones  be  treated  by  heat  with  dilute  hy- 
drochloric acid,  a  portion  of  the  cartilage  is 
dissolved  and  a  disengagement  of  carbonic 
acid  is  apparent,  by  which  the  bone,  when  half 
dissolved,  begins  to  separate  into  fibrous  longi- 
tudinal laminas,  having  the  power,  like  mica, 
to  polarize  light. 

The  earthy  or  inorganic  portion  of  bone  con- 
sists mainly  of  phosphate  and  carbonate  of 
lime  in  different  relative  proportions  in  dif- 
ferent tribes  of  animals,  and  mixed  with  small 
and  variable  portions  of  phosphate  of  magnesia 
and  fluoride  of  calcium. 

The  earthy  portion  of  bone  or  bone-ash  is 
easiest  obtained  by  calcination  of  bones,  but  it 
then  contains  substances  which  do  not  exist  in 
them  originally,  such  as  sulphate  of  soda, 
formed  from  the  sulphur  in  the  cartilage,  and 
also  alkaline  carbonates  from  the  same  source. 
The  carbonate  of  lime  of  the  bone  loses  also  in 
this  way  most  of  its  carbonic  acid. 

The  carbonic  acid  is  combined  in  bones 
with  the  lime  in  the  same  proportion  as  in 
common  carbonate  of  lime.  The  phosphoric 
acid,  on  the  contrary,  is  combined  with  an 
excess  of  lime,  forming  a  basic  phosphate  of 
lime  of  peculiar  composition,  8CaO-|-3P05 
(see  phosphate  of  lime  under  Calcium),  which 
is  always  obtained  by  precipitation  of  phos- 
phate of  lime  by  ammonia  in  excess. 

The  existence  of  Fluoride  of  Calcium  in  the 
bones  may  be  proved  by  distillation  of  calcined 
bones  with  sulphuric  acid.  If  the  distillation 
be  performed  in  a  glass  apparatus,  the  con- 
densed distillate  attacks  the  polish  of  the  glass 
and  contains  fluosilicic  acid  in  solution.  The 
content  of  fluoride  of  calcium  is  less  than  2 
per  cent. 

The  magnesia  may  be  separated  by  dissolv- 
ing calcined  bone  in  nitric  acid,  adding  am- 
monia till  a  precipitate  begins  to  form,  and 
then  precipitating  the  phosphoric  acid  by  ace- 
tale  of  lead.  The  filtered  solution  is  freed  from 
lead  by  sulphuretted  hydrogen,  saturated  by 
ammonia,  the  lime  precipitated  by  oxalate  of 
ammonia,  and  the  filtered  solution  evaporated 
to  dryness,  and  the  mass  ignited,  after  which 
the  magnesia  remains  pure.  Sometimes  it 
contains  minute  traces  of  oxides  of  iron  and 
manganese.  The  composition  of  bone  freed 
from  periosteum  and  fat,  and  dried  by  heat  till 
they  lose  no  more  in  weight,  will  be  seen  from 
the  following  table. 


BONE. 


BONE. 


Berielius. 
Bone  of  man.    Bone  of  oxen 


Cartilage 32-17~ 

Vessels 113^ 

Basic  phosphate  of  lime,  with  a  small  ?  co^a 

quantity  of  fluoride  of  calcium 5 

Carbonate  of  lime 11-30 

Phosphate  of  magnesia 1*16 

Soda  with  a  little  chloride  of  sodium. . .    1-20 


Marcliand. 
Os  femoris  of  man. 

C  Sol.  in  mur.  acid 27-23 

33-30  (_  Insol.  in  mur.  acid 5-02 
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._,  Qp.  C  Basic  phos.  lime 52-26 

57M&  t  Fluoride  of  calc 1-00 

3-85     10-21 

2-05     1-05 

Soda 0-92 

Chloride  of  sodium 0-25 

Oxides  of  iron  and  mang..     1-05 


3-45 


100-00       100-00 


100-00 


The  magnesia  is  obtained  in  the  analysis  as 
phosphate,  but  exists  probably  in  bone  as  car- 
bonate. The  main  difference  between  bone  of 
man  and  oxen,  it  will  be  seen,  consists  in  the 
former  containing  three  times  as  much  car- 
bonate of  lime  as  the  latter,  which,  in  the  same 
proportion,  contains  more  phosphate. 

Rees  has  determined  the  proportion  of  or- 


ganic and  inorganic  matter  in  different  bones 
of  man.  The  amount  of  organic  matter 
through  all  his  experiments  is  higher  than  ob- 
tained by  Berzelius  and  Marchand.  This  may 
be  owing  to  imperfection  in  desiccating,  or  in 
saturating  the  lime,  subsequent  to  the  calcina- 
tion, with  carbonic  acid  by  digestion  with  car- 
bonate of  ammonia. 


Adult. 

a.  Compact  substance. 
Organic.  Inorganic. 

Femur 62-49  37-51 

Tibia 60-01  39-99 

Fibula 60-02  39-98 

Humerus  6302  36-98 

Ulna 60-50  39-50 

Radius 60-51  39-49 

Os  temporum 63-50  36-50 

Vertebrae 57-42  42-58 

Costa 57-49  42-51 

Clavicula 57-52  42-48 

Os  Ilium 58-79  41-21 

Scapula 54-51  45-49 

Sternum 56-00  44.00 

Os  metarsi  pollicis  pedis 56-53  43-47 

b.  Cellular  substance. 

Of  caput  femoris 60-81  39- 19 

Of  a  rib 53-12  46-88 


e.  Stillborn  infant. 


Inorganic. 
5751 
56-52 
56-00 
58-08 
57-59 
56-50 
55-90 

53-75 

56-75 
58-50 
56-60 


Organic. 
42-49 
43-48 
44.00 
41-92 
42-41 
43-50 
54-10 

46-25 
43-25 
41-50 
43-40 


In  a  only  the  compact  portion  was  employed, 
avoiding  the  cellular  substance.  It  seems 
from  this  that  the  cylindrical  bones  of  the  ex- 
tremities contain  more  bone-earth  than  the 
bones  of  the  trunk,  and  those  of  the  arm  and 
thigh  more  than  those  of  the  forearm  and  the 
leg;  from  6  it  will  be  seen  that  the  cellular 
structure  contains  less  inorganic  matter  than 
the  compact.  In  new-born  infants,  c,  the  dif- 
ferent bones  also  vary  in  composition,  but  less 
than  in  adults.  The  bones  of  the  trunk  in  a 
and  c  show  nearly  the  same  composition.  The 
following  are  the  results  of  Sebastian's,  Fre- 
nch's, and  others'  analyses  on  the  same  points: 

Sebastian. 
Inorganic  m.    Organic  m. 

Cranium 6000  40-00 

Humerus,  femur  and  tibia...  63-34  36-66 

Cellular  subst.  of  canut  tibia  66-66  33-34 


Frerich. 

Inorg.  m.  Org.  m. 

Os  parietale,  adult 68-5  31-5 

"         3  year  child 66-3  337 

Pars  petrosa  oss.  temp.,  adult.  68-0  32-0 

Maxilla  inferior,  3  year  child . .  62-8  37-2 

Sternum,  adult 64-7  35-3 

Costa           "    65-3  34-7 

Humerus     "   68-3  31-7 

Humerus  and  ulna,  8  months 

foetus 63-2  36.8 

Radius,  adult 66-3  33-7 

"        boy  10  years 65-5  34-5 

Tibia,  adult 66-2  33-8 

Fibula,    "     66-5  33-5 

Carious  excrescence  of  fibula.  61-2  38-8 

Os  metatarsi,  adult 65-9  34-1 

Patella 63-7  36-3 

Corpus  vert,  lumb.,  adult 60-5  39-5 


Frerich. 
Spongy  bones. 


1. 

Organic  matter 38-22 

Earthy  phosphates 50-24 

Carbonate  of  lime 1 1-70 

46 


2. 

7-42 
51-38 
10-89 


H 


Compact  bones. 

1.  2. 

31-46  30-94 

58-70  59-50 

10-08  9-46 
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BONE. 


BONE. 


Animal  matter. 

Earthy       " 


Child. 
47-20 
48-48 
95-68 


Schreyer, 

Adult. 
20-18 
71-81 

95^02 


//.  Davy 


Aged. 

12-2 
841 

96-3 


Child. 
59 

■n 
hid 


Adult. 

12-2 

ls-| 

99-5 


1.  In  Osteomalacy. 


ANALYSIS  OF  BONES  IN  DISEASES. 

Bostock.  Proesch. 


Vertebr.dors.  Vert.  dors.      Costa.        Cranium.       Radius. 


Cartilage 79-75 

Phosphate  of  lime 13-60 

Phosphate  of  magnesia 0-82 

Carbonate  of  lime 1-13 

Sulphates  of  lime  and  soda. . .    4-70 

Fat — 

Soda,  oxide  of  iron,  and  mang.    — 
100-00 


74-64 
13-25 

5-95 
0-90 
5-26 


49-77 
33-60 

4-60 
0-40 
11-63 


100-00       100-00 


65-85 

26-92 

0-98 

5-40 


0-85 
1(KH)0 


63-42 

28-11 

1-07 

6-35 


105 

Too-oo 


Femur.       Patella. 


6977 

23-50 

0-97 

507 


0-69 
10000 


70-60 

23-23 

0-94 

503 


064 

100-00 


Vert.  dors. 

Cartilage 75-22 

Fat 6-12 

Phosphate  of  lime 12-56 

Phosphate  of  magnesia 0-92 

Carbonate  of  lime 3-20 

Sulphates  of  lime  and  soda 0-98 

Fluoride  of  calc,  chlor.  sodium,  oxide  of  ~)     .  „_ 
iron  and  loss 3 


100-00 


Radius. 
71-26 
7-50 
15-11 
0-78 
3-15 
100 

1-20 

Too-oo 


Femur. 
72-20 
7-20 
14-78 
0-80 
3-00 
1-02 

1-60 
100-00 


Sternum. 

61-20 
9-34 

21-35 
0-72 
3-70 
1-68 

2-01 
100-00 


2.  In  Arthritis. 

Thigh-bone. 

Animal  matter 46-82 

Phosphate  of  lime 42-12 

Carbonate  of  lime 8-24 

Phosphate  of  magnesia. . .     1-01 
Fluoride  of  calcium,  soda, 
Chlor.  sodium,  and  loss.    2-31 


Forearm. 

45-96 

43-18 

8-50 

0-99 

1-37 


100-00       100-00 


3.  Concretions  on  the  femur  of  a  child  with 
rachitis. 

Marchand. 

Urate  of  soda 34-20 

Urate  of  lime 2-12 

Carb.  ammonia 7-86 

Chloride  of  sodium 14-12 

Water 6-80 

Animal  matter 32-53 

Loss 2-37 

100-00 


BONES  OF  ANIMALS. 

Barras  has  determined  the  quantities  of  phosphate  and  carbonate  of  lime  in  the  bone-earth 
of  different  animals  in  100  parts. 

Phos.of.ime.  Carb.hme.  °gfc*g£ 

Lion 95-0  2-5  2-03 

Sheep 800  19-3  4-12 

Chicken 88-9  10-4  1-70 

Frog 95-2  2-4  5-76 

Fishes 91-9  5-3  2-52 

The  bones  of  fishes  contain  less  bone-earth  in  proportion  to  their  amount  of  organic  matter, 
and  are  generally  more  flexible. 

Chevreul.               Dumenil.  Marchand. 

Dors,  vert  of  squalus  Cranium  of 

Cranium  of  cod.      Bones  of  pike.  comubicus.  a  big  ray. 

Animal  matter 43-94                  37-36  57-07  78-46 

Phosphate  of  lime 47-96                  55-26  32-46  14-20 

Sulphate  of  lime —                       —  1-87  0-83 

Carbonate  of  lime 5-50                    6-16  2-57  2-61 

Phosphate  of  magnesia 2-00                     —  1-03  — 

Sulphate  of  soda —                      —  0-80  0-70 

Soda  with  chloride  of  sodium 0-60                     1-22  3-00  Cl2Na  2-46 

Fluor,  calc,  silica,  alumina,  oxide  of  ?      „_ 

iron,  and  loss 5 

Fluor,  calc.  phos.  of  magnesia  and  loss    —                     —  —  0-74 

100-00                 100-00  100  00  100-00 
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BONE-ASH. 


BONE-BLACK. 


In  cartilaginous  fishes  (pisces  cartilaginei)  the 
skeleton  consists  of  a  peculiar  animal  matter, 
with  no  distinct  bone-earth.  The  only  chemical 
examination  of  this  substance  is  by  Chevreul, 
who  examined  the  bones  of  Squalus  peri grinus 
(Blainsville).  This  substance  is  translucent, 
of  a  bluish  color,  flexible,  very  sectile,  and 
may  be  cut  into  thin  slices.  In  its  chemical 
behavior  it  resembles  mucus  more  than  any 
other  substance.  In  warm  water  it  swells  up, 
becomes  transparent  and  invisible,  but  it  re- 
quires more  than  1000  parts  of  boiling  water 
for  solution.  The  solution  is  not  precipitated 
by  an  infusion  of  galls,  and  yields  no  jelly  by 
evaporation.  By  long  continued  boiling,  it  is 
converted  into  a  strongly  gluing  liquid,  which 
does  not  gelatinize  on  cooling,  but  which  is 
precipitated  by  a  solution  of  tannin.  In  alco- 
hol this  substance  shrivels  up,  while  an  oily 
fat  is  extracted.  It  is  easily  dissolved  in  acids, 
especially  in  chlorohydric,  and  the  solution  is 
coagulated  by  tannin.  It  would  be  interesting 
to  know  whether  this  substance  do  not  form 
the  cartilaginous  portion  of  the  bones  of  fishes 
properly  so  called. 

Use.  Bones  are  of  extensive  use  in  the  arts. 
In  their  natural  state,  or  dyed  of  various  colors, 
they  are  made  into  handles  and  numerous  arti- 
cles of  turnery.  Under  Ammonium  has  been 
mentioned  the  employment  of  bones  for  the 
manufacture  of  sal-ammoniac  and  volatile  al- 
kali, while  the  residuary  portion  of  the  bones 
from  the  distillation  is  used  for  the  manufac- 
ture of  prussian  blue,  or  as  bone-black,  or  by 
calcination  to  make  bone-ashes  (see  the  fol- 
lowing articles).  Calcined  bones  are  also  em- 
ployed for  the  manufacture  of  phosphorus. 
By  boiling  in  water,  a  fat  may  be  extracted 
from  fresh  bones,  and  by  Papin's  digester  their 
cartilaginous  portion  converted  into  a  jelly, 
which,  however,  has  not  been  found  to  answer 
the  purpose  of  a  wholesome  sustenance.  Bone- 
dust  or  ground  bones  are  employed  as  a  supe- 
rior Manure.  The  cartilaginous  portion  of 
bones  is  sometimes  used  for  the  manufacture 
of  glue.     See  Gelatin. 

BONE-ASH.  Syn.  Calcined  bones  ;  Burnt 
hartshorn.  Ger.  Knocheasche.  Obtained  by  the 
calcination  of  bones,  by  which  all  organic 
matters  are  destroyed  and  their  carbonate  of 
lime  converted  more  or  less  into  caustic  lime 
by  losing  all  or  part  of  its  carbonic  acid.  The 
bones  lose  thereby  about  63  per  cent.,  and  be- 
come soft,  friable,  and  earthy,  but  retain  their 
shape.  Bone  ashes  consist  mainly  of  basic 
phosphate  of  lime  (8  CaO  -f-  3  P03)  with  a  cer- 
tain amount  of  lime,  and  small  quantities  of 
fluoride  of  calcium,  phosphate  of  magnesia, 
carbonate  and  sulphate  of  soda.  Bone  ashes 
from  human  bone  contain  86-4  per  cent.,  from 
cattle  90-7  per  cent,  phosphate  of  lime.  It  is 
sometimes  purified  by  solution  in  chlorohydric 
acid  and  precipitation  by  ammonia,  after  which 
it  only  contains  phosphate  of  lime,  with  a 
minute  portion  of  phosphate  of  magnesia. 

Calcined  bones  form,  when  ground  or  pul- 
verized, a  grayish  white,  almost  tasteless,  pow- 
der. It  is  used  for  making  cupels  for  the  cu- 
pellation  of  silver,  and,  when  finely  levigated, 
for  cleaning  articles  of  paste,  trinkets,  &c, 
under    the   name   of   burnt  hartshorn.    It  is 


also  employed  for  the  manufacture  of  phos- 
phorus. 

BONE-BLACK.  Syn.  Animal  charcoal ;  Fr. 
Noir  d'os,  Charbon  animal ;  Ger.  Knochen- 
kohle,  Thierkohle.  The  black  carbonaceous 
residue  obtained  by  the  dry  distillation  of  bones, 
or  by  charring  them  by  ignition  in  close  ves- 
sels. This  kind  of  animal  charcoal  is  mainly 
used  to  deprive  various  solutions,  as  syrups, 
&c,  of  their  coloring  matters.  Another  less 
extensive  use  is  as  a  black  pigment.  When 
prepared  for  this  latter  purpose,  it  generally 
receives  the  name  of  ivory-black,  under  which 
name  pulverized  bone-black  is  often  sold  in  the 
shops  (see  Ivory-black). 

The  antiputrescent  and  decolorizing  proper- 
ties of  charcoal  in  general  was  first  noticed  by 
Lowitz.  His  observations  were  confirmed  and 
followed  up  by  Kels  (1798)  and  Scaub  (1800). 
The  first  useful  application  of  charcoal  from 
wood  to  the  purification  of  syrups  was  made 
by  Guillon.  In  1811,  Figuier  of  Montpellier 
snowed  that  animal  charcoal  surpassed  greatly 
vegetable  charcoal  in  its  decolorizing  power, 
and  in  1812  it  was  employed  by  Derosnes 
for  the  purification  of  syrups,  and  sugar- 
refining. 

The  manufacture  of  bone-black  is  performed 
by  two  different  systems  of  apparatus.  If  the 
object  be  to  condense  and  collect  at  the  same 
time  the  volatile  products  which  escape  in 
charring  bones,  this  process  is  formed  in  re- 
torts similar  to  those  employed  for  the  distilla- 
tion of  coal  in  gas-works  (see  Gas  and  Sal- 
ammoniac  under  Ammonium).  When  the  opera- 
tion is  finished,  the  bones  are  raked  out  while 
hot  into  receivers,  which  are  covered  air-tight 
till  they  are  cool,  and  the  retorts  are  imme- 
diately charged  again  with  fresh  bones. 

Where  the  object  is  merely  the  manufacture 
of  bone-black,  the  charring  is  performed  in 
cast-iron  pots  or  cylinders  of  the  form  as  repre- 
sented in  PI.  VI.,  Fig.  3,  D,  which  are  piled  one 
on  top  of  the  other,  the  bottom  of  the  upper  one 
forming  the  cover  of  the  next  beneath  it,  the 
joints  being  luted  with  clay,  and  the  uppermost 
pot  being  closed  by  a  cover,  C  B.  The  furnace 
in  which  these  pots  are  heated  resembles  a 
potter's  kiln,  and  may  either  be  upright  or  hori- 
zontal. The  former  is  represented  in  PI.  VI., 
Fig.  4,  5,  and  6.  A  is  the  fire-place  or  grate 
for  the  fuel ;  cc  are  the  openings  in  the  vault 
of  the  fire-place  through  which  the  flame 
passes  into  the  room,  D,  Fig.  5,  where  the  pots 
are  distributed.  The  arrangement  of  these 
openings  is  shown  in  c,  Fig.  6.  B  (see  Fig.  4) 
is  the  front  wall,  and  E  the  door  through  which 
the  pots  are  carried  in,  and  which  is  afterwards 
built  up  with  fire-bricks  and  clay.  F  F,  fig.  5, 
are  the  lateral  flues  for  conveying  the  smoke 
and  disengaged  gases  into  the  chimney. 

Fig.  7  and  8,  PI.  VI.,  represent  a  horizontal 
kiln,  fig.  7  being  a  longitudinal  section,  and 
fig.  8  the  ground  plan ;  a  is  the  fire-chamber, 
lying  upon  a  level  with  the  sole  of  the  kiln, 
and  separated  from  the  room  c,  where  the  pots 
are  placed  by  the  wall  b,  furnished  with  several 
rows  of  holes,  dd,  at  different  heights,  e  is  the 
door  through  which  the  pots  are  carried  in;// 
the  outlet  holes  for  the  gases  and  the  smoke 
into  the  chimney  g;  h  is  a  sliding  damper  plate 
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for  regulating  the  admission  of  the  air  into  the 
fire-space,  a. 

By  tin--  arrangement  the  offensive  gases  are 
partly  consumed  and  partly  carried  off  with 
the  smoke.  To  destroy  the  smell  completely, 
the  smoke  must  be  made  to  pass  through  the 
fire-place  of  a  second  small  furnace  with 
strong  draft,  erected  for  this  purpose  and  fired 
with  dry  wood.  The  pots  contain  generally 
from  20—25  lbs.  of  bone.  The  number  of 
pots  that  may  be  put  into  a  kiln  depends  of 
course  on  its  dimensions.  From  20 — 37  cwt. 
of  bones  may  be  burnt  at  once. 

After  the  dried  and  broken  bones  are  filled 
into  the  pots,  and  these  placed  in  the  kiln  and 
the  door  shut,  the  firing  must  at  first  be  mode- 
rate, but  afterwards  raised  and  maintained  at 
a  brisk  heat  for  5  to  8  hours.  The  door  of  the 
ashpit  and  the  damper  may  now  be  nearly 
closed  to  moderate  the  draught  and  keep  up  a 
steady  ignition  for  8  to  10  hours  longer  without 
additional  firing,  after  which  the  doors  must  be 
all  opened  to  cool  the  furnace.  When  this  is 
done,  the  brickwork  of  the  entrance  door  must 
be  taken  down,  the  kiln  emptied  and  imme- 
diately filled  again  with  a  set  of  pots  with  fresh 
bones.  The  pots  which  have  been  ignited  may 
in  the  course  of  a  short  time  be  opened,  and  the 
contents  put  into  the  magazine.  Before  being 
ground,  they  must  be  assorted  in  order  to  re- 
move those  pieces  which  have  been  burned 
white. 

The  bones  lose,  on  the  average,  from  40  to 
50  per  cent.  In  reference  to  the  quality  as  a 
decolorizing  agent,  experience  has  shown  that 
it  is  so  much  more  powerful  as  the  bones 
from  which  it  has  been  made  were  previously 
freed  from  adhering  fatty,  fleshy,  and  tendinous 
matters. 

Before  being  put  into  commerce  as  bone- 
black,  the  ignited  bones  are  broken  up  into  a 
coarse  powder  by  being  passed  between  two 
iron  cylinders  and  sifted  through  two  sieves, 
one  to  remove  the  small  dust,  and  one  with 
large  meshes  to  separate  the  proper  sized 
grains  from  the  coarser  lumps.  Sometimes  it 
is  ground  to  fine  powder  in  a  mill.  The  fol- 
lowing is  the  average  composition  of  common 
bone-black.     (Dumas.) 

Phosphate  and  carbonate  of  lime 88 

Charcoal  (nitrogenous) 10 

Carburet  or  siliciuret  of  iron 2 

Sulphuret  of  calcium  or  iron trace 

100 

Purification  of  Bone-black.  Bone-black  neces- 
sarily contains  phosphate  and  carbonate  of 
lime  ;  the  presence  of  which  does  no  harm  in 
some  decolorizing  operations,  but  in  many 
delicate  chemical  processes,  such  as  the  prepa- 
rations of  organic  acids,  alkalies,  and  many 
of  their  salts,  they  would  be  dissolved  and  de- 
composed, and  thus  be  a  source  of  impurity. 
It  is  for  these  reasons  that  bone-black  requires 
to  be  purified  from  the  calcareous  salts  which 
it  contains,  and  this  is  effectually  done  by  dilute 
muriatic,  acid,  which  dissolves  them.  For 
every  pound  of  bone-black  10  to  12  fluid 
ounces  of  chlorohydric  acid  may  be  used  di- 
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luted  with  an  equal  volume  of  water,  in  which 
the  bone-black  is  digested  at  a  gentle  heal  for 
two  days,  frequently  stirring  the  mixture.  The 
acid  is  then  poured  off  and  the  bone-black 
washed  with  pure  water  as  lung  as  any  acid  is 
taken  up,  and  subsequently  dried. 

Mode  of  using  Bone-black.  In  genera],  it  is 
only  necessary  for  the  decoloration  of  solutions 
to  allow  them  to  pass  at  ordinary  temperatures 
through  a  stratum  of  bone-black  sufficiently 
thick  for  this  purpose,  which  may  be  conve- 
niently performed  in  a  Disi'LACEMKN-r-appa- 
ratus.  As  the  action  is  more  rapid  when  hot 
than  in  the  cold,  it  is  usual  in  common  chemical 
operations  to  raise  the  temperature  of  the  solu- 
tion which  is  to  be  decolorized  to  boiling.  The 
bone-black  is  then  thrown  in,  and  the  whole 
agitated  for  a  short  time  and  thrown  on  a  filter. 
The  liquid  then  passes  through  colorless.  In 
some  cases  care  must  be  taken  not  to  boil  the 
liquid  too  long  while  in  contact  with  the  bone- 
black,  as  portions  of  the  coloring  matter  may 
again  be  taken  up. 

Decolorizing  properties  of  Bone-black.  All  finely 
divided  charcoals  possess  more  or  less  the  pro- 
perty of  taking  up  from  watery  solutions  a 
number  of  coloring  substances,  while  this  pro- 
perty is  much  less  marked  with  regard  to  alco- 
holic solutions.  This  decolorizing  power  is, 
however,  very  different  in  different  varieties  of 
coals ;  animal  charcoal  possess  it  in  a  much 
higher  degree  than  vegetable.  The  cause  of 
this  difference  was  for  a  long  time  unknown, 
until  elucidated  by  the  essays  of  Bussy  and 
Payen,  of  which  the  former  obtained  the  first 
and  Payen  the  second  prize  of  the  Society  of 
Pharmacy  in  Paris.  The  following  may  be 
considered  as  the  main  results  of  their  inves- 
tigations: 

1.  The  charcoal  acts  on  the  coloring  and 
other  matters  by  combining  chemically  with 
them  without  decomposition.  2.  That  the  de- 
colorizing power  of  charcoal  depends,  in  gene- 
ral, upon  its  state  of  division,  or  the  extent  of 
its  surface.  3.  This  state  of  division  cannot 
be  obtained  in  any  high  degree  by  mere  pul- 
verization, but  only  by  mixing  animal  or  vege- 
table substances  with  inorganic  substances, 
which  may  separate  their  particles,  and  by  the 
subsequent  heat  or  charring  prevent  the  parti- 
cles of  carbon  from  uniting,  by  keeping  them 
separated,  so  as  to  remain  in  a  finely  divided 
state.  4.  Of  all  substances  which  may  be  em- 
ployed for  this  purpose  potash  is  most  effec- 
tive, but  many  other  earthy  and  inorganic  sub- 
stances produce  more  or  less  the  same  effect. 
5.  Soft  animal  substances,  which  fuse  by  their 
charring,  yield  by  themselves,  without  previous 
mixture  with  such  substances,  a  very  ineffec- 
tive charcoal,  on  account  of  their  fusion  and 
the  consequent  coalescence  of  the  carbona- 
ceous particles.  6.  Wood  and  other  similar 
vegetable  substances,  which  do  not  fuse  by 
charring,  yield  a  much  more  effective  coal; 
still  vitrification  of  the  surface  cannot  be  alto- 
gether prevented.  7.  In  charring  bones,  the 
carbonaceous  particles  remain  in  the  highest 
degree  of  division  from  the  earthy  ingredients, 
the  phosphate  and  carbonate  of  lime  v.  hich 
they  contain,  hence  their  superior  efficacy,  in 
their  decolorizing  power,  which  is  only  due  to 
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their  carbonaceous  matter.  8.  The  decoloriz- 
ing power,  from  the  above  reasons,  is,  in  most 
cases,  proportional  to  their  lustre,  without 
regard  to  the  source  from  whence  derived ; 
those  which  have  a  brilliant  lustre  being  com- 
pact, and   showing   little   or  no  decolorizing 


power;  those  of  a  dull  appearance  being  effi- 
cient. 

The  two  last  columns  of  the  following  table, 
taken  from  Bussy,  exhibit  the  decolorizing 
power  of  charcoals  obtained  in  different  ways, 
compared  with  ordinary  bone-black  as  unity. 


Kind  of  charcoal. 


Crude  bone-black 

Bone-black  treated  with  muriatic  acid 

Oil  ignited  with  phosphate  of  lime 

Lamp-black,  not  ignited 

"  ignited  with  carbonate  of  potassa 

Charcoal  from  acetate  of  potassa 

Blood  ignited  with  phosphate  of  lime 

"  "  "     chalk 

"  "  "     carbonate  of  potassa 

Albumen  ignited  with  carbonate  of  potassa 

Glue  "  "  "  "        

Bone  charcoal  formed  by  depriving  bone  of  its  phos- 
phate of  lime  by  an  acid  and  ignition  with  pntassa. 


Br— 


Gramme 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 


Litres. 

0-032 

0-06 

0-064 

0-128 

0-55 

0-18 

0-38 

0-57 

1-60 

1-08 

1-15 

1-45 


« 

.5 

0> 

S  S 

—  c 
o  o 

§  >  so 

0-009 

•1 

0-015 

1-87 

0-017 

•2 

0-03 

•4 

009 

15-2 

0-04 

5-6 

0-09 

12 

0-10 

18 

0-18 

50 

0-14 

34 

0-14 

36 

0-18 

45- 

1 

1-6 
1-9 
3-3 

10-6 
4-4 

10 

11 

20 

15-5 

15-5 

20 


Restoration  of  Bone-black.  Since  the  use  of 
bone-black,  more  especially  in  sugar-refining, 
has  become  so  extensive,  that  it  becomes  diffi- 
cult to  supply  the  demand,  it  has  become  a 
matter  of  importance  to  restore  its  original  de- 
colorizing power  after  it  has  been  lost  by  use. 
The  coloring  and  other  organic  matters  which 
bone-black  takes  up  form  on  its  surface  a  layer, 
which  prevents  its  further  action,  and  which 
must  be  removed  or  destroyed  in  order  to  give 
it  its  former  efficacy.  To  attain  this  object, 
various  methods  have  been  employed,  such  as 
heat,  treatment  with  acids  or  alkalies,  fermen- 
tation, &c.  The  first  method  resorted  to  was 
to  ignite  them  over  again  in  apparatus  similar 
to  those  employed  from  the  first  for  its  manu- 
facture; but  in  this  case  a  product  is  obtained 
which  does  not  equal  the  original,  because  the 
organic  matter  fuses  by  its  charring,  and  forms 
a  layer  of  compact  shining  charcoal  on  the 
surface  of  the  bone-black. 

Derosne's  method  consists  in  burning  the 
organic  matter  taken  up  by  calcination  in  free 
air.  The  bone-black  is  washed  thoroughly 
with  water,  dried,  and  subsequently  subjected 
to  a  kind  of  roasting  on  red-hot  iron  plates. 

Peyron's  plan  consists  in  washing  the  bone- 
black  with  hot  water,  and  without  removing  it 
from  the  filter-cylinders,  allowing  the  organic 
matter  in  it  to  pass  into  putrid  fermentation  at 
an  elevated  temperature,  and  then  removing  it 
by  renewed  washings  with  water,  after  which 
it  has  recovered  its  former  efficacy.  This  pro- 
cess maybe  repeated  from  20  to  30  times  with- 
out the  necessity  of  adding  fresh  bone-black; 
but,  although  practicable  in  refineries  of  cane- 
sugar,  it  has  been  found  accompanied  by  diffi- 
culties in  regard  to  beet-sugar.  Among  other 
advantages  it  has  that  of  not  requiring  the  re- 
moval of  the  bone-black  from  the  filtering  ap- 
paratus ;  but,  on  the  other  hand,  it  is  difficult  to 
determine  when  the  fermentation  is  sufficiently 


completed  for  the  restoration  of  the  bone- 
black. 

Another  method  is  that  of  Danjeois,  to  inject 
into  the  filtering  cylinders,  in  which  the  bone- 
black  is  contained,  vapor  heated  to  750°,  by 
which  the  precipitated  organic  matter  is  com- 
pletely destroyed.  The  steam  is  heated  by 
traversing  an  apparatus  in  which  the  neces- 
sary heat  may  be  imparted  to  it,  after  which  it 
is  directly  injected  into  the  bone-black.  The 
organic  substances  suffer  hereby  a  kind  of 
pyrogenous  decomposition,  the  progress  and 
termination  of  which  is  indicated  by  the  smell. 

Notwithstanding  the  various  methods  which 
have  been  proposed  and  in  some  instances 
successfully  carried  out  for  the  restoration  of 
bone-black,  the  original  process  of  restoring  it 
by  ignition  in  close  vessels,  either  alone  or  by 
the  addition  of  fresh  bones,  is  still  resorted  to, 
and  more  generally  preferred,  partly  because 
it  occupies  less  time  in  revivifying  the  black. 

Testing  of  Bone-black.  The  amount  of  char- 
coal in  bone-black  maybe  ascertained  by  boil- 
ing it  in  a  pulverized  state  for  a  quarter  of  an 
hour  with  an  equal  weight  of  nitric  acid  diluted 
with  3  parts  of  water,  by  which  the  earthy  in- 
gredients are  dissolved,  collecting  the  remain- 
ing charcoal  on  a  filter,  washing,  drying,  and 
ascertaining  its  weight ;  or  less  accurately  by 
burning  the  charcoal  by  calcination  in  an  open 
crucible,  to  ascertain  the  loss.  But  as  its 
decolorizing  property  depends  more  on  the 
quality  of  its  charcoal  than  its  quantity,  its 
value,  as  such,  can  only  be  tested  by  an  actual 
experiment  on  a  small  scale  with  a  test-solu- 
tion of  brown  sugar,  or  molasses,  or  indigo  dis- 
solved in  sulphuric  acid.  To  ascertain  with 
accuracy  the  discoloring  effect  produced  by  a 
certain  weight  of  the  bone-black  on  a  certain 
quantity  of  a  standard  solution  of  one  of  the 
above  test-liquids,  several  instruments  have 
been  invented,  termed,  by  the  French  chemists, 
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Decolorimeters,  a  more  special  description  of 
which  will  be  found  in  the  " Dictionnaire  dt 
Vinduslrie,"  under  "Decolorimetre"  and"Noir 
animal." 

At  Menat,  in  France,  a  bituminous  schiste  is 
found,  which,  by  charring,  furnishes  a  product 
of  great  decolorizing  power. 

Animal  charcoal,  which,  by  use,  nas  lost  its 
decolorizing  power,  may  be  employed  as  a  su- 
perior Manure. 

BONE-EARTH.  Ger.  Knochenerde.  The 
earthy  or  inorganic  ingredients  of  Bones 
(which  see);  but  this  name  is  often  synony- 
mous with  bone-ash  or  calcined  bones  (see 
Bone-ash).  In  animal  chemistry  this  expres- 
sion is  used  as  synonymous  with  earthy  phos- 
phates, and  means  then  that  basic  phosphate 
of  lime  (mixed  with  a  small  portion  of  phos- 
phate of  magnesia),  which  forms  the  main  in- 
organic ingredient  of  bones,  and  occurs  in 
most  animal  solids  and  liquids. 

BORAOIC  ACID.  Min.  See  Sassolin. 
Chem.     See  Boron. 

BORACITE.  Min.  Syn.  Tetrahedral  B., 
Mohs ;  Borate  of  Magnesia. 

Descrip.  Cryst.  system,  Regular.  The  pre- 
vailing form  is  the  cube  with  the  12-hedron  ; 
of  the  ^  forms,  we  often  find  the  f-hedron  and 
-224~hedron  sometimes  combined  alone,  some- 
times one  or  both  with  the  cube,  or  with  the 
cube  and  12-hedron;  these  combinations  are 
often  very  regular.  Cleavage  imperfect  pa- 
rallel to  faces  of  the  8-hedron. 

H.  =  70.     G.  =  2-955. 

Color  white,  with  a  grayish,  greenish,  or  yel- 
lowish tint;  lustre  vitreous,  glistening;  trans- 
parent, subtranslucent;  fracture  conchoidal ; 
streak  white ;  pyro-electric. 

Behavior.  Unalterable  in  a  closed  tube;  on 
charcoal  it  inlumesces  and  fuses  to  a  translu- 
cent mass ;  the  fused  and  yellowish  bead  on 
congealing  crystallizes  fibrous  on  the  surface, 
becoming  white  and  opake.  It  colors  flame 
greenish.  Borax  and  mic.  salt  dissolve  it  to 
clear  beads,  the  latter  becoming  opake  by  an 
intermitting  flame;  with  a  certain  quantity  of 
soda  it  dissolves  to  a  clear  glass,  which  pre- 
sents a  crystalline  surface  on  congealing. 
Soluble  in  chlorohydric  acid. 

Analysis.  1.  From  Luneburg  heath  by 
Arfvedson;  2,  from  the  same  by  Rammels- 
berg;  a,  small  transparent  crystals  ;  b,  larger, 
opake,  and  somewhat  disintegrated. 

I.  2  a.  b. 

Magnesia 30-3         30-748         31-124 

Boracic  acid  . .  69-7         69-252         68-876 


100-0       100-000       100-000 


Formula,  3MgO,  4B03,  or  more  properly 
MgO,  2  B03  +  2  (MgO,  B03). 

Localities,  fyc.  In  the  Gypsum  formation  near 
Luneburg,  and  at  Segeberg  in  Holstein.  In  the 
S.  of  Peru  near  Taracapa. 

BORAX.  Chem.  See  Borate  of  Soda  under 
Sodium. 

BORAX.  Min.  Syn.  Biborate  of  Soda;  Tin- 
cal ;  Soude  Doratee,  Hdicy.  Descrip.  Cryst. 
system,  Right  Rhombic. 

H.  =  2—  2-5.     G.  =  1-716. 
366 


BORON. 

Color  white,  with  grayish,  bluish,  or  gr*i  aiab 
tint;  lustre  vitreous,  resinous;  transparent] 
opake;  taste  feebly  sweetish,  cooling,  saline ; 
rather  brittle,  with  conchoidal  fracture  and 
white  streak.  Its  composition,  manufacture, 
uses,  &c,  see  under  Sodium. 

BORNEEN,  BORNEOL.    See  Cammob. 

BORNITE.     Min.    See  Temdhic  Bibmdth. 

BOROCALCITE.  Min.  Syn.  Hayesine, 
Alger.  Hydroborate  of  lime.  Descrip.  Occurs 
in  globular  masses  of  an  interwoven  fibrous 
structure.  H.  =  1.  Color  snow-white  ;  lustre 
silky ;  emits  a  peculiar  odor.  Before  the  blow- 
pipe, it  intumesces,  gives  off  water;  fusing  to 
a  clear  colorless  bead;  with  an  equal  bulk  of 
soda,  it  forms  a  clear  glass  while  hot,  becoming 
opake  and  crystalline  on  cooling.  It  spreads  in 
warm  water  forming  a  paste.  1.  Analysis  by 
A.  A.  Hayes;  2,  calculation  from  the  formula. 

1.  2. 

Boracic  acid 46-111  45-85 

Lime 18-889  18-72 

Water 35-000  35-43 


100 


100 


Formula,  CaO,  2  B03  +  6  HO. 

Athough  the  formula  agrees  well  with  the 
analysis,  5  eq.  water  would  perhaps  agree  better 
with  the  biborates  of  potassa  and  soda.  This 
mineral  occurs  in  the  province  of  Taracapa  in 
Peru.     (Alger.) 

BORON.  Sym.  B.  Eq.  108  (13P-2,  Berz. 
O.=  100). 

Borax  is  mentioned  by  Geber  in  the  10th 
century.  Boracic  acid  was  discovered  by 
Horn  berg  in  1702,  and  called  sedative  salt. 
Baron  proved  in  1752  that  borax  consisted  of 
boracic  acid  and  soda.  Crell  in  1800  sup- 
posed the  acid  to  contain  a  substance  allied  to 
carbon.  The  element  boron  was  obtained  by 
Gay-Lussac  and  Thenard,  and  by  H.  Davy  in 
1808.  It  is  one  of  the  least  abundant  metal- 
loidal  elements,  and  always  occurs  as  boracic 
acid  either  free  or  combined. 

Prep.  1.  Fused  and  thoroughly  dried  boracic 
acid  is  powdered  coarsely,  mixed  with  twice 
its  weight  of  finely  cut  potassium,  and  ignited 
at  a  red  heat  in  a  tube  of  glass,  iron,  platinum, 
or  copper.  Boil  the  mass  with  very  dilute 
muriatic  acid,  filter,  and  wash  it  with  water 
containing  sal-ammoniac  to  prevent  the  boron 
passing  through  the  filter,  and  then  remove  the 
sal-ammoniac  by  alcohol.  The  potassium  is 
oxidized  at  the  expense  of  the  oxygen  of  the 
acid;  the  oxide  thus  formed  unites  with  an 
undecomposed  portion  of  boracic  acid,  and  the 
borate  of  potassa  is  removed  by  the  dilute  acid. 
2.  Pass  fluoride  of  boron,  first,  through  crys- 
tallized boracic  acid  to  remove  fluoride  of 
silicon,  then  over  binoxide  of  lead  to  remove 
sulphurous  acid,  and,  finally,  over  heated  po- 
tassium, when  ignition  takes  place  with  a  red- 
dish flame  and  results  in  a  mixture  of  boron 
and  fluoride  of  potassium ;  the  latter  is  removed 
with  some  difficulty  by  water.  3.  Borofluoride 
of  potassium  dried  nearly  at  a  red  heat,  pow- 
dered, and  mixed  with  an  equal  quantity  of 
potassium,  is  warmed  gently  in  an  iron  tube 
closed  at  one  end  until  the  potassium  fuses, 
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when  the  whole  is  incorporated  by  a  steel  wire 
and  then  heated  to  ignition,  when  a  quiet  com- 
bination takes  place  resulting  in  boron  and 
fluoride  of  potassium.  This  is  washed  repeat- 
edly with  boiling  sal-ammoniac  solution  as 
before,  ignited  in  hydrogen  to  remove  fluoboric 
acid  and  to  condense  it,  and  then  repeatedly 
washed  again  with  water,  and  dried  in  a  va- 
cuum. 4.  Decompose  hydrate  of  chloride  of 
boron  at  a  red  heat  by  hydrogen. 

Prop.  A  dark  olive-brown,  inodorous,  and 
tasteless  powder,  which,  after  exposure  to  a 
white  heat  in  a  vacuum,  contracts  and  sinks 
rapidly  in  oil  of  vitriol ;  it  does  not  conduct 
electricity;  is  neither  fusible  nor  volatile  at  a 
bright  white  heat  in  vacuo.  Previous  to  igni- 
tion it  is  soluble  in  pure  water  with  a  dark 
greenish  yellow  color,  and  the  solution  evapo- 
rated leaves  a  translucent  greenish  yellow 
rim  on  the  vessel,  which  is  unaltered  boron. 

Boron  is  attacked  neither  by  boiling  water, 
nor  alkalies,  nor  acids,  excepting  nitric  and 
nitromuriatic  acids,  which  convert  it  into  bo- 
racic  acid.  It  has  a  powerful  affinity  for 
oxygen,  and,  when  heated  to  about  550°  in  the 
air,  it  takes  fire,  burning  with  a  reddish  flame, 
but  at  a  lower  temperature,  and  with  a  brilliant 
light  in  oxygen,  scintillating  like  charcoal ; 
some  boracic  acid  sublimes,  and  the  rest 
around  the  remaining  boron  protects  it  from 
oxidation.  When  ignited  with  some  alkaline 
salts  it  decomposes  their  acids,  sometimes  with 
combustion,  saltpeter  with  deflagration,  form- 
ing a  borated  alkali,  and  separating  carbon, 
sulphur  or  nitrogen  from  carbonic,  sulphurous, 
and  sulphuric,  nitrous  and  nitric  acids.  It  also 
decomposes  many  oxides  of  the  metals  proper 
by  ignition,  and  precipitates  gold  from  the 
aqueous  solution  of  chloride. 

Boracic  acid.  Syn.  Boric  acid;  Sedative  salt; 
Narcotic  Vitriol-salt ;  Ger.  Borsiiure ;  Borax- 
saure.  It  occurs  combined  with  bases,  but 
most  abundantly  in  a  free  state  in  the  Lagoons 
of  Tuscany,  and  in  solid  efflorescences  in  the 
soil  near  Sasso,  hence  called  Sassolin-. 

Manufacture  of  Boracic  acid. 
By  evaporating  the  waters  of  the  lagoons  by 
the  heat  of  the  volcanic  vapors  issuing  from 
the  soil,  Tuscan  boracic  acid  is  obtained. 
These  lagoons  lie  in  a  circuit  of  some  25—30 
miles  in  a  soil  of  chalk  and  sand,  from  which 
steam  and  gases  issue  with  some  force.  The 
gases  consist,  according  to  Payen,  of 

Carbonic  acid 57-30 

Nitrogen 34-8 1 

Oxygen 6-57 

Sulphuretted  hydrogen 1-32 


100 


The  steam  and  gases  carry  up  mechanically 
small  quantities  of  clay,  gypsum,  boracic  acid, 
&c.  The  temperature  of  the  vapors  vary  from 
206° — 212°,  or  sufficient  heat  by  condensation 
to  heal  5-5  times  as  much  water  from  32° — 212°. 

The  places  whence  the  vapors  issue  are 
walled  in  like  basins,  and  situated  terrace-like 
above  each  other  on  sloping  ground.  Fresh 
water  from  an  adjacent  stream  is  let  into  the 


uppermost,  and  after  condensing  the  vapors 
with  boracic  acid,  &c,  for  24  hours,  is  run  off 
into  the  next  lower  basin,  to  condense  more 
acid,  and  thus  passes  through  4  or  5  into  a 
reservoir,  where  the  muddy  particles  deposit. 
It  is  then  transferred  to  the  leaden  evaporating 
pans,  some  12  feet  square  by  1£  deep,  which 
are  so  constructed  as  to  employ  the  heated 
gases  issuing  from  the  soil  for  evaporation, 
and  some  14  placed  terrace-like  near  each 
other  in  two  rows  of  7  each.  The  water  of  1° 
to  1£  Beaume  is  passed  into  the  upper  8  pans, 
and  after  24  hours,  having  been  evaporated 
one  half,  into  the  next  4,  where  it  is  again 
reduced  one  half,  and  finally  evaporated  to 
crystallization  in  the  two  lowest,  where,  at 
a  temperature  of  170°  to  185°,  it  has  a  den- 
sity =  10°— 11°  B.  The  liquid  is  run  off  into 
wooden  vessels  lined  with  lead,  and,  after  crys- 
tallizing, the  mother  liquor  is  returned  to  the 
two  lowest  pans,  while  the  crystallized  acid  is 
dried  in  houses  by  the  natural  heat  of  the  issu- 
ing gases.  The  daily  produce  with  14  pans  is 
some  180  lbs.  of  the  commercial  acid.  The 
annual  produce  of  9  such  establishments  is 
between  700  and  800  tons,  and  the  natural  heat 
of  the  gases  evaporating  170  millions  of  pounds 
of  water,  producing  a  saving  in  wood  (suppose 
dry  hickory)  cf  190,000  cords,  admitting  that 
1  lb.  will  evaporate  5  lb.  water,  or  150,000  at 
4  lbs.  water  to  1  lb.  wood. 

The  Tuscan  boracic  acid  is  said  to  have 
contained  formerly  but  8 — 10  per  cent,  foreign 
matter,  while  that  at  present  made  contains 
from  20 — 25  per  cent.,  the  nature  and  amount 
of  which  is  shown  by  the  following  analysis 
by  Wittstein : 

Crystallized  boracic  acid 76-494 

Silicic  acid 1-200 

Sulphuric  acid  (combined  with  boracic)  1-322 

Sulphate  of  potassa 0-369 

Sulphate  of  soda 0-917 

Sulphate  of  ammonia 8-508 

Sulphate  of  magnesia 2-632 

Sulphate  of  lime 1-018 

Sulphate  of  alumina 0-320 

Persulphate  of  iron 0-365 

Protosulphate  of  manganese trace 

Chloride  of  ammonium 0-298 

Water 6-557 

100000 


Boracic  acid  is  employed  in  the  manufacture 
of  borax,  or  biborate  of  soda,  to  which  refer 
under  Sodium. 

Boracic  acid  is  usually  prepared  by  dissolv- 
ing 3  pts.  borax  in  12  pts.  boiling  water,  adding 
1  pt.  oil  of  vitriol  and  setting  it  aside  to  crys- 
tallize. Remove  the  crystals,  drain  or  dry 
them,  redissolve  in  water,  and  recrystallize, 
and  finally  heat  the  acid  to  fusion  in  a  platinum 
crucible  in  order  to  expel  the  remaining  sul- 
phuric acid.  Instead  of  sulphuric,  muriatic 
acid  may  be  used,  adding  it  to  the  borax  solu- 
tion until  it  strongly  reddens  litmus-paper;  its 
excess  is  more  easily  removed  from  the  boracic 
acid  by  crystallization  or  by  heat. 

Prop.  The  fused  acid  is  a  colorless,  trans- 
parent glass,  combining  great  hardness  with  a 
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considerable  degree  of  both  brittleness  and 
toughness ;  inodorous,  taste  faintly  bitterish, 
and  not  caustic,  feebly  reddening  litmus,  but 
browning  turmeric  paper;  spec.  grav.  =  1*83; 
fusible  and  very  fixed,  but  rising  with  the 
vapor  of  water  or  alcohol  from  its  solutions  in 
these  menstrua. 

It  crystallizes  readily  on  cooling  a  hot 
aqueous  solution,  in  white,  pearly,  elastic 
scales,  with  an  unctuous  touch ;  it  forms  6-sided 
laminae  of  the  oblique  rhombic  system;  spec. 
grav.=  1-479.  One  part  cryst.  acid  is  soluble 
in  25-66  pts.  water  at  66-2°,  in  14-88  at  77°,  in 
12-66  at  99-5°,  in  10-16  at  122°,  in  6-12  at  144-5°, 
in  4-73  at  167°,  in  3-55  at  189-5°,  in  2-97  at  212°. 
Spec.  grav.  of  the  saturated  solution  at  46-4°  = 
1-014.  It  is  also  soluble  in  some  of  the  strong 
acids,  particularly  sulphuric;  it  is  farther  solu- 
ble in  alcohol  and  oils.  The  alcoholic  solution 
burns  with  a  green  flame  which  is  very  charac- 
teristic. 

By  heating  the  crystallized  acid  considerably 
above  212°  it  loses  one  half  of  its  water  of 
crystallization,  and  at  a  red  heat  the  whole  of 
it  with  intumescence,  a  little  acid  passing  off 
at  the  samo  time. 


Composition  of  dry  arid. 
H.=l.       0  =  100.      In  100  pts. 
.  10-8         136-2         31-04 
.  24-  300-0         68-96 


BO,    =     34-8 


436-2       100 


Benelius. 
31-19 
68-81 

100 


Cryst.  acid. 

II.  =  1.      In  100  pts.  Berz.  Payen. 

B03 34-8         56-31  56  56-66 

3  HO 27            43-69  44  43-34 


B03,3HO  =  61-8 


100 


100       100 


Formula  of  dry  acid  B03,  of  cryst.  acid  B03, 
3  HO,  of  acid  heated  above  212°,  2  B03,  3  HO. 

Borates.  The  affinity  of  this  acid  for  bases 
is  but  little  greater  than  that  of  carbonic  acid, 
although  at  a  high  heat  it  expels  the  more  vola- 
tile acids  ;  hence,  even  the  biboraled  alkalies 
have  an  alkaline  reaction.  Like  silicic  acid,  it 
combines  in  very  different  proportions  with 
bases,  1  eq.  of  base  uniting  with  -f,  1,  1£,  1£,  2, 
3, 4,  or  6  eq.  of  the  acid.  The  borates  are  gene- 
rally fusible  to  a  clear  glass,  often  variously 
colored  by  different  metallic  oxides.  With  the 
exception  of  the  alkaline  salts,  they  are  all  dif- 
ficultly soluble  in  water. 

Analytic  Determination  of  Boracic  acid.  The 
presence  of  this  acid  may  be  ascertained  by 
adding  the  test  to  a  mixture  of  1  pt.  fluor-spar 
and  4^  bisulphate  of  potassa,  and  heating  it  in 
the  inner  flame  of  the  blowpipe  on  platinum 
wire  or  foil.  If  present  it  imparts  a  green  rim 
to  the  flame. 

The  quantitative  estimation  of  this  acid  is 
very  difficult.  If  free,  a  given  weight  of  oxide 
of  lead  may  be  added  to  the  solution,  and  after 
evaporation  the  increased  weight  of  oxide  as- 
sumed as  boracic  acid.  In  combination,  the 
whole  weight  being  known,  that  of  the  oxide  is 
ascertained  and  the  acid  calculated  by  loss.  It 
may  be  separated  from  many  metallic  oxides  by 
sulphuretted  hydrogen  or  sulphydrate  of  am- 
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monium;  from  oaryta,  ttrontia,  limi,  and  oxide 
of  lead  by  sulphuric  acid;  and  the  three  last 
sulphates  are  washed  with  alcohol.  From 
other  bases  it  is  separated,  if  the  compound  is 
decomposable  by  acid,  by  moistening  the  pow- 
dered substance  with  sulphuric  acid  and  placing 
it  in  the  vessel  described  under  Analysis, p.  185, 
fig.  25.  The  boron  passes  off  as  terfluoride  of 
boron.  If  the  test  contain  both  silicic  and  bo- 
racic acids,  it  is  treated  in  the  same  way,  by 
determining  the  two  from  the  loss  of  fluorides 
of  silicon  and  boron,  and  then  obtaining  the 
silicic  acid  in  the  usual  way  from  another  por- 
tion of  the  test.  If  the  compound  be  not  de- 
composable by  acid,  it  may  be  ignited  with 
carbonate  of  soda,  treated  with  water,  the  solu- 
tion treated  with  carbonate  of  ammonia  to  pre- 
cipitate a  little  alumina  and  silica,  evaporated 
to  dryness,  decomposed  by  sulphuric  acid,  and 
the  boracic  acid  extracted  by  alcohol.  This 
method  is  only  approximative. 

Sulphuret  of  Boron.  By  heating  boron  to  a 
white  heat  in  sulphur-gas,  it  burns  with  a  red 
fire,  coating  the  glass  with  white  and  opake 
sulphuret  of  boron.  Form.  BS3.  It  acts  vio- 
lently with  water,  giving  off  sulphuretted  hy- 
drogen, while  boracic  acid  is  dissolved.  BS34- 
3  HO  =  3HS-f  B03.  By  cooling  the  com- 
pound in  sulphur-gas,  it  seems  to  combine  with 
more  sulphur. 

Tcrchloride  of  Boron.  Prep.  1.  Pass  dry  chlo- 
rine over  very  dry  boron  in  an  ignited  tube, 
receive  the  gas  over  mercury.  2.  Ignite  a 
mixture  of  carbon  and  boracic  acid  for  an  hour 
in  a  glass  or  porcelain  tube,  and  then  pass  dry 
chlorine  over  the  ignited  mixture.  B03-f-  C3-j- 
C13=BC13+3C0. 

Prop.  A  colorless  gas,  of  a  very  acid  taste 
from  generated  chlorohydric  acid,  producing  a 
white  cloud  in  the  air  ;  it  is  rapidly  absorbed 
by  water,  with  which  it  decomposes  into  chlo- 
rohydric and  boracic  acids.  BC13  -f-  3  HO  = 
B03  -\~  3  HOI.  One  vol.  chloride  of  boron  com- 
bines with  lg  vol.  ammoniacal  gas  to  a  saline 
mass,  less  volatile  than  sal-ammoniac.  BC13 
is  also  absorbed  by  alcohol. 

Terfluoride  of  Boron.  Syn.  Fluoboric  acid 
gas.  Prep.  1.  One  part  glacial  boracic  acid 
and  2  pts.  pure  fluor-spar,  are  heated  to  a  while 
heat  in  a  coated  and  inclined  gun-barrel,  and 
the  gas  received  over  mercury.  3  CaF  -f- 
7  B03  =  3  (CaO,  2  B03)  -f  BF3.  2.  One  pt. 
glacial  acid,  2  pts.  fluor-spar,  and  12  oil  of 
vitriol  are  gently  heated  in  a  glass  vessel. 
The  latter  method  yields  a  gas  containing 
silicon. 

Prop.  A  colorless,  incombustible  gas,  not 
supporting  combustion,  of  an  extremely  pun- 
gent odor,  reddening  litmus  powerfully ;  spec, 
grav.  2312-4,  Dumas ;  carbonizes  organic  matter 
rapidly;  attracts  water  powerfully,  producing 
very  dense  white  fumes  in  moist  air.  It  does 
not  attack  glass,  and  is  not  decomposed  by  or- 
dinary metals  even  at  a  white  heat,  but  po- 
tassium (or  sodium)  heated  in  it  burns  with  a 
reddish  flame,  absorbing  about  3  times  as  much 
gas  as  the  hydrogen  it  evolves  from  water,  and 
changes  apparently  into  a  mixture  of  boron 
and  fluoride  of  potassium;  it  is  also  absorbed 
by  quick-lime,  forming  a  fusible  mass,  from 
which  sulphuric  acid  evolves  fluoboric  gas. 
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Water  absorbs  about  700  times  its  volume 
of  this  gas,  evolving  heat,  attaining  thereby  a 
spec.  grav.  =  1-77;  the  solution  is  colorless, 
oily,  fuming,  very  caustic  and  corrosive,  re- 
sembling oil  of  vitriol ;  by  boiling,  it  loses  ^ 
of  the  gas,  becoming  more  fixed,  and  requiring 
a  much  higher  temperature  for  ebullition  and 
distillation.  Gmelin  views  it  as  a  compound 
arising  from  a  mutual  decomposition  of  the 
fluoride  and  water,  thus  BF3  +  3  HO  =  B03+ 

3  HF,  and  terms  it  Terfluohydrate  of  boracic 
acid;  Berzelius  and  others  regard  it  as  a  com- 
bination of  water  with  terfluoride  of  boron. 

Sulphuric  acid  absorbs  about  50  times  its 
volume  of  fluoride  of  boron,  becoming  fuming 
more  thick  and  oily;  diluted  with  water,  it  pre- 
cipitates boracic  acid. 

Boro-jluohydric  acid.  If  the  terfluoride  of 
boron  be  mixed  with  more  water  than  in  the 
preceding  solution,  boracic  acid  deposits  from 
the  solution,  being  equivalent  to  J  of  the  boron 
in  the  fluoride.  Berzelius  explains  the  decom- 
position thus,  4  BF3-r-  3  HO  =  3  (BF3  +  HF)+ 
B03,  so  that  the  new  acid  is  BF3,  HF.  When 
this  acid  combines  with  an  oxide,  the  hydrogen 
forms  water  with  its  oxygen  while  the  metal 
assumes  the  place  of  the  hydrogen ;  hence, 
with  potassa  it  would  form  borofluoride  of  fluo- 
ride of  potassium,  analogous  to  the  double  me- 
tallic chlorides.  Gmelin  views  this  acid  as  a 
tetrafluohydrate  of  boracic  acid  (B03  +  4  HF) 
or  a  compound  of  the  preceding  with  liquid 
fluoric  acid,  that  is,  terfluohydrate  of  boracic 
acid  with  fluohydrate  of  water  (B03,  3HF-J- 
HO,  HF),  in  which,  when  combined  with  an 
oxide,  the  water  HO  is  replaced  by  the  metallic 
oxide. 

If  the  acid  be  allowed  to  evaporate  sponta- 
neously, fluohydric  acid  is  evolved,  and  the 
preceding  aqueous  terfluoride  of  boron  re- 
mains; if  evaporated  with  boracic  acid,  the 
latter  is  taken  up  in  proportion  as  the  water 
disappears,  and  terfluoride  likewise  remains. 

Borates,  Borofluorides,  and  Borofluohydrates,  see 
under  each  metal. 

BOTRYOGEN.  Min.  Syn.  Hemiprismatic 
Botryogen-salt,  Mohs;  Red  Iron-vitriol;  Neo- 
plase,  Bend.  Descrip.  Cryst.  system,  Oblique 
Rhombic  ;  combinations  are  2  vertical  prisms, 

l. 

Lead 53-9 

Antimony 25-5 

Sulphur 18-5 

Iron 1-2 

99-1 

No.  1  contains,  also,  0-9  of  copper,  and  No. 

4  contains  0-05  of  silver.  Formula,  3PbS-f- 
SbS3,  or  PbS,  SbS3  +  2  PbS.  See  Antimo xial 
Ores.  Plumbostib  is  probably  the  same  mine- 
ral. The  above-named  are  the  principal  lo- 
calities. 

BOULDER.  Geol  When  rock  masses  dis- 
integrate from  the  action  of  atmospheric  agents, 
torrents,  &c,  portions  of  them  resist  these  in- 
fluences more  or  less  and  are  thrown  off  as 
masses  of  variable  size.  Subjected  to  the  same 
agents  and  to  attrition  during  transportation, 
their  sharp  edges  are  rounded  off,  and  they 
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the  main  plain  P  and  2  lateral  planes  parallel 
to  it,  vert,  prism  M  on  M=  119°  56' ;  M  on  2d 
vert,  prism  =  160°  54'.  The  two  prismatic 
faces  vertically  striated.  Cleavage  parallel  to 
M.  Crystals  generally  small  and  in  globular 
aggregations  with  a  crystalline  surface. 
H.  =  2*2— 2*5.     G.  =  2-039. 

Color  deep  hyacinth-red,  passing  into  ochre- 
yellow,  which  is  the  streak;  lustre  vitreous; 
translucent;  taste  feebly  astringent. 

Behavior.  Intumesces,  giving  off  water,  and 
by  ignition  sulphurous  acid,  and  then  acts  to 
the  fluxes  like  peroxide  of  iron.  Partially 
soluble  in  water,  leaving  an  ochrey  residue; 
digested  in  a  close  vessel  with  ammonia,  it 
leaves  a  greenish  black  residue  of  magnetic 
oxide. 

Analysis.  From  Fahlun,  Sweden,  occurring 
with  Epsom-salt,  by  Berzelius  : 

Ferrous  sulphate 6-77  6-85 

Ferroso-ferric  sulphate. . .  35*85  99*92 

Sulphate  of  magnesia 26*88  17*10 

Sulphate  of  lime 2*22  6*71 

Water  and  loss 28*28  31*42 


100 


100 


By  disregarding  the  sulphates  of  lime  and 
magnesia  as  not  essential,  the  sulphuric  acid 
has  twice  and  the  water  three  times  as  much 
oxygen  as  the  base,  whence  the  formula  3  FeO, 
2  SOs  +  3  (Fe203,  2  S03)  +  36  HO. 

BOTRYOLITE.     See  Datholite. 

BOULANGERITE.  Min.  Syn.  Plumbostib; 
Ger.  Schwefelantimonblei.  Descrip.  In  plu- 
mose masses  with  a  crystalline  structure. 
Rather  soft.  G.  =  5*97.  Black  lead-gray,  with 
metallic  lustre,  opake  and  brittle. 

Behavior.  Very  fusible,  evolving  antimonial 
fumes  and  sulphurous  acid,  and  producing  a 
lead  coating  on  the  charcoal.  Soluble  per- 
fectly in  chlorohydric  acid  with  evolution  of 
sulphuretted  hydrogen,  in  nitric  acid  with  a 
residue. 

Analysis.  1.  From  Molieres,  France,  by  Bou- 
langer;  2,  from  Nasafjeld,  Lappland,  by  Thau- 
low  ;  3,  from  Nertschinsk  by  Bromeis,  and  4, 
by  Briiel ;  5,  from  Ober-Lahr  by  Abendroth. 


2. 

3. 

4. 

5. 

55*57 

56*29 

53-87 

55*60 

24*60 

25*04 

23*66 

25*40 

18*86 

18*21 

19*11 

1905 

— 

— 

1*78 

— 

99*03 

99*54 

98*42 

10005 

present  more  or  less  rounded  masses  of  stone, 
often  at  a  great  distance  from  their  native 
beds.     Such  masses  are  termed  boulders. 

BOURNONITE.  Min.  Syn.  Diprismatic 
Dystome-glance,  Mohs ;  Endellionite,  Boumon; 
Schwarz  Spiessglaserz,  Wern.;  Bleifahlerz, 
Haus. ;  Spiessglanzbleierz,  Klaproth.  Descrip. 
Cryst.  system,  Right  Rhombic;  combinations 
are  vertical  prisms,  several  horizontal  prisms 
of  1st  and  2d  order,  several  octahedrons  and 
terminal  planes  of  all  the  axes.  Crystals  are 
often  found  with  many  of  these  planes  com- 
bined, but  the  prevailing  form  is  a  combination 
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of  the  3  terminal  planes  with  a  vertical  and 
one  horizontal  prism  of  each  order;  these  are 
often  compounded  on  the  plane  of  a  horizontal 
prism,  constituting  cruciform  crystals.  It  some- 
times occurs  granular. 

H.  =  2-5— 3.     G.  =  5-76— -5-8. 

Color  and  streak  steel-gray,  passing  into 
iron-black;  lustre  metallic;  opake;  brittle  with 
conchoidal  fracture. 

Behavior.  On  charcoal  it  fuses,  fumes,  and 
congeals  to  a  black  globule  ;  with  a  strong  fire 
it  leaves  a  slag,  which,  by  treatment  with  soda, 

l.  2.  3. 

Lead 42-50  390  40-84 

Copper 11-75  13-5  12-65 

Antimony....  19-75  28-5  26-28 

Sulphur 18  00  16-0  20-31 

Iron 5-00  10  — 


97 


98 


100-08 


The  empirical  formula  \i  therefore  6PbS-|- 
3  Cu2S  +  3  SbS3,  and  the  rational  formula, 
3  Cu2S,  SbS3  +  2  (3  PbS,  SbS3),  which  may  be 
written  as  given  under  Axtimonial  Ores. 

Localities,  §c.  The  finest  crystals  occur  at 
Pfaffenberg  on  the  Harz.  Other  localities  are 
Clausthal  and  Andreasberg  on  the  Harz,  Gers- 
dorf  in  Saxony,  Kapnik  in  Transylvania,  Ser- 
vos in  Piedmont,  Endellion  in  Cornwall,  in 
Peru,  Mexico,  &c. 

BOVEY  COAL.  (Jeol  A  brown  coal  or 
lignite  found  in  England,  and  named  from  the 
place  of  its  occurrence. 

BOYLE'S  FUMING  LIQUOR.  Chem.  See 
Sulphuret  of  Ammonium. 

BRAIN.  The  brain  or  encephalon  forms  the 
main  mass  of  the  nervous  system  of  the  higher 
animals,  and  is  enclosed  in  the  cranium.  The 
brain  forms  a  soft  pulpy  mass,  which  is  sur- 
rounded by  several  membranes,  and  consists 
of  an  outer,  cortical  or  cineritious,  and  an  inner 
white  or  medullary  portion,  of  a  white  color, 
and  firmer  texture.  According  to  Ehrenberg, 
the  cineritious  or  cortical  portion  is  formed 
of  a  granulated  mass,  consisting  of  finer  and 
coarser  grains,  the  latter  being  disseminated 
through  the  others,  and  the  whole  mass  being 
traversed  by  a  plexus  of  fine  blood-vessels. 
The  gray  color  is  owing  to  a  gray  pigment 
which  surrounds  the  fine  globules ;  the  latter 
appear  to  be  connected  in  rows  by  fine  fila- 
ments, and  passing  over  into  hollow, nodulated 
or  varicose,  or,  according  to  others,  straight 
tubes,  converging  towards  the  base  of  the  brain, 
but  never  anastomosing  with  each  other.  They 
contain  a  peculiar  fluid  (liquor  nervosus),  and 
are  continued  into  the  spinal  marrow  and  into 
the  nerves. 

The  brain  contains  in  its  composition  a  large 
amount  of  water,  which,  with  its  solid  ingre- 
dients, forms  a  kind  of  soft  pulp  or  emulsion. 
Its  solid  ingredients  are  made  up  of  a  combi- 
nation or  mixture  of  uncoagulated  albumen 
with  several  fatty  matters. 

According  to  Couerbe,  these  fatty  matters 
are  in  number  no  less  than  5  ;  one  oily,  which 
he  calls  eleencephole  or  cerebrole  (Berzelius), 
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gives  a  globule  of  copper.  In  an  open  tube  it 
evolves  sulphurous  acid  and  gives  a  coating 
of  oxide  of  antimony.  Nitric  acid  dissolves  it, 
forming  a  blue  liquid  and  leaving  oxide  of  an- 
timony and  sulphur;  caustic  potassa  extracts 
some  sulphuret  of  antimony. 

Jnalysis.  1,  from  Clausthal,  and  2,  from 
Cornwall  by  Klaproth  ;  3,  from  Pfaffenberg  on 
the  Harz  by  H.  Rose  ;  4,  from  Cornwall  by 
Hatchett ;  5,  from  the  same  by  Smithson;  6, 
from  Pfaffenberg  by  Sindig;  7,  from  Alais, 
and  8,  from  Mexico,  both  by  Dufronoy. 


4. 

3. 

6. 

7. 

8. 

42-62 

41 

41-38 

38-9 

40-2 

12-80 

13 

12-68 

12-3 

13-3 

24-23 

25 

25-68 

29-4 

28-3 

17-00 

20 

19-63 

19-4 

17-8 

1-20 

— 

— 

— 

— 

97-85 

99 

99-37 

100 

99-6 

and  4  solid,  cholesterin,  cerebrote,  cephalote, 
and  stearoconote.  These  different  fats  he  sepa- 
rates as  follows  :  the  brain  is  freed  from  its 
membranes  and  from  adhering  blood,  &c.,  by 
a  small  portion  of  distilled  water,  after  which 
it  is  dried,  at  a  low  temperature,  in  vacuo,  over 
sulphuric  acid,  reduced  to  a  coarse  powder, 
and  treated  first  with  pure  ether  till  exhausted 
by  it,  and  then  in  the  same  way  with  boiling 
anhydrous  alcohol.  All  the  fatty  matters  are 
thus  extracted,  and  the  residue  consists  chiefly 
of  albumen  in  its  coagulated  state,  mixed  with 
small  blood-vessels  and  a  few  inorganic  salts, 
as  chloride  of  sodium,  &c. 

The  ethereal  solutions  contain  more  or  less 
of  all  the  fatty  matters.  They  are  evaporated 
to  dryness,  and  the  residue  treated  with  boiling 
alcohol.  These  alcoholic  solutions  are  sepa- 
rated from  the  precipitate,  which  forms  on 
cooling,  added  to  those  obtained  in  the  same 
way  by  the  same  liquid  from  the  brain,  evapo- 
rated together  to  one- fourth,  and  left  to  cool. 
All  these  different  precipitates  from  the  hot 
alcoholic  solutions  contain  the  two  principal 
solid  fats  of  the  brain,  cholesterin  and  cerebrote, 
perhaps  chemically  combined.  They  are  sepa- 
rated by  cold  ether,  which  dissolves  cholesterin, 
but  leaves  the  other  behind.  The  concentrated 
alcoholic  mother-liquor  contains  an  oily  fat, 
which  on  further  evaporation  separates  as  oily 
drops,  and  was  called  by  Couerbe  eleencephole 
(altered  by  Berzelius  to  cerebrole). 

What  is  left  by  the  treatment  of  the  ethereal 
residue  with  boiling  alcohol  contains,  accord- 
ing to  Couerbe,  two  other  solid  fats,  cephalote 
and  stearoconote.  Of  these,  the  former  dis- 
solves in  ether,  while  the  latter  remains  undis- 
solved in  this  fluid;  its  solution  in  it  in  the 
first  instance  being  caused  by  the  presence  of 
eleencephole. 

Different  results  from  these  have  been  ob- 
tained by  Fremy.  His  method  of  treating  the 
brain  consists  in  boiling  it  in  anhydrous  alco- 
hol, and  then  leaving  it  for  several  days  in 
contact  with  this  liquid,  the  object  of  which  is  to 
remove  the  water,  which  prevents  the  ether 
from  acting  on  it.     By  this  process  the  albumen 
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of  the  brain  is  coagulated,  and  may  subse- 
quently by  pressure  be  freed  from  the  alcohol. 
The  substance  is  then  quickly  comminuted  by 
trituration  in  a  mortar  and  extracted  by  ether, 
first  cold  and  subsequently  boiling.  The  alco- 
hol with  which  the  fresh  brain  was  treated  dis- 
solves merely  small  portions  of  olein  and  mar- 
garin,  and  also  traces  of  oleic  and  margaric 
acids.  While  the  main  portion  of  the  fatty 
matters  is  subsequently  dissolved  by  the  ether, 
and  remains  on  evaporation  as  a  viscid  mass 
(produit  ethere),  from  which  Fremy  extracts 
the  different  fatty  substances.  What  remains 
of  the  brain  after  the  digestion  with  hot  ether 
is  albuminous  matter. 

The  substances  which  Fremy  thus  states  to 
constitute  the  brain  are : 

1.  Cerebric  acid  in  its  free  state  and  in  com- 
bination with  phosphate  of  lime  and  soda. 
2.  Oleophosphoric  acid  in  its  free  state  and  in 
combination  with  soda.  3.  Olein  and  Margar in. 
4.  Traces  of  Oleic  and  Margaric  acids.  5.  Cho- 
lesterin.  Besides  these  fatty  matters,  the  brain 
contains,  6,  water  and,  7,  albumen. 

Cerebric  acid.  It  is  identical  with  Couerbe's 
cerebrote.  ButCouerbe  did  not  obtain  it  in  its 
pure  state.  Prepared  according  to  his  method, 
it  possesses  different  properties,  and  leaves, 
after  deflagration  with  nitre,  a  residue  of  phos- 
phate of  lime.  According  to  Fremy,  this  acid 
is  obtained  by  treating  the  ethereal  residue 
from  the  extraction  of  the  brain  with  a  large 
portion  of  cold  ether.  The  residue  left  con- 
sists then  of  cerebric  acid  combined  with  more 
or  less  soda  and  phosphate  of  lime,  oleophos- 
phoric acid  also  in  combination  with  lime  or 
soda,  and  albumen.  By  treatment  with  boiling 
alcohol,  slightly  acidulated  with  sulphuric  acid, 
sulphates  of  lime  and  soda  and  albumen  are 
left  undissolved,  while  cerebric  and  oleophos- 
phoric acids  separate  on  cooling.  They  are 
separated  by  cold  ether,  which  dissolves  the 
latter,  and  leaves  the  cerebric  acid.  By  redis- 
solving  it  in  boiling  ether  it  separates  on  cool- 
ing in  its  perfectly  pure  state.  It  thus  forms  a 
white  substance  consisting  of  small  crystalline 
grains,  is  soluble  in  boiling  alcohol,  almost  in- 
soluble in  cold,  but  soluble  in  boiling  ether. 
By  boiling  with  water  it  swells  up  like  starch, 
but  does  not  dissolve.  It  does  not  fuse  before 
at  a  temperature  near  that  at  which  it  is  decom- 
posed. According  to  Fremy,  it  contains  no 
sulphur. 

The  following  exhibits  the  results  of  Couerbe's 
analysis  of  cerebrote,  and  Fremy's  of  cerebric 
acid: 

Cerebrote.         Cerebric  acid. 
Couerbe.  Fremy. 

Carbon 67-818  66-7 

Hydrogen 11-100  10-6 

Nitrogen 3-399  2-3 

Sulphur 2-138  none 

Phosphorus 2-332  0-9 

Oxygen 12-213  19-5 

Cerebric  acid  combines  with  bases,  and  may 
therefore  be  considered  as  a  feeble  acid.  It 
resembles  the  fatty  acids  in  being  insoluble  in 
water,  but  differs  from  them  by  its  difficult 
fusibility. 
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Oleophosphoric  acid.  It  is  contained  in  the 
ethereal  solution  from  the  cerebric  acid.  After 
evaporation  of  the  ether  it  remains  as  a  viscid, 
yellowish  mass.  It  is  soluble  in  ether,  and 
dissolves  also  readily  in  boiling  alcohol,  but  is 
insoluble  in  cold  absolute  alcohol,  which  proves 
that  it  is  no  mixture,  but  a  true  chemical  com- 
bination of  olein  and  phosphoric  acid,  into 
which  two  substances  it  is  convertible  by  boil- 
ing with  water  or  alcohol,  especially  with  the 
addition  of  an  acid  or  an  alkali.  In  the  latter 
case  the  olein  is  saponified  at  the  same  time. 
Fremy  did  not  succeed  in  producing  it  by  direct 
combination  from  olein  and  phosphoric  acid. 
The  difficulty  of  obtaining  it  perfectly  pure  pre- 
vented Fremy  from  analyzing  it.  It  contains, 
however,  from  1-9  to  2  per  cent,  of  phosphorus. 
The  Cholesterin  is  obtained  by  treating  the 
ethereal  residue  from  the  extraction  of  the 
brain  with  alcohol  mixed  with  caustic  potassa, 
in  order  to  convert  the  cerebric  and  oleophos- 
phoric acids  into  cerebrate,  oleate,  and  phos- 
phate of  potassa.  The  residue  remaining  on 
cooling  of  the  alcohol  consists  of  cerebrate  and 
phosphate  of  potassa  and  cholesterin,  of  which 
the  latter  is  extracted  by  cold  ether.  For  the 
properties  of  Cholesterin,  see  this. 

The  presence  of  appreciable  quantities  of 
oleic  and  margaric  acids  in  the  brain  may  be 
shown  by  extraction  with  dilute  alcohol  mixed 
with  a  few  drops  of  ammonia. 

Couerbe  ascribed  the  softening  of  the  brain 
to  the  passage  of  his  cephalote,  a  solid  fat  into 
liquid  eleencephole,  which  two  substances  he 
found  to  have  exactly  the  same  composition. 
But,  according  to  Fremy,  it  is  owing  to  the 
decomposition  of  oleophosphoric  acid,  caused 
by  the  presence  of  decomposing  organic  mat- 
ter. The  softening  of  the  brain  is,  according 
to  him,  a  putrefaction  more  particularly  of  the 
albumen. 

Couerbe's  two  new  fats,  cephalote  and  stearo- 
conote,  are,  according  to  Fremy,  nothing  but 
mixtures  of  several  other  substances.  Cere- 
brote should  thus  be  a  mixture  of  cerebrate  of 
lime  or  soda,  with  traces  of  albumen  and  oleo- 
phosphoric acid ;  and  stearoconote,  mostly 
albuminous  matter,  mixed  with  traces  of  cere- 
brate and  oleophosphate  of  lime  and  soda. 
Eleencephole  he  also  states  to  be  a  mixture  of 
olein,  oleophosphoric  acid,  cerebric  acid,  and 
cholesterin. 

Neither  Fremy  nor  Couerbe  give  any  infor- 
mation in  regard  to  the  relative  proportions  of 
the  different  fatty  substances  in  the  brain. 

According  to  Fremy,  the  human  brain  con- 
tains : 

Albumen 7 

Fatty  matters 5 

Water 80 

All  chemical  analyses  show  that  the  cortical 
portion  of  the  brain  contains  more  water  and 
less  fatty  matters  than  the  medullary  sub- 
stance. Fremy  even  states  that  the  former 
only  contains  traces  of  them,  and  ascribes  the 
white  appearance  of  the  medullary  substance 
to  its  content  of  fat.  After  the  extraction  of 
the  latter,  its  color  resembles  that  of  the  cor- 
tical substance. 
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We  subjoin  the  following  analysis  of  human  brain  performed  by  Lassaigne  : 

n«,;„  Subet.  cortic. 

""'"•  (Anal,  separately.) 

Albumen  9-6  7  5 

Colorless  fat 7-2  H) 

Red  fat 3-1  3-7 

Extractive,  lactic  acid,  salts 2-0  1-4 

Phosphate  of  lime,  with  traces  of  magnesia  and  oxide 

ofiron 1-1  12 

Water 77-0  85-0 


100 


100 


Subst,  medal 

13-9 
0-9 
1-0 

1-3 
730 


100 


Brains  of  Animals.  Hog's  brain  treated  after 
the  method  of  Couerbe  (before  Fremy's  inves- 
tigations were  known),  yielded  in  100  parts: 

Stearoconote none 

Cephalote 0-60 

Cerebrote 3-77 

Cholesterin 3*64 

Eleencephole,    cholesterin,    mixed 

with  other  fatty  matters 3-38 

Ozmazome,  lactates,  and  other  sub- 
stances soluble  in  absol.  alcohol 

and  water 0*76 

Extractive  matter,  salts,  and  other 
substances  insol.  in  alcohol  but 

soluble  in  water 1-60 

Albumen,  with  remainder   of  ves- 
sels, &c 8-61 

Water 77-64 


100 


The  composition  of  the  spinal  marrow  and  the 
nerves  have,  as  far  as  examined,  the  same 
general  composition  as  the  brain,  but  contain 
still  more  fatty  matters,  and  less  albumen  and 
water. 

Concretions  are  sometimes  met  with  in  the 
brain.  Such  occur  frequently  within  and  on 
the  surface  of  the  pineal  gland,  varying  con- 
siderable in  size  from  that  of  a  few  atoms  of 
grit  to  larger  bodies  of  irregular  shape.  They 
consist,  according  to  John,  of  phosphate  of  lime, 
with  a  small  portion  of  phosphate  of  magnesia, 
and  about  ^  of  their  weight  of  animal  matter. 
Concretions  of  cholesterin  occur  also.  One 
analyzed  by  Lassaigne  yielded : 

Cholesterin 58-0 

Albumen  (coagulated) *. . .  39-5 

Phosphate  of  lime 2-5 

100 


BRAN.  Terh.  Syn.  Old  Fr.  Bren;  Ital. 
Brenna;  Ger.  Kleie;  Fr.  Son.  The  outer  husk 
or  skin  of  grain,  particularly  of  wheat,  being 
separated  from  the  flour  after  grinding  by  sift- 
ing or  boulting.  According  to  Saussure,  the 
ashes  of  wheat  bran  contains 

Soluble  salts 44-15 

Phosphates  of  magnesia,  &c 46-50 

Silica  and  metallic  oxides 0-75 

Loss 8-60 


100 
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Runge  and  Kochlin-Schouch  have  conducted 
experiments  on  bran,  with  a  view  to  ascertain 
its  value  in  calico-printing,  and  the  causes  of 
its  peculiar  action.  Runge  obtained  several 
different  substances  from  it,  with  the  exact 
chemical  nature  of  which  we  are  not  ac- 
quainted, and  it  is  not  probable  that  they  are 
pure.  They  are  brannic  acid,  bran-gluten,  and 
bran-gum. 

Brannic  acid.  Prep.  Wash  the  bran  several 
times  rapidly  with  water  to  remove  the  flour; 
boil  it  for  15  minutes  with  10  times  its  weight 
of  water,  strain  it,  evaporate  the  solution  in  a 
water-bath  to  dryness,  and  add  a  little  water  to 
it,  which  dissolves  the  brannic  acid,  leaving  a 
swollen  glutinous  mass.  Add  strong  alcohol 
to  the  solution  of  acid,  which  precipitates  in 
white  flocculse,  filter,  dissolve  in  water,  add  a 
solution  of  sulphate  of  copper,  collect  the  bluish 
white  brannate  of  copper  and  decompose  it, 
suspended  in  water  by  sulphuretted  hydrogen. 

It  is  white,  amorphous,  dries  to  a  gummy 
mass,  is  insoluble  in  alcohol  and  ether,  but 
very  soluble  in  water.  It  decomposes  most 
metallic  salts,  forming  insoluble  compounds 
with  their  oxides.  It  appears  from  Runge's 
experiments  that  bran  owes  its  striking  action 
in  calico-printing  to  this  acid;  for  it  produces 
nearly  the  same  depth  of  color  with  alum  and 
sulphate  of  iron,  that  the  acetates  of  alumina 
and  iron  produce.  A  decoction  of  bran  (1  bran 
to  10  water)  produces  a  similar  effect,  but  in  a 
less  striking  degree.  From  its  power  of  de- 
composing salts,  if  a  textile  fabric  be  imbued 
with  it,  and  then  passed  through  a  mordant,  it 
attaches  a  larger  quantity  of  the  oxide  or  base 
to  the  cloth,  and  hence  the  depth  of  color  re- 
ceived in  the  dye-bath.  Applied  to  linen,  it 
enables  it  to  receive  color  much  more  readily 
than  without  it.  Bran-gluten  and  gum  are  less 
interesting. 

Bran  itself  is  unquestionably  one  of  the  best 
materials  for  clearing  mordanted  goods,  the 
brannic  acid  probably  acting  by  decomposing 
the  mordant  in  places  where  it  is  not  printed, 
and  rendering  it  inert.  It  is  superior  to  phos- 
phate of  soda  by  its  brightening  the  colors, 
without  loosening  them,  and  its  clearing  a 
white  ground  more  perfectly.  As  an  addition 
to  the  dye-stuff,  madder,  log-wood,  &c,  it  is 
equally  efficient.  With  madder  its  action  is 
striking;  it  prevents  too  much  color  from  ad- 
hering to  the  first  piece  dyed,  and  gives  it  a 
more  fiery  red  by  removing  the  brown  tint,  so 
that  the  second  appears  but  a  shade  lighter 
than  the  first;  in  other  words.it  diffuses  the 
color  and  brightens  it  at  the  same  time ;  the 
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first  piece  passed  through  a  bath  precisely  the 
same,  but  without  bran,  appears  of  a  deep 
orownish  red,  the  2d  is  many  shades  lighter, 
and  the  3d  piece  is  a  very  light  rose.  The  best 
proportion  is  3  bran  to  1  madder  by  weight,  but 
this  proportion  must  vary  with  the  quality  of 
the  madder  and  the  object  in  view. 

BRANDY.  Tech.  An  alcoholic  liquid  of 
some  50  per  cent,  strength,  made  by  distilling 
wines.  They  are  distinguished  from  each  other 
by  their  peculiar  flavor  or  aroma,  arising  in 
part  from  essential  oil  previously  existing  in  the 
fruits  from  which  they  are  derived,  and  in  part 
from  products  generated  by  fermentation  and 
distillation.  Hence  a  good  judge  of  brandy 
can  determine  from  what  place  it  is  derived, 
in  other  words,  from  what  fruit,  and  may  even 
distinguish  minute  shades  of  difference  in  the 
quality  of  different  brandies  from  the  same 
source.  In  Germany  and  elsewhere,  the  term 
brandy  (Branntwein,  burnt  wine)  is  applied  to 
distilled  liquors  generally,  derived  from  fer- 
mented grain,  potatoes,  grapes,  and  other  fruit, 
but  in  the  United  States  and  in  England  it  is 
usually  restricted  to  distilled  wines,  or  the  dis- 
tilled marc  of  the  grape. 

Among  the  ingredients  in  wines  are  sugar, 
gum,  tartaric  and  acetic  acids,  free  and  com- 
bined, essential  oils,  extractive,  &c.  When 
they  are  distilled  an  oily  substance  accompa- 
nies the  alcohol,  called/owseJ  oil,  which  imparts 
a  peculiar  and  usually  disagreeable  taste  and 
odor  to  the  liquor.  This  oil  usually  appears 
in  greater  quantity  towards  the  end  of  a  distil- 
lation, especially  when  a  low  temperature  is 
employed,  and  hence  may  be  obtained  by  dis- 
tilling the  residue  after  the  alcoholic  liquid  is 
passed  over.  The  fousel  oil  obtained  by  Au- 
bergier  was  a.  clear  liquid  of  a  highly  pene- 
trating odor,  a  sharp  and  highly  disagreeable 
taste,  was  soluble  in  1000  pts.  of  water,  and  a 
single  drop  imparted  the  fousel  taste  to  15  gal- 
lons of  well-flavored  brandy.  Too  little  is 
known  relative  to  this  substance  to  remove  it 
perfectly  in  the  manufacture  of  brandy,  and 
the  probability  is  that  fousel  oil  from  different 
sources  will  prove  very  different  in  composi- 
tion and  properties.     See  Fousel  Oil. 

Cognac  and  other  French  brandies  owe  their 
agreeable  flavor  to  the  smaller  amount  and  less 
disagreeable  nature  of  their  fousel  oil,  so  that 
the  proper  aroma  of  the  wine  is  clearly  per- 
ceptible in  their  odor  and  taste.  Oinanthic 
ether  is  another  constituent  which  imparts  an 
agreeable  aroma  to  wines,  and  passes  into  the 
brandy.     See  Oinanthic  acid. 

In  Cognac,  &c,  it  is  probable  that  the  aro- 
matic portion  condenses  sooner  than  a  strong 
alcoholic  liquid,  for  the  finest  kinds  are  only 
distilled  to  the  spec.  grav.  0-922  at  the  farthest, 
and  by  redistillation  to  procure  a  stronger 
liquor,  much  of  the  aroma  is  lost,  or  rather 
remains  in  the  residue.  The  effect  of  heat  on 
several  of  the  substances  noted  above  as  con- 
stituents of  wines,  merits  the  attention  of  the 
distiller,  for  a  little  too  high  temperature,  espe- 
cially where  the  still  is  exposed  to  the  direct 
action  of  the  fire,  is  apt  to  generate  empyreu- 
matic  and  other  products,  which  are  unlikely 
to  add  to  the  quality  of  the  liquor. 

To  manufacture  a  brandy  artificially,  add  to 
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about  10  gallons  of  a  pure  alcoholic  liquid, 
diluted  much  below  the  strength  required,  a 
pound  of  crude  argol  dissolved  in  water  and  a 
portion  of  good  brandy,  and  distil  the  mixture 
with  a  gentle  heat.  Add  to  the  distillate  a  little 
acetic  ether  and  color  it  with  burned  sugar. 
Astringency  may  be  imparted  by  a  few  drops 
of  tincture  of  catechu  or  pure  tannic  acid. 
The  addition  of  brandy  and  crude  argol  intro- 
duces a  portion  of  oinanthic  ether,  which,  with 
the  acetic  ether,  imparts  the  peculiar  taste  of 
genuine  Cognac. 

See  Alcohol,  Amtl,  Arrack,  Fousel  Oil, 
Gin,  LiauoRs,  Rum,  Whiskey,  Wine. 

BRASS.  Tech.  Syn.  Ger.  Messing;  Fr.  Lai- 
ton,  Cuivre  jaune.  Red  Brass,  Tombac;  Ger. 
Rothes  Messing,  Rothguss.  Other  alloys  are 
Prince  Rupert's  metal,  Pinchbeck,  Similor, 
Dutch  gold,  Platin,  &c.  But  of  these  the  two 
last  are  only  employed  at  present. 

Manufacture  of  Brass. 

Brass  is  an  alloy  essentially  composed  of 
copper  and  zinc,  often  containing  small  quan- 
tities of  iron,  lead,  and  tin,  either  as  accidental 
or  designed  ingredients.  It  was  formerly  made 
by  igniting  metallic  copper  with  calcined  cala- 
mine (oxide  of  zinc)  and  charcoal,  the  latter 
deoxidizing  the  calamine,  and  leaving  the  zinc 
free  to  unite  with  the  copper.  At  present  it  is 
chiefly  made  by  the  direct  fusion  of  the  two 
metals,  in  consequence  of  the  improved  pro- 
cesses for  obtaining  zinc. 

Older  Method.  Rosett-copper,  bean-shot,  or 
copper  clippings  are  used.  Calamine  is  a  car- 
bonate mixed  with  silicate  of  zinc  and  with 
sand,  and  is  calcined  previous  to  use,  to  free  it 
from  carbonic  acid  and  render  it  more  porous. 
Roasted  blende  has  also  been  employed,  and 
was  generally  used  in  England  as  an  addition 
to  the  calamine,  but  it  is  liable  to  many  objec- 
tions. Many  iron  blast-furnaces  are  interiorly 
incrusted  with  a  firm  layer  of  cadmia,  or  im- 
pure oxide  of  zinc,  arising  from  zinc  in  the 
iron-ore,  and  this  was  also  employed. 

The  proportions  are  about  fi  parts  copper, 
6  calcined  calamine,  and  3  finely  pulverized 
charcoal,  which  are  interstratified  in  the  cruci- 
ble, and  ignited  at  a  strong  heat.  The  produce 
is  7^  pts.  of  a  half-formed  brass,  called  Arcot. 
The  arcot  is  again  ignited  with  calamine,  char- 
coal, and  brass  or  copper,  and  when  fused,  a 
little  metallic  zinc  is  added,  which  completes 
the  brass.  Both  of  these  operations  might  be 
condensed  into  one,  but  with  calamine  alone 
the  brass  would  consist  of  80  copper  -\-  20  zinc, 
which  is  much  too  small  a  content  of  zinc,  and 
hence  the  addition  of  metallic  zinc  to  complete 
the  manufacture.  This  process  has  generally 
yielded  to  the  newer  one  by  direct  fusion  of  the 
component  metals. 

Newer  Method.  An  excellent  establishment  for 
making  brass  is  at  Hegermuhl  on  the  Finow- 
canal  near  Neustadt-Eberswalde,  in  Prussia. 
Charcoal  was  formerly  used,  but  is  now  re- 
placed by  pit-coal.  The  furnace  is  a  circular 
dome,  with  7  arched  benches,  uniting  in  a  key- 
stone in  the  centre.  The  pots  or  crucibles  are 
placed  on  the  benches,  and  the  flame  arising 
between  the  benches  plays  around  them.  The 
proportions  employed  are  51  lbs.  old  brass  (free 
2  I  373 
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from  tin  and  lead  solder),  55  lbs.  refined  and 
granulated  copper,  and  24  lbs.  zinc,  altogether 
120  lbs.,  which  is  distributed  into  4  crucibles. 
The  waste  in  fusion  is  2£  to  4  lbs.  (2— 3£  per 
cent.)  The  crucibles  are  carefully  made  of  a 
good  fire-clay  mixed  with  pounded  crucibles  in 
the  ratio  of  2  :  3.  They  are  16  inches  deep, 
9i  wide  at  the  mouth,  6£  at  the  bottom  ;  with 
a  thickness  in  the  sides  of  1  inch  and  1^  below; 
they  stand  from  40  to  50  meltings.  The  old 
brass,  which  fills  their  whole  capacity,  is  first 
put  in  and  melted  down  ;  the  crucibles  are  now 
taken  out,  and  are  charged  with  the  half  of  the 
zinc  in  pieces  of  from  1  to  3  cubic  inches  in 
size,  covered  over  with  coal  ashes ;  then  one 
half  of  the  copper  charge  is  introduced,  again 
coal-dust;  and  thus  the  layers  of  zinc  and  cop- 
per are  distributed  alternately  with  coal-ashes 
betwixt  them,  till  the  whole  charge  gets  finally 
fused.  Over  all,  a  thicker  layer  of  carbona- 
ceous matter  is  laid,  to  prevent  oxidizement  of 
the  brass.  Eight  crucibles  filled  in  this  way 
are  put  into  the  furnace  between  the  11  holes 
of  the  grate  shelf;  and  over  them  two  empty 
crucibles  are  laid  to  be  heated  for  the  casting 
operation.  In  from  3£  to  4  hours  the  brass 
is  ready  to  be  poured  out.  Fifteen  English 
bushels  of  coals  are  consumed  in  one  opera- 
tion; of  which  six  are  used  at  the  introduction 
of  the  crucibles,  and  four  gradually  afterwards. 

When  sheet  brass  is  to  be  made,  the  follow- 
ing process  is  pursued. 

An  empty  crucible,  called  a  caster  (Giesser), 
is  taken  out  of  the  furnace  through  the  crown 
with  a  pair  of  tongs,  and  is  kept  red  hot  by 
placing  it  in  a  hollow  hearth  (Mundal),  sur- 
rounded with  burning  coals;  into  this  crucible 
the  contents  of  four  of  the  melting  pots  are 
poured;  the  dross  being  raked  out  with  an 
iron  scraper.  As  soon  as  the  melting  pot  is 
emptied,  it  is  immediately  re-charged  in  the 
manner  above  described,  and  replaced  in  the 
furnace.  The  surface  of  the  melted  brass  in 
the  caster  is  swept  with  the  stump  of  a  broom, 
then  stirred  about  with  the  iron  rake,  to  bring 
up  any  light  foreign  matter  to  the  surface, 
which  is  then  skimmed  with  a  little  scraper; 
the  crucible  is  now  seized  with  the  casting 
tongs,  and  one  end  of  it  resting  on  an  iron  up- 
right, it  is  tilted  over  until  the  metal  has  flowed 
into  the  mould.  The  mould  consists  of  two 
granite  blocks;  the  upper  one,  being  movable, 
may  be  lowered  or  elevated  at  pleasure  to  make 
a  thicker  or  thinner  plate.  The  casting  faces 
of  the  slab  are  covered  with  as  thin  a  layer  as 
possible  of  finely  powdered  loam. 

Rolling  Sheet-brass.  At  Hegermiihl  there  are 
two  re-heating  or  annealing  furnaces,  one 
larger,  18  feet  long,  and  another  smaller,  8£; 
the  hot  chamber  is  separated  from  the  fire- 
place by  iron  beams,  in  such  a  way  that  the 
brass  castings  are  played  upon  by  the  flames 

1.  2.  3.  4. 

Copper 66  65-8  64-6  65-4 

Zinc 34  31-7  33-7  33-8 

Lead —  2-2  1-5  ?        0.g 

Tin —  0-2  0-2  5 
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on  both  their  sides.  After  each  passage 
through  the  laminating  press  (rolls)  mi 

heated  anew,  then  cooled  ami  laminated  afresh, 
till  they  have  reached  (he  proper  length.  The 
plates  are  besmeared  with  grease  before  rolling, 

For  wire,  the  brass  is  cast  in  bars,  win 
treated  as  in  drawing  iron-wire,  except  that 
they  require  more  frequent  annealing. 

After  rolling,  the  sheets  are  covered  with 
black  oxide  of  copper,  which  is  removed  In- 
placing  them  vertically  for  5  to  30  miim 
a  weak  mother-liquor  from  alum-works,  tlipn 
in  a  stronger,  and  rinsing  in  running  v 
They  are  then  stretched  flat,  scraped  with  a 
blunt  knife,  smeared  with  oil,  and  finally 
leveled  by  a  machine  like  that  for  planing 
iron.     SchutTarth. 

Composition  and  Properties.  The  composition 
of  good  brass  is  about  2  eq.  copper  to  1  eq. 
zinc,  so  that  its  formula  might  be  ZnCur  but 
the  relative  proportions  of  these  two  metals  are 
varied,  and  small  quantities  of  others  are  in- 
troduced, according  to  the  destination  of  the 
brass.  A  little  iron  hardens  it  and  diminishes 
its  tenacity  and  malleability.  We  usually  find 
traces  of  tin  and  lead  in  it,  arising  partly  from 
solder  in  the  old  brass  used  in  the  manufac- 
ture, and  the  lead  arising  from  a  small  quan- 
tity having  been  in  the  copper.  Tin  renders  it 
harder  and  stiffer,  and  even  a  ^  per  cent,  alters 
its  ductility.  The  presence  of  lead  renders  it 
better  adapted  to  the  lathe,  in  consequence  of 
the  harshness  it  imparts  to  it.  Pure  brass  with- 
out these  metals  is  very  ductile,  may  be  easily 
drawn  into  thin  wire,  rolled,  or  extended  by  the 
hammer. 

A  small  quantity  of  zinc  gives  a  reddish 
brass,  Tombac;,  the  above  formula,  Zn  Cu2, 
gives  a  golden  colo?,  a  larger  quantity  of  zinc 
produces  a  greenish  yellow,  and  when  the  alloy 
contains  more  than  half  zinc,  it  is  bluish  gray. 
The  density  of  the  alloy  is  greater  than  the 
mean  of  that  of  its  constituents. 

r.„„,™..  v;..„  Observed        Calculated 

Copper.         Zinc.  densjty  densjty 

70  30  8-443  8-390 

80  20  8-940  8-560 

Tempering  diminishes  its  density,  thus  the 
above  of  spec.  grav.  8-94  after  tempering  was 
8-92,  another  of  density  8-344  became  8-250. 
The  same  operation  also  diminishes  the  tena- 
city and  hardness  of  brass.  The  density  in- 
creases in  proportion  to  the  copper,  and  may 
even  equal  that  of  copper  itself,  hence  it  varies 
between  8-2  and  8-95.  Brass  expands  from 
32°  to  212° : 

Sheet-brass 0-001875,  Smeaton. 

Brass-wire 0-00 1 933 

"         "     0-001885,  Herbert. 

The  following  table  presents  the  composition 
of  different  kinds  of  brass  : 


100       100 


100 


100 


5. 

6. 

7. 

8. 

9. 

10. 

63-7 

82 

70-1 

80 

90-5 

91-2 

33-5 

18 

29-9 

17 

7-9 

5-6 

0-3 

— 

— 

— 

1-6 

1-4 

2-5 

— 

— 

3 

— 

1-8 

100 

100 

100 

100 

100 

100 
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BRAUNITE. 

No.  1  is  the  composition  of  a  good  brass. 
2.  Brass  from  Stolberg,  Germany;  3,  from 
Jemmapes,  France;  both  of  these  are  adapted 
to  the  lathe,  and  are  esteemed  of  superior 
quality.  4.  Brass-wire  from  Jemmapes,  a  soft 
brass  is  required  free  from  lead  and  tin.  5  and 
6.  Brass  or  bronze  for  gilding  recommended  by 
D'Arcet  for  this  purpose.  This  brass  should 
fuse  readily,  forming  a  very  fluid  metal,  should 
chase  and  turn  readily  in  the  lathe,  in  order  to 
take  up  as  little  gold  as  possible.  7.  Is  a  good 
brass  from  Romilly,  esteemed  as  excellent 
under  the  hammer,  for  which  purpose  it  should 
be,  if  possible,  more  ductile  than  that  for  wire, 
4,  and  therefore  very  free  from  lead  and  tin. 
The  addition  of  a  little  tartar  to  the  fluid  metal 
is  said  to  improve  it.  8.  This  composition  is 
employed  in  France  for  ornamenting  fire-arms, 
&c,  from  its  grain,  color, and  resistance  to  the 
air.  9.  Chrysocolla.  These  vary  much  in  com- 
position, but  all  contain  an  excess  of  copper. 
10.  Statuary  brass  often  confounded  with 
bronze.  The  composition  in  the  table  is  that 
of  one  of  the  statues  in  the  palace  of  Versailles, 
cast  by  the  brothers  Keller. 

Besides  the  above  there  are  various  other 
brasses  in  common  use,  passing  under  dif- 
ferent names,  which  resemble  some  of  the  pre- 
ceding in  composition,  their  different  proper- 
ties, if  there  be  such,  being  referrible  rather  to 
the  mode  of  manufacture  and  subsequent  me- 
chanical processes.  Red  brass  or  Tombac  re- 
sembles those  from  6  to  10.  From  this  and 
other  varieties  of  metal  free  from  tin  and  lead, 
and  generally  with  an  excess  of  copper,  Dutch 
foil  or  spurious  gold-leaf  is  manufactured  by 
hammering.  The  Lyons  gold-wire  is  made  by 
heating  thin  copper  bars  or  wire  in  earthen 
tubes  with  zinc,  the  fumes  of  the  latter  brazing 
the  copper  externally.  Vessels  may  also  be 
brassed  externally  by  boiling  them  in  dilute 
muriatic  acid,  containing  argal  and  zinc-amal- 
gam. For  brass  or  hard  solder,  2  pts.  brass  are 
melted  with  1  pt.  zinc,  or  4  pts.  copper  to  5 
zinc,  to  which  a  little  tin  is  sometimes  added. 
The  solder  may  be  made  harder  by  using  less 
zinc. 

Decomposition.  Good  brass  fuses  at  about 
1869°  (Danicll)  or  twice  the  temperature  of  a 
red  heat;  at  this  temperature  it  loses  a  con- 
siderable quantity  of  zinc,  which  burns  off,  but 
even  at  a  white  heat  there  remains  16  per  cent., 
and  at  a  long-continued  white  heat  some  3 — 4 
per  cent.  By  a  careful  calcination  in  the  air 
the  whole  of  the  zinc  may  be  burned  off.  It 
oxidizes  in  moist  air,  forming  a  coating  of  car- 
bonate ;  it  is  easily  dissolved  by  acids,  and 
hence  there  is  some  danger  in  employing  it  for 
some  domestic  utensils.  By  treatment  with 
dilute  muriatic  acid,  zinc  is  extracted,  and  it 
assumes  a  darker  color.  With  caustic  am- 
monia it  becomes  paler.  Various  shades  of 
color  may  be  imparted  to  brass  by  plunging  it 
in  mixtures  of  sulphuric  acid  and  nitre.  See 
farther  Bronze,  Copper,  Zinc. 

BRAUNITE.  Min.  Brachytypous  Manga- 
nese-ore, Mohs.  Descrip.  Cryst.  system,  Quad- 
ratic ;  the  two  angles  being  109°  58'  and  108° 
39',  it  is  closely  allied  to  the  regular  system. 
Combinations  are  several  sharper  and  obtuser 
octahedra  of  the  1st  order;  cleaves  parallel  to 


BRAZIL-WOOD. 

the  radical  octahedron.    Occurs  also  massive, 

fibrous. 

H.  =  6— 6-5.    G.  =  4-8— 4-9. 

Color  and  streak  brownish  black;  lustre  sub- 
metallic;  opake  ;  brittle;  fracture  uneven. 

Behavior  and  Analysis.  Anhydrous,  infusible, 
giving  the  reaction  of  oxide  of  manganese  with 
borax,  mic.  salt,  and  soda.  Soluble  in  muriatic 
acid,  evolving  a  little  chlorine,  leaving  some- 
times a  siliceous  residue.  Turner's  analysis 
of  B.  from  Elgersburg  in  Thuringen  Forest 
gave — 

Manganese 67-439 

Oxygen 29-352 

Baryta 2-260 

Water 0-949 

Silica trace 

100 

Its  formula  is  therefore  Mn203.  It  occurs  in 
veins  in  Porphyry  at  Oehrenstock  near  Ilmenau, 
at  Elgersburg,  &c,  in  Thuringen;  and  with  red 
Epidote  at  St.  Marcel  in  Piedmont. 

BRAZING.  Ger.  Messing-lothung.  Fr. 
Braser.  The  soldering  together  of  edges  of 
iron,  copper,  brass,  &c,  with  an  alloy  consist- 
ing of  brass  and  zinc,  sometimes  with  a  little 
tin  or  silver.  The  surfaces  to  be  thus  united 
must  be  filed  perfectly  bright,  and  not  be  soiled 
with  the  fingers  or  in  any  other  way.  The 
granular  or  nearly  pulverulent  alloy  is  usually 
wetted  with  a  paste  of  ground  borax  and  water, 
applied  in  this  state,  dried,  and  then  exposed 
carefully  to  bright  ignition  at  a  clear  forge  fire. 
Some  workmen  enclose  the  part  to  be  soldered 
in  a  clay  lute,  but  others  prefer  leaving  it  un- 
covered, that  they  may  see  when  the  solder  has 
flowed  freely,  and  entered  into  all  the  seams. 
CUre.) 

BRAZIL-WOOD.  Fr.  Bois  de  Fernambouc. 
Gcr.  Fernambuk  or  Brasilien-holz.  A  red  dye- 
wood  obtained  from  different  species  of  Cassal- 
pinia  growing  in  the  Brazils  in  South  America 
and  in  the  West  Indies.  Several  varieties  are 
known  in  commerce.  1.  The  proper  Brazil- 
wood said  to  be  derived  from  Cccsalpinia  echinata 
and  sometimes  called  Pernambuco  or  Femam- 
buca-wood  from  the  province  of  Brazil,  where  it 
is  collected.  2.  The  Brasilleito  obtained  from 
C.  Brazilknsis  and  Crista,  which  grows  in  Ja- 
maica and  other  parts  of  the  West  Indies. 
The  former  is  the  most  highly  valued.  3.  The 
Snppan  or  Sampfen  wood  obtained  from  C.  Sap- 
pan  possesses  properties  analogous  to  those  of 
the  brasilletto,  as  does  also  4.  Nicaragua  or  peach- 
ivood.  Brazil-wood  is  nearly  inodorous,  has  a 
slightly  sweetish  taste,  and  a  pale  red  color, 
when  newly  cut,  but  which  becomes  deeper  by 
exposure  to  air.  It  is  hard,  and  heavier  than 
water,  to  which  latter  it  imparts  its  coloring 
matter.  It  contains,  besides  a  coloring  matter 
called  Brasilin,  an  essential  oil,  having  the  taste 
and  odor  of  pepper,  free  acetic  acid,  acetates, 
and  other  salts. 

A  decoction  of  Brazil-wood  produces  a  red 
precipitate  with  protocloride  of  tin,  and  a  dark 
violet  with  sulphates  of  copper  and  iron.  The 
principal  use  of  Brazil-wood  is  in  dying;  a  red 
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BRAZILIN. 


BREVIC1TB. 


lake  is  prepared  from  it.  It  is  also  an  ingre- 
dient of  red  ink.  Its  colors  are  but  of  little 
permanency,  fading  by  the  influence  of  air  and 
light.  Soap  and  alkali  change  them  into  a 
dark  blue  or  purple. 

BRAZILIN.  Fr,  Bresiline.  Discovered  by 
Chevreul,  prepared  by  extracting  Brazil-wood 
with  water,  evaporating  to  dryness:  treating 
the  mass  with  alcohol,  evaporating  the  alcohol 
after  the  addition  of  some  water,  precipitating 
with  a  solution  of  glue,  filtering,  evaporating, 
and  treating  the  residue  with  alcohol,  from 
which  the  brazilin  crystallizes. 

It  forms  small  orange-colored  needles,  solu- 
ble in  water,  alcohol,  and  ether.  Its  solution 
is  reddish  yellow,  becoming  yellow  by  a  small 
addition  of  acid,  and  red  by  the  addition  of 
more,  by  alkalies  it  becomes  blue  or  violet; 
is  entirely  decolorized  by  sulphuretted  hydro- 
gen and  sulphurous  acid  gas.  It  combines 
with  bases  to  purple  or  violet  combinations; 
yields  precipitates  of  the  same  color  with  oxides 
of  lead  and  tin,  and  a  crimson  red  with  alum. 
Is  partly  volatilized  by  heat. 

BREAD,  a  food  prepared  from  the  meal  or 
flour  of  the  cerealia,  by  kneading  it  together 
with  water  into  a  dough,  and  exposing  it  to  the 
action  of  heat,  or  baking  it.  There  are  two 
principal  kinds  of  bread,  fermented  or  leavened, 
and  unfermenlcd  or  unleavened.  For  the  fer- 
mented or  leavened  bread,  the  dough  is  first 
made  to  undergo  a  kind  of  fermentation  by  the 
addition  of  leaven  or  dough,  which  is  already  in 
a  fermenting  state,  or  of  yeast.  The  first  is 
more  uncertain  and  slow,  and  is  apt  to  impart 
a  sour  taste.  The  panary  fermentation  seems  to 
be  an  alcoholic  fermentation  of  the  same  na- 
ture as  that  of  saccharine  matters,  by  which 
alcohol  and  carbonic  acid  are  generated,  which 
latter  remains  enclosed  in  small  bubbles  by  the 
toughness  of  the  gluten,  and  thereby  raises  the 
dough.  The  latter  is  then  again  kneaded  over 
with  some  fresh  flour,  moulded  or  shaped  into 
different  forms,  and  after  having  been  kept  for 
a  short  time  in  a  warm  place  to  induce  a  new 
fermentation,  by  which  they  swell  up  to  about 
double  their  original  size,  they  are  then  baked 
or  subjected  to  the  action  of  heat  in  an  oven,  by 
which  they  still  more  enlarge  by  the  dilatation 
of  the  enclosed  carbonic  acid,  and  become  light 
and  porous.  Along  with  carbonic  acid  traces 
of  alcohol  are  at  the  same  time  produced,  but 
not  in  sufficient  quantity  to  be  worth  collecting 
for  economical  purposes.  By  the  panary  fer- 
mentation not  only  a  portion  of  the  amylum 
passes  into  the  saccharine  state,  and  from 
thence  into  carbonic  acid  and  alcohol,  but  a 
mutual  action  seems  at  the  same  time  to  take 
place  between  the  rest  of  the  amylum  and  the 
gluten,  by  which  they  lose  their  tenacious 
and  glutinous  character,  and  become  more 
palatable  and  digestible.  This  change  is  still 
more  increased  by  the  subsequent  baking, 
which  puts  a  stop  to  all  further  fermentation 
or  change  by  exposure  to  the  elevated  tempera- 
ture and  the  evaporation  of  a  great  portion  of 
the  water.  Good  fermented  bread  can  there- 
fore only  be  made  of  such  flour  as  contains  a 
sufficient  quantity  of  gluten,  otherwise  the 
bread  becomes  heavy,  unpalatable,  and  indi- 
gestible. Wheaten  flour  affords,  in  this  point, 
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the  best  bread,  and  more  or  less  of  it  is  gene- 
rally added  to  other  kinds  of  llour  for  fermented 
bread. 

Biscuit  forms  the  best  kind  of  unleavened  or 
unfermented  bread,  the  dough  of  which  is  not 
subjected  to  any  fermentation  previous  to  being 
baked. 

Bread  forms  a  main  article  of  food.  The 
best  is  made  from  wheat.  Fine  bread  prepared 
from  flour  only  (bolted)  is  the  most  nutritive 
and  digestive,  that  which  contains  the  bran  is 
laxative,  and  therefore  preferable  to  persons 
troubled  with  habitual  constipation.  Rolls  and 
other  kinds  of  fancy  bread,  are  less  digestible 
than  common  loaf  bread.  All  kinds,  when 
eaten  new,  are  injurious  to  dyspeptics.  Un- 
leavened bread  sometimes  suits  the  stomach 
of  such  people  when  leavened  bread  disagrees. 
That  which  is  free  from  butter  is  to  be  pre- 
ferred. 

In  baker's  bread,  which  is  always  whiter  than 
homemade  bread,  small  quantities  of  alum  are 
said  to  be  mixed  into  it,  with  the  view  of 
whitening  or  bleaching  it.  According  to  Ac- 
cum  (on  the  adulteration  of  food),  the  smallest 
quantity  for  this  purpose  is  from  3  to  4  ounces 
to  a  sack  of  flour,  or  240  lbs.  of  flour,  but  is  in- 
creased in  proportion  to  the  inferiority  of  the 
flour.  If  so,  it  must  be  considered  as  an  inju- 
rious addition,  occasioning  constipation,  &c. 
Another  article  occasionally  employed  in  bread- 
making,  in  order  to  make  it  lighter,  and  to 
neutralize  any  acid  that  may  have  been  formed, 
is  carbonate  of  ammonia.  It  being  entirely 
dissipated  by  heat,  its  use  may  be  considered 
perfectly  harmless.  Of  injurious  adultera- 
tions, small  quantities  of  sulphate  of  copper 
are  said  sometimes  to  have  been  added  to 
bread  in  order  to  improve  its  color.  The  most 
nefarious  adulteration  of  bread  consists  in  the 
addition  of  certain  insipid  and  colorless  earthy 
substances,  with  a  view  of  increasing  its 
weight,  such  as  pipe  clay,  porcelain  clay,  chalk, 
plaster  of  Paris,  &c.  All  these  adulterations 
are  easily  detected  by  incineration  in  a  cruci- 
ble, by  which  they  are  left  behind,  and  may  be 
examined.  For  ordinary  purposes,  the  experi- 
ment may  be  performed  by  dissipating  a  por- 
tion of  the  bread  over  a  coal-fire  on  a  fire- 
shovel,  when  the  adulterations  are  left  behind. 

BRECCIA.  Geol.  A  conglomerate,  com- 
posed of  angular  fragments  of  rocks  imbedded 
in  or  cemented  by  siliceous,  calcareous,  or  fer- 
ruginous matter,  is  termed  breccia.  In  many 
instances  the  fragments  and  cement  are  so 
firmly  united  that  the  rock  may  be  broken,  cut, 
and  polished  as  a  whole.  Some  parts  of  the 
Potomac  marble,  having  angular  fragments,  is 
a  breccia.     See  Conglomerate. 

BREISLAKITE.  Min.  Occurs  in  fioccuke 
of  delicate  flexible  capillary  crystals  of  a 
chestnut  brown  color,  and  with  a  metallic 
lustre.  It  contains  silica,  alumina,  and  iron; 
little  else  is  known  of  its  chemical  character. 
It  has  been  observed  at  Vesuvius,  and  Cape  di 
Bove  near  Rome,  forming  woolly  flocculse  in 
cavities  of  lava,  and  accompanying  Nephelin 
and  Augite. 

BREVICITE.  Min.  Occurs  in  transparent 
prisms,  and  foliated,  in  the  trachytic  rock  of 
Brevig,  in  Norway.    It  acts  like  other  zeolites, 


BREWING. 

giving  off  water,  and  fusing  to  a  colorless, 
vesicular  glass.    Sonden's  analysis  gives 

Silica 43-88 

Alumina 28-39 

Soda 10-32 

Lime 6-88 

Magnesia 0-21 

Water 9-63 


99-31 
Formula, 

QMof)  -> 

3  CaO  5  2  Si°3  +  3  (A12°3>  Si°3)  +  6  HO. 
See  Mesole  and  Mesotype. 
BREWING.    Tech.    The  technical  processes 
by  which  malt-liquors  are  manufactured.   Refer 
to  Beer. 

BREWSTERITE.  Min.  Syn.  Megallogo- 
nous  Kouphone-spar,  Haid.  Descrip.  Cryst. 
system,  Oblique  Rhombic.  Combination,  the 
vertical  prism  with  1st  and  2d  lateral  planes, 
the  oblique  terminal  plane  and  its  oblique 
prism. 
Term,  plane  on  2d  lateral  plane  =    93°  40' 

"         "       "   its  oblique  prism  =  176° 
The  oblique  prism  =  172° 

Cleaves  perfectly  parallel  to  2d  lateral  plane. 

H.  =  5—5-5.     G.  =  2- 1 2—2-4. 

White,  yellowish  ;  lustre  of  2d  lateral  plane, 
pearly,  the  others  vitreous ;  transparent,  trans- 
lucent; streak  white;  fracture  uneven. 

Behavior  and  Analysis.  In  behavior,  it  resem- 
bles the  zeolites,  giving  off  water,  frothing, 
fusing,  and  leaving  silica  in  mic.  salt.  Solu- 
ble in  acids,  leaving  gelatinous  silica.  Ana- 
lyzed, 1,  by  Connel  from  Strontian ;  2,  by 
Thomson : 

1.  2. 

Silica 53.66  53-05 

Alumina 17-49  16-54 

Baryta 6-75  6-05 

Strontia 8-32  9-00 

Lime 1-35  0-80 

Peroxide  of  iron 0-29  — 

Water 12-58  14-74 


100-44 


100-18 


Empirical  formula,  BaO 4-2 SrO-f-4  A1203-f 
15  Si054-  18  HO  ;  rational  formula, 

4  BaO  }  Sl°3  ]  +  4  ( A12°3.  3  Si03)  +  1 8  HO. 

Localities.  Strontian  in  Scotland;  Giant's 
Causeway;  lead  mines  of  St.  Turpet,  near 
Freiburg  in  the  Brisgau;  in  depart,  of  Isere  in 
France;  in  the  Pyrenees. 

BRICK.  Ger.  Backstein,  Ziegelslein ;  Fr. 
Brique.  A  solid  body  of  rectangular.orany  other 
shape,  made  of  clay  and  burned,  and  used  for 
the  construction  of  walls  or  other  building  pur- 
poses. Clays  fit  for  the  manufacture  of  bricks 
occur  widely  extended.  For  the  chemical  com- 
position of  pure  clay  and  itsdifferent  chemical 
properties,  see  under  Clay  and  Pottery. 

For  the  manufacture  of  bricks,  the  clay  is 
dug  and  heaped  in  the  fall,  exposing  it  during 
the  whole  winter  to  the  action  of  the  atmo- 
sphere and,  more  particularly,  to  that  of  the 
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BRICK. 

frost,  in  order  to  crumble  it  down,  or  to  mellow 
it.  It  is  then  tempered  or  worked  over  in  heaps, 
being,  at  the  same  time,  watered  and  left  to 
soak  for  several  days,  and  at  last  kneaded  by 
the  treading  of  men  or  oxen.  The  latter  opera- 
tion is  the  most  laborious,  but  also  the  most 
important,  on  which,  in  a  great  measure,  the 
quality  of  the  bricks  depends.  The  clay  is 
then  brought  to  the  bench  of  the  moulder,  who 
dashes  a  sufficient  quantity  into  the  mould, 
which  consists  of  a  rectangular  frame  or  box, 
without  bottom  or  top,  and  made  of  wood  or 
iron.  The  brick  is  then  carried  away  in  the 
mould  and  dexterously  shaken  out  of  the  mould 
in  rows  on  a  prepared  ground  or  floor.  In  order 
to  prevent  the  bricks  from  adhering  to  the 
mould  or  the  ground,  both  are  sprinkled  with 
fine  dry  sand.  When  they  have  acquired  suf- 
ficient firmness  to  bear  handling,  they  are 
brought  under  a  shed  and  piled  on  edge  into 
open  hollow  walls,  so  as  to  admit  the  air  freely 
between  them.  Those  which  require  a  more 
accurate  shape,  as  when  intended  for  front 
walls  of  houses,  are  pressed  in  a  press  on  their 
removal  from  the  ground.  A  first  rate  moulder 
has  been  known  to  deliver  from  10,000  to  11,000 
bricks  in  a  long  summer's  day,  but  the  average 
produce  is  not  more  than  half  this  number, 
depending  more  or  less  on  the  quality  of  the 
brick. 

When  sufficiently  dry,  the  bricks  are  burned 
in  a  kind  of  furnace,  generally  called  kiln,  con- 
sisting merely  of  four  walls,  being  open  on  the 
top,  and  having  at  the  bottom,  on  two  opposite 
sides,  arched  openings,  through  hich  the  firing 
is  performed  by  throwing  in  the  fuel  (gene- 
rally wood).  The  bricks  are  piled  inside  the 
kiln,  so  as  to  form  arched  flues  from  the  fire- 
openings  on  the  one  side  to  the  openings  ou 
the  opposite,  from  which  the  flame  then  pene- 
trates through  all  the  bricks  in  the  kiln,  being 
piled  on  edge  so  as  to  leave  interstices  between 
them.  In  England  bricks  are  often  burned  in 
clamps  built  of  air-dried  bricks  instead  of 
burned  bricks.  In  burning  bricks  the  heat 
must  at  first  be  gentle,  to  finish  the  drying  and 
prevent  the  bricks  from  cracking  or  warping; 
the  heat  is  then  gradually  increased  till  the 
upper  layers  become  red-hot,  after  which  the 
fire  is  abated,  and  at  last  suffered  to  go  out. 
The  bricks  in  the  lower  part  are  burned  harder 
and  are  of  a  darker  color;  those  towards  the 
top  of  a  lighter  color.  One  firing  will  last,  ac- 
cording to  the  size  and  construction  of  the 
kiln,  from  24  hours  to  6  or  8  days.  Burning 
in  clamps,  from  20  to  30  days. 

The  ingredients  which  form  the  constituents 
of  brick-clay  are  clay  and  sand,  with  small 
portions  of  lime  and  oxide  of  iron.  On  the 
clay  depends  its  plasticity  and  property  of 
hardening  by  burning;  but  without  a  sufficient 
quantity  of  sand  it  would  be  apt  to  warp  and 
crack  by  the  drying  and  burning.  Lime  and 
oxide  of  iron  render  the  mass  more  fusible, 
and  therefore  capable  of  cementing  and  hard- 
ening at  a  lower  temperature.  The  red  color 
of  bricks  depends  on  their  content  of  oxide  of 
iron.  Calcareous  clays  generally  yield  bricks 
of  a  yellowish  or  light  color  and  harder,  but 
less  capable  of  withstanding  heat  without 
speedy  fusion.  These  different  ingredients  of 
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brick-clay  are  very  often  found  in  the  right 
proportions,  but  can  sometimes  only  be  ob- 
tained by  mixing  different  clays,  or  by  adding 
more  or  less  of  one  of  the  ingredients.  Where 
the  clay  is  very  plastic  it  is  necessary  to  mix 
it  with  more  sand  to  prevent  it  from  cracking 
and  warping.  Calcareous  clays  are  often 
mixed  with  coal  ashes. 

Fire-bricks  are  made  of  the  finest  varieties 
of  clay  nearly  free  from  oxide  of  iron  and  lime, 
and  burned  by  a  higher  heat  in  potters'  kilns. 

Seowring-brieks  are  made  of  extremely  fine 
sand  and  clay,  both  previously  freed  by  inch- 
ing over  from  all  coarser  particles,  and  mixed 
together  in  the  right  proportion  and  burned. 

.F/oa^'ng-bricks  is  the  name  of  a  variety  of 
bricks  so  light  as  to  float  on  water.  They  are 
made  of  a  peculiar  light  magnesian  earth 
sometimes  called  fossil-meal.  They  resemble 
common  bricks  in  appearance,  but  are  of  a 
whiter  color  and  much  lighter.  Floating-bricks 
are  mentioned  by  Pliny  and  other  ancient 
writers. 

The  goodness  of  bricks  depends  on  their 
hardness,  porosity,  fusibility,  and  power  of  re- 
sisting exposure  to  atmospheric  agencies,  ac- 
cording to  the  purpose  for  which  they  are  in- 
tended. 

BRIGHTENING.  Ger.  Schonung.  Fr.  Avi- 
ver,  eclaircir.  Tech.  A  process  in  dyeing,  by 
which  the  dyed  goods  receive  a  final  treatment 
before  finishing,  in  order  to  render  the  colors 
more  brilliant  or  to  alter  their  tone.  It  is  gene- 
rally done  by  passing  them  through  a  dilute 
solution  bath,  of  a  substance  producing  the  de- 
sired effect.  The  chemical  nature  of  coloring 
matters  being  extremely  different,  the  bright- 
eners  necessarily  vary.  The  most  frequent 
are  a  hot  or  cold  soap  or  alkaline  bath,  tin- 
salt,  &c. ;  acids  are  rarely  used. 

BRILLIANT.  A  name  sometimes  applied 
to  gems,  especially  to  the  diamond. 

BRIMSTONE.  Tech.  A  common  appella- 
tion for  sulphur,  becoming  obsolete.  See  Sul- 
phur. 

BRITHYNE-SALT.  Min.   See  Glauberite. 

BRITISH  GUM.  Syn.  Torrefied  or  roasted 
starch;  Ger.  Gerostete  StiLrke;  Fr.  Amidon 
torrefie.  It  is  obtained  by  slightly  heating 
starch  in  close  vessels.  Well  dried  starch  (or 
even  potatoes)  is  heated  to  300°  in  sheet-iron 
trays,  when  it  puffs  up,  giving  off  vapors  and 
the  odor  of  highly  baked  bread,  and  forming 
yellowish  brown  masses.  It  is  ground  into  fine 
flour,  and  thrown  in  this  state  into  the  market. 
It  is  thus  converted  into  a  gummy  substance, 
soluble  both  in  cold  and  hot  water,  forming  a 
thick  solution,  and  hence  its  use  by  calico- 
printers  for  thickening  various  mordants  or 
thin  solutions  in  order  to  print  them.  See 
Caltco-printtno  and  Starch. 

BRITTANIA  METAL.  Tech.  Various  al- 
loys of  tin,  with  lead,  copper,  antimony,  &c, 
are  employed  under  the  names  of  Pewter,  Brit- 
tania  Metal,  Queen's  Metal,  in  which  the  pro- 
portion of  the  component  metals  is  different  for 
the  different  alloys,  and  even  variable  for  an 
alloy  of  the  same  name,  according  to  the  expe- 
rience of  the  manufacturer.   See  Jllloys  of  Tin. 

BRITTLE  SILVER.    Min.    Syn.    Prismatic 
Melane-sdance,   M.      Brittle    Silver    Ore    or 
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Glance;  Black  Silver;  Ger.  SprSdglaserz  5  Fr. 
Argent-Antimon.ie  Sulphur^  noir.  H. 

Description.  Cryst.  system,  Right  Rhombic. 
Comb,  vertical  prism,  with  terminal  places  of 

lateral  axes,  teminated  by  the  rhombic  N-hedrou 
and  a  1st  horizontal  prism;  frequently  com- 
pounded like  Arragonite.  Cleavage  imperfect, 
parallel  to  1st  horizontal  prism  and  1st  ter- 
minal plane.  It  also  occurs  as  a  loosely  co- 
hering granular  mass. 

H.  =  2— 2-5.     G.=  5-9— 01. 
Color  and  streak  iron-black;  lustre  metallic; 
sectile;  fracture  uneven. 

Behavior.  In  an  open  tube  it  fuses,  giving  a 
coating  of  antimony,  and  sometimes  crystals  of 
arsenious  acid;  on  charcoal  it  produces  a  faint 
white  coating,  often  with  arsenical  odor,  yield- 
ing a  dark  gray  metallic  button,  which,  with 
the  addition  of  soda  in  the  reducing  flame, 
leaves  a  globule  of  silver.  It  is  wholly  decom- 
posed by  nitric  acid,  partially  by  potassa.  H. 
Rose's  analysis  of  brittle  silver  from  Schem- 
nitz  gave 

Silver 68-54 

Antimony 14-68 

Sulphur 16-42 

Gangue 0-64 


100-28 


Formula  =  6  AgS  -}-  SbS3.  See  Antimonial 
Ores. 

Localities.  This  valuable  ore  of  silver  occurs 
with  other  silver  ores  at  Freiberg,  Schneeberg, 
Annaberg,  Johaun-Georgenstadt,  in  Saxony; 
Przibram,  Ratieborzitz,  Joachimsthal,  in  Bo- 
hemia; Andreasberg  on  the  Harz;  Schemnitz, 
Kremnitz,  in  Hungary;  Zacatecas  in  Mexico, 
&c.  Werner's  Schwarzgultigerz  includes  the 
compact  varieties,  while  his  Weissgiiltigerz  is 
a  mixture  of  brittle  silver,  galena,  and  gray 
antimony. 

BRITTLE  VITREOUS  SILVER.  Min.  Syn. 
Antimonial  Sulphuret  of  Silver;  Peritomous 
Antimony-glance,  Mohs;  Ger.  Schilfglaserz. 

Destrip.  Cryst.  system, Right  Rhombic;  the 
radical  8-hedron  not  observed;  combinations 
are  several  vertical  and  2d  horizontal  prisms, 
and  a  1st  horizontal  prism,  parallel  to  which 
its  cleavage  is  perfect.  The  main  vert,  prism 
with  term,  plane  gives  a  6-sided  prism,  often 
with  term,  plane  of  main  axis.  Main  vert, 
prism  =99°  48',  Huusmann;  100°,  Phillips. 
H.  =  2—2-5.     G.  =  6-196,  Hausm. 

Color  silver  and  steel-gray  to  dark  lead-gray; 
lustre  metallic,  splendent;  not  very  brittle,  with 
an  imperfect  conchoidal  fracture. 

Behavior  and  Analysis.  On  coal  it  gives  off 
sulphurous  odor  and  white  fumes,  producing  a 
coating  of  antimony  and  lead,  leaving  a  button 
of  silver,  which  sometimes  yields  copper  to 
borax.  Wohler's  average  analysis  of  this 
mineral  from  Freiberg  gave 

Silver 22.93 

Lead 30-27 

Antimony 27-38 

Sulphur 18-74 

99-32 


BROCHANTITE. 

Wohler  proposes  the  formula  {3  AgS,SbS34- 
2  (3  PbS,  SbS3)}+  {2  AgS,  SbS3+  PbS,SbS3}, 
in  which  the  1st  member  is  Ruby  silver,  the  2d 
Boulangerite,  the  4th  Zinkenite,  and  the  3d  is 
unknown.    Berzelius  proposes  the  formula, 

PbS,  SbS3  +  PbS, 
2  (PbS,  SbS3)  +  3  PbS, 
2  (AgS,  SbS3)  4-  3  AgS. 

in  which  the  1st  is  Feather  ore,  and  the  others 
unknown. 

Localities.  Freiberg,  Saxony;  Kapnik,  Tran- 
sylvania. 

BROCHANTITE.  Min.  Syn.  Basic  Sul- 
phate of  Copper.  Descrip.  Cryst.  system,  Right 
Rhombic.  Comb,  vertical,  1st  and  2d  horizon- 
tal prisms,  and  terminal  planes  of  axes,  that 
of  the  main  axis  being  usually  large,  giving  a 
tabular  crystal;  vert,  prism  =  114°  20',  with 
dull,  blackish  surface,  and  cleavage  imperfect 
parallel  to  it. 

H.  =  3-5— 4.     G.  =  3-78— 3-87. 

Color  emerald  green;  transparent;  lustre 
vitreous  ;  sometimes  pearly.     G.  Rose. 

Behavior  and  Analysis.  Fuses  on  charcoal  to 
a  malleable  globule  of  copper;  in  an  open  tube 
gives  off  water  and  sulphurous  acid;  fused 
with  excess  of  soda,  and  moistened,  it  leaves  a 
brown  stain  on  silver;  with  borax  and  mic.  salt, 
it  gives  the  usual  reaction  of  copper.  It  is  in- 
soluble in  water,  soluble  in  acids.     (Magnus.) 

The  two  analyses  are  by  Magnus,  of  B.  from 
Retzbanya  in  Hungary. 

Oxide  of  copper 62-626  66-935 

Sulphuric  acid 17-132  17-426 

Water 11-887  11-917 

Oxide  of  tin 8-181  3-145 

Oxide  of  lead 0-030  1-048 


99-856       100-471 


Omitting  the  oxide  of  tin,  which  is  variable, 
a  little  Red  Copper  ore  and  Malachite,  its 
formula  is  3  CuO,  S03  +  3  HO. 

Local.  Retzbanya, in  Hungary;  Ekatherinen- 
burg,  Siberia.  It  is  probably  the  same  with 
the  mineral  examined  by  Children  from  the 
latter  locality.  Berthier  analyzed  a  granular, 
earthy  mineral,  of  a  verdigris-green,  color  from 
Mexico,  which  is  allied  to  Brochantite.  He 
found  oxide  of  copper  66-2  -4-  sulphuric  acid 
16-6+  water  17-2,  which  leads  to  the  formula, 
4  CuO,  SO3+  4  HO,  Rammelsbcrg.  Forchham- 
mer  described  at  the  meeting  of  Scandinavian 
Naturalists  a  mineral  from  Krisuvig  in  Iceland, 
which  he  termed  Krisuvigite.  It  is  of  an  eme- 
rald-green color,  and  consists  of  oxide  of  cop- 
per 18-88  +  sulphuric  acid  67-75  -f-  water  12-81 
-4-  oxide  of  iron  and  alumina  0-56,  which  ap- 
proaches the  form.,  4  CuO,  S03  -f  3  HO.  Berz. 
Jahresb.  xxiii.  264. 

BROGNIARTIN.     Min.     See  Glauberite. 

BROMAL.  Chem.  Discovered  by  Lowig. 
Formed  by  the  action  of  bromine  on  alcohol 
and  ether.  Prep.  To  1  pt.  absol.  alcohol  in  a 
retort  surrounded  with  ice,  add  13-8  pts.  bro- 
mine through  a  funnel-tube  in  the  tubulure,  in 
small  portions,  as  soon  as  each  portion  added 
disappears,  and  the  mixture  cools;  warm  the 
liquid,  then  add  3  times  the  volume  of  the  mix- 


BROMINE. 

ture  of  concent,  oil  of  vitriol  and  distil.  Bro 
mohydric  acid,  bromine,  and  bromide  of  ethyl 
first  pass  over,  lastly  pure  bromal,  which  is 
purified  similarly  to  chloral,  to  which  refer. 

Prop.  A  colorless,  oily  liquid,  of  a  peculiar 
pungent  odor,  attacking  the  eyes,  and  a  sharp, 
acrid  taste;  spec.  grav.  =  3-34;  boils  above 
212°;  does  not  act  on  vegetable  colors;  dis- 
solves sulphur  and  phosphorus;  is  soluble  in 
water,  alcohol,  and  ether;  is  decomposed  by 
chlorine  and  fuming  nitric  acid ;  with  caustic 
alkali  it  produces  bromide  of  the  metal,  per- 
bromide  of  formyl,  and  an  alkaline  formiate. 

Hydrate  of  Bromal  An  aqueous  solution  of 
bromal,  by  slow  evaporation  in  the  air,  pro- 
duces large,  regular  crystals,  transparent,  color- 
less, and  camphor-like,  similar  in  form  to  blue 
vitriol,  fusible  by  a  gentle  warmth.     Formula, 

Bromal C4HBr302  =  C4Br30  +  HO. 

HydrateofB.  C4H5Br306=C4Br30,HO+4aq. 

BROMATES,  BROMIC  ACID,  BROMIDES. 
See  Bromine. 

BROMIC  SILVER.  Min.  In  the  district  of 
Plateros,  in  Mexico,  among  the  horn  silver 
ores  (chloride  of  silver)  of  the  mine  San  Onofre, 
are  small  grains  and  crystals,  externally  green, 
internally  yellow,  which  Berthier  proved  to  be 
pure  bromide  of  silver,  AgBr.  It  is  associated 
with  chloride  of  silver,  carbonate  of  lead,  and 
oxide  of  iron. 

BROMINE.  Syn.  Bromium  ;  Ger.  Brom  ; 
Gr.  fyv/ua,  smell.  Sym.  Br.  Equiv.  78-4  (978-31, 
O  =  100),  Berz.;  75-76,  Lowig;  75-288,  Liebig. 
Discovered  in  1826,  by  Balard  of  Montpellier. 
Bromine  in  its  chemical  relations  bears  a  close 
analogy  to  chlorine  and  iodine,  and  is  always 
associated  with  the  former,  sometimes  with  the 
latter.  It  exists  in  sea-water  in  the  form  of 
bromide  of  sodium  or  magnesium,  but  its  rela- 
tive quantity  is  very  minute;  and  even  bittern 
contains  it  in  small  proportion.  It  has  been 
detected  in  the  waters  of  the  Mediterranean, 
Baltic,  North  Sea,  and  Frith  of  Forth;  in  the 
waters  of  the  Dead  Sea ;  in  a  variety  of  salt  and 
mineral  springs  in  Germany,  Switzerland,  Eng- 
land, at  Saratoga,  and  in  salines  in  the  United 
States,  in  New  Grenada,  &c;  in  marine  plants 
growing  on  the  shores  of  the  Mediterranean, on 
the  coast  of  Holland;  in  the  ashes  of  some 
animals,  especially  in  those  of  the  Janthina 
violacea,  one  of  the  testaceous  mollusca. 

Prep.  Bromine  is  usually  extracted  from 
bittern.  Transmit  a  current  of  chlorine  gas 
through  bittern;  the  free  bromine  immediately 
communicates  an  orange-yellow  tint  to  the 
liquid;  an  excess  of  chlorine  must  be  avoided; 
then  agitate  a  portion  of  sulphuric  ether  with 
the  liquid,  which  dissolves  the  whole  of  the 
bromine,  assuming  a  beautiful  hyacinth-red 
tint,  and  on  standing  rises  to  the  surface. 
Agitate  the  ethereal  solution  with  caustic  po- 
tassa  to  form  bromide  of  potassium  and  bro- 
mate  of  potassa;  evaporate  to  dryness,  and 
ignite,  to  convert  the  whole  into  bromide  of  po- 
tassium, and  distil  with  sulphuric  acid  and 
peroxide  of  manganese. 

Prop.  At  common  temperatures  it  is  a  li- 
quid, between  —2°  and  —13°  congealing  to  a 
yellowish  brown,  brittle,  lamellar,  crystalline 
mass;  spec.  grav.  2-98  at  59°  ;  color  blackish 
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red,  when  viewed  in  mass  and  sby  reflected 
light,  but  hyacinth-red  in  a  thin  stratum  of 
transmitted  light.  Its  odor,  somewhat  re- 
sembling chlorine,  is  very  disagreeable,  and 
its  taste  acrid  and  astringent.  At  common 
temperatures  it  emits  red-colored  fumes,  very 
similar  to  those  of  peroxide  of  nitrogen  ;  and 
at  113°  it  enters  into  ebullition.  Spec.  grav. 
of  its  vapor  =  5-54,  Mitsckerlich;  by  calcula- 
tion =5-3930:  100  cubic  inches  at  60°  and  30 
inches  B.  should  weigh  167-25  grains.  It  is  a 
nonconductor  of  electricity,  and  suffers  no 
chemical  change  from  the  imponderables,  or 
by  being  transmitted  through  a  red-hot  glass 
tube.  It  is  soluble  in  33-3  water  at  59°,  the  so- 
lution remains  fluid  at  — 4°,  and  loses  all  bro- 
mine by  heat;  soluble  in  alcohol,  much  more 
in  ether,  but  it  changes  these  bodies;  see 
Bromal.  It  does  not  redden  litmus  paper,  but 
bleaches  it  and  a  solution  of  indigo  like  chlo- 
rine. Its  vapor  extinguishes  a  lighted  taper: 
which  burns  for  a  few  seconds  with  a  flame 
greenish  at  its  base  and  red  above.  Antimony 
and  tin  take  fire  in  bromine;  and  potassium 
produces  intense  heat  and  a  vivid  flash  of  light. 
It  acts  with  energy  on  organic  matters,  such  as 
wood  or  cork,  and  corrodes  the  animal  texture ; 
if  a  little  be  applied  to  the  skin  it  communi- 
cates a  transient  yellow  stain,  but  in  larger 
quantities  causes  violent  inflammation.  One 
drop  of  it  placed  in  the  beak  of  a  bird  proved 
fatal. 

Hydrate  of  Bromine.  By  exposing  a  mixture 
of  much  bromine  with  a  little  water  to  32°  it 
forms  regular  octahedra  of  a  hyacinth-red 
color,  which  separate  again  into  bromine  and 
water  at  59°.  Formula,  Br,  10  HO,  or  46^  per 
cent,  bromine. 

Use.  Bromine  has  been  latterly  employed  to 
a  limited  extent  in  medicine;  much  more  ex- 
tensively in  the  Daguerreotype,  to  obtain  a  sur- 
face of  silver  more  sensitive  to  the  decomposing 
action  of  light. 

Analysis.  Bromine  is  tested,  as  described 
under  its  preparation,  by  passing  chlorine 
through  a  solution  supposed  to  contain  it,  when 
a  brownish  yellow  color  indicates  its  presence; 
the  color  may  be  farther  concentrated  by  shak- 
ing with  ether.  Its  quantity  is  determined  by 
precipitating  it  as  bromide  of  silver.  It  is 
separated  from  iodine  by  adding  chloride  of 
palladium,  which  precipitates  iodide  of  palla- 
dium. From  chlorine  it  cannot  be  separated 
accurately,  the  best  method  being  to  precipi- 
tate by  nitrate  of  silver,  weigh  the  fused  bro- 
mide and  chloride,  then  to  pass  chlorine  over 
a  weighed  quantity  of  the  latter,  which  con- 
verts the  whole  into  chloride,  and  to  calculate, 
from  the  difference  in  weight  compared  with 
the  equivalents  of  chlorine  and  bromine,  the 
auantity  of  bromine. 

Bromohydric  acid.  Syn.  Hydrobromic  acid; 
Ger.  Bromwasserstoffsiiure. 

Prep.  No  action  takes  place  between  bro- 
mine and  hydrogen  at  common  temperatures, 
uot  even  by  the  direct  solar  rays;  but  on  intro- 
ducing a  piece  of  red-hot  iron,  combination 
ensues  in  the  vicinity  of  the  heated  body, 
though  R'ithout  extending  to  the  whole  mixture, 
and  without  explosion.  It  decomposes  water 
slowly  by  sun-light.  It  decomposes  some  of 
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the  gaseous  compounds  of  hydrogen,  iodohydric 
acid,  sulphuretted  or  phosphuretted  hydrogen 
gas,  and  liquid  ammonia  form  bydric 

acid.  1.  It  may  be  made  by  combining  bro- 
mine and  phosphorus,  and  slightly  moistening 
it,  when  it  yields,  by  the  aid  of  gentle  heat,  pure 
bromohydric  acid  gas,  which  should  be  col- 
lected over  mercury.  2.  Warm  a  mixture  of 
1  phosphorus,  12-5  bromine  and  7-8  of  bromide 
of  potassium  with  a  little  water.  KBr-|-5 
Br+  P-f-  6HO=KO,  POs+  G  HBr. 

Prop.  A  colorless  gas,  of  a  very  acid  taste, 
and  pungent  odor,  exciting  coughing;  it  yields 
white  vapors  when  mixed  with  moist  air.  Spec, 
grav.  2-75.  Its  solution  in  water  is  made  by 
transmitting  a  current  of  bromohydric  acid  gas 
into  pure  water;  which  becomes  hot  during 
the  condensation,  acquires  great  density,  and 
increases  in  volume,  or  it  may  be  made  as  the 
gas  above,  without  distillation.  It  emits  white 
fumes  when  exposed  to  the  air;  is  colorless 
when  pure;  spec.  grav.  of  the  densest  solu- 
tion =  1-29 ;  the  latter  boils  below  212°,  but  the 
feebler  acid  above;  it  dissolves  a  large  quan- 
tity of  bromine,  receiving  a  brownish  tint.  It 
undergoes  no  decomposition  in  a  red-hot  tube, 
either  alone,  or  mixed  with  oxygen.  It  is  not 
affected  by  iodine;  but  chlorine  decomposes  it 
instantly,  with  production  of  hydrochloric  acid 
gas,  and  deposition  of  bromine.  It  may  be  pre- 
served without  change  over  mercury;  but  po- 
tassium and  tin  decompose  it  with  facility,  the 
former  at  common  temperatures,  and  the  latter 
by  the  aid  of  heat.  Nitric  acid  acts  upon  it  at 
first  slowly,  then  rapidly,  producing  bromine, 
water,  and  peroxide  of  nitrogen.  Nitro-hydro- 
bromic  acid  dissolves  gold ;  sulphuric  acid  pro- 
duces, with  hydrobromic,  sulphurous  acid, 
water,  and  bromine.  Most  basic  metallic  oxides 
decompose  it  by  heat  into  a  metallic  bromide 
and  water;  those  of  lead  and  silver  in  the  cold. 
Metallic  acids  and  hyperoxides  effect  a  similar 
change  with  the  liquid  acid. 
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Br.  vapor ^ 

Hydr.  gas \ 


98-74 
1-26 

100 

Spec.  grav. 
2-71775 
0-03465 

2-75240 


Bromhydratcs,  Bromides.  They  are  formed, 
1,  directly  by  contact  of  the  metal  with  liquid 
or  gaseous  bromine,  as  potassium,  arsenic, 
antimony,  and  tin,  with  combustion;  bismuth, 
iron,  and  mercury  at  common  temperatures 
without,  and  by  heat  with  combustion,  gold 
unites  slowly;  2,  by  bromohydric  acid  and 
most  metallic  oxides,  thus,  PbO  -f-  HEr  = 
PbBr+HO;  or  even  some  metals,  with  evo- 
lution of  hydrogen,  thus  zinc,  Zn+HBr  = 
ZnBr-f-  H;  3,  by  a  soluble  bromide  and  a  me- 
tallic salt,  where  the  bromide  of  the  latter  is 
insoluble. 

The  bromides  closely  resemble  the  chlorides 
in  appearance,  and  are  isomorphic  with  them. 
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Bromine   forms  soluble   and    insoluble  com- 
pounds with  the  same  metals  as  chlorine. 

Bromine  and  Oxygen.  Bromine  and  oxygen 
do  not  unite  directly,  but  in  the  same  manner 
as  chlorine  and  oxygen,  forming  bromic  and 
probably  hypobromous  acid. 

1.  Hypobromous  acid.  This  acid  appears  to 
be  formed  like  the  hypochlorous,  for,  on  adding 
bromine  to  an  excess  of  caustic  or  carbonated 
potassa,  but  little  bromic  acid  is  formed,  and 
the  liquid  seems  to  contain  bromide  of  potas- 
sium, hypobromite  of  potassa  and  free  alkali, 
for  it  smells  like  the  chlorine-salt,  bleaches 
litmus  and  indigo,  developes  nitrogen  from 
ammonia  and  free  bromine  by  acids.  Form. 
BrOO) 

2.  Bromic  acid.  It  is  formed  similarly  to  the 
chloric  acid,  by  alkali  and  bromine;  by  hypo- 
chlorous  acid  and  aqueous  bromine,  forming 
bromic  acid  and  liberating  chlorine;  by  bro- 
mine with  oxide  of  gold,  forming  bromide  and 
bromate  of  gold.     The  dry  acid  is  unknown. 

Prep.  The  liquid  acid  is  prepared,  1,  by  pre- 
cipitating bromate  of  baryta  with  an  exact 
equivalent  of  sulphuric  acid,  and  evaporating 
gently  to  a  syrupy  consistence.  2.  Mix  a  hot 
solution  of  bromate  of  potassa  with  fluosilicic 
acid,  filter  after  cooling,  evaporate,  and,  after 
some  days,  filter  through  glass  several  times. 
This  acid  still  contains  silica. 

Prop.  Scarcely  odorous;  taste  very  acid, 
though  not  corrosive.  It  reddens  litmus  paper 
powerfully  at  first,  and  soon  after  destroys  its 
color.  By  heating,  one  part  of  the  acid  is 
volatilized,  and  the  other  resolved  into  oxygen 
and  bromine;  at  212°  it  is  wholly  resolved  into 
bromine  and  oxygen.  It  is  not  affected  by 
nitric  or  sulphuric  acids,  except  when  the 
latter  is  highly  concentrated,  when  the  heat 
produced  sets  free  bromine  and  oxygen.  It  is 
also  decomposed  by  sulphurous  acid,  sulphu- 
retted hydrogen,  the  hydracids  of  bromine, 
iodine,  and  chlorine,  and  their  salts. 


Br 

5  0 

. . . .  78-4 
40-0 

In  100  pts. 
66-21 
33-79 

Balard 
64-69 
35-31 

BrO. 

118-4 

100 

100 

Bromates.  They  may  be  formed  by  direct 
union  of  the  acid  and  metallic  oxide;  the  alka- 
line bromates  are  made  by  adding  bromine  to 
caustic  or  carbonated  alkali  as  long  as  the 
color  disappears,  or  by  dissolving  chloride  of 
bromine  in  a  solution  of  alkali,  and  separating 
the  bromate  from  bromide  by  crystallization, 
the  former  being  more  insoluble;  the  insoluble 
bromates  are  formed  by  double  decomposition 
with  bromated  alkali  and  a  metallic  salt.  The 
bromates  are  mostly  soluble;  their  solutions 
precipitate  the  salts  of  mercurous  oxide  yel- 
lowish white  and  soluble  in  nitric  acid,  silver 
salts  white,  soluble  in  ammonia,  not  in  dilute 
nitric  acid,  lead  salts  white,  when  very  con- 
centrated. They  are  decomposed  by  heat  into 
oxygen  and  bromine,  (KO,  NaO,  HgO,  AgO), 
or  bromine,  oxygen,  and  metallic  oxide  (MgO, 
A1203,  ZnO);  they  deflagrate  by  a  blow  with 
sulphur,  charcoal,  &c;  they  are  decomposed 
phosphoric,  sulphuric,  sulphurous,  nitric  sul- 


pho-,  bromo-,  chlorohydric,  oxalic,  and  acetic 
acids. 

Chloride  of  Bromine.  Formed  by  transmitting 
a  current  of  chlorine  through  bromine,  and 
condensing  the  disengaged  vapors  by  means 
of  a  freezing  mixture.  It  is  a  volatile  fluid  of 
a  reddish-yellow  color,  of  a  penetrating  odor, 
and  causing  a  discharge  of  tears  from  the  eyes; 
taste  hot  and  very  disagreeable.  Vapor  a  deep 
yellow;  metals  burn  in  it,  forming  metallic 
chlorides  and  bromides. 

Chloride  of  bromine  is  soluble  in  water;  the 
solution  possesses  the  color,  odor,  and  bleach- 
ing properties  of  the  dry  chloride.  By  the  action 
of  the  alkalies  it  is  decomposed  into  a  chloride 
and  bromate.  It  congeals  at  — 4°,  and  decom- 
poses by  sun-light  into  muriatic  and  bromic 
acids. 

A  hydrate  of  chloride  of  bromine  is  formed 
by  passing  chlorine  into  bromine  covered  with 
water  or  by  cooling  a  mixture  of  chloride  of 
bromine  and  water  below  32°.  It  forms  light 
yellow  scales  of  the  same  odor  and  taste  as  the 
dry  chloride,  which  fuse  about  45°  to  a  light 
yellow  liquid,  and  are  rapidly  decomposed  by 
ammonia  into  nitrogen,  chloride  of  nitrogen, 
and  bromide  of  ammonium. 

Bromine  combines  farther  with  iodine,  sul- 
phur, selenium,  nitrogen,  phosphorus,  carbon, 
boron,  silicon,  the  metals,  and  some  organic 
bodies. 

BROMLITE.  Min.  Probably  the  same  as 
Barytocalcite.  Found  at  Bromley  Hill  near 
Alston,  whence  the  name. 

BROMO  or  BROM.  A  prefix  to  some  or- 
ganic compounds  containing  bromine,  which 
will  be  found  under  the  radicals  or  substances 
with  which  it  combines.  Thus,  Bromobenzoic 
acid,  Broniisatin,  &c,  are  given  under  Benzyl, 
Isatin,  &c. 

BROMOFORM.     See  Formyl. 

BRONZE.  Tech.  An  alloy  of  copper,  with 
tin,  zinc,  &c.  Two  kinds  maybe  distinguished, 
Antique  and  Modern  Bronze,  the  former  con- 
sisting of  copper  and  tin,  the  latter  containing 
zinc,  in  addition  to  copper  and  tin,  or  some- 
times containing  no  tin.  Modern  bronze  may 
therefore  be  brass  with  an  excess  of  copper. 
The  principal  objects  of  bronze  are  cannon, 
bells,  statues,  and  medals,  the  principles  of 
manufacture  in  all  being  similar. 

Manufacture  of  Cannon. 
Cannon-metal  consists  of  9  or  10  pts.  tin  with 
91  or  90  pts.  copper.  Other  metals  have  been 
employed,  but  no  alloy  equals  that  just  stated 
in  all  essential  properties.  Both  the  copper 
and  tin  should  be  of  the  best  quality,  contain- 
ing neither  lead,  zinc,  nor  arsenic.  The  sub- 
stance most  generally  preferred  for  the  mould 
is  a  mixture  of  clay,  sand,  brick-dust,  cow-hair, 
and  horse-dung.  Reverberatory  furnaces  are 
employed  for  fusing  the  alloy,  either  circular 
or  oval,  the  former  being  heated  with  wood,  the 
latter  with  coal,  but  the  latter  is  sometimes  ob- 
jectionable from  its  content  of  sulphur  (pyrites). 
The  tin  present  in  bronze  being  readily  oxi- 
dized, a  simple  draft  of  air  and  no  blast  is  em- 
ployed for  the  combustion,  and  even  the  usual 
quantity  of  air  entering  a  reverberatory  should 
be  diminished  to  what  is  essential  for  comtus- 
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tion  only.  Old  bronze  and  copper  are  first  in- 
troduced, the  fire  ignited,  and  slowly  increased 
for  several  hours,  the  nearest  portions  fuse,  and 
when  after  6 — 7  hours  the  metal  is  at  a  white 
heat,  it  is  nearly  all  fused,  and  the  tin,  with 
some  copper,  oozes  out  at  all  pores.  When 
all  is  in  fusion,  the  metal  is  stirred  briskly  with 
poles,  which  causes  the  escape  of  much  gas 
with  active  ebullition,  thereby  mixing  the  lower 
and  heavier  portions  with  the  upper  and  lighter, 
and  producing  greater  uniformity  of  com- 
position. 

The  liquid  is  skimmed  of  scoria  and  dross, 
more  metal  added,  skimmed  again,  and  the  tin 
then  added,  portionwise,  about  an  hour  before 
casting,  stirring  the  mass  repeatedly,  and  in- 
creasing the  heat.  When  the  proper  heat  is 
attained,  the  metal  is  run  off  by  a  gutter  into 
the  mould,  and,  notwithstanding  the  high  heat 
to  which  the  mould  had  been  subjected,  the 
liquid  metal  developes  much  more  gaseous 
matter.  The  escape  of  gaseous  matter  and 
other  causes  produce  small  openings  in  the 
mould,  through  which  an  alloy  of  tin  and  cop- 
per oozes  out  of  greater  fusibility,  and  conse- 
quently of  slower  congelation  than  bronze. 
After  being  fully  cooled,  the  mould  is  taken 
apart  and  the  piece  bored. 

Casting  of  Bells. 
Bells  should  be  composed  of  copper  and  tin 
alone,  but  it  is  usual  to  introduce  zinc  and 
lead,  chiefly  for  the  sake  of  economy.  The 
proportions  should  be  78  copper  to  22  tin, 
although  a  larger  quantity  of  the  latter  is  em- 
ployed to  allow  for  loss  by  oxidation,  or  a  por- 
tion of  it  is  replaced  by  zinc  and  lead;  larger 
bells  contain  more  copper  than  the  smaller. 
The  bell  is  cast  upright,  and  the  mould  con- 
structed in  a  pit;  it  is  formed  by  a  profile  of 
wood  revolving  round  the  vertical  axis  of  the 
mould.  The  furnace  resembles  that  for  can- 
non, but  the  temperature  is  lower,  since  the 
alloy  is  more  fusible.  The  copper  and  two- 
thirds  of  the  tin  are  first  fused,  and  the  re- 
mainder of  the  tin  added  a  little  before  casting. 
The  whole  quantity  of  metal  should  be  10  per 
cent,  more  than  the  weight  of  the  bell  to  be 
cast,  to  allow  for  loss  by  oxidation.  The  metal 
is  run  into  the  mould  in  the  usual  way. 

Bronze  Statues. 

A  rude  outline  of  the  figure  is  made  of  sand, 
loam,  hair,  &c,  and  is  covered  with  a  layer  of 
wax,  or  rather  a  mixture  of  wax,  terpentine, 
and  fat,  on  the  surface  of  which  is  modelled 
the  exact  representation  of  the  figure  in  all  its 
details.  This  is  then  covered  with  the  outer 
case  of  the  mould,  which  enters  into  the  out- 
lines of  the  figure,  dried  thoroughly,  then  heated 
to  melt  out  the  wax  and  harden  the  mould. 
The  space  which  the  wax  occupied  is  to  be 
filled  with  the  melted  bronze.  The  composi- 
tion of  bronze  for  statues  is  very  variable,  that 
of  the  ancients  and  of  some  moderns  consist- 
ing of  copper  and  tin,  while  the  greater  part 
of  that  of  the  moderns  is  composed  of  copper, 
zinc,  and  tin,  or  a  species  of  brass  with  excess 
of  copper. 

Bronze  Medals. 

Medals  and  ancient  coin  are  composed  of 
copper  and  tin,  being  similar  in  composition  to 
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ancient  statue-bronze.  The  metal  should  flow 
freely,  fill  all  the  lines  of  ihe  mould,  and  have 
sufficient  tenacity  to  resist  the  action  of  im- 
pression from  the  die.  It  is  fused  in  crucibles, 
and  cast  in  mould  of  a  slightly  argillaceous 
sand.  The  crucible  containing  some  8 — 10  lhs., 
should  be  fused  in  some  15  minutes,  which  is 
best  attained  by  a  blast  of  air,  and  when  the 
melted  metal  is  cooled  down  to  the  proper 
point,  neither  too  hot  to  render  the  bronze 
vesicular  by  the  escape  of  gas,  nor  too  cool  to 
flow  sluggishly,  it  is  poured  into  the  moulds. 
As  soon  as  the  metal  is  solidified,  it  is  taken 
out  of  the  mould,  still  hot,  and  plunged  into 
water  to  render  it  more  malleable.  The  medal 
is  then  impressed  by  the  die  some  2 — 4  or  more 
times,  when  it  is  bronzed.    See  below. 

Properties  of  Bronze. 
Taking  bronze  in  a  more  limited  sense,  as 
consisting  of  copper  and  tin,  it  has  the  follow- 
ing general  properties.  It  is  harder  and  more 
fusible  than  copper;  it  is  slightly  malleable, 
when  it  contains  over  85  per  cent,  copper,  and 
becomes  more  so  by  tempering;  it  oxidizes 
very  slowly  in  moist  air.  Its  density  is  greater 
than  the  mean  density  of  its  constituents,  as 
shown  by  the  following  table: 


Allov. 

Observed 
density. 

Calcul. 
density. 

Difference. 

Copper. 

Tin. 

96-2 

3-8 

8-79 

8-74 

005 

94-4 

56 

8-78 

8-71 

0-07 

92-6 

7-4 

8-76 

8-68 

0-08 

91-0 

9-0 

8-76 

8-66 

0-10 

89-3 

10-7 

8-80 

8-63 

0-17 

87-7 

12-3 

8-81 

861 

0-20 

86-2 

13-8 

8-87 

8-60 

0-27 

75 

25 

8-83 

8-43 

0-40 

50 

50 

8-79 

8-05 

0-74 

We  might  suppose  from  this,  that  the  den- 
sity increased  with  the  proportion  of  tin,  were 
it  not  for  the  vesicular  structure  bronze  is  apt 
to  assume  by  fusion;  it  only  proves  that  it 
becomes  more  homogeneous  and  compact.  To 
determine  the  density  of  different  bronzes  would 
be  important  in  the  manufacture  of  cannon. 

Oxidation.  When  bronze  is  fused  in  contact 
with  air,  both  metals  oxidize,  but  the  tin  more 
rapidly  than  the  copper,  thus,  with  91  copper-f- 
9  tin,  one  part  of  the  latter  oxidizes  to  only  2 
or  3  of  the  former,  leaving  the  alloy  richer  in 
copper,  and  of  course  equally  altered  in  its 
properties.  The  following  table  of  Dussaussoy 
illustrates  this.  The  alloy  was  cannon  metal, 
90  copper  -f-  1<J  tin*  and  the  casting  made  in 
sand. 


No.  of 

Wt.  of 

Insrot  in 
ounces. 

Per  ct. 

Spec. 

Composition, 

fusions. 

waste. 

grav. 

Copper. 

Tin. 

1 

268 

1-2 

8-565 

90-4 

9-6 

2 

236 

1-6 

8-460 

90-7 

9-3 

3 

204 

2-1 

8-386 

91-7 

8-3 

4 

172 

2-5 

8-478 

92-8 

7-2 

5 

140 

2-6 

8-529 

93-7 

6-3 

6 

104 

30 

8-500 

95 

5 

The  greatest  inconvenience  arising  from  re- 
fusion is  the  production  of  cavities  and  inter- 
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vening  coats  of  oxide,  which  may  be  obviated, 
for  example,  by  fusing  ingots  5  or  6  in  contact 
with  charcoal,  adding  sufficient  tin  to  bring  up 
the  alloy  to  the  original  composition,  when  it 
produces  a  very  fine  metal  without  cavities. 

It  is  in  consequence  of  this  tendency  to  oxi- 
dize that  the  fusion,  except  for  cannon,  should 
take  place  as  rapidly  as  practicable,  that  a 
large  proportion  of  tin  is  added  just  before 
casting,  that  the  flame  and  furnace  should  con- 
tain as  little  free  oxygen  as  possible,  and  that 
many  founders  cover  their  melted  metal  with 
fine  charcoal  or  coke. 

In  cooling  pure  bronze  in  moulds  of  sand, 
there  is  usually  observed  a  jet  of  metal  a  few 
moments  after  casting,  which  appears  either 
in  the  crevices  of  the  mould  or  rises  to  the  free 
surface  of  the  metal,  urged  out  by  the  escape 
of  gas.     This  metal  is  an  alloy  usually  con- 


taining 19  per  cent,  tin,  and  its  appearance 
proves  that  the  least  fusible  atomic  alloy  crys- 
tallizing first  contracts  the  mass,  and  the  pres- 
sure of  the  metallic  column  forces  the  still  fluid 
alloy  either  to  the  circumference  or  towards  the 
top;  hence  towards  the  lower  part  and  centre 
of  the  casting,  the  alloy  is  richer  in  copper, 
towards  the  circumference  and  in  every  portion 
of  the  top  it  is  richer  in  tin,  as  has  been  shown 
by  analysis. 

Tempering.  By  heating  bronze  and  plunging 
it  in  cold  water,  it  becomes  less  dense  and  hard, 
more  malleable,  so  that  it  may  be  hammered, 
more  flexible,  and  sometimes  more  tenacious; 
its  color  and  granular  texture  are  also  changed, 
and  the  tone  or  ring  of  the  metal  becomes  more 
grave.  Dussaussoy  obtained  the  following  re- 
sults with  different  alloys,  before  and  after 
tempering: 


Tenacity. 

Tenacity. 

Alloy. 

Density. 

Hard 

ness. 

$  line  thick. 

8  lines  thick. 

Copper. 

Tin. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

Before. 

After. 

95 

5 

7-92 

7-89 

100 

99 

80 

100 

100 

75 

90 

10 

8-08 

8-00 

100 

98 

66 

100 

100 

78 

85 

15 

846 

8-35 

100 

96 

48 

100 

80 

100 

80 

20 

8-67 

8-52 

100 

92 

50 

100 

80 

100 

75 

25 

8-57 

831 

100 

91 

70 

100 

100 

35 

It  appears,  therefore,  that  the  alloy  composed 
of  80 — 85  copper-}-  20 — 15  tin,  or  about  8  eq. 
to  1  equiv.,  CugSn,  is  best  adapted  to  temper- 
ing, and  gains  in  tenacity  when  of  different 
thicknesses.  Hence,  such  pieces  maybe  tem- 
pered, then  hammered,  turned  or  impressed, 
and  again  hardened  by  reheating. 

Composition  of  Bronze. 

The  composition  of  different  kinds  of  bronze 
is  presented  at  p.  121,  under  Allot.  The 
larger  the  quantity  of  tin  or  white  metals,  the 
whiter  the  color  of  the  bronze,  and,  in  general, 
the  more  brittle  and  fusible.  Cannon  metal  of 
90 — 91  per  cent.  (=  16  or  18  eq.)  copper  to 
10 — 9  per  cent.  (=  I  eq.)  tin  (Cu18Sn)  has  a 
reddish  tint,  is  very  hard  and  tough,  powerfully 
resisting  abrasion  and  the  chemical  action  of 
atmospheric  agents  more  than  brass.  The 
alloy  for  cymbals  or  gongs,  of  81  per  cent,  cop- 
per -(-  19  tin  (Cu8Sn),has  an  orange-while  tint, 
and  is  best  adapted  to  tempering.  An  alloy  of 
76-0  per  cent,  copper-}- 24  tin  (Cu6Sn)  is  slightly 
orange-white,  very  brilliant,brittle,  with  a  some- 
what conchoidal  fracture,  with  traces  of  crys- 
tallization. Speculum  metal  composed  of  66^ 
copper  -f-  33$  tin  (Cu4Sn)  has  a  steel-white 
lustre,  is  very  brilliant,  brittle,  has  an  uneven 
fracture,  and  takes  a  high  polish. 

The  addition  of  about  1  per  cent,  of  iron,  or 
rather  of  common  tinned  iron  (sheet-tin),  is 
found  to  make  a  harder  and  more  tenacious 
bronze,  for  small  objects,  but  appears  to  be  of 
little  benefit  to  objects  of  larger  size.  Larger 
quantities  of  zinc  may  be  added  to  bronze  with 
the  same  results,  as  is  often  done  in  statue- 
bronze,  bells,  &c.  A  small  quantity  of  lead 
may  be  added,  but  it  rather  diminishes  the 
valuable  properties  of  bronze,  rendering  it  more 
susceptible  to  oxidation,  and  tending  to  sepa- 
rate towards  the  bottom  of  a  large  casting. 


The  proportion  of  metals  for  cannon  may 
vary  with  the  dimensions  of  the  piece,  the 
smaller  containing  8  per  cent.,  and  the  larger 
9 — 10  per  cent.  tin.  The  alloy  for  bells  is  very 
variable  ;  the  best  proportion  for  tone  is  22  per 
cent,  tin;  but  zinc  and  lead  are  substituted  for 
a  portion  of  the  tin  for  the  sake  of  economy. 
The  lead  is  decidedly  injurious  to  the  tone. 
Speculum  metal  is,  in  general,  composed  of  66 
copper  and  33  tin,  but  brass  and  arsenic  are 
also  added.  The  addition  of  zinc  for  medals 
and  statues  enables  them  to  assume  better  the 
color  characteristic  of  antique  bronze. 

Bronzing. 

When  bronze  is  exposed  for  a  great  length 
of  time  to  atmospheric  agents  it  assumes  a  pe- 
culiar greenish  or  olive  hue,  arising  from  the 
formation  of  a  basic  hydrated  and  carbonated 
oxide  of  copper,  or  a  dark  olive  hue  from  sul- 
phuret  of  copper.  Being  an  attractive  color, 
numerous  experiments  have  been  instituted  to 
discover  a  method  of  attaining  the  same  result 
in  a  short  time.  It  is  usually  effected  by  means 
of  a  salt  of  copper,  mixed  with  other  salts,  dis- 
solved in  water  or  weak  acids,  and  applied  to 
the  surface  with  a  brush,  or  the  objects  are  im  = 
mersed  in  the  solution.  2  pts.  verdigris  and  1 
pt.  sal-ammoniac  are  dissolved  in  vinegar, 
boiled,  filtered,  and  much  diluted,  and  the 
medals,  &c,  immersed  in  the  solution  until 
they  acquire  the  desired  color,  when  they  are 
washed.  Binoxalate  and  bitartrate  of  potassa 
are  employed  with  sulphate,  nitrate,  or  acetate 
of  copper.  After  attaining  the  bronze-color,  the 
objects  should  be  thoroughly  washed  in  pure 
water,  with  repeated  washings,  to  remove  every 
trace  of  salts  or  acids,  and  thereby  prevent  the 
surface  from  farther  change. 

Different  tints  may  be  imparted  to  bronze, 
from  a  reddish  to  a  light  yellow,  by  acting  upon 
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it  with  acids  and  salts,  by  which  either  copper 
or  zinc  maybe  extracted.  Thus,  boiling  mu- 
riatic acid  extracts  a  considerable  quantity  of 
tin  before  attacking  the  copper.  Mixtures  of 
saltpeter,  common  salt,  and  sulphuric  acid  may 
be  made  to  extract  either  copper  or  the  white 
metals,  and  thus  the  color  may  be  varied. 

Tinning  Copper. 

This  depends  upon  the  affinity  of  copper  and 
tin,  whereby  a  small  quantity  of  the  latter  is 
fixed  upon  the  surface  of  the  former.  The  im- 
portant principle  in  tinning  is  that  the  surface 
of  the  copper  be  clean  and  perfectly  free  from 
oxide,  and  be  so  maintained  during  the  process. 
This  is  attained  either  by  the  use  of  sal-ammo- 
niac or  resin,  with  melted  tin,  or  by  cream  of 
tartar  in  solution  and  grained  tin. 

The  sal-ammoniac  is  either  dissolved  and 
brushed  over  the  surface  of  the  copper,  or  it  is 
heated  and  its  vapor  condensed  on  the  surface; 
tin  is  then  introduced,  melted,  and  rubbed  over 
the  surface  with  tow.  The  process  with  resin 
is  conducted  in  a  similar  manner.  Tinning 
with  sal-ammoniac  is  more  durable,  but  re- 
quires the  use  of  nearly  pure  tin;  tinning  with 
resin  allows  the  employment  of  an  alloy  of 
lead  and  tin.  The  quantity  of  lead  should 
never  exceed  ^  or  TV  of  the  tin,  as  it  might 
otherwise  prove  detrimental  to  those  employ- 
ing food  prepared  in  such  vessels. 

Tinned  vessels,  whether  containing  lead  or 
not,  are  not  to  be  recommended  in  place  of 
good  bell-metal,  certainly  not  for  the  prepara- 
tion of  food,  especially  if  the  latter  be  acid,  or 
the  vessel  is  to  be  heated. 

Whitening  Pins.  Copper  or  brass  is  easily 
tinned  in  the  wet  way.  Thus,  in  the  pin  manu- 
facture, when  they  are  completely  formed,  they 
are  cleansed  in  a  pickle  of  sulphuric  acid, 
vinegar,  cream  of  tartar,  &c.  They  are  then 
thrown  into  a  copper  vessel,  stratified  with 
grained  tin,  covered  with  water,  cream  of  tartar 
added,  and  the  whole  boiled.  The  cream  of 
tartar  probably  acts  by  dissolving  a  portion  of 
tin,  and  then  transferring  it  to  the  pins,  which, 
containing  zinc,  become  electric  by  contact 
with  tin. 

On  Bronze  designed  for  gilding,  consult 
D'Arcet,  Essay,  Paris,  1818,  also  Did.  Techno- 
logique,  t.  iii.  p.  507.  On  Cannon  Metal  and 
bronzes,  see  Dussaussoy  An.  de  Ch.  et  de  Phys. 
t.  v.  p.  113  and  225;  Gay-Lussac,  ditto,  t.  vii. 
p.  389;  Lenarmont  Jin.  des  Mines,  ser.  iii.  t.  iii. 
p.  231;  ditto,  p.  93—258;  Karsten,  Schw.  Joum. 
Bd.  v.  387;  Meyer,  Erd.  Joum.  vii.  394;  xviii. 
p.  1,  &c.  On  Bronze  Medals  by  Puymaurin, 
Paris,  1824,  by  Chaudet,  Jin.  de  Ch.  et  de  Phys. 
vi.  46.  On  Speculum  Metal,  Gill's  Tcchn.  Re- 
pository, i.  240;  Joum.  Frank.  Insl.  vol.  ii. 

BRONZING.  Tech.  Two  kinds  of  bronzing 
may  be  distinguished,  1st,  where  a  bronze  hue 
is  communicated  to  brass,  bronze,  &c,  by  a 
chemical  action  on  the  surface,  and,  2d,  where 
a  pigment  is  applied  to  any  surface  in  imita- 
tion of  bronze.  The  latter  is  referred  to  in  the 
present  article;  the  former  is  described  under 

BltOXZE. 

Imitation  of  Bronze.     The  pigments  and  var- 
nishes are  applied  to  the  surface  of  wood,  plas- 
*<>r,  &c.    The  objects  to  be  bronzed  are  first 
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covered  over  smoothly  with  a  coal  of  size  or 
oil-varnish,  and  when  nearly  dry,  the  metallic 
powder  made  limn  Dutch  foil,  gold  leaf,  mosaic 
gold,  or  precipitated  copper,  is  applied  with  a 
dusting-bag,  and  then  rubbed  over  the  surface 
with  a  linen  pad;  or  the  metallic  powders  may 
be  mixed  with  the  drying  oil  beforehand,  and 
then  applied  with  a  brush.  Sometimes  fine 
copper,  or  brass-filings,  or  mosaic  gold,  are 
mixed  previously  with  some  pulverized  bone- 
ash,  and  then  applied  in  either  way.  A  mix- 
ture of  these  powders  with  mucilage  of  gum 
arable  is  used  to  give  paper  or  wood  a  bronze 
appearance.  The  surface  must  be  afterwards 
burnished.  Copper  power  precipitated  by  clean 
plates  of  iron,  from  a  solution  of  sulphate  or 
nitrate  of  copper,  after  being  well  washed  and 
dried,  has  been  employed  in  this  way,  either 
alone  or  mixed  with  pulverized  bone-ash.  A 
finish  is  given  to  works  of  this  nature  by  a 
coatof  spirit-varnish.  The  iron-coloured  bronz- 
ing is  given  by  black  lead  or  plumbago,  finely 
pulverized  and  washed. 

Statues  and  various  objects  in  plaster  may 
be  bronzed  in  the  following  manner.  To  a  so- 
lution of  soda-soap  with  linseed  oil,  cleared  by 
straining,  add  a  mixed  solution  of  4  pts.  blue 
vitriol  and  1  pt.  copperas,  which  precipitates  a 
mixed  cupreous  and  ferruginous  soap.  Wash 
them  with  cold  water,  strain  and  dry  them. 
The  former  being  green,  and  the  latter  brown- 
ish, they  give  a  peculiar  bronze  hue.  The  dry 
powders  are  thus  applied: 

Three  pounds  of  pure  linseed  oil  are  to  be 
boiled  with  twelve  ounces  of  finely-powdered 
litharge,  then  strained  through  a  coarse  can^ 
vas  cloth,  and  allowed  to  stand  in  a  warm 
place  till  the  soap  turns  clear.  Fifteen  ounces 
of  this  soap-varnish,  mixed  with  12  ounces  of 
the  above  metallic  soaps,  and  5  ounces  of  fine 
white  wax,  are  to  be  melted  together  at  a  gentle  • 
heat  in  a  porcelain  basin,  by  means  of  a  water- 
bath.  The  mixture  must  be  kept  for  some 
time  in  a  melted  state,  to  expel  any  moisture 
which  it  may  contain.  It  must  be  then  applied, 
by  means  of  a  painter's  brush,  to  the  surface 
of  the  gypsum  previously  heated  to  the  tempe- 
rature of  about  200°F.  By  skilful  manage- 
ment of  the  heat,  the  color  may  be  evenly  and 
smoothly  laid  on  without  filling  up  the  minute 
lineaments  of  the  busts.  When,  after  remain- 
ing in  the  cool  air  for  a  few  days,  the  smell  of 
the  pigment  has  gone  off,  the  surface  is  to  be 
rubbed  with  cotton  wool,  or  a  fine  linen  rag, 
and  variegated  with  a  few  streaks  of  metal 
powder  or  shell  gold.  Small  objects  may  be 
dipped  in  the  melted  mixture,  and  then  exposed 
to  the  heat  of  a  fire  till  they  are  thoroughly 
penetrated  and  evenly  coated  with  it.     Ure. 

A  good  method  to  bronze  wood  is  to  grind 
separately  prussian  blue,  chrome  yellow,  raw 
umber,  lamp-black,  and  clay,  and  add  such 
proportions  of  each  as  will  produce  a  desired 
dark  green  hue,  to  moderately  strong  size.  The 
clean  wood  is  first  coated  with  size  and  lamp- 
black, then  with  the  above  color  twice  applied, 
and  lastly  with  any  of  the  above  metallic 
bronze  powders,  Dutch  foil,  mosaic  gold,  &c, 
laid  on  with  a  pencil.  Finish  by  a  thin  solu- 
tion of  Castile  soap,  and  rub  with  a  woollen 
cloth. 


BRONZITE. 

BRONZITE.     Min.    See  Augite. 

BROOKITE.  Min.  Syn.  Prismatic  Titanium 
ore,  Haicl.     Jurinite,  Soret. 

Descrip.  Cryst.  System,  Right  Rhombic ;  the 
vert,  prism  =  100°  and  80°,  parallel  to  which 
it  cleaves  imperfectly.  H.  =  5-5 — 6.  Color 
hair-brown,  passing  into  orange;  lustre  bril- 
liant, metallic-adamantine;  translucent,  opake; 
brittle  with  light  yellowish  streak.  Compos.  In 
behavior  and  composition  it  is  said  to  resemble 
Rutile,  but  has  not  been  analyzed.  An  analysis 
would  be  extremely  interesting  by  comparison 
with  Rutile  and  Anatase,  which  belong  to  the 
quadratic  system,  and  yet  are  both  said  to 
be  titanic  acid.  Local.  Dauphine;  Snovvden, 
Wales;  Phenixville,  Philadelphia,  /.  A.  Clay. 

BROWN  COAL.     See  Coal. 

BROWN  HEMATITE.  Mm.  Syn.  Pris- 
matic iron  ore,  M.  Hydrous  Peroxide  of  Iron, 
Brown  Ochre,  Brown  Iron-stone,  Bog-ore,  Pipe- 
ore;  Ger.  Brauneisenstein,  Brauner  Glaskopf, 
Thoneisenstein;  Lepidokrokite,NadeIeisenerz; 
Pyrosiderite,  Gothite,  Rubinglimmer;  Stilpno- 
siderite,  Pecheisenerz. 

Descrip.  There  are  two  classes,  see  analysis 
below,  differing  slightly  in  external  characters 
and  composition.  The  1st  occurs  in  imitative 
forms,  with  a  fibrous  structure,  and,  when  mixed 
with  clay,  compact.  H.  =  5 — 5-5.  G.=  3-5 — 4. 
Color  deep  brown,  with  a  lighter  brown  streak, 
when  earthy  yellowish  brown  ;  lustre  silky;  jet 
black  and  shining  on  the  mamillary  planes  ter- 
minating the  fibres;  opake;  brittle;  bog-ore  is 
compact,  with  a  resinous  lustre;  pipe-ore 
usually  dull  and  glimmering,  and  of  a  stalac- 
titic  form. 

The  2d  class  is  sometimes  crystallized,  and 
appears  to  be  Right  Rhombic;  H.  =  3 — 5. 
G.  =  3-6 — 4-2  ;  color  brown  and  nearly  black  ; 
lustre  sub-adamantine;  often  blood-red  by  trans- 
mitted light;  streak  brownish  orange  and 
ochrey. 


Sesquioxide  of  iron  90-53 

Water 9-47 

Sesquiox.  of  mang.     — 
Silica — 


BRUCIN. 

Behavior.  They  yield  water  in  a  closed  tube, 
becoming  peroxide  of  iron  with  a  red  streak  ; 
thin  splinters  of  the  fibrous  varieties  sometimes 
fuse  on  the  edges  to  a  black  magnetic  glass.  In 
other  respects  they  behave  as  peroxide  of  iron, 
often  giving  traces  of  manganese.  They  are 
all  soluble  by  digestion  in  strong  chlorohydric 
acid,  the  impure  often  leaving  silica. 

.inahjsis.  The  varying  results  of  different 
analysis  lead  to  the  supposition  that  there  are 
several  hydrates  of  the  peroxide  of  iron,  two 
of  which  are  well  established.  Of  the  1st  class, 
including  the  ordinary  fibrous  brown  hematites, 
1,  from  Vicdessos,  was  analyzed  by  D'Aubuis- 
son;  2,  from  Wellsdruff,  by  Kersten ;  3,  from 
Braunschweig,  by  Rammelsberg. 

l.  2.  3. 

Sesquioxide  of  iron 82  62-93  80-76 

"  "   manganese     2        —  — 

Water 14  10-41  12-71 

Silica 1  22-20         4-58 

Alumina —        1-84         2-63 
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The  2d  contains  in  addition  1-33  phosphoric 
acid,  and  the  3d  0-92  of  lime.  By  calculating 
these  3  as  pure  hydrated  oxides,  and  omitting 
the  others  as  not  essential,  we  have  nearly  the 
proportions  for  sesquihydrate  of  the  peroxide, 
with  86-95  per  cent,  peroxide  -j-  13-05  per  cent, 
water.   Its  formula  is  therefore  2Fe203-f-  3  HO. 

Of  the  second  class.  1,  Lepidokrokite  from 
Oberkirchen  in  Westerwald,  2,  from  Hollerter 
Zug,  both  by  V.  Kobell ;  3,  Gothite  from  Eiser- 
feld  in  Siegen  ;  4,  Stilpnosiderite  from  Amberg 
in  Bavaria;  5,  compact  brown  iron-ore  from 
Saxony,  6,  from  Maryland,  7,  from  Beresow, 
3 — 7  by  Brandes;  8,  ditto  from  Sterlitamak  by 
Herrmann;  9,  compact  red  hematite  from 
Aroostook  river,  Maine,  by  C.  T.  Jackson. 
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No.  3  contained  also  0-90  of  oxide  of  copper, 
and  No.  4,  1-08  of  phosphoric  acid.  These,  by 
calculation,  lead  to  the  formula,  Fe203-{- HO, 
containing  89-47  per  cent,  oxide  of  iron,  and 
10-53  per  cent,  water.  Breithaupt  and  Kersten 
insist  that  Lepidokrokite  belongs  to  the  first 
class,  as  they  found  it  to  contain  13  per  cent, 
water.  There  are  numerous  other  localities 
beside  the  above.   See  farther  under  Iron  okes. 

BROWN  SPAR.     Min.     See  SpAitnr  Iron. 

BRUCITE.  Min.  See  Chondhodite  and 
Hinnous  Magnesia. 

BRUCIN.  Phar.  (After  Brucea,  brought  by 
Bruce  from  Abyssinia.)  Discovered  by  Pelle- 
tier  and  Caventou,  in  1819,  in  the  bark  of  the 
Brucea  dntidysenterica,  and  afterwards  detected 
with  strychnin  in  Nnx  vomica. 

Prep.  1.  The  bark  reduced  to  a  coarse  powder, 
is  digested  in  ether  to  remove  the  greatest  part 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

85-65 

86-35 

86-24 

86-34 

86-32 

86-87 

90-02 

76-8 

11-50 

11-38 

10-68 

11-66 

10-80 

11-13 

10-19 

10-0 

2-50 

0-51 

— 

— 

— 

— 

— 

8-2 

0-35 

0-85 

2-00 

2-00 

2-88 

2-00 

— 

4-3 

100 

99-09 

98-92 

100 

100 

100 

100-21 

99-3 

of  the  fatty  matter,  then  in  strong  alcohol.  The 
alcoholic  solutions  are  distilled  in  a  water-bath 
to  drive  off  the  alcohol,  the  residual  matter  dis- 
solved in  water,  and  the  solution  mixed  with 
subacetate  of  lead  to  throw  down  the  coloring 
matter,  and  the  excess  of  lead  removed  by  a 
current  of  sulphuretted  hydrogen  gas.  The 
brucin  is  then  thrown  down  by  boiling  with 
magnesia,  and  the  liquid  evaporated,  when  a 
brown  granular  alkaline  mass  is  obtained, 
which  is  saturated  with  oxalic  acid,  and  the 
oxalate  washed  with  absolute  alcohol,  at  the 
temperature  of  32°.  The  oxalate  of  brucin  is 
decomposed  by  boiling  with  magnesia  and 
water,  the  brucin  dissolved  in  boiling  alcohol 
and  obtained  in  crystals  when  the  solution 
cools.     Pell,  and  Cav. 

2.  Digest  the  bark  in  water,  add  oxalic  acid 
to  the  decoctions,  evaporate  the  liquid  to  the 
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consistence  of  an  extract,  and  digest  this  ex- 
tract in  alcohol  at  32° ;  oxalate  of  brucin  re- 
mains, which  is  treated  in  the  way  just  de- 
scribed.    Thenard. 

3.  The  brucin  remaining  in  the  washings  of 
strychnin  may  be  thus  extracted:  Evaporate 
the  liquid  to  the  consistence  of  a  syrup,  and 
add  dilute  sulphuric  acid,  very  little  beyond 
saturation.  In  two  or  three  days  abundance  of 
crystals  will  be  formed.  These  are  put  into  a 
cloth  and  exposed  to  strong  pressure,  and  then 
washed  in  a  little  cold  water,  dissolved  in  boil- 
ing water,  the  solution  treated  with  animal 
charcoal,  and  filtered.  Ammonia  throws  down 
pure  brucin  from  this  liquid.  Corriol.  See 
Strychnin. 

Prop.  From  a  dilute  alcoholic  solution  it 
crystallizes  spontaneously  in  colorless,  trans- 
parent, oblique  4-sided  prisms,  by  rapid  evapo- 
ration in  pearly  scales.  The  crystals  contain 
15-5  or  16-5  per  cent,  water,  which  they  lose  at 
a  little  above  212°.  Fused  brucin  is  an  amor- 
phous, waxy  mass,  which  resumes  its  hydrated 
character  in  a  few  days,  when  moistened. 
When  its  salts  are  precipitated  by  caustic 
alkali,  it  separates  as  anhydrous  brucin  in  the 
form  of  a  tough,  pasty  mass,  which  swells  in 
pure  water  resuming  its  hydrate-water.  When 
heated  above  its  point  of  fusion  it  yields  com- 
bustible gases,  little  carbonic  acid,  water,  em- 
pyreumatic  oil,  and  no  ammonia. 

It  is  soluble  in  850  cold,  500  boiling  water, 
and  more  soluble  in  proportion  to  the  extractive 
matters  present;  very  soluble  in  alcohol,  even 
dilute,  not  in  ether  or  fat  oils,  slightly  in  essen- 
tial oils.     Its  solutions  are  very  bitter. 

The  alkaloid  or  its  salts  is  decomposed  by 
chlorine,  becoming  yellow,  then  dark  red, 
finally  yellow;  and  by  saturating  the  generated 
chlorohydric  acid  with  ammonia,  a  shining 
white  substance  is  obtained,  of  bitter  taste, 
soluble  in  alcohol,  not  crystallizable,  not  poi- 
sonous. Tincture  of  iodine,  not  in  excess, 
added  to  an  alcoholic  solution  of  brucin,  pre- 
cipitates an  orange-brown  powder. 

Its  action  with  nitric  acid  is  characteristic. 
It  produces  a  bright  red  solution,  which  is  de- 
colorized by  sulphuretted  hydrogen,  sulphurous 
acid,  or  protochloride  of  tin.  By  warming  the 
solution,  or  by  more  nitric  acid,  the  red  color 
becomes  yellow,  and  tin  salt  produces  a  bril- 
liant violet  color  and  precipitate.  By  this  test 
it  may  be  distinguished  from  strychnin  and 
morphin. 

Brucin  resembles  strychnin  in  its  poisonous 
action,  but  is  far  less  energetic.  + 

Form.  C44H23N207,or  C48H26N208.  Sym.  Br. 

Salts.  The  salts  of  brucin  are  neutral  and 
acid;  their  taste  is  bitter,  and  most  of  them 
crystallizable  ;  decomposed  by  the  alkalies,  and 
by  morphin  and  strychnin,  which  throw  down 
the  brucin. 

Muriate  of  Brucin.  Neutral,  crystallizing  in 
4-sided  prisms,  frequently  in  fine  needles;  not 
altered  by  exposure  to  the  air;  very  soluble  in 
water;  when  heated  to  the  point  at  which  the 
alkaloid  begins  to  decompose,  the  acid  es- 
capes. 

Hydriodate  of  B.  Obtained  by  dissolving 
brucin  and  iodine  in  water,  transparent,  rec- 
tangular prisms,  soluble  in  cold,  very  soluble 
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in  hot  water,  more  soluble  in  alcohol  than  in 
water. 

Sulphate  of  }].  The  neutral  salt  crystallizes 
in  long  slender  needles,  is  very  soluble  in  water, 
and  slightly  in  alcohol,  taste  intensely  bitter. 
+ 

BrS()3,  8  HO.  Exposed  to  the  air  it  effloresces, 
losing  two  atoms  water. 

The  Bisulphate  of  Brucin  is  formed  by  adding 
a  little  water  to  a  solution  of  the  neutral  sul- 
phate; ether  removes  any  excess  of  acid,  and 
leaves  the  bisalt.     It  crystallizes  readily. 

Nitrate  of  B.  Obtained  by  dissolving  brucin 
in  very  dilute  acid;  it  does  not  crystallize,  but 
when   evaporated  becomes   a  gummy  mass. 

Br,  N054-5HO. 

The  trinitrate  crystallizes  in  4-sided  prisms, 
with  bihedral  summits.  When  heated,  it  be- 
comes red,  then  blackens  and  enrlames. 

Phosphate  of  B.  The  neutral  salt  does  not 
crystallize.  The  biphosphate  crystallizes  in  rec- 
tangular tables  with  bevelled  edges,  efflores- 
cent, is  very  soluble  in  water,  scarcely  in  abso- 
lute alcohol. 

Chlorate  of  B.  When  dilute  chloric  acid  is 
heated  with  brucina,  it  assumes  a  red  color, 
but  crystallizes, on  cooling.in  transparent,  regu- 
lar rhomboids,  which  become  colorless  by  a 
second  crystallization. 

lodate  of  B.  Brucin  combines  with  iodic 
acid;  the  solution  is  colorless,  if  neutral.  By 
evaporation  and  rest,  two  salts  are  obtained 
from  it:  the  subsalt  opake  and  silky,  the  acid 
transparent,  hard,  and  in  4-sided  prisms. 

Oxalate  of  B.  Crystallizes  in  long  needles, 
especially  with  an  excess  of  acid;  is  very  solu- 
ble in  absolute  alcohol. 

Acetate  of  B.  Is  very  soluble  in  water,  and 
not  crystallizable. 

Brucin  is  also  precipitated  by  tannic  acid. 

BRUNOLIO  ACID.  Chem.  An  acid  ob- 
tained by  Runge  by  the  distillation  and  farther 
treatment  of  coal-tar.  It  is  separated  with  dif- 
ficulty from  rosolic  acid.  It  is  a  brown,  shining 
mass  resembling  asphalt,  and  its  salts  are 
brown  and  generally  insoluble.  See  Dry  Dis- 
tillation of  Coal. 

BRUNSWICK  GREEN.  Tech.  An  oxychlo- 
ride  of  Copper. 

BRYONIN.  Phar.  From  the  root  of  Bryo- 
nia alba.  According  to  Brandes  and  Firnha- 
ber,  the  root  is  composed  of 

Bryonin,  with  a  little  sugar 1-9 

Resin,  with  a  little  wax 2-1 

Soft  resin 1-3 

Molasses  sugar 1 0*0 

Gum 14.9 

Starch 2-0 

Pectic  acid 2-5 

Amylaceous  fibre 1-0 

Coagulated  albumen 6-2 

Mucilage 0-27 

Extractive 1-7 

Phosphates  of  magnesia  and  alumina    05 

Malate  of  magnesia 1-0 

Fibre 15-25 

Water 200 
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Prep.  Bryonin  is  thus  obtained  by  Brandes 
and  Firnhaber.  The  filtered  juice  is  raised  to 
boiling,  filtered  again,  mixed  with  subacetate 
of  lead,  the  precipitate  washed  and  decomposed 
by  sulphuretted  hydrogen,  the  solution  evapo- 
rated to  dryness,  and  the  dry  residue  being  di- 
gested in  alcohol,  bryonin  is  dissolved. 

Prop.  It  is  a  yellowish-brown  extract-like 
substance,  with  an  exceedingly  bitter  taste, 
soluble  in  water,  more  soluble  in  alcohol  when 
dilute  than  when  anhydrous,  insoluble  in  ether, 
has  neither  acid  nor  alkaline  properties,  is  not 
crystallizable.  Chlorine  does  not  act  upon  it; 
strong  sulphuric  acid  dissolves  it,  assuming 
first  a  blue  and  then  a  deep  green  color.  Nitric 
acid  dissolves  it,  forming  a  liquid,  at  first 
brown,  but  becoming  speedily  yellow,  from 
which  water  throws  down  a  light  yellow  pre- 
cipitate ;  by  evaporating  the  solution  to  dryness 
a  yellow  resin  remains.  Muriatic  acid  also 
dissolves  it.  Caustic  alkalies  dissolve  bryonin 
without  alteration.  Its  aqueous  solution  is  not 
precipitated  by  acetate  or  nitrate  of  lead,  pro- 
tochloride  of  tin,  tartar  emetic,  nor  by  the  salts 
of  zinc,  iron,  or  copper;  but  it  is  precipitated 
white  by  nitrate  of  silver,  yellow  by  chloride  of 
gold,  and  abundantly  by  nitrate  of  mercury  and 
subacetate  of  lead.  The  infusion  of  nutgalls 
throws  down  a  copious  gray  precipitate,  dif- 
ficultly soluble  in  water,  more  readily  in  al- 
cohol. 

BUCHOLZITE.  Min.  Syn.  Fibrolite,  Xeno- 
lite.  Nord.  Cryst.  system,  Hexagonal. (?)  Im- 
perfectly crystalline,  fibrous;  a  crystal  of  Xeno- 
lite was  a  3-sided  prism  with  two  angles  of 
45°  38',  and  one  of  about  90°. 

H.  =  6— 7.  G.  =  3-193;  of  Xenolite,  3-5S. 
Color  white, or  gray,  inclining  to  yellow,  lustre 
pearly,  waxy,  and  glistening;  streak  white; 
thin  fragments  translucent,  subtranslucent ; 
fracture  conchoidal  across  the  fibres;  brittle. 

Behavior  and  Analysis.  It  is  infusible  before 
the  blowpipe  and  not  attacked  by  acids.  1. 
From  Faltigl,  in  Tyrol,  by  Brandes  ;  2,  from 
Chester,  Delaware  county,  Pennsylvania,  by 
Thomson ;  3,  Xenolite,  from  Petershoff,  in  Finn- 
land,  by  Komonen. 

1.  2.                 3. 

Silica 46-0  46-40  47-44 

Alumina..... 50-0  52-92  52-54 

Oxide  of  iron. .. .     2-5  trace           • — 

Potassa 1-5  —            — 


100 


99-32 


99-98 


Hence  its  form,  is  A1203,  Si03,  which  agrees 
closely  with  the  3d. 

Local.  Originally  obtained  from  Fassa,  in 
Tyrol;  since  discovered  at  Chester,  Pennsylva- 
nia, in  Monroe,  Orange  county,  New  York,  at 
Humphreysville,  Connecticut,  and  at  Worces- 
ter, Massachusetts. 

The  Xenolite  of  Nordenskiold  is  shown  to 
be  identical  with  this  species  by  Teschemacher. 
It  was  found  in  boulders  in  the  province  of 
Petershoff  in  Finland.    Dana. 

BUCHU.  Phar.  The  leaves  of  several  spe- 
cies of  Barosma  (Diosma).  The  following 
analyses  of  the  leaves  of  Barosma  crenata  are, 
1,  by  Brandes,  2,  by  Cadet : 


1.  2. 

Pale  yellow  volatile  oil 0-88         0-665 

Resin 2-34         2-151 

Bitter  extractive  (Diosmin) 3-78         5-170 

Chlorophyll 4-77         1-100 

Gum 12-71       21-170 

Lignin 45-00-) 

Brown  substance  extracted  by 

potash 1-56 

Nitrogenous    matter  extracted 

by  potash 2-42 

Albumen 0-58 

Malic  acid,  and  matter  precipi-  )-  69-744 

table  by  tannin •  •  •  • .    1-56 

Bassorin,  with  oxalate  and  phos- 
phate of  lime 4-53 

Various  salts  of  potash  and  lime    3-07  I 

Water 12-94  | 

Acetic  acid  and  loss 3-86J 

The  volatile  oil  is  yellowish  brown,  lighter 
than  water;  odor  that  of  the  leaves.  The  bitter 
extractive  is  brownish  yellow,  bitter,  and  some- 
what pungent;  soluble  in  water, but  neither  in 
alcohol  nor  ether. 

BUCKWHEAT.  The  seed  of  Polygonum 
fagopyrum.  The  seed  dried  in  the  sun  contains, 
according  to  Zenneck: 

Resin 0-3636 

Gluten 10-4734 

Albumen 0-2272 

Apothem 2-5378 

Saccharine  extractive 3-0866 

Mucilage  and  gum 2-8030 

Starch 52-2954 

Fibre 26-9341 

Loss 1  -2500 

BUCKLANDITE.     Min.     See  Eptdote. 

BUST  A  MITE.  Min.  Syn.  H.  =  6-5. 
G.  =  3-1 — 3-23.  Prismatic,  fibrous  ;  color  pale 
gray,  greenish  or  reddish  ;  lustre  a  little  silky, 
but  weak;  subtranslucent. 

Analysis  by  Dumas  : 

Silica 48-90 

Protoxide  of  manganese 36-06 

Lime 14-57 

Protoxide  of  iron 0-8 1 


100-34 


Its  formula  is  3  CaO,  2  Si03  -f  2  (3  MnO, 
2  Si03),  or  the  general  form.  3  RO,  2  Si03.  It 
is  allied  to  augite  and  manganese  spar. 

Local.  Discovered  in  Mexico,  at  Real  de 
Minas  de  Fetela,  and  at  Inotlos  in  the  province 
of  Pnebla. 

BUTTER.  Ger.  Butter;  Fr.  Beurre.  A  fat 
obtained  from  the  milk  of  the  cow  by  a  strong 
and  constant  agitation  of  cream,  which  pro- 
motes the  separation  or  collection  of  the  par- 
ticles of  fat.  It  is  a  soft,  yellowish  or  reddish 
white  fat  of  a  peculiar,  agreeable  taste  and 
odor,  due  to  salts  of  volatile  acids.  It  usually 
contains  a  little  butter-milk,  &c,  from  which  it 
is  purified  by  melting  several  times  in  hot  water. 
It  consists  of  margarin,  butyrolein,  butyrin, 
caprone,  capryllin,  and  caprin,  and  sometimes 
vaccinin  instead  of  butyrin  and  caprone;  the 
five  last  are  compounds  of  oxide  of  glyceryl, 
with  the  volatile  fat  acids,  viz.  butyric,  caproic, 

387 


-UTTER. 

capryllic,  capric  and  vacinnic,  (Lerch)  ;  the  two 
first  contain  margaric  and  butyrolic  acids.  It 
also  contains  coloring  and  aromatic  substances. 
(Refer  to  the  above  acids.) 

The  proportions  of  the  ingredients  in  butler 
were  approximately  determined  by  Bromeis 
to  be : 

Margarin 68 

Butyrolein 30 

All  others 2 

100 

The  apparatus  in  which  cream  is  churned  or 
agitated  may  be  of  wood,  iron,  or  sheet-tin;  the 
first  is  preferable,  but  it  should  contain  no  es- 
sential oil  or  odorous  matter  whatever;  it  should 
be  rounded  and  have  as  few  corners  as  possi- 
ble, in  order  to  facilitate  its  cleansing,  and 
should  be  kept  as  clean  as  possible.  The 
agitation  should  be  neither  too  rapid  nor  too 
slow;  the  lower  the  temperature,  the  more 
rapid.  The  temperature  should  be  as  near  55° 
as  practicable  ;  if  above  60°,  there  is  a  loss  in 
quantity  and  quality;  if  below  50°,  the  opera- 
tion becomes  too  long;  but  churning  raises  the 
temperature  several  degrees.  When  the  butter 
has  collected  (come),  it  is  removed,  and  worked 
with  fresh  and  pure  water  to  remove  the  ad- 
hering butter-milk,  but  too  much  working  les- 
sens the  flavor,  while  it  improves  its  quality 
for  keeping.  There  is  no  doubt  that  the  quality 
of  the  water  has  some  influence  on  the  quality 
of  the  butter. 

For  keeping,  butter  may  be  either  salted  with 
common  salt,  which  contains  no  deliquescent 
salts,  or  covered  with  syrup.  When  not  well 
prepared,  it  is  very  apt  to  become  rancid,  from 
the  presence  of  caseous  fermentative  matter. 
This  may  be  removed  from  fresh  butter,  either 
by  melting  alone  at  190°  to  212°,  when  the 
caseous  matter  partly  rises  to  the  surface,  partly 
sinks  to  the  bottom,  or  by  melting  it  several 
times  with  water. 

BUTTER  of  Antimony,  Bismuth,  Tin,  Zinc, 
is  a  chloride  of  the  metal. 

BUTTER  is  applied  to  several  vegetable  fats, 
which  have  the  consistency  of  common  butter, 
such  as  butter  of  Cacao,  Cocoa,  Nutmegs,  &c. 

BUTYRIC  ACID.  Ckem.  Ucr.  ButCersaure. 
The  volatile  acids  of  butter  are  thus  obtained: 

Fresh  butter  is  completely  saponified  with 
polassa  in  a  still,  the  soap  decomposed  in  the 
■vessel  with  dilute  sulphuric  acid,  the  head  then 
luted  on,  and  the  aqueous  liquid  drawn  off  to 
within  a  fourth.  Fresh  water  is  added,  again 
distilled  off,  and  this  operation  continued  as 
long  as  the  water  which  passes  over  possesses 
any  acid  reaction  from  the  volatile  acids.  From 
4  to  5  pints  of  a  milky  liquid  are  obtained  from 
a  pound  of  butter,  on  the  surface  of  which  float 
drops  of  oil  and  particles  of  hard  or  smeary 
fat.  The  distilled  water  is  immediately  satu- 
rated in  the  receiver  with  barytic  water,  and 
allowed  to  stand  well-closed  till  the  end  of  the 
distillation.  When  the  distillation  is  finished, 
the  still  is  cleansed  and  the  liquid  saturated 
with  barytic  water,  evaporated  in  it  with  the 
head  on  to  about  the  twentieth  part,  and  the 
still-hot  concentrated  ley  then  reduced  to  dry- 
ess  in  a  retort. 
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The  salme  mass  obtained  in  this  manner 
consists  of  two  portions,  one  easy  of  solution, 

the  other  difficult.  The  more  soluble  portion 
consists,  according  to  circumstances,  of  Duty? 
rate  and  capraate  of  baryta,  or  solely  of  the 
barytic  salt  of  vaccinic  acid.  The  portion  dif- 
ficult of  solution  consists  of  the  baryta  salts  of 
capric  and  capryllic  acids.  To  separate  the 
different  salts,  the  residuary  saline  mass  is 
boiled  with  about  5  to  6  pts.  water ;  one  portion 
dissolves,  the  other  remains  behind.  The  solu- 
tion of  the  easy  soluble  salts  is  set  aside  to 
crystallize;  if,  on  the  first  crystallization,  the 
crystals  which  separate  do  not  effloresce,  they 
are  caproate  of  baryta,  and  the  butyrate  of 
baryta  is  still  in  the  solution;  but  if  nests  of 
small  crystals  form,  which  quickly  effloresce, 
it  is  vaccinate  of  baryta,  and  it  is  then  unne- 
cessary to  look  for  butyrate  and  caproate  of 
baryta. 

The  soluble  saline  mass,  containing  the 
butyric  and  caproic  acids,  is  dissolved  in  water 
and  evaporated  to  crystallization ;  and  if  the 
solution  has  been  sufficiently  concentrated, 
nearly  the  whole  of  the  caproate  salt  is  de- 
posited. The  entire  solution  solidifies  to  a 
paste  of  minute  needles,  which  are  separated 
by  pressure  from  the  mother-ley  and  purified 
by  recrystallization.  The  remaining  ley  is  now 
allowed  to  crystallize  spontaneously,  which  is 
best  effected  by  exposure  to  the  sun;  at  first  a 
little  caproate  of  baryta  still  separates,  the  form 
of  the  crystal  then  changes,  laminae  of  mother- 
of-pearl  lustre  make  their  appearance,  and  all 
the  subsequent  crystallizations  are  nearly  pure 
butyrate  of  baryta,  which  is  purified  by  recrys- 
tallization. 

The  saline  mass  of  difficult  solution  is  dis- 
solved in  just  so  much  boiling  water  as  is  re- 
quisite for  complete  solution,  and  is  filtered 
while  hot.  During  the  cooling  the  liquid  be- 
comes filled  with  minute  scales,  of  a  fatty  lustre, 
of  caprate  of  baryta,  which  subside  in  the  form 
of  a  crystalline  precipitate.  The  decanted 
mother-ley  is  again  evaporated  one-fourth, 
when  a  fresh  quantity  of  caprate  of  baryta 
separates.  This  salt  is  purified  by  recrystal- 
lization. The  mother-ley  now  contains  the 
capryllale  in  solution  ;  it  is  evaporated  by  ex- 
posure to  the  sun,  when  the  salt  separates  in 
minute  granules  and  verrucous  masses,  which 
are  obtained  pure  by  recrystallization.     Lerch. 

Butyric  acid.  Besides  its  occurrence  in  butter, 
butyric  acid  has  latterly  been  observed  to  form 
under  peculiar  circumstances.  It  is  among  the 
constituents  of  tobacco-smoke  (Zeis'e);  it  resulted 
from  the  fermentation  of  tartrate  of  ammonia 
(Nollncr,  Lerzelius)  ;  from  the  fermentation  of  po- 
tatoes (Scharling);  from  a  peculiar  fermentation 
of  sugar  (Pelouze  and  Gelis).  The  last  offers  a 
method  of  obtaining  it,  and  it  is  as  follows : 

A  small  quantity  of  caseine  is  mixed  wilh  a 
solution  of  sugar  and  sufficient  chalk  to  satu- 
rate the  whole  of  the  butyric  acid  which  sub- 
sequently forms.  This  mixture  is  left  at  a 
constant  temperature  of  77°  to  86° ;  the  fer- 
mentation, at  first  viscous,  subsequently  lactic, 
gradually  becomes  butyric  ;  the  decompositions 
are  sometimes  successive,  sometimes  simulta- 
neous. At  one  part  of  the  fermentation  free 
hydrogen  amounts  to  a  third  of  the  volume  of 
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the  carbonic  acid.  At  this  period  the  butyric 
fermentation  is  in  all  its  vigor;  and  at  the  end 
of  some  weeks  the  solution  contains  little  else 
than  butyrate  of  lime.  The  butyric  fermenta- 
tion of  simple  hydrated  grape-sugar  is  thus 
represented : 

Glucose.  Butyric  acid. 

'C12H12012  =  C^Os+HO+4C02+8H. 

The  acid  is  thus  extracted  from  butyrate  of 
lime : 

1  lb.  butyrate  of  lime  is  suspended  in  3  to  4 
lbs.  of  water,  to  which  have  been  added  5  or  6 
ozs.  of  commercial  hydrochloric  acid.  This 
mixture  is  introduced  into  a  still,  and  boiled 
until  about  1  lb.  of  distilled  liquid  has  been 
obtained.  It  is  placed  in  contact  with  chloride 
of  calcium,  which  forms  two  liquids  of  different 
density,  the  upper  stratum  is  butyric  acid ;  it 
is  removed,  and  submitted  to  distillation  in  a 
tubulated  retort  provided  with  a  thermometer. 
The  first  portions  which  pass  over  into  the 
recipient  are  more  or  less  aqueous  ;  the  boiling 
point,  at  first  very  low,  gradually  rises  to  327°, 
where  it  remains  nearly  stationary,  and  is  a 
sign  that  the  acid  which  distils  over  is  concen- 
trated; it  is  received  apart,  continuing  the  dis- 
tillation until  the  retort  contains  but  a  small 
residue.  The  acid  is  now  kept  for  some  time 
at  its  boiling  point,  to  deprive  it  of  some  traces 
of  hydrochloric  acid,  and  is  then  redistilled, 
when  it  is  obtained  perfectly  pure. 

The  acid  is  obtained  from  butyrate  of  baryta 
by  sulphuric  or  phosphoric  acid,  adding  a  little 
less  than  is  sufficient  for  the  decomposition  of 
the  salt. 

Prop.  Colorless,  transparent  oily  liquid  of 
great  fluidity,  of  an  odor  resembling  acetic  acid 
and  rancid  butter;  of  a  sharp  acid  taste,  whiten- 
ing the  tongue  ;  density  =  0-963  at  59° ;  is  solu- 
ble in  every  proportion  in  water,  alcohol,  wood- 
spirit,  ether,  volatile  and  fixed  oils,  &c.  It  boils 
at  about  327°  under  ordinary  pressure,  and  dis- 
tils without  alteration ;  its  vapor  is  inflamma- 
ble, and  burns  with  a  blue  flame. 

Concentrated  sulphuric  acid  has  no  effect  on 
butyric  acid  at  the  ordinary  temperature,  and 
even  when  distilled  with  it  the  greater  portion 
of  the  butyric  acid  distils  over.  A  few  drops 
let  fall  into  dry  chlorine  immediately  produces 
hydrochloric  acid,  and  crystals  of  oxalic  acid 
cover  the  sides  of  the  flask. 

Composition.  Chevreul  gave  as  the  formula, 
C8H5 ^03,  for  which  Berzelius  proposed  C8H503. 
Bromeis  gave  C8H603,  but  the  analyses  of  Pe- 
louze  and  Gelis,  and  Lerch  lead  to  the  formula 
for  the  hydrated  acid,  C8H703-f-  HO,  which  is 
probably  correct. 

Salts.  The  salts  are  generally  soluble,  have 
the  odor  of  butyric  acid  when  moist,  and  espe- 
cially on  the  addition  of  sulphuric  acid;  and 
some  of  them  yield  Buttrone  by  distillation. 
The  butyrates  of  potassa,  soda,  and  ammonia,  are 
deliquescent  and  difficult  to  crystallize;  that  of 
baryta  crystallizes  in  prisms  or  pearly  laminae, 
with  4  eq.  crystal-water,  (Pel.  and  Gel),  anhy- 
drous (Lerch),  it  produces  the  same  motions  as 
camphor  on  water;  B.  of  lime  is  more  soluble 
in  cold  than  hot  water,  crystallizing  by  boiling 
a  cold  solution;  there  is  a  double  salt  of  lime 
and  baryta ;  B.  of  magiicsia  crystallizes  in  pearly 


BUTYRONE. 

scales,  like  boracic  acid;  with  5  eq.  crystal- 
water.  The  salt  of  zinc  crystallizes,  and  easily 
becomes  basic  by  loss  of  acid ;  that  of  iron  is 
yellow  and  basic :  that  of  copper  is  bluish-green, 
crystallizable,  and  has  the  form.  CuO,C8H7034- 
2  HO ;  those  of  lead  and  silver  are  white  precipi- 
tates, the  former  remaining  as  a  dense  liquid 
for  some  time,  when  butyric  acid  is  added  to 
acetate  of  lead.  Butyrate  of  ethyl  is  obtained 
by  boiling  butyrate  of  baryta  with  alcohol  and 
sulphuric  acid,or  rapidly  in  the  cold  by  2  butyric 
acid,  2  alcohol,  and  1  sulphuric  acid;  it  has  an 
agreeable  odor,  is  very  fluid  and  inflammable, 
very  soluble  in  alcohol  and  wood-spirit,  slightly 
in  water,  boils  at  220—230°;  form.  C4H30-f 
C8H703.  B.  of  methyl  similarly  formed  from 
wood-spirit  is  analogous  to  the  preceding,  and 
has  the  composition,  C2H30  +  C8H703. 

BUTYROLEIC  ACID.  When  butter  is  kept 
for  some  time  at  the  temperature  of  60°,  the 
margarin  congeals  into  white,  solid  groups  of 
globules,  and  may  be  separated  from  the  olein, 
&c,  by  pressure.  Prep.  The  expressed  oil  is 
saponified  with  potassa,  decomposed  by  dilute 
sulphuric  acid,  and  the  oily  acids  are  separated 
and  repeatedly  boiled  with  water  to  separate  the 
volatile  acids.  The  butyroleic  acid  is  then 
combined  with  litharge,  dissolved  in  ether,  in 
which  the  margarate  of  lead  is  insoluble;  the 
lead-salt  decomposed  by  chlorohydric  acid,  the 
acid  dissolved  in  10 — 12  pts.  spirit  of  wine, 
passed  through  blood-charcoal  to  decolorize  it, 
and  dried  in  the  cold  over  fused  chloride  of 
calcium.  The  employment  of  heat  must  be 
avoided  since  the  acid  absorbs  oxygen  with 
avidity.  It  is  a  colorless,  oily  liquid  ;  spec, 
grav.  0-904.     Formula,  C34H30O4-f  HO. 

The  sorfa-salt  is  prepared  by  saponifying  the 
acid  with  carbonate  of  soda,  dissolving  in  abso- 
lute alcohol,  and  pressing;  the  alcoholic  solu- 
tion cools  to  a  translucent  mass,  not  crystalline. 
The  barytic  salt,  prepared  by  adding  chloride  of 
barium  to  the  pure  salt  of  soda,  is  white,  loose, 
contracts  by  heat,  fusing  to  a  clear,  yellowish 
and  brittle  mass.  The  salts  of  lead  and  copper 
are  very  adhesive  ;  the  silver-salt  decomposes 
in  drying  even  in  vacuo.  Butyroleic  ether, 
formed  by  dissolving  1  pt.  pure  acid  in  4  or  5 
pts.  of  warm  absolute  alcohol,  and  passing  dry 
chlorohydric  acid  through  it,  is  first  boiled  with 
water,  then  shaken  with  lukewarm  hydrous 
alcohol,  and  finally  shaken  and  boiled  with 
water.  It  is  a  thin,  colorless  liquid  with  little 
odor  and  taste,  which  decomposes  wholly  by 
distillation,  yielding,  before  ebullition,  carbu- 
retted  hydrogen,  a  little  carbonic  acid  and  water, 
and  then  passing  over  colorless,  but  wholly  de- 
composed, and  giving  no  traces  of  sebacic  acid, 
like  common  oleic  acid.  'Bromeis  in  An.  der  Ch. 
itnd  Phnr.  xlii. 

BUTYRONE.   Chcm.  First  noticed  by  Chev- 

reul  as  an  aromatic  volatile  oil  derived  from 

the  distillation  of  butyrate  of  lime.     Submitted 

to  the  action  of  heat,  it  offers  one  of  the  most 

simple  examples  of  decomposition  of  this  kind. 

If  a  small  quantity  of  pure   and   anhydrous 

butyrate  of  lime  be  heated  with  precaution,  it 

1  soon  decomposes  into  carbonic  acid,  which  re- 

,  mains  combined  with  the  lime,  and  a  volatile 

!  oil,  which  distils  over,  and  is  nearly  pure  or 

I  scarcely  colored   butyrone.    The  decomposi- 
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tion  is  thus  represented,  CaO,  C8H703=  CaO,i  29-69.^,  lime  B'8W>,  peroxide  of  iron  3-750,  soda 
C02-fC7H70.     Bv  distilling  somewhat  con-  7-600,  magnesa,  a  trace,  water  2«0O=r99'6B0. 

From  Bytown.l'.  Canada.     Allied  to  scapolite. 


siderable  quantities  of  substance,  there  is  a  de 
position  of  carbon,  and  a  mixture  of  several 
liquid  substances  is  obtained,  in  which  buty- 
rone  is  the  chief  product,  constituting  42  to  43 
per  cent,  of  the  salt.  When  this  crude  liquid 
is  submitted  to  distillation,  its  boiling  point  is 
at  first  below  212°,  but  ascends  rapidly  to  284° ; 
the  liquid,  which  passes  between  284°  and  293°, 
is  butyrone,  and  is  again  distilled  to  render  it 
pure.  It  forms  a  colorless  limpid  liquid,  of  a 
peculiar  and  penetrating  odor,  and  with  a  burn- 
ing taste;  spec.  grav.  =  0-23;  it  boils  at  about 
291°.  It  swims  on  water,  in  which  it  is  almost 
insoluble,  to  which,  however,  it  communicates 
its  odor;  it  dissolves  in  every  proportion  in 
alcohol;  it  readily  ignites,  and  burns  with  a 
luminous  flame.  It  does  not  become  colored 
by  exposure  to  the  air,  although  in  the  course 
of  time  it  absorbs  a  considerable  quantity  of 
oxygen.     Formula,  C.H.O. 

Butyronitric  acid.  Gently  heat  a  mixture  of 
equal  volumes  of  ordinary  nitric  acid  and  buty- 
rone in  a  retort,  and  let  the  red  vapors  pass 
through  water.  The  acid  remains  in  the  retort, 
and  an  ethereal  liquid  collects  from  the  vapors ; 
the  former  is  poured  into  water  and  washed. 
It  is  an  oily  liquid,  colored  yellow,  with  an 
aromatic  odor  and  a  sweet  taste;  easily  ignites, 
and  burns  with  a  reddish  flame  ;  is  insoluble  in 
water  and  soluble  in  alcohol  in  every  pro- 
portion ;  heavier  than  water.  It  combines 
easily  with  bases,  and  affords  crystallizable 
salts. 

The  following  formulae  express  the  composi- 
tion of  the  acid  and  of  some  of  its  salts  : 

Free  acid C7H60,  N04  +  2  HO. 

Salt  of  potash C,H60,  N04  +  KO,  HO. 

Neutral  salt  of  silver  C7H60,  NO,  +  2  AgO. 
Acid         "            "      C7H60,  N04  +  AgO,HO. 
Salt  of  lead C7H60,  N04  +  2  PbO. 

By  mixing  an  alcoholic  solution  of  potassa 
with  butyronitric  acid  numerous  crystals  ap- 
pear, which  are  purified  by  washing  with  alco- 
hol ;  they  are  in  the  form  of  small  laminre  of 
a  beautiful  yellow  color;  which  at  a  tempera- 
ture of  about  212°  ignite  with  a  kind  of  explo- 
sion; a  property  common  to  the  butyronates; 
it  is  nearly  insoluble  in  alcohol;  dissolves  in 
about  20  times  its  weight  of  water ;  its  aqueous 
solution  precipitates  salts  of  silver  and  of  lead 
yellow,  and  salts  of  copper  of  a  dirty  green 
color.  The  salt  of  silver,  at  first  yellow,  be- 
comes rapidly  violet;  is  soluble  in  a  large 
quantity  of  water,  and  crystallizes  by  sponta- 
neous evaporation  ;  if  its  aqueous  solution  be 
boiled,  1  equiv.  of  base  is  precipitated,  and  re- 
placed by  1  equiv.  of  water. 

BUXIN.  Chem.  An  alkaloid  said  by  Fame 
to  exist  in  all  parts  of  the  Buxus  sempervirens, 
the  bark  containing  1  per  cent.  It  is  bitter, 
insoluble  in  water,  soluble  in  alcohol,  slightly 
in  ether,  reacts  alkaline  with  reddened  litmus, 
ffives  neutral  salts  with  acids. 

BYSSOLITE.     Min.     See  Hornblende. 

BYTOWNITE.     Min.     Amorphous,  having 


Form.  3- 


CaO  ■) 

NaOC,2Si03+3 
Mg05 

c. 


5  Nl<°.  BiO  1 
lFe203'    lu*f 


(t) 


CABBAGE.  Schrader  found  in  the  ex- 
pressed juice  of  the  common  cabbage,  Braesua 
oleraceu, 

Green  amylaceous  matter 0-63 

Albumen 0-29 

Resin 0-05 

Gummy  extract 8.89 

Extractive  soluble  in  alcoh.  and  water  2-84, 
together  with  sulphate  and  nitrate  of  potassa, 
chloride  of  potassium,  malate  and  phosphate 
of  lime,  phosphates  of  magnesia,  iron,  and 
manganese.  The  var.  Botrytit,  cauliflower, 
yielded,  according  to  Trommsdorf,  90  percent, 
juice,  which  contained  h  percent,  albumen, an 
extractive  soluble  in  water,  alcohol,  and  ether, 
fat,  chlorophyll,  free  malic  acid,  oxalates  of 
potassa,  ammonia,and  lime, chloride  of  sodium, 
sulphate  and  phosphate  of  lime  ;  the  skeleton 
remaining,  contained  resin,  pectin,  and  pectic 
acid,  a  mucilaginous  substance,  soluble  in  boil- 
ing water,  and  on  1-8  per  cent,  of  the  weight  of 
the  cauliflower  of  fibre.  Purple  cabbage  con- 
tains a  blue  coloring  matter  analogous  to  other 
fugitive  blue  colors,  such  as  that  of  violets,  &c. 
CACAO.  Tech.  The  seeds  or  bean  of  the 
Theobroma  Cacao  are  made  into  chocolate  and 
cocoa,  or  yield  by  expression  an  oily  substance 
called  Cacao-butter.  The  seed  consists  of  the 
kernel  and  husk,  the  latter  constituting  11-3  per 
cent,  of  the  seed.  Lampadius  found  in  the 
kernel: 

Oil 53-10 

Albumen 16-70 

Starch 10-91 

Gum 7-75 

Red  coloring  matter 2-01 

Fibre 0-90 

Water 5-28 

Ashes 2-00 


98-57 


The  ashes  consisted  mainly  of  phosphate  of 
lime.  The  husk  contained  about  44  per  cent, 
of  a  mucilaginous  extract,  12-5  of  a  brown  in- 
soluble residue,  and  5-6  ashes,  containing  much 
carbonate  of  potassa,  little  phosphate  of  lime 
and  silica.  By  treating  the  alcoholic  extract 
with  water  and  evaporating,  a  carmine-red 
color  is  obtained,  which  is  insoluble  in  ether, 
brightened  by  acids,  blued  by  alkali,  is  precipi- 
tated blue  by  acetate  of  lead,  lilac  by  tin-salt. 
The  bean  also  contains  an  analogous  substance 
to  caffein  called  Tiikoiiuomin. 

Butler  of  Cacao.  Obtained  by  pulverizing  the 
warmed  kernel,  mixing  it  with   10  times  its 


weight  of  boiling  water,  and  pressing  between 

agranular  structure;  color  greenish  blue,  lustre!  warm  tinned  iron  plates.    It  is  purified  by  refa- 

vitreous,  translucent.     H.  =  6.     G.  =  2-805.     |  sion  with  water,  or  on  a  small  scale  by  boiling 

Analysis  by  Thomson,  silica  47-735,  alumina   alcohol.     The  crude  oil  is  yellowish  with  the 
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odor  and  taste  of  the  bean ;  the  purified  is  color- 
less, inodorous,  and  tasteless ;  spec.  grav.=0-9 1 : 
has  the  consistency  of  tallow,  fuses  at  86°;  is 
very  little  liable  to  become  rancid,  and  is  hence 
adapted  to  ointments,  &c,  which  are  kept  for  a 
long  time.  It  consists  mainly  of  stearin,  pro- 
bably a  little  margarin,  and  a  small  quantity 
of  olein. 

CACHOLONG.     See  Quartz. 

CACODYL.     See  Kakodtl. 

CACOXENE.    See  Kakoxene. 

CACTIN.  Chem.  The  flowers  of  Cactus  spe- 
ciosus,  by  extraction  with  spirit  of  wine,  yield  a 
carmine-red  color,  soluble  in  water,  insoluble  in 
alcohol  and  ether.  After  being  thus  extracted, 
a  mixture  of  alcohol  and  ether  extract  5 — 10 
per  cent,  of  a  scarlet  color,  also  soluble  in 
water. 

CADET'S  LIQUID.     See  Kakodtl. 

CADMIA.  A  name  applied  by  the  Greeks 
to  zinc-ore,  in  honor  of  Cadmus,  who  first  in- 
troduced the  manufacture  of  brass  into  Greece. 

The  same  term  is  also  applied  to  the  impure 
oxide  of  zinc,  which  is  deposited  as  a  crust  on 
the  sides  of  furnaces  in  which  zinc  ores  and 
brass  are  metallurgically  treated.  The  metal 
cadmium  was  first  observed  in  this  crust.  A 
similar  crust  is  sometimes  observed  in  iron 
blast-furnaces. 

CADMIUM  (kuSjuiix,  calamine).  Chem.  Cad- 
mium exists  alone  as  sulphuret,  termed  Green- 
ockite,  and,  associated  with  zinc,  was  disco- 
vered in  1818  by  Stromeyer  and  Herrmann  in 
oxide  of  zinc,  since  found  in  several  of  the  ores 
of  that  metal,  especially  in  a  radiated  blende 
from  Przibram,  Bohemia,  which  contains  2 — 3 
per  cent,  of  cadmium;  in  the  blende  of  Nus- 
siere,  1|-  per  cent.,  in  some  of  the  zinc  ores  of 
Derbyshire,  and  in  some  zinc  of  commerce. 
(Clarke.)  During  the  reduction  of  calamine, 
the  very  volatile  cadmium  flies  off  in  vapor 
before  the  zinc,  and  collects  in  the  roof  of  the 
arch,  in  a  crust  which  often  contains  from  12 
to  20  per  cent,  of  cadmium. 

Prep.  The  ore  of  cadmium,  zinc,  or  cadmia 
is  dissolved  in  dilute  sulphuric  acid,  and  after 
adding  free  acid,  a  current  of  sulphohydric  acid 
gas  is  transmitted  through  the  liquid,  which 
precipitates  the  cadmium  as  sulphuret,  while 
the  zinc  continues  in  solution;  the  sulphuret  is 
then  decomposed  by  concentrated  chlorohydric 
acid,  the  solution  evaporated  to  dryness,  dis- 
solved in  water,  and  an  excess  of  carbonate  of 
ammonia  added;  the  white  carbonate  of  cad- 
mium, which  subsides,  is  heated  to  redness, 
mixed  with  charcoal,  or  soot,  and  exposed  to  a 
red  heat,  by  which  metallic  cadmium  is  sub- 
limed. 

Prop.  Cadmium  crystallizes  in  8-hedra, 
closely  resembles  tin  in  color  and  lustre,  but 
is  harder  and  more  tenacious;  is  very  sectile, 
ductile,  and  malleable  ;  gives  a  cry  like  tin,  but 
less  distinct ;  spec.  grav.  =  8-604  before  being 
hammered,  and  8-694  afterwards.  It  melts  at 
about  the  same  temperature  as  tin,  and  is  a 
little  more  volatile  than  mercury,  condensing 
into  globules  with  a  metallic  lustre;  its  vapor 
is  inodorous.  It  becomes  somewhat  dull  in  the 
air,  containing  carbonic  acid ;  under  water  free 
from  carbonic  acid,  it  is  covered  with  white 
hydrated  oxide ;  in  air  containing  carbonic  acid 


a  whitish  gray  coating  forms  containing  car- 
bonate. When  heated  in  the  open  air,  it  burns 
readily  to  oxide  with  brownish  yellow  vapors. 
Cadmium  is  readily  oxidized  and  dissolved  by 
nitric  acid,  which  is  its  best  solvent.  Sulphuric 
and  hydrochloric  acids  added  to  water  act  upon 
it  easily, developing  hydrogen  from  the  water.  It 
decomposes  steam  only  above  its  boiling  point. 

Symb.  =  Cd.     Eq.  56  (697-5,  O  =  100). 

Oxide  of  Cadmium.  Prepared  by  igniting  its 
carbonate,  or  nitrate,  has  an  orange  or  brownish 
color,  is  fixed  in  the  fire,  and  insoluble  in  water, 
spec.  grav.  =  8-18;  is  a  strong  base,  forming 
neutral  salts  with  acids ;  is  precipitated  as  a 
white  hydrate  by  pure  ammonia,  but  is  redis- 
solved  by  excess  of  that  alkali;  is  precipitated 
permanently  by  pure  potassa  or  soda  as  a  hy- 
drate, and  by  all  the  alkaline  carbonates  as  car- 
bonate of  oxide  of  cadmium.  The  hydrate  at- 
tracts carbonic  acid  from  the  air,  and  loses  its 
water  at  a  red  heat.     Eq.  =  64.     CdO. 

Salts  of  C.  They  are  generally  colorless;  if 
soluble,  have  an  alkaline  reaction,  a  nauseous, 
metallic  taste,  and  are  emetic;  they  lose  their 
acid,  if  volatile,  by  igniting;  zinc  precipitates 
dendritic  metallic  cadmium.  Sulphuretted  hy- 
drogen, sulphohydrates,  and  the  fresh  sulphu- 
rets  of  iron,  nickel,  and  cobalt  precipitate  sul- 
phuret of  cadmium  at  first  yellow,  then  orange, 
the  two  first  even  from  acid  solutions.  Caustic 
alkalies  precipitate  the  white  hydrate,  soluble 
in  excess  of  ammonia,  not  of  the  other  two; 
neutral  and  acid  carbonated  alkalies  throw 
down  the  white  carbonate,  insoluble  in  an  ex- 
cess of  the  precipitant,  but  if  much  free  acid 
were  present,  the  excess  of  carbonate  of  am- 
monia redissolves  it.  Phosphate  of  soda  throws 
down  phosphate  of  cadmium.  Oxalic  acid  and 
alkaline  oxalates  precipitate  the  oxalate,  solu- 
ble in  ammonia.  Yellow  prussiate  of  potassa 
throws  down  a  white,  red  prussiate,  a  yellow 
precipitate,  soluble  in  muriatic  acid.  The  salts 
of  cadmium,  insoluble  in  water,  are  soluble  in 
sulphuric,  muriatic,  and  nitric  acids,  and  in 
the  cold  solutions  of  sulphate,  muriate,  nitrate, 
and  succinate  of  ammonia. 

Analysis.  The  yellow  sulphuret  affords  one 
means  of  recognising  its  presence.  When 
mixed  with  soda  and  heated  on  charcoal  in  the 
reducing  flame  of  the  blowpipe,  the  coal  is  coated 
with  brownish  red  oxide.  Cadmium  may  be 
weighed  as  sulphuret,  but  it  is  more  accurate  to 
precipitate  the  chloride  by  carbonate  of  potassa 
or  soda.  It  is  separated  by  sulphuretted  hy- 
drogen from  the  alkalies,  earths,  and  the 
oxides  of  iron,  manganese,  zinc,  nickel,  cobalt, 
uranium,  chrome,  &c,  by  sulphuretted  hydro- 
gen; from  lead  by  evaporating  both  as  sul- 
phates, and  dissolving  sulphate  of  cadmium  by 
water;  from  bismuth  approximately  by  precipi- 
tating the  oxides  with  an  excess  of  ammonia, 
which  redissolves  cadmium;  from  copper  by 
precipitating  them  with  an  excess  of  carbonate 
of  ammonia,  and  letting  the  filtered  liquid  stand 
to  precipitate  the  remaining  carbonate  of  cad- 
mium;  from  arsenic,  antimony,  tin,  and  gold 
by  dissolving  the  sulphurets  in  sulphydrate  of 
ammonium,  in  which  that  of  cadmium  is  in- 
soluble; from  silver  and  mercury  by  chloro- 
hydric acid. 
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Sulphuret  of  C.  Occurs  native  as  Giieenock- 
ite.  Formed  by  fusing  together  sulphur  and 
oxide  of  cadmium,  or  by  adding  sulphuretted 
hydrogen  or  a  sulphohydrate  to  a  solution  of 
the  metal. 

Stromeyer. 

Cd 56  77-78  78-02 

S 16  22-22  21-98 


CdS 


72 


100 


100 


It  has  a  yellow  color,  inclining  to  orange,  in 
proportion  to  the  strength  of  the  solution  from 
which  it  is  made ;  whenever  heated  to  redness,  it 
becomes  first  brown  and  then  carmine  red; 
bears  a  very  strong  heat  without  change,  and 
in  a  white  heat  melts  and  crystallizes  in  trans- 
parent micaceous  plates  of  a  lemon-yellow 
color;  dissolves  readily  in  the  cold  in  concen- 
trated muriatic  acid,  while  sulphuretted  hydro- 
gen gas  is  disengaged,  and  no  sulphur  is  de- 
posited; soluble  in  nitric  acid. 

Use.  It  is  employed  as  a  yellow  pigment  in 
oil-painting,  from  its  brilliancy  and  fastness 
against  light  and  other  altering  agents.  To 
obtain  it  intimately  mingled  with  alumina,  a 
little  alum  may  be  added  to  a  solution  of  cad- 
mium and  the  whole  precipitated  by  sulphy- 
drate  of  ammonium. 

Carbosulphuret  of  sulphuret  of  Cad.  is  precipi- 
tated by  adding  the  salt  of  lime  to  a  solution 
of  cadmium,  of  a  lemon-yellow  color,  slightly 
soluble  in  water,  with  a  yellow  color. 

Nitroguret  of  C\(?)     Platinum-wire  from  the 

—  pole  of  a  Grove's  battery  is  dipped  into  one 
end  of  a  long  glass  vessel  containing  water  and 
pieces  of  sal-ammoniac,  while  the  -f-  pole  is 
connected  with  a  piece  of  cadmium  at  the  other 
end.     A  spongy  lead-gray  mass  collects  at  the 

—  pole,  which  has  a  spec.  grav.  4-8,  and  yields 
nitrogen  without  hydrogen  by  heat. 

Phosphuret  of  Cad.  is  gray,  with  a  weak  me- 
tallic lustre,  very  brittle,  and  melts  with  diffi- 
culty. Heated  in  the  air  it  burns  brilliantly  to 
phosphate  of  cadmium;  is  soluble  in  chloro- 
hydric  acid.  See  Alloys  under  Copper,  Mehcc- 
et,  and  Platinum. 

Haloid  Salts. 
Chloride  of  C.  Small  transparent  rectangular 
crystals;  when  heated  they  lose  their  water  of 
crystallization  and  are  converted  into  a  trans- 
parent foliated  crystallized  mass,  with  a  sub- 
metallic  pearly  lustre ;  when  exposed  to  the  air 
it  falls  down  as  a  white  powder;  when  strongly 
heated  it  sublimes  in  transparent  micaceous 
scales. 

Stromeyer. 

Cd .....56  61-27  61-39 

CI 35-5  38-73  38-61 


CdCl 


91-5 


100 


100 


Chloride  of  Cad.  and  Potassium,  KC1,  CdCl. 
Formed  by  mixing  strong  solutions  of  the  two 
salts,  yields  crystals,  containing  1  eq.  water, 
which  change  into  others;  anhydrous;  rather 
soluble  in  water,  somewhat  in  alcohol  and 
wood-spirit. 

Chloride  of  C.  and  Sodium,  NaCl,  CdCl,  forms 
imperfect  crystals,  containing  4  eq.  water,  solu- 
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ble  in  1-5  pts.  water  at  60°,  a  little  in  alcohol 
and  wood-spirit. 

Chloride  of  C.  and  Ammonium,  NH4C1,  CdCl, 
forms  silvery  needles  with  1  eq.  water,  but  they 
gradually  disappear  and  are  replaced  by  large 
rhombohedra,  anhydrous ;  a  little  soluble  in 
alcohol  and  wood-spirit. 

Chloride  of  C.  and  Ammonia.  Dry  chloride  of 
cadmium  rapidly  absorbs  about  3eq.  ammonia- 
gas,  2  eq.  of  which  it  loses  in  the  air,  becoming 
NH3,  CdCl ;  the  same  is  obtained  by  treating 
the  chloride  of  C.  with  liquid  ammonia  as  a 
white  powder,  soluble  by  warming,  but  sepa- 
rating on  cooling. 

Iodide  of  C.  Formed  either  by  heating  the 
two  substances  together,  or  by  digesting  them 
in  water.  It  crystallizes  in  large  6-sided  tables, 
white,  transparent,  with  a  metallic  lustre,  in- 
clined to  pearly,  and  not  altered  by  exposure 
to  the  air;  they  melt  easily  when  heated,  and 
reassume  their  crystalline  form  ;  when  strongly 
heated,  iodine  is  driven  off.  They  dissolve 
easily  in  water  and  alcohol,  and  may  be  again 
obtained  in  crystals  by  evaporation. 

Stromeyer. 

Cd 56  30-77  30-54 

1 126  69-23  69-46 


Cdl 


100 


100 


Iodide  of  C.  and  Potassium,  KI,  Cdl,  amor- 
phous, very  soluble  in  water,  a  little  in  alcohol 
and  wood-spirit. 

Iodide  of  C.  and  Ammonia.  The  dry  iodide 
absorbs  3  eq.  ammonia  by  aid  of  heat  to  a  white 
powder.  The  iodide  warmed  with  liquid  am- 
monia deposits  small  crystals  of  NH3,  Cdl. 
Both  are  decomposed  by  water. 

Bromide  of  C.  Formed  in  the  dry  way  by  ig- 
nition, or  in  the  wet  way  like  the  iodide.  Long, 
white,  efflorescent  needles,  very  soluble  in 
water,  losing  half  their  water  at  212°,  the  rest 
at  392°.  The  dry  bromide  is  very  fusible,  crys- 
tallizing on  cooling,  sublimes  at  a  higher  heat 
in  white,  pearly  scales,  is  decomposed  by  hot 
nitric  acid,  and  is  soluble  without  change  in 
muriatic  and  acetic  acids,  alcohol,  and  ether. 
The  crystals  contain : 

Croft.      Ramm. 

CdBr 134-4      78-87      79-05      80-5 

4  HO 36  21-13      20-95       19-5 


CdBr-(-4HO     170-4    100 


100 


100 


The  dry  bromide,  CdBr,  contains  41-66  per 
cent,  cadmium  by  calculation,  41-47  by  Berthe- 
mot's  analysis. 

Bromide  of  C.  and  Potassium.  KB,  CdBr. 
Needles,  containing  water ;  solubility  like  the 
iodide. 

Bromide  of  C.  and  Ammonia.  The  dry  bro- 
mide absorbs  2  eq.  ammoniacal  gas  to  a  white 
voluminous  powder.  A  strong  solution  of  bro- 
mide, supersaturated  with  ammonia,  yields  by 
slow  evaporation  8-hedra,  with  the  formula, 
NH3,  CdB. 

Fluoride  of  C.  CdF.  Deposits  by  evapora- 
tion as  a  white  crust,  difficultly  soluble  in  pure 
water,  more  soluble  in  fluohydric  acid. 

Silicofluoride  of  C.  crystallizes  in  long,  color- 
less, prismatic  crystals, efflorescent  in  warm  air. 


CADMIUM. 

OXYSALTS. 

Sulphur.  1.  Sulphate.  Formed  by  dissolving 
-he  metal  in  nitrosulphuric  acid,  forms  large, 
ransparent,  rectangular  prisms,  efflorescent  in 
he  air,  very  soluble  in  water,  lose  their  water 
)y  a  gentle  heat,  and  by  a  stronger  heat  become 
-he  following  basic  sulphate.     Composition  : 

Stromeyer. 

CdO 64         45-72         45-96 

S03 40         28-57         28-52 

4HO 36         25-71  25-52 


CdO,S03+4HO    140       100 


100 


2.  The  basic  sulphate  =2  CdO,  S03+HO,  con- 
taining 72-32  per  cent,  oxide  of  C,  22-6  per  cent, 
sulphuric  acid,  and  5-08  per  cent,  water. 

3.  Dry  sulphate  of  C.  absorbs  3  eq.  ammo- 
niacal  gas,  forming  a  white  powder,  soluble  in 
water  with  the  separation  of  oxide  of  cadmium. 

4.  Sulphate  of  C.  and  Potassa  yields  crystals 
of  the  oblique  rhombic  system. 

5.  Sulphite  of  C.  Cadmium  dissolves  in  liquid 
sulphurous  acid  with  the  formation  of  sulphite 
and  sulphuret  of  cadmium;  the  hydrogen 
evolved  decomposes  sulphurous  acid,  forming 
sulphuretted  hydrogen,  by  which  the  sulphuret 
of  C.  is  precipitated.  Thus,  3  Cd  +  3  HO  + 
3S02  =  3  (CdO,  S02)  +  3  H,  and  3  H  +  S02== 
HS  +  2HO,and3(CdO,  S02)+HS  =  2(Cd0, 
S02)-f-CdS+S02+HO. 

6.  Hijpnsulphate  of  C.  Carbonate  of  C.  dis- 
solved in  hyposulphuric  acid  gives  a  crystalline 
mass,  very  soluble  in  water  and  deliquescent. 
A  solution  of  this  salt  in  warm  ammonia  yields 
a  crystalline  powder,  with  the  formula,  CdO, 
S20.+  2NH3. 

Nitratcof  Ccrystallizes  in  prisms  and  needles 
cohering  into  a  radiated  mass;  very  soluble  in 
water,  deliquesces  when  exposed  to  the  air; 
soluble  in  alcohol.  Formula  of  the  crystal- 
lized, CdO,  NO.  +  4  HO,  containing  41-56  per 
cent,  oxide  of  C,  and  35-07  per  cent,  nitric  acid. 

Phosphorus.  1.  Phosphate  of  C,  formed  by 
double  decomposition  with  common  phosphate 
of  soda,  is  a  white  powder,  insoluble  in  water, 
fusing  at  a  white  heat  to  a  transparent  glass. 

2.  Met aphosphate of  C,  formed  by  adding  meta- 
phosphoric  acid,  and  then  ammonia  to  nitrate 
of  cadmium.  Microcosmicsalt  before  the  blow- 
pipe dissolves  a  large  quantity  of  oxide  of  C, 
forming  a  clear  glass,  which,  when  saturated, 
enamels  white  on  cooling. 

3.  Phosphite  of  C.  A  white  precipitate  formed 
by  double  decomposition  with  sulphate  of  C. 
and  phosphate  of  ammonia. 

4.  Hypophosphite  of  C.  Liquid  hypophospho- 
rous  acid  is  saturated  with  carbonate  of  cad- 
mium, filtered,  and  evaporated  in  vacuo.  It 
forms  small  crystals,  which,  by  sublimation, 
yield  phosphorus,  hydrogen,  and  phosphuretted 
hydrogen,  leaving  phosphate  of  cadmium  and 
a  little  oxide  of  phosphorus. 

Halogens.  1.  Perchlorate  of  C.  The  oxide, 
dissolved  in  perchloric  acid,  leaves  on  evapo- 
ration a  transparent,  crystalline  mass,  deli- 
quescent, soluble  in  alcohol. 

2.  Iodale  of  C.  Concentrated  solution  of 
iodate  of  soda  and  acetate  of  cadmium  give  a 
v  (luminous  white  precipitate,  soon  becoming 
50 
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a  crystalline  powder,  soluble  in  excess  of  the 
cadmic  salt,  slightly  in  water,  more  so  in  nitric 
acid  and  ammonia.  By  distillation  it  yields 
oxygen  and  iodine-vapor,  leaving  a  brownish 
red  mixture  of  oxide  and  iodide  of  cadmium, 
insoluble  in  water  (oxyiodide?; 

3.  Bromate  of  C.  Precipitate  sulphate  of  cad- 
mium by  bromate  of  baryta,  filter,  and  evapo- 
rate under  a  glass  with  oil  of  vitriol.  Trans- 
parent, rhombic  prisms,  of  127°  and  53°,  the 
acute  edges  replaced  by  a  plane  and  beveled, 
terminated  by  4  planes;  soluble  in  0-8  pts. cold 
water ;  when  heated  they  act  like  the  iodide, 
but  the   bromide  is  dissolved  out   by  water. 

Composition  : 

Ramm. 

CdO 64  33-44         33-38 

BrO 118-4         61-86         61-92 

HO! 9  4-70  4-70 


CdO,Br05-fHO       191-4       100 


100 


4.  Bromate  of  C.  and  Ammonia.  When  a  con- 
centrated solution  of  3  is  mixed  with  ammonia 
until  the  precipitate  redissolves,  and  evaporated 
spontaneously  under  a  glass  with  lime,  it  yields 
crystals  =  2  (CdO,  Br05)  +  3  NH3. 

Carbonate  of  C.  A  dry,  white,  insoluble  pow- 
der, containing  74-42  per  cent,  oxide  of  cad- 
mium.    Form.  =  CdO,  C02. 

Borate  of  C.  Formed  by  double  decomposi- 
tion with  borax  and  sulphate  of  cadmium;  is  a 
white  powder,  difficultly  soluble  in  water,  con- 
taining 72-115  per  cent,  oxide  of  cadmium. 
Before  the  blowpipe,  borax  dissolves  oxide  of 
C.  to  a  clear,  nearly  colorless  glass,  which, 
when  nearly  saturated,  may  be  rendered  milk- 
white  by  an  intermitting  flame,  or  when  more 
saturated  becomes  enamel-white,  constantly 
boiling  in  giving  off  vapors  of  cadmium  on 
charcoal.  See  other  salts  under  metallic  and 
organic  acids. 

CAFFEIN.  Chcm.  A  peculiar  principle  in 
coffee,  &c.  Discovered  by  Runge  in  1820; 
Jobst  proved  the  identity  of  Thein  and  Caffein, 
and  Martins  that  of  Guaranin  and  Caffein. 

Prep.  1.  A  decoction  of  coffee  is  treated  with 
subacetate  of  lead,  as  long  as  a  greenish  yellow 
precipitate  appears,  which  is  oxide  of  lead  with 
coloring  matter,  and  tanno-caffeic  acid.  A  cur- 
rent of  sulphuretted  hydrogen  gas  is  passed 
through  the  liquid  after  neutralizing  the  acetic 
acid  with  freshly  precipitated  oxide  of  lead,  to 
throw  down  the  excess  of  lead,  and  the  filtered 
liquid  concentrated,  when  the  caffein  is  de- 
posited in  crystals.  They  are  purified  by  re- 
peated crystallization  from  boiling  water. 

2.  Caffein  may  be  entirely  extracted  by 
shaking  the  ethereal  extract  of  coffee  with 
water,  precipitating  the  aqueous  solution  with 
subacetate  of  lead,  removing  the  excess  of  lead 
by  sulphuretted  hydrogen,  and  crystallizing  the 
filtered  solution.  Rochledcr  in  Wdhler  and  Lie- 
big's  Annul.  1.  231. 

Prop.  White  needles,  slightly  flexible  and 
transparent,  with  a  silky  lustre,  feebly  bitter, 
inodorous;  soluble  in  93  pts.  of  cold  water, 
much  more  soluble  in  boiling  water ;  soluble 
in  158  pts.  absolute  alcohol,  and  298  pts.  ether. 
(Mulder.)  It  combines  with  muriatic  and  sul- 
phuric acids,  forming  large  and  beautiful  crys- 
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tals;  oil  of  vitriol  decomposes  it;  nitric  acid 
dissolves  it  without  decomposition,  and  when 
the  acid  is  evaporated  the  caffein  remains  un- 
altered; dry  chlorine  does  not  act  on  it.  It  is 
decomposed  by  boiling  with  barytic  water. 
At  248°  it  loses  7-81  percent.  crystaKwater ; 
when  heated  to  350°  it  melts  into  a  transparent 
liquid,  and  at  about  720°  it  sublimes  in  fine 
needles  unaltered. 

According  toRobiquet  and  Boutron,  the  quan- 
tity of  caffein  in  different  varieties  of  coffee  is 
as  follows : 
In  100  pts.  coffee  from  Caffein. 

Martinique 64 

Alexandria 4-4 

Java 4-4 

Mocha 4-0 

Cayenne 3*8 

St.  Domingo 3-2 

It  is  still  doubtful  whether  caffein  should  be 
regarded  as  an  alkaloid  or  as  belonging  to  some 
other  class  of  organic  compounds.  Formula 
of  the  crvstallized  caffein,  according  to  Liebig, 
Ffaff,  and  others,  C8H5N202,  or  C16H10N4O4; 
that  dried  at  248°  loses  2  eq.  water.  See 
Coffee. 

CAFFEIC  ACID.  Chem.  Prep.  A  decoc- 
tion of  coffee  is  first  precipitated  by  neutral 
acetate  of  lead,  filtered,  and  then  by  subacetate 
of  lead ;  the  latter  is  mixed  with  water,  the 
lead  precipitated  by  sulphuretted  hydrogen ; the 
filtered  liquid  evaporated  to  the  consistence 
of  a  syrup,  and  then  mixed  with  its  own  bulk 
of  alcohol.  The  portion  held  in  solution  is 
tanno-caffcic  acid,  that  thrown  down  is  aiffeic  acid, 
which  is  purified  by  washing  with  alcohol. 

Prop.  A  white  powder,  insoluble  in  alcohol, 
soluble  in  water,  with  a  brownish  color;  it  red- 
dens litmus-paper  ;  ammonia,  potassa,  or  soda 
give  it  a  brown  color,  lime  and  barytic  water 
precipitate  it  yellow;  with  salts  of  iron  no 
change;  with  albumen  a  flocky  precipitate, 
without  any  shade  of  green.  Its  characteristic 
property  is,  when  strongly  heated,  to  emit  an 
aromatic  odor  precisely  similar  to  that  of 
roasted  coffee.  According  to  Pfaff,  its  con- 
stituents are,  carbon  29-1,  hydrogen  6-9,  oxy- 
gen, 64-0. 

CAINCIC  ACID.  Chem.  Discovered  in  the 
root-bark  of  Chiococca  racemosa  of  the  order  Ru- 
biacece. 

Prep.  Evaporate  the  alcoholic  solution  of 
the  root-bark  to  dryness,  dissolve  the  residue 
on  boiling  water;  add  milk  of  lime  to  the  solu- 
tion till  it  loses  all  taste  of  bitterness;  decom- 
pose this  salt  by  oxalic  acid  dissolved  in  alco- 
hol; the  caincic  acid  thus  obtained  is  purified 
by  repeated  solutions  and  crystallizations.  Or 
it  may  be  obtained  directly  from  the  concen- 
trated decoction  of  the  bark,  by  dropping  into 
it  muriatic  acid,  when  the  acid  is  deposited 
slowly,  during  several  days,  in  small  crystals. 

Prop.  Small  white  needles,  inodorous,  at  first 
tasteless,  but  soon  disagreeably  bitter,  very  so- 
luble in  alcohol,  requires  600  pts.  water  or  ether 
for  solution.  At  212°  it  loses  only  a  little  water 
of  crystallization;  but  when  strongly  heated  in 
a  glass  tube  it  becomes  soft,  is  charred,  and 
gives  out  white  vapors,  which  are  deposited  in 
emall  light  crystals  on  the  sides  of  the  glass. 
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These  crystals  have  no  bitter  taste  and  contain 
no  ammonia. 

Sulphuric  acid  dissolves  caincic  acid  and 
chars  it  immediately.  Muriatic,  nitric,  and 
acetic  acids  dissolve  it,  but  change  it  almost 
immediately  into  a  jelly,  which  is  destitute  of 
bitterness.  Nitric  acid  heated  with  it  produces 
a  yellow  bitter  matter  without  any  oxalic  acid. 
With  potassa,  ammonia,  baryta,  and  lime,  it 
forms  neutral  salts,  soluble  in  water  and  alco- 
hol, and  not  crystallizable;  the  strong  acids 
precipitate  caincic  acid;  basic  caincate  of  lime 
is  insoluble  in  water,  soluble  in  boiling  alcohol, 
from  which  it  is  deposited  in  whitish  flocks, 
which  are  strongly  alkaline.   Form.  CsH70  .(?) 

CAJEPUT-OIL.  Phur.  (Kayu-puti,  white 
wood.)  Prepared  in  the  Moluccas  by  distilling 
with  water  the  dry  leaves  and  twigs  of  the 
Melaleuca  minor  (Icucadcndron).  It  is  very  fluid, 
of  a  light  green  color,  and  transparent;  spec. 
grav.  =  0-9274;  taste  hot;  odor  lively  aromatic, 
camphoraceous;  it  boils  at  347°.  Potassium 
is  converted  by  it  into  potassa;  it  dissolves 
iodine  without  explosion;  sulphuric  acid  colors 
it  yellow;  cold  nitric  acid  does  not  alter  it. 
Formula,  CinH90.     Blanchet. 

The  commercial  oil  is  frequently  adulterated. 
Its  green  color  may  be  due  to  chlorophyll,  pos- 
sibly brightened  by  a  little  oxide  of  copper,  but 
Pereira  and  Brande  have  detected  no  copper  in 
it.  It  is  often  a  mixture  of  oil  of  terpentine  or 
lavender  with  camphor,  but  this  may  be  de- 
tected by  its  boiling  point,  by  explosion  with 
iodine, or  by  distillation,  which  leaves  camphor. 

CALAITE.  Min.  Uncleavable  Azure-spar, 
M.,  Turquois,  Agaphite,  Johnite,  Reniform. 

H.=  6.  G.  =  2-83— 3-00.  Color  a  peculiar 
bluish  green.  Lustre  somewhat  waxy,  inter- 
nally dull,  feebly  subtranslucent — opake.  Frac- 
ture, small  conchoidal. 

Analysis.  1.  From  Jordansmiihle  in  Silesia 
by  John  ;  2,  by  Zellner : 

1.  2. 

Phosphoric  acid 30-90  38-9 

Alumina 44-50  54-5 

Oxide  of  copper 3-75  1-5 

Oxide  of  iron 1-80  2-8 

Water 19-00  1-0 


99-95 


98-7 


Behavior.  In  a  closed  tube  it  yields  water 
and  decrepitates  violently,  becoming  black; 
colors  the  flame  green,  but  is  infusible ;  it  fuses 
readily,  however,  with  borax  and  mic.  salt,  giv- 
ing the  reaction  of  iron  and  copper.  It  is  inso- 
luble in  acids. 

Local.  It  occurs  in  Persia  near  Nishapuri. 
It  receives  a  fine  polish,  and  is  valued  for  orna- 
mental purposes;  and  when  finely  colored,  is 
highly  esteemed  as  a  gem. 

CALAMINE.  Min.  Rhombohedral  Zinc- 
Baryte,  M.,  Carbonate  of  Zinc ;  Ger.  Zinkspalh; 
Galmei,  in  part.  Descrip.  Cryst.  system,  Hex- 
agonal, in  hemiedric  forms,  the  obtuse  rhomb 
=  107°  40';  with  perfect  cleavage  parallel  to 
its  planes.  It  also  occurs  reniform,  botryoidal, 
stalactitic,  granular,  impalpable. 

H.=5.  G.=4-334— 4-442.  Color  white,  often 
grayish,  greenish,  brownish,  sometimes  green 
and  brown;  subtransparent,  translucent;  lustre 
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vitreous,  inclining   to   pearly;    streak   white; 

brittle,  with  a  fracture  uneven,  imperfectly  con- 

choidal,  and  a  white  streak. 

Analysis  by  Smifhson ;  1,  from  Somersetshire, 

and  2,  from  Derbyshire  : 

1.  2. 

Oxide  of  zinc 35-2  34-8 

Carbonic  acid 64-8  65-2 


100 


100 


It  is  therefore  a  simple  carbonate  of  zinc, 
ZnO,  C02. 

Behavior.  In  a  closed  tube  it  gives  no  water; 
on  charcoal  the  carbonic  acid  is  driven  off,  and 
oxide  of  zinc  is  obtained  as  a  white  coating, 
rarely  colored  yellow  from  cadmium.  It  dis- 
solves with  effervescence  in  acids,  and  quietly 
in  potassa. 

Local.  It  usually  occurs  in  calcareous  rocks, 
associated  with  other  zinc  ores,  and  generally 
with  siliceous  calamine. 

CALAMITE.     See  Hornblende. 

CALAMUS.  Phar.  The  fresh  rhizome  of 
the  Acorus  Calamus  analyzed  by  Trommsdorff 
gave  volatile  oil  0*1,  soft  resin  2-3,  extractive 
of  a  sharp  sweetish  taste  with  a  little  chloride 
of  potassium  3-3,  gum  with  phosphate  of  po- 
tassa 5-5,  starch-like  inulin  1-6,  fibre  21-5,  water 
65-7.  The  taste  of  the  root  is  due  to  the  oil, 
which  is  obtained  by  distilling  with  water  and 
employed  for  aromatic  vinegar,  &c.  The  oil 
is  pale  yellow,  becoming  reddish  with  time,  has 
the  odor  and  taste  of  the  root;  spec.  grav.  = 
0*899.  It  consists  of  at  least  two  oils,  the  more 
volatile  of  which  contained  1  per  cent,  oxygen, 
and  if  purified  would  have  the  formula,  C3H4. 
The  last  portions  distilling  over  contained  8-29 
per  cent,  oxygen;  the  residuary  oil  would  not 
distil  over  with  water,  and  contained  a  large 
quantity  of  resin.     Schedermann. 

CALCAREOUS  SPAR.  Min.  Syn.  Rhom- 
bohedral  Lime-Haloide,  M. ;  Carbonate  of  Lime ; 
Agaric  Mineral,  Anthraconite,  Aphrite,  Argen- 
tine, Calcite,  Chalk,  Iceland  Spar,  Inolite,  Mar- 
ble, Marl,  Oolite,  Ostreocolla,  Peastone,  Pi- 
solite, Slate  Spar,  Satin  Spar,  Travertine,  Tufa. 
Ger.  Kalkspath. 

Descrip.  Cryst.  system,  Hexagonal,  in  hemie- 
dric  forms.  The  simple  forms  are  rhombs  and 
scalenohedra,  with  a  6-sided  prism  and  terminal 
plane,  but  the  number  of  the  two  former  is  such 
as  to  give  rise  to  an  extraordinary  diversity  in 
external  appearance,  thus,  on  the  same  crystal 
we  may  have  right  and  left,  obtuse  and  acute 
scalenohedra,  as  in  dog-tooth  spar.  The  radi- 
cal rhomb,  into  which  every  crystal  is  perfectly 
cleavable  =  105°  5',  there  are  2  more  obtuse, 
and  2  or  3  more  acute  rhombs.  The  radical 
rhomb  is  sometimes  compounded  parallel  to  a 
terminal  edge ;  an  acute  rhomb  or  scalenohe- 
dron  is  often  compounded  parallel  to  the  same 
edge,  or  parallel  to  the  terminal  plane.  It  is 
also  found  fibrous,  lamellar,  granular,  compact, 
earthy,  stalactitic. 

H  _  2-5—3-5.     G.  =  2-508—2-788. 

Color  usually  white  ;  sometimes  with  a  va- 
riety of  shades  of  gray,  red,  green,  yellow ;  also 
brown  and  black;  transparent,  opake ;  lustre 
vitreous,  subvitreous,  earthy ;  the  transparent 
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varietie  exhibit  very  distinctly  double  refrac- 
tion; fracture  obtained  with  difficulty  from  its 
easy  cleavage. 

Behavior  and  Analysis.  It  is  composed  of 
lime  56-29,  and  carbonic  acid  43-7,  with  the 
formula,  CaO,  C02.  The  colored  varieties  con- 
tain, in  addition,  small  portions  of  iron,  silica, 
magnesia,  alumina,  bitumen,  plumbago,  &c. 
Before  the  blowpipe,  it  is  infusible  ;  it  loses, 
however,  its  carbonic  acid,  gives  out  an  intense 
light,  and  ultimately  is  reduced  to  pure  lime, 
or  quicklime.  Acids  produce  a  brisk  efferves- 
cence. 

Varieties.  Iceland  spar,  or  double  refracting 
spar,  is  applied  to  a  variety  crystallized  in  the 
form  of  the  radical  rhomb.  Satin  spar  is  fibrous, 
with  a  delicate  silky  lustre.  Oolite  consists  of 
minute  spherical  particles,  aggregated  by  a  cal- 
careous cement.  The  Peastone,  or  Pisolite,  differs 
from  oolite  in  the  larger  size  of  its  particles, 
which  are  composed  of  concentric  laminae. 
Chalk  is  a  massive  opake  variety,  usually 
white,  and  possessing  a  purely  earthy  aspect, 
and  absence  of  lustre.  Agaric  Mineral,  or  Rock 
Milk,  is  a  loose  friable  variety,  deposited  from 
waters  containing  carbonate  of  lime  in  solu- 
tion. It  is  formed  about  lakes,  whose  waters 
are  impregnated  with  lime;  also  in  fissures  in 
limestone,  and  in  limestone  caverns.  Marble 
includes  all  the  crystalline  and  earthy  varieties 
which  admit  of  a  high  polish.  The  Stinkstone, 
Swineslone,  or  Anthraconite,  which  is  found  co- 
lumnar, granular,  and  compact,  of  various 
shades,  emits  a  fetid  odor,  when  struck  with  the 
hammer.  Argentine  possesses  a  silvery  white 
lustre,  and  contains  a  little  silica.  Marl  is  a 
mixture  of  clay  and  carbonate  of  lime.  Calca- 
reous Tufa  occurs  in  beds  formed  by  deposition 
from  water,  and  has  a  very  porous  structure. 
The  Fontainebleau  Limestone  is  an  aggregate  of 
the  first  acute  rhomb,  containing,  mechanically 
mingled,  large  portions  of  sand.     Dana. 

Local.  Carbonate  of  lime  is  one  of  the  most 
extensively  diffused  simple  salts,  there  being 
scarcely  any  district  of  country  of  some  extent 
where  it  is  wholly  wanting.  One  of  the  most 
remarkable  localities  for  crystals  is  in  St.  Law- 
rence and  Jefferson  counties,  New  York;  a 
single  crystal  from  this  region  in  the  cabinet 
of  B.  Silliman,  Jr.,  is  nearly  transparent,  and 
weighs  165  lbs. 

Uses.  The  crystalline  marbles  and  compact 
limestones  are  extensively  employed  in  the 
construction  of  buildings,  roads,  &c;  a  very 
compact  variety  is  used  in  Lithography.  Many 
of  the  varieties  are  employed  indiscriminately 
as  an  alkaline  flux  in  the  reduction  of  ores,  or 
are  burned  to  caustic  lime  for  cement  or  agri- 
culture. See  Chalk,  Marble,  Marl,  and  under 
Calcium. 

CALCEDONY.     See  Quartz. 

CALCINATION.  A  term  employed  in 
chemical  research  and  the  arts,  and  derived 
from  the  obsolete  term  calx  applied  to  metallic 
oxides.  It  consists  in  exposing  substances  to 
a  pretty  strong  heat  over  an  open  fire,  so  that 
the  oxygen  of  the  air  oxidizes  those  substances 
capable  of  oxidation.  The  term  is  also  applied 
less  correctly  to  the  ignition  of  substances 
either  to  expel  some  ingredient  or  to  produce 
great  dryness  or  incipient  fusion  or  partial  de- 
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composition,  without  reference  to  the  action  of 
the  air. 

CALCIUM.  Carbonate  of  lime,  under  the 
form  of  marble,  chalk,  &c,  and  caustic  lime  or 
oxide  of  calcium  have  been  known  from  the 
earliest  times.  Black  proved  in  1756  that  mild 
lime  (chalk,  &c.)  was  quick-lime  combined 
with  carbonic  acid.  H.  Davy,  Berzelius  and 
Pontin  obtained  calcium  in  1808  from  lime. 
Calcium  is  about  equally  abundant  in  nature 
with  sodium,  occurring  chiefly  as  carbonate, 
then  as  silicate,  sulphate,  phosphate,  fluo- 
ride, &c. 

Calcium.  The  metal  is  prepared  like  barium, 
and  is  silver-white  and  solid;  oxidizes  rapidly 
at  common  temperatures  in  the  air,  and  dis- 
solves in  water,  as  lime-water,  evolving  hy- 
drogen. Eq.  Ca.  =  20  (251-942,  Berz.  0=100). 
The  last  would  give  20-15  by  dividing  by  12-5, 
the  eq.  of  hydrogen. 

Lima.  Syn.  Oxide  of  calcium;  Ger.  Kalk, 
Kalkerde;  Fr.  Chaux,  Terre  calcaire. 

Prep.  On  a  large  scale  by  burning  limestone, 
marble,  chalk,  oyster-shells  in  a  kiln.  (See 
Lime.)  Prepared  pure  by  igniting  Iceland 
spar,  Carrara  marble,  or  pure  precipitated  car- 
bonate of  lime  in  a  crucible  at  a  red  heat, 
moistening  with  water,  and  again  igniting. 

Prop.  White,  earthy,  brittle,  and  pulveriza- 
ble;  spec.  grav.  3-08 — 3-17;  phosphoresces 
powerfully,  when  heated  to  full  redness,  like 
strontia  and  baryta;  one  of  the  most  infusible 
bodies  known,  fusing  with  difficulty,  even  by 
the  heat  of  the  oxy-hydrogen  blowpipe,  to  a 
white  enamel.  It  has  an  alkaline  taste,  and 
reaction  on  reddened  litmus,  and  is  the  least 
caustic  of  the  alkaline  bodies. 


Composition: 

Ca 

0 

20 

....     8 

28 

71-43 

28-57 

Berzelius. 
7191 
28-09 

CaO 

100 

100 

Hydrate  of  Lime.  If  water  be  poured  on 
newly  burnt  lime,  it  swells  and  falls  to  pieces, 
and  is  reduced  to  a  very  fine  white  powder, 
called  slacked  lime,  producing  so  much  heat  as 
to  vaporize  a  part  of  the  water,  and  when  the 
quantity  of  lime  is  large  the  heat  produced  is 
sufficient  to  fire  combustibles;  when  lime  is 
slacked  with  a  little  water  in  a  dark  place,  light 
is  also  emitted.  (Pelletier.)  Two  pts.  lime  and 
one  pt.  ice  mixed  at  32°  combine  rapidly,  and 
the  temperature  rises  to  212°.  It  may  be  ob- 
tained crystallized  by  placing  lime-water  under 
the  air-pump,  with  concentrated  sulphuric  acid ; 
the  lime  is  deposited  in  small  transparent  six- 
sided  prisms.     Gay-Lussac. 

Hydrate  of  lime  loses  its  water  by  ignition  ; 
exposed  to  the  air  it  absorbs  carbonic  acid, 
forming  a  mixed  hydrate  and  carbonate. 

Composition : 

Berzelius. 

CaO 28         75-67         75-7  to  75-5 

HO 9         24-33         24-3  "  24-5 


CaO,  HO  37 


100 


100        100 


It  is  soluble  in  about  1200  pts.  water  at  212c 
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and  about  600  at  32°,  forming  lime-water.  The 
solution  is  limpid,  has  a  feeble  acrid  taste,  and 
changes  vegetable  blue?  to  preen  ;  exposed  to 
the  air,  a  crust  forms  on  its  surface  composed 
of  carbonate  of  lime,  which,  when  broken,  sub- 
sides, and  another  succeeds  it  until  the  whole 
of  the  lime  is  precipitated.  Hence,  lime-water 
prepared  by  filtering  water  from  slacked  lime, 
should  always  be  preserved  in  closely  corked, 
or  stoppered  bottles.  Milk  of  lime  is  slacked 
lime  suspended  in  lime-water,  and  when  the 
former  is  present  irt  some  quantity  it  is  termed 
cream  of  lime. 

Salts  of  Lime.  They  are  neutral,  sometimes 
acid,  colorless  with  colorless  acids,  the  soluble 
have  a  disagreeable,  rough,  saline  taste  ;  a  few 
give  a  reddish  tint  to  the  blowpipe  and  alcohol 
flame,  but  less  brilliant  and  more  orange  than 
that  of  strontia.  The  soluble  are  the  muriate, 
acetate,  nitrate,  &c;  most  of  the  others  are  in- 
soluble or  difficultly  soluble. 

Analysis.  A  concentrated  solution  of  a  salt  of 
lime  is  precipitated  as  a  hydrate  by  caustic 
potassa  or  soda,  not  by  ammonia,  but  if  the  so- 
lution do  not  precipitate  by  the  alkali  it  absorbs 
carbonic  acid  rapidly  from  the  air  and  then 
precipitates.  With  oxalate,  carbonate,  borate, 
phosphate,  arseniate,  arsenite,  tartrate,  and  ci- 
trate of  soda,  it  produces  white  precipitates, 
even  when  dilute,  soluble  in  chlorohydric  acid. 
Bicarbonate  and  sulphate  of  soda  produce  pre- 
cipitates only  in  concentrated  solutions;  but  a 
moderately  dilute  solution  treated  with  sul- 
phuric acid  deposits  needles  of  sulphate  of 
lime  after  some  time,  while  a  very  dilute  solu- 
tion will  not,  which  distinguishes  it  from  baryta 
and  strontia;  the  sulphate  being  insoluble  in  40 
per  cent,  spirit  of  wine  distinguishes  it  from 
magnesia.  Oxalate  of  ammonia  produces  a 
cloudiness  when  1  pt.  lime  is  dissolved  in 
400-000  pts.  water. 

It  is  separated  from  most  metals  by  sulphu- 
retted hydrogen  or  sulphydrate  of  ammonia; 
from  the  alkalies  by  oxalate  of  ammonia;  from 
magnesia  as  the  sulphate  (see  Analysis,  p. 
187) ;  from  baryta  by  treating  the  dry  chlorides 
with  absolute  alcohol,  which  dissolves  chloride 
of  calcium,  or  by  precipitating  a  very  dilute 
solution  with  sulphuric  acid  and  washing;  from 
strontia  by  dissolving  the  dry  nitrates  in  abso- 
lute alcohol.  Its  quantity  is  estimated  by 
weighing  it  as  sulphate  (Analysis,  p.  187),  or 
by  igniting  the  oxalate  (p.  188). 

Uses.  It  is  employed  in  Aoiucultutif. ;  as  the 
basis  of  Mortar;  as  a  flux  in  metallurgy  (see 
Iron  and  other  metals);  as  a  reagent  by  the 
chemist:  in  dyeing,  &c. 

Peroxide  of  Lime  is  prepared  similarly  to  per- 
oxide of  barium,  which  it  resembles  in  its  pro- 
perties. 

Sulphur.  1.  Sulphuret,  of  Calcium.  1.  Formed 
by  passing  sulphuretted  hydrogen  over  lime  in 
an  ignited  porcelain  tube.  2.  By  mixing  anhy- 
drous sulphate  of  lime  in  powder  with  £  of  its 
weight  of  charcoal  powder,  and  exposing  the 
mixture  to  a  white  heat;  100  pts. gypsum  yield 
51-5  pts.  sulphuret  of  calcium.  3.  Ignite  lime 
or  its  carbonate  with  3  as  much  sulphur  in  a 
closed  crucible  ;  this  yields  3  eq.  sulphuret  of 
calcium  mixed  with  1  eq.  sulphate  of  lime. 

Prop.    Color  reddish  white,  dissolves  imper- 
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fectly  in  water;  the  solution  is  colorless,  hepa- 
tic, alkaline,  and  by  evaporation  in  vacuo  it 
yields  white  crystals.  When  prepared,  as  under 
3,  it  is  a  pyrophorus,  known  under  the  name  of 
Canton's  phosphorus. 

2.  Sulphydrale  of  C.  Formed  by  passing  sul- 
phuretted hydrogen  through  water  containing 
lime  or  sulphuret  of  calcium.  Known  only  in 
solution,  for  by  evaporation  in  vacuo  or  in  hy- 
drogen it  deposits  1,  evolving  sulphuretted  hy- 
drogen. 

3.  Bisulphuret  of  C.  By  boiling  a  mixture  of 
slacked  lime,  sulphur,  and  water,  and  allowing 
the  liquid  to  cool  slowly  before  it  is  perfectly 
saturated  with  sulphur,  reddish'  yellow  4  or 
6-sided  prisms  separate,  which  are  permanent 
when  dried  in  vacuo.  They  require  400  pts. 
water  at  60°  to  dissolve  them,  less  boiling 
water;  moist  air  oxidizes  them.  Their  crystal- 
water  =  33-89  percent., or  3  eq. ;  whence  their 
formula  =  CaS2  -f  3  HO. 

4.  Quintisulphnret  of  C.  Boil  sulphuret  of  cal- 
cium or  slacked  lime  with  water  and  sulphur. 
By  using  slacked  lime,  bisulphuret  of  calcium 
and  hyposulphite  of  lime  are  formed  at  the 
same  time.  It  is  amorphous,  drying  to  a  red- 
dish yellow  mass,  which  by  destructive  distil- 
lation yields  sulphur,  leaving  the  sulphuret,  1; 
soluble  in  water  and  alcohol.     Form.  CaS.. 

5.  O.vysulphuret  of  C.  Boil  the  sulphuret,  from 
the  decomposition  of  gypsum  with  charcoal, 
with  much  water,  filter  boiling  hot,  distil  the 
liquid  until  the  greater  part  has  passed  over, 
and  let  sulphate  of  lime  crystallize  out;  on  dis- 
tilling again,  golden  yellow  needles  crystallize 
out,  which,  according  to  Rose's  analysis,  con- 
tain 42-51  per  cent,  water.  Form.  =  CaSs -{- 
5CaO+20HO. 

6.  Carbosulphuret  of  C.  Formed  by  digesting 
sulphuret  of  C,  from  gypsum  and  charcoal, 
with  water  and  bisulphuret  of  carbon  in  excess, 
in  a  flask  filled  with  it  at  the  temperature  of  86° 
until  the  sulphuret  of  C.  is  dissolved.  A  deep- 
red  solution,  yielding  a  yellowish  brown  sub- 
crystalline,  saline  mass,  by  evaporation  in  a 
vacuum ;  when  fully  dried,  it  leaves  by  re- 
solution in  water  a  reddish  yellow  basic  salt, 
which  is  always  formed  if  the  sulphuret  of 
carbon  was  not  in  excess.  The  neutral  salt  is 
soluble  in  alcohol,  and  decomposes  by  boiling. 

Phosphuret  of  C.  Formed  by  passing  the 
vapor  of  phosphorus  over  fragments  of  quick- 
lime at  a  low  red  heat.  It  is  reddish  brown, 
and  consists  of  phosphate  of  lime  and  phos- 
phuret of  calcium  ;  with  an  excess  of  phospho- 
rus it  is  black,  but  by  a  gentle  heat  the  excess 
may  be  distilled  off;  at  a  strong  heat  both  are 
decomposed,  giving  off  all  the  phosphorus  and 
leaving  lime.  Heated  in  the  air  it  burns  to 
phosphate  of  lime.  When  put  into  water,  it 
evolves  phosphuretted  hydrogen,  forming  hypo- 
phosphite  of  lime.  If  the  water  be  acidulated 
with  muriatic  acid  it  yields  much  self-inflam- 
mable phosphuretted  hydrogen. 

Carburet  of  C.  Acetate  of  lime,  or  a  mixture 
of  quick-lime  and  sugar,  is  strongly  ignited  in 
a  close  vessel,  and  then  heated  between  char- 
coal points,  which  terminate  the  electrodes  of 
a  strong  Grove's  battery,  in  a  gas  free  from 
oxygen.    The  lime  is  reduced  to  a  gray  car- 


buret, which  has  a  metallic  lustre  by  friction, 
is  not  acted  on  by  chlorohydric  nor  dilute  sul- 
phuric acid,  and  slowly  by  aqua-regia,  the  solu- 
tion showing  the  presence  of  lime.  Equal  parts 
of  lime  and  cyanide  of  mercury  heated  and 
similarly  treated  gave  a  gray  metallic  mass, 
containing  less  carbon,  which  oxidized  in  the  air 
and  evolved  an  odorous  gas  in  water.    Hare. 

Haloid  Salts. 
Chlorine.  I.  Chloride  of  Calcium.  Syn.  Mu- 
riate of  lime.  Ger.  Salzsaurer  Kalk.  Fr.  Chlo- 
rure  de  Chaux.  It  exists  in  sea-water,  many 
salines,  and  often  in  well-water.  It  is  a  resi- 
due in  distilling  ammonia  from  sal-ammoniac, 
and  may  be  made  by  dissolving  carbonate  of 
lime  in  chlorohydric  acid.  The  solution  evapo- 
rated to  a  syrupy  consistence  often  yields 
regular  6-sided  prisms,  but  generally  irregular 
striated  prisms.    Composition: 

Berzelius. 

CaCl 55-5         50-64         50-397 

6  HO 54  49-36         49-603 


CaCl,  6Aq  109-5 


100 


100 


This  formula,  CaCl  -4-  6  HO,  corresponds  to 
the  most  concentrated  chlorohydric  acid.HCl-f- 
6  HO.  It  fuses  far  below  212°;  kept  fused  at 
392°,  it  becomes  porous,  or  kept  in  vacuo  at 
summer  temperature  it  becomes  opake,  in  both 
cases  losing  4  eq.  water;  heated  to  below  igni- 
tion it  loses  all  its  water,  forming  a  white,  po- 
rous mass,  which  is  fusible  to  a  dense  translu- 
cent mass  of  a  crystalline  structure.  If  ignited 
with  access  of  air  it  is  partially  decomposed, 
and  lime  formed.     Composition  : 

Ure. 

Ca 20  36-1  36-7 

CI 35-5  63-9  63-3 


CaCl 


55-5 


100 


100 


Chloride  of  C.  has  a  rough  saline  taste,  is 
very  deliquescent;  the  dry  salt  dissolves  in 
water  with  evolution  of  heat,  the  crystallized 
produces  a  considerable  degree  of  cold  ;  1  pt. 
of  the  latter  dissolves  in  i  pt.  water  at  32°,  in 
£  pt.  at  60°  ;  10  pts.  boiling  absolute  alcohol 
dissolve  7  pts.  anhydrous  chloride,  and  on  cool- 
ing rectangular  crystals  separate  containing 
59  per  cent,  alcohol.  The  following  table  by 
Richter  shows  the  spec.  grav.  and  correspond- 
ing content  of  chloride  in  aqueous  solutions  : 

Spec.  grav.  Per  cent. 


1-45 

41-91 

1-42 

40-43 

1-39 

38-31 

1-36 

36-49 

1-33 

34-57 

1-30 

32-35 

1-27 

29-67 

1-24 

26-86 

Spec.  grav. 

Per  cent 

1-21 

23-93 

1-18 

20-85 

1-15 

17-60 

1-12 

14-42 

1-09 

11-23 

1-06 

7-66 

1-03 

3-95 

2.  Chloride  of  C.  and  Jlmmonia.  The  chloride 
absorbs  ammonia,  falling  to  a  white  very  volu- 
minous powder,  which  takes  fire  in  chlorine, 
and  loses  its  ammonia  by  heat  or  water.  Form 
CaCl-f-4NH3. 
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3.  Oxychloride  of  C.  By  boiling  chloride  of  C. 
and  slacked  lime,  or  the  residue  from  the  pre 
paration  of  caustic  ammonia,  with  a  little  water, 
and  filtering  hot,  the  cooling  solution  deposits 
the  salt  in  long  thin  needles,  from  which  both 
alcohol  and  water  extract  the  chloride  and 
leave  the  lime.     Form.  CaCI,  3  CaO  -f  16  HO. 

4.  Chromate  of  Chloride  of  C.  is  a  deliquescent 
salt.     Form.  CaCl  -f  2  Cr03 

Bromine.  1.  Bromide  of  C.  Formed  by  ig- 
niting lime  in  bromine  vapor,  or  by  dissolving 
carbonate  of  lime  in  bromohydric  acid,  or  by 
decomposing  a  solution  of  bromide  of  iron  by 
lime,  boiling  in  the  air  until  the  precipitate  is 
brick-red  and  filtering.  It  is  obtained  with  dif- 
ficulty as  colorless,  silky  needles.  The  anhy- 
drous salt  is  white,  with  a  sharp,  bitter  taste, 
fusible  under  partial  decomposition,  very  solu- 
ble in  water  with  evolution  of  heat,  very  solu- 
ble in  alcohol ;  treated  with  oil  of  vitriol,  it 
yields  bromohydric  acid,  then  bromine  and  sul- 
phurous acid.  Form.  CaBr,  Eq.  98-4,  contain- 
ing 79-67  per  cent,  bromine. 

2.  Bromide  of  C.  and  Ammonia.  The  fused 
bromide,  1,  absorbs  ammonia,  becoming  a 
white  voluminous  powder,  soluble  in  water. 
Form.  CaBr,  3  NH3. 

3.  Oxybromide  of  C.  By  boiling  1  with  milk 
of  lime  and  filtering,  fine  needles  are  obtained 
similar  to  the  oxychloride. 

Iodide  of  C.  Carbonate  of  lime  dissolved  in 
liquid  iodohydric  acid  and  evaporated,  yields 
long  needles  on  cooling  the  solution  ;  it  may  be 
evaporated  to  dryness  apart  from  the  air,  yield- 
ing a  white  mass,  similar  in  taste  to  the  chlo- 
ride, which  is  fusible  below  a  red  heat,  and 
then  decomposes  with  access  of  air  into  lime 
and  iodine.  A  strong  solution  of  this  salt  dis- 
solves much  iodine,  forming  a  black  liquid, 
which,  by  evaporation  in  a  vacuum  over  car- 
bonate of  potassa,  yields  large,  black  crystals 
of  a  metallic  lustre,  a  periodide.(?)  Lime  pre- 
cipitates from  this  solution  a  black,  pulveru- 
lent, basic  compound. 

Fluorine.  1.  Fluoride  of  C.  It  occurs  rather 
abundantly  distributed  in  the  mineral  kingdom, 
and  is  well  known  as  Fluor  Spar.  It  farther 
occurs  in  the  bones  of  some  animals,  in  some 
mineral  springs.  It  may  be  prepared  artificially 
by  digesting  freshly  precipitated  carbonate  of 
lime  in  an  excess  of  fluohydric  acid,  which 
gives  it  in  the  state  of  a  granular  white  powder, 
easily  washed.  By  mixing  a  solution  of  chlo- 
ride of  calcium  with  fluoride  of  potassium  or 
sodium,  it  falls  as  a  translucent,  gelatinous 
mass,  which  it  is  very  difficult  to  wash;  but 
the  addition  of  ammonia  condenses  it. 

Prop.  It  fuses  in  a  porcelain  fire  without 
farther  change,  congealing  to  a  crystalline  mass 
with  8-hedral  cleavage.  Both  the  native  and 
artificial  salt  phosphoresces  by  heat.  It  is  in- 
soluble in  water,  slightly  soluble  in  hot  diluted 
chlorohydric  acid,  and  is  decomposed  by  sul- 
phuric acid  aided  by  gentle  heat,  and  to  some 
extent  by  boiling  nitric  acid.  The  vapor  of 
anhydrous  sulphuric  acid  does  not  decompose 
it,  that  of  oil  of  vitriol  readily.  Cold  oil  of 
vitriol  mixed  with  fluor  spar  in  fine  powder, 
converts  it  into  a  transparent  syrupy  mass,  and 
no  fluohvdric  acid  is  expelled  till  the  mixture 
»'.  heated  to  about  104°;  but  if  the  spar  con- 
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tains  silica,  it  effervesces  when  mixed  with  sul- 
phuric acid,  and  becomes  opake  from  the  for- 
mation of  gypsum.    Composition  : 


Ca 

,  20 
18-7 

38-7 

72-35 
27-65 

52-68 
47-32 

//.  Davy. 

63-818 

46-687 

F 

28 
10-7 

38-7 

CaF 

100 

100000,  or 

CaO  .  , 

HF  ,. 

Berzelius.     U.  navy. 
72-6855         72-7 
27-3145         27-3 

CaO,HF 

100 

100 

100 

Use.  Fluoride  of  C.  fuses  with  several  salts, 
forming  bodies  which  have  not  been  minutely 
studied  in  reference  to  their  chemical  nature, 
but  are  of  importance  in  fluxing,  and  the  term 
fluor  spar  is  due  to  its  practical  employment  for 
this  purpose.  1  eq.  fluor  spar  fuses  with  1  or 
2  eq.  carbonate  of  potassa  to  transparent  liquid, 
which,  on  cooling,  is  translucent,  lamellar- 
crystalline.  With  1  eq.  sulphate  of  soda  it 
flows  freely  at  a  white  heat,  forming  a  translu- 
cent, granular-crystalline  mass.  It  fuses  also 
at  a  white  heat  with  borax  and  common  salt, 
the  latter  giving  off  white  vapor  and  forming  a 
translucent,  lamellar-crystalline  mass.  With 
1  eq.  sulphate  of  baryta  it  fuses  imperfectly, 
with  2  eq.  the  fusion  is  perfect,  giving  a  trans- 
lucent, subcrystalline  mass.  It  fuses  also  with 
sulphuret  of  barium,  and  readily  with  the  chlo- 
ride. 1  eq.  fluor  spar  with  £,  1,  and  2  eq.  sul- 
phate of  lime  fuses  perfectly,  but  that  with  I 
eq.  gypsum  fuses  most  readily,  yielding  a  highly 
crystalline  mass;  with  4  eq.  the  fusion  is  very 
imperfect.  It  also  fuses  with  sulphuret  of  cal- 
cium. 4  pts.  fluor  spar  and  7  pts.  gypsum  fuse 
on  charcoal  before  the  blowpipe  to  a  trans- 
parent glass,  cooling  to  a  white  enamel,  anl 
losing  its  fusibility  after  long-continued  ignition. 

2.  Borofluoride  of  C.  By  the  spontaneous 
evaporation  of  carbonate  of  lime  dissolved  in 
an  excess  of  borofluohydric  acid,  or  by  mixing 
chloride  of  calcium  and  strong  fluoride  of 
boron,  a  gelatinous  acid  mass  is  obtained  = 
CaF  -f-  BF3.  Water  extracts  an  acid  and 
leaves  a  basic  salt. 

3.  Silicofluoride  of  C.  Obtained  by  digesting 
a  mixture  of  finely  pulverized  fluor  spar  and 
silica  in  dilute  fluohydric  acid,  or  by  adding 
carbonate  of  lime  to  liquid  silicofluohydric 
acid  as  long  as  it  continues  to  dissolve,  and 
evaporating  by  a  gentle  heat  to  crystallize. 
The  crystals  are  oblique  4-sided  prisms,  per- 
fectly soluble  in  the  silicofluoric  acid ;  digest- 
ed in  water  it  is  partially  decomposed,  fluoride 
of  calcium  and  silica  being  precipitated,  while 
fluosilicic  acid  remains  dissolved  in  the  water. 
Form.  3CaF+2SiF3. 

OXTSALTS. 

Sulphur.  1.  Sulphate  of  Lime,  a.  Bihydrate. 
Syn.  Gypsum,  Plaster  of  Paris,  &c.  Occurs 
native,  crystallized,  and  granular  (see  Gypsum), 
constituting  large  formations;  and  may  be 
formed  directly  from  lime,  or  its  carbonate, 
and  oil  of  vitriol.  Oil  of  vitriol  poured  over  a 
large  quantity  of  quick-lime  heats  to  ignition, 
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and  a  more  dilute  acid  exhibits  light  in  the 
dark.  It  crystallizes  from  its  solution  in  deli- 
cate while  needles,  spec.  grav.  =  2-322;  it  has 
scarcely  any  taste ;  is  soluble  in  460  pts.  of 
cold,  and  in  450  of  boiling  water.  Its  solubility 
is  increased  by  muriate  and  succinate  of  am- 
monia, by  sulphate  and  muriate  of  soda.  When 
heated,  it  begins  to  lose  its  water  above  212°, 
loses  it  wholly  at  270°,  and  falls  into  a  soft 
white  powder;  at  212°  under  the  air-pump  with 
sulphuric  acid  it  loses  3  of  its  water.  The  white 
powder,  when  its  water  has  been  driven  off  at 
270°,  absorbs  water  very  rapidly,  and  solidifies 
it,  with  a  slight  increase  of  temperature.  When 
thus  rendered  anhydrous  it  is  called  Boiled 
Plaster,  and  is  much  employed  in  taking  casts. 
If  boiled  or  heated  above  320°  (or  400°)  it  is 
burned,  so  that  it  will  not  solidify  with  water, 
except  by  lapse  of  time,  like  c.  Unboiled  or 
crude  plaster  will  also  harden  rapidly  by  using 
instead  of  water  a  solution  of  potassa,  its  car- 
bonate, sulphate,  or  bisulphate,  and  instanta- 
neously by  tartrate  of  potassa  and  soda  (Ro- 
chelle  salt).  The  solidification  in  the  former 
case  is  due  to  the  reformation  of  the  bihydrate, 
in  the  latter  to  the  formation  of  double  salts. 
The  hardness  of  a  plaster-cast  is  probably  in 
proportion  to  the  hardness  of  the  gypsum  from 
which  it  was  made.  It  fuses  at  a  strong  red 
heat  to  a  white,  opake,crystalline  mass.  Ignited 
with  charcoal  it  is  reduced  to  sulphuret  of 
calcium.     Composition : 

Berthier. 

CaO 28         32-56         32-8 

S03 40         46-51         45-2 

2  HO 18         20-93         22-0 


CaO,S03+2Aq  86       100 


100 


b.  Subhydrate.  Found  in  a  steam-boiler  as 
a  gray  mass,  composed  of  microscopic,  trans- 
parent prisms  ;  spec.  grav.  =  2-757.  Formula, 
2  (CaO,  S03)  -f  HO. 

c.  Anhydrous.  Found  native  (see  Anhydiute), 
and  is  formed  by  strongly  heating  a;  a  white 
powder;  spec.  grav.  =  2-93.     Composition: 


CaO. 
SO,. 


CaO,  SO„ 


28 
40 


68 


41-18 

58-82 


100 


2.  Sulphate  of  L.  fuses  readily  with  an  equiv. 
of  sulphate  of  potassa  or  soda.  A  native  crystal- 
lized compound  with  the  latter  is  termed  Glau- 

BERITE. 

3.  Hyposulphate  of  L.  Formed  from  hyposul- 
phate  of  manganese  and  lime;  the  crystals 
resemble  the  salt  of  strontian ;  taste  bitter; 
unaltered  in  the  air;  soluble  in  0-8  pts.  boiling 
water,  and  in  2-46  pts.  of  water  at  66°  ;  leaves 
50-25  per  cent,  sulphate  of  lime  by  ignition. 
Form.  CaO,  S205  +  4  HO. 

4.  Sulphite  of  L.  Prepared  by  saturating  car- 
bonate or  milk  of  lime  by  sulphurous  acid,  or 
by  mixing  sulphite  of  potassa  and  chloride  of 
calcium;  it  is  a  white  powder;  but  from  a  solu- 
tion in  sulphurous  acid,  it  crystallizes  in  6-sided 
prisms,  terminated  by  6-sided  pyramids;  taste 


CALCIUM. 

slightly  sulphurous  ;  soluble  in  800  pts.  of  cold 
water;  exposed  to  the  air  it  effloresces ;  when 
heated  apart  from  the  air,  it  is  converted  into 
sulphate  of  lime  and  sulphuret  of  calcium. 
Form.  CaO,  S02.  It  dissolves  in  sulohurous 
acid,  forming  a  bisulphite. 

5.  Hyposulphite  of  L.  Prep.  1.  Boil  flowers 
of  sulphur,  slacked  lime,  and  water,  and  pass 
a  current  of  sulphurous  acid  through  the  liquid, 
until  the  solution  is  decolorized.  2.  A  solution 
of  sulphuret  of  lime  is  exposed  to  the  air  until 
it  loses  its  color. 

Prop.  By  evaporating  tne  liquid  at  a  tem- 
perature not  exceeding  140°,  it  yields  on  cool- 
ing large  transparent,  6-sided  prisms;  soluble 
in  its  own  weight  of  water  at  37°.  Unaltered 
by  exposure  to  the  air,  except  when  heated 
above  104°,  when  it  effloresces  ;  in  a  vacuum 
with  oil  of  vitriol,  it  effloresces  at  common  tem- 
perature. The  salt  is  decomposed  by  heat  in 
close  vessels,  giving  off  sulphur  and  leaving  a 
mixture  of  sulphuret,  sulphate,  and  probably 
sulphite;  its  saturated  solution  heated  above 
140°,  separates  into  sulphite  of  lime  and  sul- 
phur.    Form.  CaO,  S202  +  6  HO. 

Nitrogen.  1.  a.  Nitrate  of  L.  Occurs  in  many 
pump-waters,  particularly  in  cities,  on  walls  of 
privies,  in  nitre-beds,  in  some  limestone  forma- 
tions, &c.  Prepared  by  dissolving  carbonate 
of  lime  in  nitric  acid,  and  evaporating  to  a 
syrup,  when  it  is  precipitated  in  crystals, 
usually  irregular.  They  are  6-sided  prisms, 
terminated  by  long  pyramids,  oftener  long 
needles;  taste  acrid  and  bitter;  very  soluble  in 
water,  1  pt.  water  at  60°  dissolving  4  pts.  nitrate 
of  lime,  and  boiling  water  every  proportion  • 
very  soluble  in  alcohol;  very  deliquescent; 
when  heated,  it  readily  fuses,  loses  its  water, 
becomes  dry,  and  then  often  shines  in  the  dark, 
whence  the  name  of  Baldwin's  phosphorus: 
when  strongly  heated  it  gives  off'  hyponitric 
acid  and  oxygen,  leaving  pure  lime;  detonates 
slightly  with  combustibles.    Composition : 


Anhydrous. 

CaO 28         34-14 

NO. 54         65-S6 


IVenzel.     Longchamp. 
33-8         34-885 
66-2         65-115 


CaO,NO,  82       100 


100 


100 


Crystallized. 

CaO 28  23-73 

NO,- 54  45-76 

4  HO 36  30-51 


CaO,N05+4Aq        118 


100 


b.  A  basic  nitrate  is  formed  by  boiling  a  satu- 
rated solution  of  I.  a,  with  slacked  lime,  and 
washing  with  alcohol  of  40°  Beaume,  which 
leaves  the  basic  salt. 

2.  Nitrite  of  L.  Formed  like  the  salt  of  baryta 
by  igniting  nitrate  of  lime;  is  deliquescent; 
contains  27-34  per  cent.  lime. 

Phosphorus.  1.  Phosphate,  a.  Neutral.  Ob- 
tained by  dropping  a  solution  of  common  phos- 
phate of  soda  into  one  of  chloride  of  calcium; 
the  phosphate  precipitates  as  a  white  crystal 
line  powder;  but  a  small  quantity  of  basic  sal! 
is   also   formed;    after  drying  it  is   a  whito 
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powder,  tasteless,  insoluble  in  water;  very  solu- 
ble in  liquid  acids,  even  in  the  carbonic,  hence 
its  presence  in  some  mineral  waters.  Com- 
position : 

Crystallized.  Berzelius. 

2CaO 56  34-27         35  42 

P05      71-4  43-70  41-90 

4  HO 36  2203         22-68 


163-4       100 


100 


After  ignition  it  contains  56  per  cent,  phos- 
phoric acid. 

b.  3  basic.  Syn.  Bone-ash,  Bone  earth;  Ger. 
Knochenerde.  It  exists  in  the  ashes  of  bones, 
and  other  parts  of  animals,  and  in  plants. 

Prep.  1.  By  reversing  the  preceding  a,  and 
dropping  chloride  of  calcium  into  the  phos- 
phate, leaving  an  excess  of  the  latter.  2.  By 
dissolving  bone-ash  in  chlorohydric  acid,  boil- 
ing to  remove  carbonic  acid,  and  precipitating 
by  ammonia. 

Prop.  A  voluminous,  gelatinous  precipitate, 
condensing  in  drying  to  a  hard,  white,  granu- 
lai  mass.    Composition : 

8CaO 224  51-12 

3PCL 214-2  48-88 


8  CaO,  3  P03 


438-2 


100 


It  is  decomposed  partially  or  wholly  by  dilute 
sulphuric  acid  according  to  the  quantity  of  the 
latter.  438-2  pts.  (1  eq.)  of  the  salt  with  245 
pts.  (5  eq.)  oil  of  vitriol  yield  sulphate  and  Di- 
phosphate of  lime;  8  CaO,  3  P05  +  5  S03  = 
5  (CaO,  S03)  +  3  (CaO,  P05) ;  with  392  pts. 
(8  eq.)  oil  of  vitriol  it  gives  sulphate  of  lime 
and  phosphoric  acid ;  8  CaO,  3  P05+  8  S03  = 
8  (CaO,  S03)  -+-  3  POs.  A  portion  of  sulphate 
of  lime  remains  with  the  phosphoric  acid  ac- 
cording to  the  quantity  of  water  present,  but  it 
may  be  removed  by  adding  alcohol.  It  is  also 
decomposed  by  chlorohydric  and  nitric  acids, 
forming  a  biphosphate.  It  is  farther  somewhat 
soluble  in  ammoniacal  salts,  chloride  of  so- 
dium, &c. 

It  is  fusible  at  an  intense  white  heat  to  a 
white  enamel.  It  is  decomposed  at  a  white 
heat  with  silica  and  charcoal,  evolving  car- 
bonic oxide  and  phosphorus,  and  leaving  sili- 
cate of  lime.  (See  preparation  of  Phospho- 
rus.) 

c.  2  basic.  Formed  by  precipitating  a  salt  of 
lime  by  basic  phosphate  of  soda,  or  by  treating 
b  with  caustic  soda.  It  occurs  as  a  mineral 
combined  with  chloride  or  fluoride  of  calcium 
(see  Apatite). 

d.  Sesquiphosphatc.  Formed  by  mixing  a  so- 
lution of  phosphate  of  lime  in  phosphoric  acid 
with  alcohol ;  a  white  precipitate  which  red- 
dens litmus  even  after  washing  with  alcohol ; 
water  removes  an  acid  phosphate,  and  leaves 
the  neutral  salt.     Form.  4  CaO,  3  P05. 

e.  Biphosphate.  Formed  by  digesting  phos- 
phate of  lime  in  phosphoric,  muriatic,  or  nitric 
acid;  it  has  an  acid  taste;  forms  laminae  or 
scales,  and  evaporating  to  dryness,  it  does  not 
crystallize;  deliquescent;  soluble  in  water;  by 
ignition  it  fuses  into  a  transparent,  tasteless 
glass,  insoluble  in  water;  by  distillation  with 
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charcoal  the  excess  of  acid  is  reduced,  yielding 
phosphorus.     Form.  CaO,  PO,v 

/.  Melaphosphatc.  Formed  by  igniting  the 
preceding  to  a  cloudy  glass,  or  precipitating 
chloride  of  calcium  by  metaphosphate  of  soda. 
In  the  latter  case  it  is  hydrous,  semifluid,  trans- 
parent. 

2.  Phosphate  of  L.  and  Soda.  Microcosmic 
salt  (phosphate  of  soda  and  ammonia)  dissolves 
a  considerable  quantity  of  lime  before  the  blow- 
pipe, yielding  a  clear  glass,  which  becomes 
milky  on  cooling,  when  saturated. 

3.  Phosphite  of  L.  If  phosphite  of  ammonia 
be  mixed  with  chloride  of  calcium,  a  white 
crystalline  crust  precipitates  after  some  time, 
which  is  soluble  in  water,  and  by  ignition  gives 
off  water  and  pure  hydrogen,  leaving  brownish 
neutral  phosphate.    Form.  2  CaO,  P03-f  2 HO. 

4.  Hypophosphite  of  L.  Prep.  1.  Add  phos- 
phorus gradually  to  boiling  milk  of  lime,  until 
the  strong  odor  of  phosphuretted  hydrogen  has 
diminished,  pass  carbonic  acid  through  it  and 
warm  it  to  remove  the  excess  of  lime,  and 
evaporate  in  a  vacuum,  or  gently  in  the  air. 
2.  Decompose  phosphuret  of  calcium  by  boil- 
ing water,  digest  it,  and  treat  it  with  carbonic 
acid,  as  above.  Prop.  Colorless,  rectangular 
prisms,  of  a  pearly  and  vitreous  lustre ;  per- 
manent in  the  air;  of  a  nauseous,  bitter  taste; 
soluble  in  6  pts.  cold,  but  little  more  in  boiling 
water,  slightly  soluble  in  dilute  alcohol,  insolu- 
ble in  strong.  Form.  CaO,  PO+  2  HO,  con- 
taining 32-79  per  cent,  lime  and  20  or  21  per 
cent,  water.  The  crystals  lose  their  water 
above  572°;  heated  to  ignition  in  a  retort,  they 
evolve  water,  then  very  inflammable  phosphu- 
retted hydrogen,  and  leave  a  reddish  residue 
of  nearly  neutral  phosphate  of  lime  and  oxide 
of  phosphorus ;  2  (CaO,  PO  +  2  HO)  =  2  CaO, 
PO.  +  PH3+HO. 

Halogens.  1.  Chlorate  of  L.  Formed  by  boil- 
ing chloride  of  lime  in  solution,  or  by  dissolv- 
ing lime  in  chloric  acid,  and  evaporating  to 
crystallize.  Deliquescent,  very  soluble  in  water 
and  alcohol,  fusible  in  its  crystal-water,  deto- 
nating slightly  on  ignited  coals. 

2.  Perchlorate  of  L.  Formed  directly,  and 
evaporated  to  a  syrup,  congeals  to  a  very  deli- 
quescent mass. 

3.  Chloride  of  L.  The  compounds  of  lime 
with  hypochloric  and  chlorous  acids  have  not 
been  sufficiently  investigated  to  allow  of  a  de- 
scription of  their  preparation  or  properties,  but 
the  late  investigations  of  Millon  and  others  into 
the  nature  of  the  acids  of  chlorine  will  soon 
throw  a  clearer  light  on  this  subject.  Fure 
hydrate  of  lime  absorbs  about  an  equivalent 
of  chlorine  to  form  bleaching  powder  and 
bleaching  liquid,  which  is  probably  a  mixture 
of  chloride  of  calcium  and  hypochlorite  of  lime, 
CaCl,  CaO,  CIO  +  2  HO.  For  their  manufac- 
ture, see  Bleaching  Powder. 

Both  the  dry  and  liquid  chloride  have  a  pe- 
culiar odor,  due  to  hypochlorous  acid  ;  when 
heated  they  evolve  oxygen,  rarely  chlorine,  and 
the  liquid  is  resolved  into  1  eq.  chlorate  of 
lime  -j-  17  eq.  chloride  of  calcium,  losing  at  the 
same  time  their  bleaching  power;  at  common 
temperatures,  in  close  vessels,  oxygen  is 
evolved  and  chloride  of  calcium  remains;  the 
dry  powder  is  deliquescent  in  the  air  and  de- 
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composes  similarly.  Hence  the  necessity  of 
excluding  bleaching  salts  from  light  and  air. 
Acids,  even  the  carbonic,  decompose  it  into  a 
salt  of  lime  and  free  chlorine;  but  if  the  solu- 
tion be  very  dilute,  the  bleaching  power  con- 
tinues for  a  considerable  time.  Carbonate  of 
potassa  or  soda  forms  with  it  carbonate  of  lime 
and  chlorated  alkali. 

4.  Iodate  of  L.  A  portion  of  it  crystallizes 
from  a  mixture  of  iodate  of  potassa  and  chlo- 
ride of  calcium.  4-sided  prisms,  efflorescent 
in  the  air,  losing  part  of  their  water,  soluble  in 
253  pts.  water  at  59°,  in  75°  boiling,  in  still  less 
nitric  acid.     Composition: 


CaO 28 

I05 166 

5HO 45 


Rammclsberg. 
11-71  12-57 

69-46         68-60 

18-83         18-83 


CaO,I05+5HO      239 


100 


100 


Before  392°  it  loses  all  its  water,  and  by  a 
gentle  ignition  it  evolves  14-78  per  cent,  oxygen 
and  54-1  iodine,  by  a  stronger  heat  17-18  oxygen 
and  62-48  iodine,  leaving  in  the  latter  case 
20-34  per  cent,  of  a  mixture  of  \  periodate  and 
much  free  lime.  Composition  of  the  dry 
salt: 

CaO 28  14-43 

IO. 166  85-57 


CaO,  IO, 


194 


100 


5.  Periodate  of  L.  A  basic  salt  precipitates 
from  a  mixture  periodate  of  soda  and  nitrate  of 
lime.  A  \  basic  salt  is  formed  by  igniting 
iodate  as  above. 

6.  Bromate  of  L.  Formed  directly  from  the 
acid  and  lime  or  carbonate  of  lime.  The  crys- 
tals are  soluble  in  1-1  pt.  cold  water  and  the 
saturated  solution  is  syrupy;  they  begin  to  lose 
their  water  at  about  211°  and  lose  it  wholly  at 
356°;  by  ignition  they  are  decomposed  into 
oxygen  and  bromide  of  calcium.  Composition: 


CaO 28 

BrO 118-4 

HO 9 


Rammelsberg . 
18-02         18-092 
76-19         75-939 
5-79  5-969 


CaO,Br05+HO     155-4       100 


100 


The  dry  salt  contains  80-88  per  cent,  bromic 
acid. 

1.  Carbonate  of  L.  a.  Anhydrous.  This  salt 
exists  in  great  abundance  in  nature,  and  is  one 
of  the  most  important  and  most  generally  used, 
next  to  common  salt.  It  is  found  crystallized 
in  2  forms.  (See  Arragonite  and  Calcareous 
SpAn.)  Formed  by  dissolving  well-burned 
oyster-shells  in  muriatic  acid,  precipitating 
phosphate  of  lime  by  ammonia,  filtering  and 
precipitating  by  carbonate  of  ammonia.  It  is 
a  white,  subcrystalline  powder,  tasteless  ;  spec, 
grav.  =  2-717 — 2-99;  scarcely  soluble  in  pure 
and  hot,  more  in  cold  water,  but  it  is  soluble  in 
water  containing  carbonic  acid;  soluble  in 
solutions  of  ammoniacal,  less  in  potassa-salts; 
strong  caustic  potassa  extracts  carbonic  acid  ; 
exposed  to  a  red  heat.it  decrepitates,  and  loses 
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its  acid  at  a  higher  heat;  in  a  current  of 
steam  or  other  gases  a  lower  degree  of  heat  is 
required.  (See  Lime.)  Under  a  strong  pres- 
sure it  melts  at  a  red  heat,  assuming  an  ap- 
pearance resembling  granular  limestone,  while  a 
small  portion  of  carbonic  acid,  often  from  1  to 
5  per  cent.,  is  dissipated.  A  similar  effect  re- 
sults by  putting  chalk  into  a  crucible,  pressing 
it  down,  and  exposing  it  covered  to  a  strong 
and  quick  heat  in  a  furnace.     Composition  : 


CaO. 
CO,. 


Dumas. 

Bcrzelins. 

56 

56-06 

56-4 

44 

43-94 

43-6 

CaO,  C02 


28 
22 


50       100       100 


100 


b.  Hydrous.  A  solution  of  1  pt.  lime  and  3  pts. 
sugar  in  6  pts.  water  exposed  for  some  months 
to  a  cold  air,  or  immediately  to  a  12-paired 
galvanic  battery,  deposits  the  salt  in  crys- 
tals, in  the  latter  case  at  the  platinum  point  of 
the  positive  electrode.  Irregular  rhombic  or 
6-sided  prisms;  spec.  grav.  =  1-75 — 1-78;  un- 
altered in  the  air  below  68°,  but  between  80° 
and  86°  losing  all  their  water;  boiling  spirit  of 
wine  abstracts  all  their  water,  boiling  absolute 
alcohol  only  2  eq.     Form.  CaO,  C02  4-  5  HO. 

2.  Hydrocarbonate  of  L.  Half-burned  lime, 
moistened  with  water,  or  quick-lime  exposed 
for  a  month  or  two  to  the  air  becomes  a  mixed 
hydrate  and  carbonate,  with  the  form.  2  CaO, 
C02,  HO,  or  CaO,  C02  4-  CaO,  HO,  containing 
64-37  per  cent.  lime. 

3.  Bicarbonate  of  Lime.  Formed  by  passing 
a  current  of  carbonic  acid  through  lime-water; 
if  more  water  be  added,  a  clear  solution  is  ef- 
fected; when  a  solution  of  lime  is  precipitated 
by  an  alkaline  bicarbonate,  the  more  dilute  the 
liquid  is  the  more  lime  remains  in  solution.  It 
is  only  known  in  solution  ;  hence  the  carbonate 
of  lime  frequently  found  in  mineral  waters. 
Exposed  to  the  air,  or  by  boiling,  1  eq.  carbonic 
acid  escapes,  and  neutral  carbonate,  l.a,  is  pre- 
cipitated. Hence  the  stony  crust  or  deposit 
found  in  vessels  in  which  water  ;S  boiled  in 
limestone  districts. 

4.  Carbonate  of  L.  and  Soda.  Formed  bj 
fusing  equal  equiv.  of  each  at  a  full  red  heat. 
It  occurs  as  a  mineral,  crystallized  and  aque- 
ous.    See  Gay-Lussite. 

5.  Carbonate  of  L.  and  Baryta  occurs  as  a 
mineral.     See  Baryto-Calcite. 

Borate  of  L.  It  occurs  native  with  5  eq.  water 
(see  Borocalctte),  and  probably  as  Khohizite. 
Formed  artificially  by  precipitating  a  strong 
solution  of  lime  by  borax  in  excess.  A  soft, 
white  mass,  slightly  soluble  in  water,  readily 
in  water  containing  sal-ammoniac  or  chloride 
of  calcium  ;  fusible  to  a  glass.  Formula  of  the 
air-dried,  CaO,  2  B034-  HO,  of  the  ignited  sail, 
CaO,  2B03,  the  former  containing  65-29,  the 
latter  71-31  per  cent,  boracic  acid.  Before  the 
blowpipe,  borax  dissolves  lime  to  a  clear  glass, 
which  clouds  by  an  intermitting  flame;  with  a 
large  content  of  lime,  it  cools  to  a  crystalline 
mass  with  protruding  points. 

SUicates  of  L.    1.  Anhydrous.   2  eq.  silicic  acid 

with  1  eq.  carbonate  of  lime  fuse  to  a  homoge 

neous,  vesicular,  pearl-gray  mass  ;  4  eq.  silica 

with  3  eq.  marble  fuse  with  difficulty;  1  eo 
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silica  with  1  eq.  marble  fuse  to  a  calcedonic, 
subcrystalline  mass;  2  eq.  silica  with  3  eq. 
marble  fuse  to  a  vitreous,  translucent  mass. 
The  two  last  are  the  most  fusible. 

Among  minerals  there  are  two  silicates,  the 
one  neutral  (see  under  Mdelforsite),  the  other 
5  basic,  see  Table-spar. 

2.  Hydrous.  Hydraulic  cement  probably  acts 
in  part  from  the  fixation  of  water  by  silica  and 
lime.  (See  Mortar.)  Among  minerals  are 
Danburite,  Dysclasitc. 

3.  Compound  Silicates.  Silicate  of  lime  enters 
into  the  composition  of  a  largi  number  of  na- 
tive silicates,  such  as  Hornblende,  Jlugtle,  Pectb- 
lite,  &c,  with  protoxide  bases  only,  Srolezite, 
Scapolite,  &c,  and  many  hydrous  zeolitic  mine- 
rals, with  protoxide  and  sesquioxide  bases.  It 
also  forms  with  silicated  alkali  several  kinds 
of  Glass. 

4.  It  farther  unites  with  boracic  acid  in  Botryo- 
lite  and  Dalholite,  with  phosphates  in  Sordawa- 
lite,  &c,  with  a  chloride  in  Eudialile. 

CALCULI.  See  Concretions  and  Urinary 
Calculi. 

CALEDONITE.  Mm.  Syn.  Paratomous 
Lead-Baryte,  Haid.  Cupreous  Sulphato-Car- 
bonate  of  Lead,  Halblasurblei.  Desrrip.  Cryst. 
Right  Rhombic ;  the  vert,  prism.  =  95°.  Com- 
bines several  8-hedra  and  terminal  planes  of 
main  and  2d  lateral  axis.  The  crystals  some- 
times large,  but  usually  minute  and  divergent 
tufts.  H.  =  2-5—3.  G.  =  6-4.  Color  deep 
verdigris  or  bluish  green  ;  inclining  to  moun- 
tain-green if  the  crystals  are  delicate:  lustre 
resinous;  translucent;  streak  greenish  white  ; 
rather  brittle,  with  an  uneven  fracture. 

Behavior  and  Analysis  by  Brooke.  Easily  re- 
duced on  charcoal ;  soluble  with  effervescence 
in  nitric  acid  to  a  greenish  liquid,  with  a  resi- 
due of  sulphate  of  lead. 

Sulphate  of  lead 55-8 

Carbonate  of  lead 32-8 

Carbonate  of  copper 11-4 


100 


Formula,  J  (PbO,  -S03)  +  2  (PbO,  CO,)  + 
(CuO,  C02). 

It  occurs  only  at  Leadhills,  in  Scotland.  See 
Leadhillite  and  Dyoxalite. 

CALICO  PRINTING.  Tech.  The  art  of 
topical  dyeing,  or  producing  various  colored 
pattern1,  on  cloths,  practised  in  Egypt,  the  East 
Indies, &c,  from  the  earliest  times,  but  greatly 
extended  and  improved  since  the  commence- 
ment of  the  present  century.  The  chemical 
principles  of  most  of  the  processes  are  the 
same  as  those  of  dying,  but  other  processes  are 
added  to  these,  and  all  of  them  taken  together 
involve  far  more  chemical  knowledge  than  any 
other  art  whatever.  Hence  the  rapid  advances 
latterly  made  in  this  art  in  Europe  from  the 
employment  of  chemists  in  the  Print-works, 
and  when  a  similar  system  shall  have  been 
adopted  in  the  United  States  more  extensively 
than  it  is  at  present,  we  shall  certainly  witness 
a  similar  progress. 

In  order  to  heighten  and  give  the  proper  effect 
lo  colors,  the  ground  of  the  cloth  is  whitened 
>r  bleached  (see  Bleaching).  The  methods 
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of  producing  the  various  patterns  are  almost 
as  numerous  as  the  patterns,  but  each  color  of 
a  pattern  is  produced  by  one  of  six  different 
styles,  by  combining  which  complicated  pat- 
terns are  attained. 

1.  Mordant,  Madder,  or  Chintz  Style.  Designed 
for  soluble  organic  colors,  in  which  madder  is 
chiefly  used.  The  thickened  mordant  is  first 
imprinted  on  the  while  cloth  in  patterns,  and 
after  the  cloth  has  been  aged  and  dunged,  the 
color  is  imparted  by  passing  (he  cloth  through 
the  dye-beck.  On  those  portions  of  the  cloth 
on  which  the  mordant  is  applied,  the  coloring 
matter  attaches  itself  in  a  durable  manner,  but 
on  the  unmordanted  portions  the  color  is 
feebly  attached,  so  that  it  may  be  subsequently 
removed. 

2.  Topical  style.  Designed  for  steam  and 
spirit  colors.  Coloring  matters  incompletely, 
or  not  at  all,  precipitated  from  their  solutions 
when  ,mixed  with  certain  solutions  of  a  mor- 
dant, are  sometimes  printed  on  the  cloth  with 
the  mordant,  and  the  fixation  of  the  color  is 
afterwards  effected  by  exposing  the  cloth  to 
steam.  Some  coloring  matters  applied  topi- 
cally in  a  state  of  solution  become  firmly  at- 
tached to  the  cloth  without  a  mordant  and  with- 
out the  process  of  steaming,  but  merely  by 
drying  with  exposure  to  the  air.  A  solution  of 
tin  added  to  the  mixtures  impart  greater  bril- 
liancy, but  such  spirit  colors,  unless  steamed, 
are  fugitive,  whereas  by  steaming  they  are 
more  permanent  than  without  tin. 

3.  Padding  Style.  Chiefly  employed  for  mine- 
ral colors.  To  produce  a  figure  in  a  mineral 
color,  the  cloth  is  first  printed  with  one  of 
the  two  saline  solutions,  and  afterwards  uni- 
formly impregnated  with  the  other.  To  obtain 
a  ground  of  a  mineral  color,  one  or  both  of  the 
solutions  may  be  applied  by  the  padding  ma- 
chine. 

4.  Resist  style.  In  the  processes  referable  to 
the  resist  style,  the  white  cloth  is  first  imprinted 
with  a  substance  called  the  resist,  or  resist  paste, 
or  reserve  paste,  which  has  the  property  of  pre- 
venting those  portions  of  the  cloth  on  which  it 
is  applied  from  acquiring  color  when  after- 
wards exposed  to  a  dyeing  liquid.  They  are 
of  two  kinds:  one  employed  to  prevent  the  at- 
tachment of  a  mordant,  and  the  other  that  of  a 
coloring  matter. 

5.  Discharge  style.  Designed  to  produce  a 
white  or  colored  figure  on  a  colored  ground. 
It  is  effected  by  applying  topically  to  the  cloth 
already  dyed  or  mordanted,  a  substance  called 
the  discharge,  which  has  the  property  of  decom- 
posing or  dissolving  out  either  the  coloring 
matter  or  the  mordant.  Chlorine  and  chromic 
acid  are  the  common  discharging  agents  for 
decomposing  a  vegetable  or  animal  coloring 
matter,  and  an  acid  solution  for  dissolving  a 
mordant.  It  is  usually  a  topical  bleaching. 
Mordants  or  color-bases  may  also  be  mixed 
with  the  discharge. 

6.  China  blue.  This  peculiar  style  is  prac- 
tised only  with  indigo,  which  is  printed  on  the 
cloth  in  its  insoluble  state,  and  is  dissolved  and 
transferred  to  the  interior  of  the  fibre  by  the 
successive  application  of  lime  and  copperas, 
with  exposure  to  the  air. 

The  topical  application  of  the  color,  mor- 
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dant,   discharge,  or   resist,  is   made    by  five 
methods. 

1.  By  a  wooden  block,  with  the  design  cut 
in  relief,  or  formed  by  the  insertion  of  narrow 
slips  of  flattened  copper-wire.  The  block, 
worked  by  the  hand,  is  charged  with  color,  &c, 
by  pressing  it  on  the  sieve,  which  is  covered 
with  the  thickened  coloring  matter,  &c,  and 
then  impressed  on  the  cloth. 

a  represents  the  engraved  cylinder  or 
roller,  made  to  revolve  against  two  other 
cylinders,  6  and  c.  The  cylinder  c,  covered 
with  a  woollen  cloth,  dips  into  the  trough 
d,  containing  the  solution  of  the  thickened 
coloring  matter,  &c,  and  imparts  some  of 
it  by  rotation  to  the  engraved  roller  a;  b  is 
a  large  iron  drum  or  cylinder,  with  its  sur- 
face rendered  elastic  by  woollen  cloth, 
and  around  it  travels  an  endless  web  of 
blanket-stuff,  e,  in  the  direction  of  the  ar- 
rows, accompanied  by  the  calico,/,  pass- 
ing between  it  and  the  engraved  cylinder. 

The  excess  of  coloring  matter,  &c,  com- 
municated to  the  engraved  roller  by  the 
cylinder  c  is  removed  before  it  comes  into 

contact  with  the  calico;  by  scraping  the      

surface  of  the  roller  as  it  revolves,  by  a  .\" 
sharp-edged  plate,  made  of  steel,  or  gun- 
metal,  called  the  color  doctor  (g).  A  similar 
plate,  on  the  opposite  side,  called  the  lint 
doctor,  removes  the  fibres  which  the  roller 
acquires  from  the  calico. 

The  mordants,  &c,  for  two,  three,  or 
even  eight  colors  may  be  applied  at  the 
same  time  by  having  several  engraved 
rollers  with  their  appendages  revolving  simul- 
taneous against  the  iron  drum,  as  represented 
by  the  dotted  cylinders  and  troughs,  h,  h,  i,i. 

4.  By  press  printing,  in  which  block  printing 
with  several  colors  may  be  executed  at  once. 
The  printing  surfaces  are  stereotype  casts,  and 
receive  their  colors  from  a  cloth,  covered  with 
several  colors  in  lines,  which  are  brushed  on 
the  cloths  by  a  brush  that  has  been  dipped  into 
the  colors  contained  in  a  box  with  as  many 
divisions  as  there  are  colors,  each  division 
containing  its  color. 

5.  By  surface  printing,  which  is  a  modifica- 
tion of  roller  printing,  the  cylinder  being  made 
of  wood  instead  of  copper,  with  the  pattern  as 
in  the  ordinary  block. 

In  order  to  print  thin  solutions,  and  at  the 
same  time  to  prevent  their  spreading  beyond 
the  lines  of  the  design,  the  mordants,  &c,  are 
thickened  with  the  following  materials:  1. 
Starch,  wheat,  potatoe,  rice,  salep,  sago,  and 
flour;  2.  Altered  Starch,  British  gum,  dextrin; 
3.  Gum,  arabic,  Senegal,  tragacanth ;  4.  Inert 
substances,  Pipe-clay  or  kaolin,  sulphate  of  lead, 
mixed  with  arabic  or  Senegal  gum.  The  most 
usual  thickeners  are  wheat  starch,  flour,  British 
gum,  and  gum  arabic;  tragacanth  and  salep 
are  used  with  salts  of  tin  and  free  acids.  A 
colorless  mordant  is  sightened  or  colored  slightly 
with  Brazil-wood,  &c,  to  render  it  perceptible. 

The  objects  of  the  present  work  will  not 
allow  a  more  minute  description  of  the  process 
pursued  in  color-printing;  for  to  develope  the 
chemical  principles  involved  in  them  would  be 
equivalent  to  a  development  of  nearly  all  the 


2.  By  a  machine  called  the  Perrotine, 
which  executes  block-printing  by  mechanical 
power,  and  is  intermediate  in  its  mode  of 
working  between  block-printing  and  cylinder- 
printing. 

3.  By  the  cylinder-printing  machine  in  which 
the  pattern  is  engraved  or  impressed  on  copper 
cylinders.     Fig.  35  will  render  the  mode  of 

i  employing  this  machine  intelligible. 

Fig.  35. 


theory  and  practice  of  chemistry.  For  a  some- 
what more  extended  view  the  reader  is  referred 
to  Parnell's  "Applied  Chemistry,"  vol.  i.,  from 
which  the  above  is  mainly  drawn.  See  also 
Dtf.ng. 

CALOMEL.   Med.   See  Chloride  of  Mercury. 

CALOMEL.     Min.     See  Horn  Mercury. 

CALORIC.  Phys.  A  term  sometimes  used 
to  denote  the  cause  of  the  sensation  of  Heat. 

CALORIMETER.  Phys.  An  instrument 
employed  by  Lavoisier  and  Laplace  to  measure 
the  quantities  of  latent  heat  given  off  by  bodies 
on  cooling,  determined  by  the  quantity  of  ice 
melted.     Its  determinations  are  inaccurate. 

CALORIMOTOR.  Phys.  A  galvanic  appa- 
ratus contrived  by  Dr.  Hare,  which  originally 
consisted  of  two  large  sheets  of  copper  and 
zinc,  wrapped  spirally  around  each  other  with 
intervening  pasteboard.  At  present  it  consists 
of  a  few  pair  of  large  flat  plates  of  copper  and 
zinc.  The  name  is  derived  from  its  healing 
power.     See  Drfiagrator. 

CALOTROPIS.  Phar.  Calotropis  Gigantea 
or  Mnderii.  The  root-bark  yielded  in  Duncan's 
analysis;  mudarin  11-5;  a  white,  waxy  resin, 
slightly  soluble  in  cold  alcohol,  and  fusible  at 
194°  4-0;  starch  8-0;  besides  gum,  albumen, 
fixed  oil,  fibre,  and  water. 

Mudarin  is  obtained  by  treating  the  alcoholic 
extract  with  water,  in  which  it  '-s  soluble.  It  is 
transparent,  light  brown,  extract-like,  of  a  nau- 
seous, bitter  taste,  very  soluble  in  cold  water 
and  alcohol,  not  in  ether,  oil  of  olives,  or  ter- 
pentine. Its  concentrated  aqueous  solution 
gradually  heated  to  74°  is  clouded,  at  90°  is 
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opake,  at  95°  gelatinizes,  at  100°  coagulates,  at 
180°  it  collects  into  a  pitchy  mass.  It  resem- 
bles albumen  in  this  respect,  being  now  insolu- 
ble until  after  some  days,  but  alcohol  restores 
its  solubility  at  once.  The  coagulation  does 
not  take  place  when  alcohol  is  present.  Mu- 
darin  is  nearly  as  strong  an  emetic  as  emetin. 

CALSTRONBARYTE.  Min.  Descrip.  Cryst. 
Right  Rhombic,  with  a  prismatic  angle  of  102^° 
to  103°;  it  occurs  also  in  lamellar  masses. 
H.  =  3i.  G.  =  4-2— 4-22.  White,  with  vitre- 
ous and  lustre;  translucent;  brittle. 

Upon  analysis,  it  gave  65-55  sulphate  of 
baryta,  22-30  carbonate  of  strontia,  12-15  car- 
bonate of  lime;  which  is  nearly  the  ratio  of 
4  (CaO,  C02)  +  5  (SrO,  C02)  +  9  (BaO,  S03). 
It  may  be  a  mechanical  mixture.  Its  locality 
is  Schoharie  county,  New  York.     Shepard. 

CALUMBIN.  Phar.  A  principle  found  in 
the  Calumbo  root.  The  dried  root  of  this  plant, 
Cocculus  palmatus,  yielded  to  Planche  33  per 
cent,  starch,  33  per  cent,  fibre.  Buchner's 
analysis  gives 

Bitter  substance  with  resin 12-2 

Resinous  coloring  matter 5*0 

Wax 0-2 

Gum 4-7 

Starch 25-0 

Pectin 17-4 

Fibre 12-6 

Water,  salts,  and  loss 12-9 

100 


Calumbin.  Discovered  by  Wittstock  and  thus 
obtained.  The  root  is  treated  2  or  3  times  with 
alcohol,  of  0-835.  The  solutions  mixed  with  J 
of  the  alcohol,  distilled  off,  and  the  residue  al- 
lowed to  remain  for  some  days,  until  crystals 
are  deposited.  These  are  washed  in  cold 
water,  dissolved  in  alcohol,  the  solution  di- 
gested with  bone  black,  and  filtered,  when,  by 
concentration,  it  deposits  pure  calumbin;  the 
mother-liquor  still  contains  it. 

Prop.  Rhombic  prisms,  destitute  of  odor, 
with  a  verv  bitter  taste;  it  fuses  when  heated, 
assuming  the  appearance  of  wax;  it  is  neither 
acid  nor  alkaline;  it  is  very  little  soluble  in 
water,  alcohol,  or  ether;  boiling  alcohol  of 
0-835  dissolves  from  4'„  to  5V  of  its  weight; 
sparingly  soluble  in  volatile  oils;  sulphuric 
acid  dissolves  it,  assuming  first  a  yellow  and 
then  a  red  color;  nitric  acid  of  1-25  dissolves 
it  by  heat,  without  decomposition.  Boiling 
acetic  acid  of  1-04  is  the  best  solvent ;  muriatic 
acid  has  very  little  action  on  it;  it  dissolves 
.unaltered  in  caustic  alkalies. 

Liebig's  analysis  leads  to  no  formula,  the 
nearest  being  C22  H1207.(?)  It  acts  poison- 
ously  on  animals. 

CALX.  A  term  formerly  applied  to  metallic 
oxides,  originally  designating  limestone  and 
lime.     See  Calcination. 

CAMPEACHY  WOOD.    See  Hematin. 

CAMPHEN.  Chem.  A  name  applied  to  es- 
sential oils  composed  according  to  the  formula, 
C5H4,  or  a  multiple  of  it,  and  which  combine 
directly  with  chlorohydric  acid  to  a  solid  cam- 
phor-like or  a  volatile  compound.  It  is  more 
peculiarly  applied  to  oil  of  terpentine.  Dumas 
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applied  the  term  to  the  oil  obtained  from  the  mu- 
riate of  terpentine-oil,  which  Blanchet  and  Sell 
termed  Dadyl;  and  Laurent  assumed  a  radical, 
^20^16'  i"  caryophyllin,  &c,  which  he  called 
camphen. 

The  Camphens  have  latterly  received  close 
investigations,  especially  the  oil  of  terpentine. 
They  are  oils  of  terpentine,  lemon,  orange, 
capaiva-balsam,  juniper,  cubebs,  and  pepper. 
Others  may  belong  to  the  series,  such  as  oils 
of  cloves,  valerian,  bergamot,  &c,  and  caout- 
chin  is  analogous  to  them.  The  camphens  are 
characterized  by  passing  into  one  or  more 
isomeric  modifications,  according  to  a  single 
or  double  chemical  action,  and  hence  they  are 
divided  into  3  orders.  The  camphens  of  the 
1st  order  being  the  essential  oils  themselves, 
are  peculiarly  termed  Camphens;  those  of  the 
2d  order  derived  from  the  former  by  a  single 
chemical  reaction,  are  termed  Campherens; 
those  of  the  3d  order  derived  from  the  cam- 
pherens by  a  single  reaction,  or  from  the  1st 
order  by  a  double  reaction,  are  termed  Camphi- 
lens.  Moreover,  the  same  camphen  may  yield 
several  campherens,  and  these  again  several 
camphilens,  as  shown  in  the  following  view: 


Camphens. 


1st  order, 
Camphens. 

Oils  of 
Terpentine 
Lemon 


2d  order, 
Campherens. 

Tereben 

Colophen 

Citren 


3d  order, 
Camphilens 

Terebilen 
Colophilen 
Citrilen 
Copaiva-balsam  Copaiven  Copaivilen(l) 

1st  order.     Camphens. 
All  the  camphens  are  thus  composed: 

In  100  pts.  Eq.  Vol. 

Carbon 88-24  5  5 

Hydrogen 11-76  4  8 

Hence  the  simplest  formula  would  be  C5H4, 
but  1  eq.  chlorohydric  acid  combining  with  2, 
3,  or  4  times,  C5H4,  such  products  are  adopted 
as  the  true  formula,  as  shown  by  the  following 
arrangement  of  essential  oils  : 


4(C5H4)  = 

^20"l6- 

3(C5H4)  = 
Ci5H12. 

2(C5H4)  = 

C10H8- 

Terpentine 

Cubebs 

PepperC?) 

Juniper 

Lemon 
Orange 
Copaiva 

Their  preparation  and  peculiar  properties, 
see  under  Essential  Oils,  and  under  each  oil. 
When  pure  they  are  colorless,  almost  inodo- 
rous, with  a  burning  aromatic  taste,  but  assume 
a  yellowish  color  and  aromatic  odor  by  access 
of  air.  They  are  peculiarly  distinguished  from 
camphens  of  the  2d  and  3d  orders  by  possess- 
ing the  power  of  circular-polarization. 

Compounds.  1.  Oxides.  The  camphens  all 
absorb  oxygen  and  change  into  resinous  bodies, 
which  appear  to  be  oxides,  such  as  colophony 
(rosin)  from  terpentine,  capaiva-balsam  re- 
sin, &c. 

2.  Hydrate.  Old  oil  of  terpentine  yields  a 
crystallized  hydrate,  which  has  the  composi- 
tion, C20H16-f-  4  HO.  Another  was  obtained 
by  Dumas  and  Peligot  from  the  oils  of  terpen- 
tine, sweet  basil  (Ocinmm  basilicum),  and  small 
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cardamom,  with  the  formula,  C20H22O6,  or 
C20H16-f- 6HO.  Similar  compounds  seem  to 
form  from  oils  of  lemon  and  juniper. 

3.  Chlorohydrate  of  Camphen.  Syn.  Solid 
and  liquid  artificial  camphor.  Oil  of  juniper 
combines  directly  with  chlorohydric  acid  gas 
without  change.  A  part  of  oils  of  terpentine 
and  cubebs  combine  with  the  acid  unaltered, 
while  another  part  is  changed  into  a  cam- 
pheren.  The  other  oils  are  wholly  changed 
into  campherens  by  muriatic  acid.  Chlorohy- 
drate of  terpentine  oil  has  the  form.  C2nH164- 
HC1,  that  of  juniper  and  cubebs,  C15H12-f-  HCI, 
while  that  of  pepper  approaches  the  latter. 
They  are  prepared  by  passing  chlorohydric  gas 
through  the  pure  oils  of  terpentine  or  cubebs 
until  the  liquid  separates  into  a  liquid  and  solid, 
the  latter  of  which  is  pressed  from  the  former, 
dissolved  in  boiling  alcohol,  from  which  it  crys- 
tallizes, washed  with  alcohol,  dried,  mixed  with 
quick-lime,  and  sublimed.  The  liquid  is  mu- 
riate of  campheren. 

These  muriates  have  the  same  power  of  rota- 
tion as  the  oils  from  which  they  derive.  That 
of  camphen  (terpentine)  is  white,  amorphous, 
almost  inodorous,  neutral,  volatile,  like  cam- 
phor, fuses  at  239°,  boils  at  329,  losing  its  acid, 
burns  with  a  green-bordered  flame,  insoluble  in 
water,  soluble  in  3  pts.  alcohol  and  in  ether. 
Muriate  of  cubeb-oil  forms  long,  rectangular 
prisms,  is  inodorous,  tasteless,  fuses  at  268°,  is 
very  soluble  in  water.  Muriate  of  juniper-oil 
is  a  viscid,  colorless  liquid.  The  muriates  are 
decomposed,  by  passing  their  vapor  over  heated 
quick-lime,  into  a  camphilen  (3d  order),  without 
the  power  of  rotation.  Muriate  of  camphen  is 
also  decomposed  by  strong  nitric  acid,  yielding 
a  white  crystalline  body,  by  heated  sulphuric 
acid,  by  chlorine  with  the  formation  of  chloro- 
camphen. 

4.  Chlorocamphen.  The  yellow  liquid  ob- 
tained by  treating  the  muriate  with  chlorine, 
suddenly  changes  by  access  of  air  into  muriatic 
gas  and  crystalline  chlorocamphen  ;  C20H16-f- 
HC1  +  Cl8  =  C20H12C14  +  5  HCI.  Formula, 
C20H12C14.  It  resembles  the  muriate,  3;  spec, 
grav.  =  1-5;  rotation  =  0°;  fuses  at  230°  to 
240°,  and  by  a  higher  heat  partly  decomposes 
into  muriatic  acid  and  monochlorotereben. 

5.  Bromohydrate  of  Camphen,  prepared  like 
muriate,  3,  resembles  it  in  properties,  its  rotat- 
ing power  being  unaltered  ;  its  alcoholic  solu- 
tion decomposes.    Form.  C20H16-|-  HBr. 

6.  Iodohydrate  of  Camphen,  is  a  colorless 
liquid  ;  spec.  grav.  1-509  ;  decomposing  rapidly 
in  the  air  with  separation  of  iodine. 

Decomposition  of  Camphens.  Those  of  oil  of 
terpentine  have  been  chiefly  studied.  Chlorine 
is  largely  absorbed  by  oil  of  terpentine,  giving 
a  thick,  colorless  liquid,  of  camphory  odor,  and 
sweetish  bitter  taste;  spec.  grav.  1-36;  yields 
by  distillation  muriatic  acid,  muriate  of  cam- 
phen, chloro-  and  monochlorotereben,  muriate 
of  tereben,  and  residuary  charcoal ;  the  same 
products  arising  from  a  mixture  of  chlorocam- 
phen and  chlorotereben,  it  might  be  viewed  as 
such,  if  it  did  not  polarize  to  the  right ;  distilled 
with  strong  nitric  acid,  it  yields  a  colorless, 
crystalline  product,  and  a  residuary  resinous 
substance.  Formula,  C20H,2C14,  like  chloro- 
camphen. 


Bromine  produces  with  terpentine  oil  a  red 
fuming  liquid;  spec.  grav.  =  1-975;  formula, 
C20H12Br4,  like  bromotereben  ;  apparently  ro- 
tating right. 

Iodine  acts  violently,  almost  explosively,  as  it 
does  on  some  other  essential  oils  ;  to  an  excess 
of  terpentine  oil  it  imparts  a  dark  green  color. 

Oil  of  vitriol  produces  two  campherens,  viz. 
tereben  and  colophen.  Strong  nitric  acid  acts 
violently,  even  to  combustion;  a  weaker  aci.l 
produces  among  other  products  acetic  acid ; 
very  dilute  acid  heated  with  the  oil  evolves 
nitrogen,  carbonic  acid,  and  oxide,  leaving  a 
basic  resin,  whose  salts  smell  of  formic  acid- 
Gaseous  hyponitric  acid  changes  it  into  a  black, 
brittle,  resinous  substance.  Distilled  over  caus- 
tic alkali,  oil  of  terpentine  always  leaves  a 
blackish,  flocculent  residue. 

2d  Order.    Campherens. 
They  are  formed  by  the  action  of  strong  acids 
on  the  camphens,  but  some  are  known  only  in 
combination  ;  tereben  and  colophen  have  been 
isolated.     Their  composition  is 


C20H16- 

C15H12- 

C10H8. 

Tereben 
Colophen 

Cubeben(?) 
(Not  analyzed) 

Citren 

Hesperiden 

Copaiven 

Tereben  and  colophen  are  formed  by  mixing 
20  pts.  oil  of  terpentine  with  1  pt.  oil  of  vitriol, 
keeping  the  vessel  cold,  shaking,  and  letting  it 
rest  for  24  hours  ;  the  dark  red  liquid  is  poured 
off  from  the  black  deposit,  distilled,  and  if  it 
polarize,  redistilled  with  oil  of  vitriol;  car- 
bonated alkali  and  chloride  of  calcium  remove 
acid  and  water.  By  distilling  at  410°  to  428°, 
tereben  passes  over,  above  430°  colophen 
passes  over,  and  if  the  latter  be  yellow  from 
sulphur,  it  is  removed  by  redistillation  over  an 
alloy  of  potassium  and  antimony.  A  more 
impure  colophen  is  obtained  by  a  rapid  distil- 
lation of  common  rosin  (colophony)  over  the 
naked  fire. 

The  campherens  have  no  power  of  rotation 
alone  or  in  their  combinations.  Tereben  is 
colorless,  with  an  agreeable  odor  resembling 
thyme;  spec.  grav.  and  boiling  point  the  same 
as  oil  of  terpentine.  Colophen  and  nearly  all 
its  compounds  by  transmitted  light  are  color- 
less, by  reflected  light,  against  a  dark  ground, 
indigo-blue,  or  if  yellow  by  transmitted  they 
are  green  by  reflected  light ;  spec.  grav.  at 
48°  =  0-940,  at  77°  =  0-9394;  boils  between 
590°  and  599°. 

Compounds.  Solid  and  liquid  chlorohydrates 
are  formed  in  the  same  way  as  those  of  the 
camphens.  1.  a.  Subchlorohydrate  of  tereben, 
formed  by  passing  chlorine  into  tereben,  is  a 
thin  liquid ;  spec.  grav.  =  0-902  at  68°.  Form. 
2  (C20H,6)  -f-  HCI.  b.  Chlorohydrate  of  tereben 
is  the  liquid  formed  by  passing  muriatic  gas 
into  oil  of  terpentine;  its  observed  power  of 
rotation  is  probably  due  to  the  presence  of  mu- 
riate of  camphen.  Formula,  C20H,6-f-  HCI 
2.  a.  Subbromohydrate  of  tereben,  2  (C20HI6)-(- 
HBr,  is  a  liquid  without  rotation,  formed  by 
passing  bromohydric  acid  through  tereben. 
b.  The  bromohydrate,  C20HI6-f- HBr,  is  the 
liquid  remaining  in  forming  the  bromohydrate 
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of  camphen.  3.  Subiodohydrate  is  formed  like 
subbromohydrate.  Iodohydrate  is  only  obtained 
with  iodohydrate  of  camphen.  4.  a.  Chloro- 
tereben,  C20H]2C14,  is  the  product  of  the  action 
of  chlorine  on  tereben;  a  thick.colorless  liquid; 
spec.  grav.  =  1-36  at  59°,  without  rotation; 
yields  by  distillation  subchloro-  and  muriate  of 
tereben.  b.  Subchlorotereben,  C20HI4C12,  a 
liquid  of  spec.  grav.  =  1-137  at  73£°.  5.  Bro- 
motereben,  a  thick  red  liquid  of  spec.  grav.  = 
1-978  at  68°. 

1.  Muriate  of  Colophen.  The  crude  liquid 
has  a  beautiful  indigo-blue  color.  2.  Chloro- 
colophen.  Colophen  treated  with  chlorine  is 
changed  into  a  resin  resembling  common  rosin, 
soluble  in  absolute  alcohol,  crystallizing  in  yel- 
!ow  needles.  Formula,  C20H16C12,  resembling 
oxide  of  camphen  (rosin),  in  which  the  oxygen 
is  replaced  by  chlorine.  Chlorocolophen  fused 
and  treated  farther  with  chlorine,  yields  a  yel- 
low compound  containing  more  chlorine. 

Chlorohydrates  of  Citren,  Hesperiden,  and 
Copaiven  have  all  the  formula,  C10H8-|-  HC1. 
Chlorohydric  acid  forms  with  oil  of  lemons  a 
liquid  and  solid  compound  of  the  same  compo- 
sition. The  solid  muriate  of  citren  forms 
silveiy  laminae,  of  a  strong  odor  like  the  tu- 
berose, fuses  at  109°,  sublimes  at  122°,  and 
boils  at  320°  with  decomposition  ;  decomposed 
by  nitrate  of  silver  or  mercury  in  the  cold. 
The  muriate  of  hesperiden  from  oil  of  oranges 
vs  also  solid  and  liquid ;  the  former  fuses  at 
122°  and  decomposes  easily.  Oil  of  copaiva 
is  wholly  changed  by  chlorohydric  acid  into  a 
solid,  forming  transparent,  rectangular  prisms, 
slightly  soluble  in  alcohol,  very  soluble  in  ether, 
decomposed  by  a  salt  of  silver  or  mercury, 
fuses  at  170°,  decomposes  at  284°— 302°,  boils 
at  365°. 

The  muriated  campherens  act  towards  sul- 
phuric and  nitric  acids  like  those  of  camphen; 
lieated  with  alkali  they  yield  the  camphilens. 

3d  Order.     Camphilens. 

They  are  all  isomeric  with  their  deriving 
camphens  and  campherens,  and  are  obtained 
by  passing  the  vapors  of  muriated  camphen  or 
campheren  through  a  tube  filled  with  caustic 
lime  and  heated  by  an  oil-bath  to  320°  to  392°, 
until  the  product  is  free  from  muriatic  acid ; 
they  are  dried  by  chloride  of  calcium,  redis- 
tilled over  lime,  and,  if  colored,  over  potassium. 
They  have  no  power  of  rotation. 

Camphilen.  Syn.  Regenerated  oil  of  Ter- 
pentine, Camphen,  Dadyl.  Obtained  from  mu- 
riate of  oil  of  terpentine,  is  colorless,  aromatic, 
very  like  oil  of  terpentine,  is  very  fluid;  spec, 
grav.  at  59°  =  0-87;  boils  at  275°,  which  point 
rises  towards  the  close  of  distillation  to  from 
293°  to  309°.  It  coincides  in  every  respect 
with  camphen  (oil  of  terpentine)  excepting  in 
its  rotary  power. 

Terebilen  (Peucyl)  is  obtained  from  chloro- 
hydrate  of  tereben  ;  spec.  grav.  at  68°  =  0-843 ; 
coincides  in  properties  with  camphilen. 

Colophilen,  obtained  by  distilling  muriate  of 
colophen  over  baryta,  does  not  appear  to  pos- 
sess the  dichroism  of  colophen. 

Citrilen  (Citryl).  Oils  obtained  from  both 
solid  and  liquid  muriate  of  citren,  scarcely 
differ  in  appearance  and  odor  from  oil  of 
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lemons,  from  the  solid  being  almost  identical, 
the  other  differing  materially. 

Copaivilen,  Hesperidilen,  Cubebilen,  and  Ju- 
niperilen  have  not  been  obtained. 

Chlorohydric  acid  acts  towards  the  cam- 
philens as  it  does  towards  the  camphens  or 
oils,  forming  with  camphilen  and  citrilen  a 
solid  and  liquid,  resembling  muriate  of  the 
camphen  except  in  its  rotating  power;  with 
terebilen  only  a  liquid.  Iodohydric  acid  like- 
wise forms  a  liquid  with  camphilen. 

CAMPHINE.  Tech.  Purified  oil  of  terpen- 
tine, employed  for  burning  in  lamps  peculiarly 
constructed  for  it.  Being  a  liquid  rich  in  car- 
bon, it  is  necessary  to  bring  a  large  quantity  of 
air  in  contact  with  it  in  a  given  time  in  order 
to  prevent  the  flame  from  smoking  and  to  pro- 
duce great  brilliancy.  This  is  generally  ef- 
fected by  not  allowing  the  wick  scarcely  to 
rise  above  the  containing  cylinders,  by  the  use 
of  longer  chimnies,  by  using  an  outer  cylinder 
or  cone  which  throws  the  outer  current  of  air 
obliquely  against  the  flame,  and  by  the  use  of 
a  movable  button  of  the  same  diameter  as  the 
wick,  and  directly  above  it,  by  which  the  inner 
current  of  air  is  directed  against  the  flame. 
The  two  counter  currents  of  air  supply  suffi- 
cient oxygen  in  a  given  time  to  produce  a  white 
light  of  great  intensity,  and  the  amount  of 
flame  is  regulated  by  raising  or  depressing  the 
button,  so  that  if  it  be  depressed  very  low  the 
flame  is  extinguished  or  burns  blue. 

CAMPHOR,  including  Camphogen,  Campholm, 
Campholone,  Camphrone,  Camphoric,  Campholic, 
and  Sulphocamphic  acids,  Bonecn  and  Borneole. 

CAMraon.  A  name  sometimes  loosely  ap- 
plied to  the  stearoptens  of  essential  oils,  but 
more  definitely  to  the  solid  products  obtained 
from  the  Persea  (Laurus)  Camphora  growing  in 
Japan,  and  the  Dryabalanops  Camphora  in 
Borneo  and  Sumatra;  the  former  being  termed 
simply  camphor,  the  latter  Borneo-camphor. 
It  is  doubtful  to  which  of  these  two  some  of 
the  camphors  obtained  from  essential  oils  be- 
long, or  whether  there  be  a  numerous  series 
of  camphors.  The  late  experiments  of  Ger- 
hardt  prove  that  his  Borneole  derived  from 
valerian  is  identical  with  Borneo-camphor. 

Common  Camphor  (Laurole?)  is  obtained  by 
boiling  the  chipped  root  and  wood  of  Persea  C. 
with  water  in  a  vessel  to  which  a  head  or  helm 
is  attached  filled  with  straw.  The  crude  cam- 
phor is  resublimed  (refined)  in  the  United 
States  and  in  Europe.  Common  camphor  or 
laurole  is  also  formed,  according  to  Gerhardt, 
by  the  reaction  of  nitric  acid  on  Borneo-cam- 
phor or  Borneole,  as  shown  by  the  following 
equation,  C20H18O2+2  (NOr,  HO)  =  C20H]6O2 
+  4  HO  -f-  2  N04.     See  Borneole  below. 

Refined  camphor  is  a  white,  solid,  apparently 
an  aggregation  of  translucent,  crystalline  par- 
ticles, of  a  strong  and  peculiar  odor,  an  aro- 
matic, burning,  bitter  taste;  it  is  tough,  but 
easily  pulverizable,  by  moistening  with  alcohol. 
Spec.  grav.  =  0-9857-^0-996  ;  it  melts  at  347°, 
and  boils  at  400°,  subliming  entirely;  exposed 
to  the  air,  it  evaporates  completely.  Pieces  of 
camphor  rotate  on  water;  it  is  soluble  in  1000 
pts.  water,  and  communicates  to  it  its  peculiar 
odor;  it  dissolves  readily  in  less  than  1  pt.  al- 
cohol of  0-806  at  54°,  and  is  precipitated  again 
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by  water;  it  is  also  soluble  in  brandy,  ether, 
fixed  and  volatile  oils,  in  bisulphuret  of  car- 
bon. It  unites  with  iodine  to  a  brown  com- 
pound; it  becomes  fluid  in  chlorine  without 
farther  apparent  change. 

Claus  described  6  compounds  resulting  from 
the  decomposition  of  camphor  with  chloride  of 
phosphorus,  in  which  1  to  6  eq.  hydrogen  are 
replaced  by  1  to  6  eq.  chlorine.  By  the  action 
of  iodine  he  obtained  Camphine,  C18H16,  Colo- 
j>hen,  Camphocreasotc,  and  Camphorosin  =  C22H.l2. 

By  passing  vapor  of  camphor  over  a  heated 
mixture  of  lime  and  potassa,  2  eq.  water  are 
removed  and  a  new  hydrated  acid,  the  Cam- 
pholic,  is  formed.  By  distilling  camphor  with 
anhydrous  phosphoric  acid,  a  fluid  carbohy- 
drogen  (Camphogen)  is  obtained.  See  both  of 
these  below. 

Camphor  is  largely  soluble  in  strong  sul- 
phuric acid,  from  which  the  greater  part  is 
separated  by  water  unchanged  ;  but  if  warmed 
sulphurous  acid  is  evolved  and  a  fluid  oil  dis- 
tils oversaving  the  odor  of  camphor  and  pep- 
permint. If  a  mixture  of  camphor  with  10 
times  its  weight  of  sulphuric  acid  be  warmed 
in  a  water-bath  for  several  hours,  scarcely  any 
sulphurous  acid  evolves,  and  an  oil  separates 
on  adding  water,  which  has  the  same  compo- 
sition as  camphor. 

It  is  also  soluble  in  strong  nitric  acid  with- 
out change,  forming  an  oily  mixture ;  by  boiling 
the  solution  camphoric  acid  is  formed,  and  by 
distilling  the  residue  after  the  separation  of  this 
acid,  an  oily  liquid  passes  over,  and  then  anhy- 
drous camphoric  acid.   Composition  of  camphor: 

10  C 60  78-95 

8H 8  10-53 

10 8  10-52 
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Borneo-camphor.  Borneole.  Its  native  origin, 
see  above.  It  is  formed  artificially  from  oil  of 
valerian,  and  probably  from  cubebs.  The  na- 
tive camphor  is  found  in  the  fissures  or  crevices 
of  the  wood,  and  obtained  by  cutting  down  the 
tree,  dividing  it  into  blocks,  which  are  split  into 
small  pieces,  from  the  interstices  of  which  the 
camphor  is  extracted.  It  occurs  in  small  white 
crystals,  transparent,  brittle,  with  a  camphora- 
ceous  and  peppery  odor  and  a  hot  taste ;  its 
crystalline  form  is  a  6-sided  prism,  of  the 
rhombic  system;  it  is  heavier  than  water,  very 
slightly  soluble  in  it;  but  very  soluble  in  alco- 
hol and  ether;  it  is  fusible  at  388°,  and  vola- 
tilizes at  414°. 

When  Borneen  (fluid  Borneo-camphor),  de- 
rived from  oil  of  valerian,  remains  for  some 
time  in  contact  with  caustic  potassa  lye,  and  is 
then  distilled,  the  whole  of  it  may  be  converted 
into  Borneole  (solid  Borneo-camphor),  particu- 
larly if  alcohol  be  employed  in  the  operation. 
The  borneen  merely  assumes  the  elements  of 
water,  thus  C20H16  +  2  HO  =  C20H18O2.  Bor- 
neole resembles  the  native  borneo-camphor  in 
every  respect,  and  its  formula,  found  by  Ger- 
hardt,  is  precisely  the  same  as  that  of  the  na- 
tive found  by  Pelouze,  viz.  C20HlsO2. 

Borneen  (Oil  of  Camphor).  The  native  oil 
is  obtained  by  incisions  in  the  tree  and  catching 


the  oil;  it  is  sometimes  limpid,  transparent, 
and  colorless  ;  but  usually  yellow  or  brownish  ; 
its  odor  is  analogous  to  that  of  oil  of  cajeput, 
combined  with  camphor  and  with  an  odor  of 
terpentine.  It  has  been  employed  in  the  pre- 
paration of  scented  soap.  The  analyses  of 
Martius  and  others  prove  that  the  oil  was  not 
pure,  but  consists,  as  Gerhardt  has  shown,  of 
borneole  dissolved  in  borneen. 

It  may  be  obtained  pure  from  oil  of  vale- 
rian by  fractioning  the  distillation,  subject- 
ing the  first  portions  to  the  action  of  fusing 
potassa  in  a  retort,  and  rectifying  repeatedly, 
catching  only  the  first  portions  of  the  distillate. 
Repeated  fractioned  rectification  of  the  native 
oil  may  yield  pure  borneen  ;  and  the  carbohy- 
drogen  obtained  by  Pelouze  by  slightly  heat- 
ing Borneo-camphor  with  dry  phosphoric  acid 
is  either  identical  or  isomeric  with  borneen. 

Pure  borneen  is  lighter  than  water,  color- 
less, with  a  terebinthic  odor,  but  more  pleasant, 
wholly  volatile,  boiling  at  320°.  It  absorbs 
muriatic  gas  to  a  crystallized  compound  (see 
muriate  of  Camphen)  ;  with  caustic  potassa  lye 
it  is  wholly  or  partially  converted  into  Bor- 
neole; by  treatment  with  fuming  nitric  acid 
and  neutralization  with  carbonate  of  soda,  com- 
mon camphor  (laurole)  is  obtained,  exclusively 
due  to  the  dehydrogenation  of  the  contained 
borneole,  and  not  to  the  oxidation  of  borneen. 
Formula  =  C20H16,  which  is  the  same  as  oil  of 
terpentine.  See  Camphen.  By  comparing  lau- 
role and  borneole  it  will  be  observed  that  the 
former  bears  to  borneole  the  same  relation  that 
aldehyde  does  to  alcohol. 

Hydrated  Camphoric  acid.  By  heating  in 
a  retort  1  pt. camphor  with  10  pts. concentrated 
nitric  acid,  it  fuses  to  a  dark  yellow  oily  liquid, 
and  by  continued  digestion  with  a  renewal  of 
the  acid,  the  camphor  disappears;  the  liquid  is 
neutralized  by  carbonate  of  soda,  poured  off  or 
filtered  clear,  concentrated  and  mixed  with  an 
excess  of  nitric  acid,  when  the  camphoric  acid 
separates,  which  is  washed  with  water  and  re- 
peatedly crystallized. 

It  forms  small,  colorless,  feathery,  or  pris- 
matic crystals,  of  an  acid  and  bitter  taste  ;  is 
slightly  soluble  in  cold,  more  in  hot  water,  very 
soluble  in  alcohol,  ether,  essential,  and  fat  oils; 
fuses  at  338°;  by  dry  distillation  is  resolved 
into  water,  and  apparently  anhydrous  cam- 
phoric acid.  Form.  ClflH804  =  C,0H7O3-|-  HO, 
containing  8-89  per  cent,  water. 

Camphorates.  The  salts  of  potassa  and  soda 
are  very  soluble  and  difficult  to  crystallize; 
those  of  baryta,  strontia,  and  protoxide  of  man- 
ganese are  very  soluble  and  crystallizable ;  most 
other  metallic  salts  are  insoluble.  Camphorate 
of  ammonia  formed  by  gently  warming  the  acid 
in  dry  ammonia,  readily  soluble  in  water,  taste- 
less, inodorous;  form.  NH40,  Ca.  By  saturat- 
ing a  boiling  solution  of  the  acid  with  bicar- 
bonate of  ammonia  and  gently  evaporating, 
small  white  prisms  are  obtained  with  the  form. 
2  NH40,  3  Ca,  HO  +  9  HO ;  the  latter  9  HO  is 
lost  by  heating  to  212°. 

Bicamphorate  of  Ethyl  (Camphovinic  acid)  is 
formed  by  distilling  off$  of  a  mixture  of  2  pts. 
camphoric  acid,  4  alcohol,  and  1  sulphuric  acid, 
pouring  water  to  the  residue  in  the  retort,  dip' 
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solving  the  oily  liquid  in  potassa,  precipitating 
by  muriatic  acid,  washing  with  water,  and  dry- 
ing in  vacuo  over  oil  of  vitriol.  A  colorless 
oily  liquid,  of  a  peculiar  odor,  disagreeable 
bitter  taste;  spec.grav.=  1-095  at  69°  ;  slightly 
soluble  in  water,  miscible  with  alcohol  and 
ether ;  boiled  with  water  separates  into  hy- 
drated  camphoric  acid  and  camphoric  ether; 
boils  alone  at  385° ;  and  by  a  higher  heat  there 
distils  over  alcohol  and  a  white  crystalline  body, 
which  deposits  from  a  boiling  alcoholic  solu- 
tion anhydrous  camphoric  acid.  Its  formula 
is  AeO,  Ca-f-  HO,  Ca,  and  in  forming  double 
salts,  the  HO  is  replaced  as  usual,  with  an  eq. 
of  the  metallic  oxide.  Its  alkaline  salts  are 
soluble  in  water.  The  silver-salt,  AeO,  Ca-f- 
AgO,  Ca,  is  white, gelatinous,  somewhat  soluble. 
Camphorate  of  Ethyl  (Camphoric  ether),  ob- 
tained from  the  alcoholic  solution  of  the  dis- 
tilled bicamphorate,  is  an  oily  liquid,  of  a  very 
disagreeable,  bitter  taste,  a  nauseous  odor; 
spec.  grav.  1-029  at  61°  ;  boils  at  545°  ;  burns 
with  difficulty  with  a  smoky  flame,  insoluble  in 
water,  very  soluble  in  alcohol  and  ether;  chlo- 
rine   forms   with    it    chlorocamphoric   ether. 

Form.AeO,Ca=C4H5O-fC10H7O3=C14H12O4. 

Anhydrous  Camphoric  acid.  According  to 
Liebig,  this  substance  is  not  anhydrous  cam- 
phoric acid,  although  of  the  same  composition, 
for  its  salts  have  different  properties  from  the 
camphorates.  It  is  formed  as  above  from  bi- 
camphorate of  ethyl.  It  forms  colorless,  shining 
prisms,  with  rhombic  basis  ;  spec.  grav.  =  1-194 
at  69°  ;  has  but  little  taste,  not  acid,  but  some- 
what resembling  that  of  benzoic  acid,  slightty 
soluble  in  cold,  a  little  more  in  hot  water;  by 
boiling  the  solution  for  several  hours  it  is 
changed  into  the  hydrated  acid;  more  soluble 
in  cold,  very  soluble  in  boiling  alcohol ;  sub- 
limes at  266°,  fuses  at  423°  ;  distils  in  am- 
monia-gas to  yellowish  liquid,  which  evolves 
no  ammonia  by  boiling  with  potassa. 

Anhydrous  Camphorates.  They  differ  from  the 
camphorates  in  form ;  its  alcoholic  solution  does 
not  precipitate  acetate  of  lead  ;  nor  its  ammo- 
niacal  salt  solutions  of  copper,  lead,  or  silver. 
The  ammoniacal  salt,  obtained  by  dissolving 
the  acid  in  carbonated  or  caustic  ammonia,  and 
gentle  evaporation  to  a  syrup,  congeals  after 
some  days  to  a  crystalline  mass  ;  fusible  at 
212°,  very  soluble  in  water,  from  which  the 
mineral  acids  do  not  precipitate  hydrated  cam- 
phoric acid,  but  an  acid  terpentine-like  mass. 
Form.  NH40,  C10H7O3.  The  salt  of  potassa 
forms  broad  pearly  scales,  that  of  the  hydrous 
acid  fine  needles. 

Camphosulfhcric  acid.  Prep.  Dissolve  an- 
hydrous camphoric  acid  in  fuming  oil  of  vitriol 
to  saturation,  warm  it  in  a  water-bath  as  long 
as  gas  evolves,  which  is  only  carbonic  oxide, 
then  pour  the  liquid  gradually  into  water,  neu- 
tralize with  carbonate  of  baryta  and  filter.  The 
solution  contains  camphosulphate  of  baryta, 
from  which,  by  sulphuric  acid  or  from  the  lead 
salt  by  sulphuretted  hydrogen,  the  pure  acid 
may  be  prepared;  or  it  may  be  obtained  di- 
rectly from  the  sulphuric  acid  solution,  when 
dilute,  by  evaporation  in  vacuo,  and  repeated 
crystallization  from  alcohol. 

Prop.  Colorless  6-sided  prisms,  of  acid  taste, 
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very  soluble  in  water,  alcohol,  and  ether,  in- 
soluble in  oil  of  terpentine  and  bisulphuret  of 
carbon;  fuse  between  320°  and  331°,  before 
which  they  decompose.  Form,  of  the  crystals, 
C9H703,  S02-j-3HO;  2  eq.  of  the  crystal-water 
pass  off  in  vacuo. 

The  salt  of  potassa  prepared  from  an  alco- 
holic solution  of  the  acid  and  potassa  is  neutral 
and  crystallized;  from  an  aqueous  solution 
forms  an  acid  and  a  basic  salt.  Form,  of  the 
neutral,  KO,C9H703,S02.  The  ammoniacal  salt, 
formed  directly,  is  crystallized  ;  form.  =  NH.O, 
C9H703,  S02  +  HO.  The  salt  of  baryta  is  a 
colorless,  gummy  mass;  that  of  lead  amor- 
phous; that  of  silver  a  crystalline  crust;  these 
three  salts  have  a  sweetish  taste,  the  two  former 
very  soluble  in  water,  and  all  the  above  salts 
are  scarcely  or  not  at  all  in  alcohol. 

Camphogex.  Formed  by  distilling  camphor 
(laurole)  with  dry  phosphoric  acid  (Dumat), 
or  from  oil  of  cumin,  in  which  it  exists  ready 
formed  (Gerhardt  and  Cahours).  See  Crura  jr. 
It  is  a  colorless  liquid,  spec.  grav.  =  0-86  at  55°, 
boils  at  347,  forms  sulphocamphic  acid  with 
fuming  sulphuric  acid;  formula  =  C20H|4. 

Sulphocamphic  acid.  Formed  by  warming 
camphogen  with  a  slight  excess  of  fuming  sul- 
phuric acid  in  a  water-bath,  saturating  with 
carbonate  of  lead,  and  decomposing  the  latter 
by  sulphuretted  hydrogen.  Form.  =  C20H13, 
S205.  The  salt  of  lead  forms  pearly  laminae, 
of  the  composition  PbO,  C20H,3,  S2Ofi-|-  4  HO; 
the  water  (=  10-1  per  cent.)  passes  off  at  248°. 
The  salt  of  baryta  resembles  the  preceding  in 
form  and  composition.  The  salts  of  this  acid 
are  identical  with  those  of  sulphocymenic  acid. 
See  Cymkn. 

Camphoi.ic  acid.  A  fused  mixture  of  lime 
and  potassa  is  introduced  into  a  tube,  the  vapor 
of  camphor  passed  repeatedly  over  it  at  between 
570°  and  750°,  and  the  mixture  treated  with 
boiling  water;  from  the  filtrate  the  acid  de- 
posits white  and  crystalline ;  after  washing  and 
drying  it  fuses  at  176°,  boils  at  482°,  distilling 
entirely;  is  insoluble  in  water,  very  soluble  in 
alcohol  and  ether,  from  a  mixture  of  which  it 
crystallizes  readily.  Form.  =zC20Hl7O3-\-  HO. 
Campholate  of  lime  is  white,  crystalline,  more 
soluble  in  cold  than  hot  water.  The  silver- 
salt  is  a  white  caseous  precipitate.    Dclalande. 

Campholoxe  is  a  liquid  obtained  by  distilling 
campholate  of  lime,  and  probably  has  the 
formula  C19H170. 

Campholex  is  a  liquid  carbohydrogen,  boil- 
ing at  275°,  obtained  by  distilling  campholic 
acid  with  dry  phosphoric  acid,  and  has  the 
formula  C18H16. 

Camphroxe,  obtained  by  passing  vapor  of 
camphor  over  lime  at  a  low  red  heat,  is  a  co- 
lorless, thin,  oily  fluid,  boiling  at  167°,  of  the 
composition,  C30H22O.     Fremy. 

CANADA-BALSAM.  Phar.  A  balsam  or 
terpentine  obtained  from  the  Balm  of  Gilead 
Fir  {Mies  balsamea).  It  is  light,  yellowish, 
transparent,  of  an  agreeable  terebinthic  odor, 
a  slightly  bitter  and  acrid  taste,  flowing  like 
thin  honey  when  fresh,  but  solidifying  by  time. 
Bonastre's  analysis  gave,  essential  oil  18-6,  resin 
easily  soluble  in  alcohol  40-0,  resin  difficultly 
soluble  33-4,  elastic  resin  4-0,  bitter  extractive 
and  salts  4-0. 


CANCRINITE. 

CANCRINITE.  Min.  Dcscrip.  Cryst.  hex- 
agonal, of  a  rose-red  color. 

H.  =  5-5— 6.  G.  =  2-453.  Fusible  to  a  white 
vesicular  glass  ;  effervesces  with  mic.  salt,  leav- 
ing a  skeleton  of  silica;  soluble  with  efferves- 
cence in  chlorohydric  acid,  and  gelatinizing 
even  after  ignition.  The  following  is  the  ave- 
rage of  two  analyses  by  G.  Rose  : 

Silica 40-42 

Alumina 28-27 

Soda 17-52 

Potassa 0-69 

Lime 6-70 

Carbonic  acid 6-38 
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Hence  the  formula,  2  NaO,  SiOs+  2  (A1203, 
Si03)4-  CaO,  C02.  It  occurs  near  Miask,  in 
the  Ilmen  mountains,  Ural,  associated  with 
Sodalite,  Nepheline,  &c,  to  which  it  is  allied. 
Refer  to  them. 

CANDLES.  Tech.  Solid  fatty  matters  formed 
into  long  cylinders,  with  a  wick  passing  through 
the  axis,  and  used  for  illumination.  The  loosely 
twisted  wick,  by  capillary  action,  carries  up  the 
melted  fat,  which  is  then  converted  into  inflam- 
mable gases,  burning  with  a  more  or  less  white 
flame. 

There  are  several  kinds  in  use.  The  dip 
candle  is  made  by  successively  dipping  the 
suspended  wick  into  melted  tallow  or  mixed 
fats,  a  layer  adhering  at  each  dip.  The  mould 
candle  is  made  by  casting  melted  tallow  into 
metallic  cylinders  with  the  wick  in  the  centre. 
Stearine  candles  are  moulded  from  the  harder 
portions  of  tallow,  lard,  &c,  obtained  by 
pressing  the  fats  warm.  Stearic  acid  lights 
are  moulded  from  stearic  acid,  sperm  candles 
from  spermaceti.  Sperm  candles  yield  the 
whitest  light,  but  good  stearic  acid  is  scarcely 
inferior  to  them.  Candles  of  sperm,  stearic 
acid,  and  stearin  requiring  a  higher  tempera- 
ture to  soften  them,  they  are  well  adapted  to 
tropical  climates.  The  dip  candle  is  at  present 
chiefly  of  domestic  manufacture  and  employed 
in  the  country.    See  Spermaceti,  Stearic,  &c. 

CANDITE.     See  Spinel. 

CANDY.  Tech.  Applied  to  sugars,  which 
are  not  crystallized, or  to  well-formed  crystals; 
the  latter  are  termed  sugar-candy.  Molasses 
evaporated  so  far  as  to  become  sclid  on  cooling, 
forms  molasses-candy.  Some  light-colored  can- 
dies made  from  pure  cane-sugar  are  made  by 
confectioners,  in  which  the  sugar  is  unques- 
tionably altered,  for  as  long  as  it  tends  strongly 
to  crystallize,  such  candies  do  not  form  a  co- 
hering mass  ;  and  hence  the  crystalline  cha- 
racter is  artificially  destroyed  by  means  of  acid 
salts,  &c.  Mixtures  of  pure  sugar  with  flour, 
starch,  &c,  constitute  other  varieties  of  candy. 

CANELLA  ALBA.  Phar.  Petroz  and  Robi- 
net  found  a  substance  in  this  bark,  which  they 
termed  Canellin  ;  it  was  crystallized,  sweetish, 
not  fermentable,  very  soluble  in  water  and 
spirit  of  wine,  not  in  absolute  alcohol. 

Meyer  and  Reiche  found  the  oil  of  the  bark 

to  contain   at  least  three  different  oils:  1st,  a 

heavy  oil,  which  combines  with  bases,  and  is 

perfectly  identical  in  odor  and  composition  with 
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peppermint  oil;  2d,  a  light  oil,  which  consti- 
tutes by  far  the  larger  portion,  and  which  ap- 
pears to  be  identical  with  cajeput  oil ;  and,  3d, 
a  heavy  oil,  which  does  not  combine  with  bases, 
and  is  present  only  in  small  quantity.  They 
have  also  confirmed  the  statement  that  this  bark 
contains  an  unusually  large  amount  of  man- 
nite  (above  8  per  cent.).     Chem.  Guz.  i.  526. 

CANNA.   A  starch  latterly  employed  in  Eu- 
rope, derived   from  an   unknown    species  of 
canna,  and  termed  also  Tous  les  Mois. 
CANNABIN.     See  Hemp. 
CANNEL  COAL.     See  Coal. 
CANNON  METAL.     See  Bronze. 
CANTHARIDIN.    Syn.  Vesicatorin;  Can- 
tharides-Camphor.   Found  in  Cantlwrides  vesica- 
toria,  Lytla  viltata,  Mylabris  Cichorii,  and  other 
vesicating  insects. 

Prep.  By  concentrating  an  alcoholic  tinc- 
ture and  setting  aside,  the  cantharidin  slowly 
crystallizes  and  is  purified  by  washing  with 
cold  alcohol,  and  boiling  with  alcohol  and 
animal  charcoal. 

Prop.  Crystallizes  in  micaceous  plates,  fusi- 
ble to  a  yellow  oil,  which  by  a  stronger  heat  is 
vaporizable,  forming  white  vapors,  condensa- 
ble into  acicular  crystals  of  cantharidin.  When 
isolated,  not  soluble  in  water,  but  becomes  so 
with  the  other  constituents  of  cantharides; 
hence  an  aqueous  infusion  of  the  insects  con- 
tains cantharidin  ;  easily  soluble  in  ether,  vola- 
tile and  fixed  oils,  and  hot  spirit  of  wine  ;  and 
from  the  latter  it  separates  as  the  liquid  cools. 
Concentrated  boiling  sulphuric,  nitric,  and  mu- 
riatic acids  dissolve  it  without  change  ;  it  is 
dissolved  by  potassa  and  soda.  Formula, 
C10H6O4.  (1)     Renault. 

CANTON'S  PHOSPHORUS.  See  Sulphu- 
ret  of  Calcium. 

CAOUTCHOUC.  Syn.  India  Rubber,  Gum 
Elastic  ;  Ger.  Federharz,  Elastisches  Harz.  A 
vegetable  principle  existing  in  the  milky  juices 
of  many  genera  and  species  of  plants;  and 
hence  there  may  be  several  varieties  of  it.  It 
is  obtained  from  the  Siphonia  elastica,  S.  Cahuchu 
of  S.  America;  Artocarpus  i?icisa,  integrifolia  of 
the  West  Indies ;  Vrceola  elastica  of  Sumatra  and 
Java ;  Ficus  elastica,  religiosa,  indica,  &c.  of  the 
East  Indies;  farther  from  the  Casttllcja  elastica, 
Cecropia  peltata,  Hippomcne  biglundulosa.  It 
exists  in  the  milk  of  many  Euphorbiaceoe,  Pa- 
paveraceae,  in  Lactuca,  Asclepias,  Leontodon, 
&c,  &c.  According  to  Nees  v.  Esenbeck  and 
C.  Marquart  it  is  only  in  the  stem  of  the  Ficus 
elastica,  for  the  juice  of  the  leaves  and  branches 
yield  viscin  (see  Birdlime). 

When  any  of  these  plants  is  incised,  there 
exudes  a  milky  juice,  which,  by  exposure  to 
the  air,  gradually  lets  fall  concrete  caoutchouc 
The  juice  is  pale  yellow,  thick,  and  similar  tc 
cream;  its  odor  is  sourish  and  putrid;  spec, 
grav.  =  1-01174 ;  when  spread  in  thin  layers 
on  a  solid  body  it  soon  becomes  solid  caout- 
chouc, amounting  to  45  per  cent,  of  the  weight 
of  the  juice. 

Faraday's  analysis  of  the  juice  gave,  caout 
chouc  31-7,  albumen  1-9,  a  bitter  nitrogenous 
matter,  soluble  in  water  and  alcohol,  and  pre- 
cipitable  by  nitrate  of  lead,  7-13,  a  substance 
insoluble  in  water  and  alcohol  2-9,  water  with 
a  litle  free  acid  56-37.  Th*  caoutchouc  floats 
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in  it  in  globules,  and  it  is  immediately  con- 
gealed by  heat  or  alcohol ;  the  particles  de- 
posit by  standing;  it  is  miscible  in  all  propor- 
tions with  water. 

Caoutchouc  has  a  pale  yellow  color,  and  is 
destitute  both  of  taste  and  smell.  The  black- 
color  of  caoutchouc  is  owing  to  the  method  of 
drying  it  after  it  has  been  spread  upon  moulds; 
by  exposing  it  to  smoke,  after  each  successive 
coat.  At  32°  it  is  hard,  and  has  little  elasticity, 
but  when  heated  to  60°  or  70°,  becomes  soft 
and  pliable  like  leather,  is  exceedingly  elastic 
and  adhesive;  and  cannot  be  broken  without 
considerable  force.     Spec.  grav.  =  0-9335. 

The  caoutchouc  in  thick  masses  or  cakes,  is 
porous  and  white  internally,  and  has  a  charac- 
teristic caseous  odor. 

To  prepare  pure  caoutchouc,  the  juice  is 
mixed  with  4  times  as  much  water,  suffered  to 
stand  for  24  hours,  the  liquid  beneath  the  gum 
drawn  off,  and  this  operation  repeated  as  long 
as  any  thing  dissolves.  The  globules  are  sepa- 
rated from  the  water  by  adding  salt  or  muriatic 
acid  to  it,  and  subsequently  washing  with  pure 
water;  it  is  dried  by  evaporation  or  by  bibu- 
lous paper.  When  dry  it  is  white  and  opake, 
but  after  completely  drying  is  transparent  and 
colorless  in  thin  layers.     Spec.  grav.  =  0-925. 

Caoutchouc  is  insoluble  in  water,  alcohol, 
acids,  or  alkalies  ;  by  long  boiling  in  water  it 
softens  and  swells  up,  and  is  then  acted  on 
with  greater  facility  by  different  menstrua,  but 
when  exposed  to  the  air,  it  resumes  its  former 
state. 

Caoutchouc  is  slightly  soluble  in  ether  (1 
drachm  in  8  ounces)  by  washing  the  ether  pre- 
viously in  water;  alcohol  precipitates  the  caout- 
chouc from  this  solution ;  the  residue  is  merely 
swollen  with  ether.  When  the  ether  is  evapo- 
rated, the  caoutchouc  is  obtained  unaltered.  It 
is  soluble  in  volatile  oils  and  cold  naphtha,  a 
portion  dissolving,  the  rest  merely  swelling, 
but  when  the  oils  are  evaporated,  it  often  re- 
mains somewhat  glutinous,  less  so,  if  they  are 
fresh  and  pure.  3  per  cent,  sulphur  dissolved 
in  camphine  is  said  to  be  a  good  solvent.  It 
dissolves  in  the  fat  and  other  volatile  oils,  but 
when  dried,  it  remains  in  an  adhesive  state  and 
destitute  of  elasticity;  it  is  not  soluble  in  oils 
of  lavender,  cloves,  cinnamon,  nor  linseed,  nor 
in  Dippel's  animal  oil.  It  is  soluble  in  20  times 
its  weight  of  bisulphuret  of  carbon,  which 
leaves  it  in  its  original  elastic  state.  It  be- 
haves in  a  singular  manner  with  ammonia, 
which  seems  to  have  the  power  of  bringing  it 
into  an  emulsic  state  after  months'  contact; 
it  may  be  then  applied  as  a  varnish,  and  re- 
covers on  drying  its  peculiar  properties. 

Dilute  acids  do  not  act  upon  caoutchouc. 
Sulphuric  acid  dissolves  it  after  long  digestion 
without  forming  tannin;  when  heat  is  applied, 
it  is  converted  into  a  terebinthic  mass.  It  is 
rapidly  acted  on  by  fuming  nitric  acid,  nitric 
oxide  being  evolved.  Muriatic  acid  does  not 
affect  it.  It  is  not  attacked  by  gases,  such  as 
chlorine,  sulphurous,  fluosilicic,  but  easily  by 
nitrous  vapors. 

When  heated  to  a  temperature  of  about  248°, 

it  melts,  and  on  cooling,  remains  in  a  semifluid 

adhesive  state,  but  when  exposed  to  the  air  in 

thin  ,ayers    it  gradually   acquires   hardness. 
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When  heated  sufficiently  in  the  air,  it  smokes, 
giving  out  an  odor  which  is  not  disagreeable, 
then  takes  fire,  burning  with  a  strong  yellow 
flame  and  much  smoke.  When  pare  caout- 
chouc is  distilled,  there  passes  off  a  large  quan- 
tity of  combustible  gas,  but  neither  carbonic 
acid  nor  ammonia;  if  impure  it  evolves  all 
these.  The  chief  product  is  caoutchucin  or 
caoutchouc  oil.  The  purest  caoutchouc  was 
found  by  Faraday  to  consist  of  87-2  carbon  and 
12-8  hydrogen,  which  is  nearly  according  to 
the  formula  C„H7. 

Caoutchouc  Makufactutif. 

This  department  of  industry,  which  had  its 
birth  but  a  few  years  since,  has  grown  so  ra- 
pidly and  exhibited  such  a  variety  of  novel,  in- 
genious, and  useful  applications,  within  a  short 
period  of  time,  that  it  may  already  take  high 
stand  among  the  ancient  mechanical  arls,  since 
in  avast  number  of  instances  it  supersedes  the 
use  of  woven  textures,  leather,  &c.  Its  elas- 
ticity, resistance  to  wear  and  tare  of  surface,  to 
chemical  reagents,  its  closeness  of  texture,  &c, 
are  qualities  which  will  insure  its  eminence, 
as  soon  as  improved  mechanism  shall  enable 
the  manufacturer  to  throw  it  into  any  required 
form.  We  can  now  observe  it  replacing  woven 
goods  to  a  limited  extent ;  we  find  it  now  made 
into  almost  every  possible  variety  of  leather, 
though  far  surpassing  the  latter  in  most  of  its 
qualities ;  it  can  be  made  into  a  paper  ;  it  can 
be  made  of  any  required  thickness  or  thinness; 
it  will  receive  white  and  colored  grounds,  on 
which  more  delicate  lines  of  engraving  are 
impressed  than  on  any  kind  of  paper  ;  articles 
are  made  up  from  these  materials  with  great 
ease  and  rapidity  by  simply  cutting  out  and 
cementing  pieces  together  more  firmly  than  can 
be  effected  by  the  needle.  Since  this  is  but  a 
meagre  outline  of  the  advantages  which  attend 
the  elastic  fabrics;  what  may  we  not  hope 
from  them,  when  mechanical  and  chemical 
forces  shall  have  been  more  extensively  ap- 
plied to  them  than  we  witness  at  the  present 
moment. 

We  distinguish  two  distinct  kinds  of  caout- 
chouc, the  common  material  and  that  composed 
according  to  Goodyear's  process. 

Common  Gum  Elastic  1.  The  crude  material, 
as  imported  in  skinny  shreds,  fibrous  balls, 
twisted  concretions,  cheese-like  cakes,  and  ir- 
regular masses,  is,  more  or  less,  impure,  and 
sometimes  fraudulently  interstratified  with 
earthy  matter.  It  is  cleansed  by  being  cut 
into  small  pieces,  and  washed  in  warm  water. 
It  is  now  dried  on  iron  trays,  heated  with  steam, 
while  being  carefully  stirred  about  to  separate 
any  remaining  dirt,  and  is  then  passed  through, 
between  a  pair  of  iron  rolls,  under  a  stream  of 
water,  whereby  it  gets  a  second  washing,  and 
becomes  at  the  same  time  equalized  by  the 
separate  pieces  being  blended  together.  The 
shreds  and  cuttings  thus  laminated,  if  still  foul 
or  heterogeneous,  are  thrown  back  into  a  kind 
of  hopper  over  the  rolls,  set  one-sixteenth  of 
an  inch  apart,  and  passed  several  times  through 
between  them. 

The  large  and  thick  tables  of  the  gum  arc 
sliced  into  cakes  for  the  stationer,  and  intr 
sheets  for  making  tapes  and  threads  of  caout 
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chouc,  by  an  ingenious  self-acting  machine,  in 
which  a  straight  steel  blade,  with  its  edge  slant- 
ing downward,  is  made  to  vibrate  rapidly  to 
and  fro  in  a  horizontal  plane;  while  the  cake 
of  caoutchouc,  clamped  or  embraced  at  each 
side  between  two  strong  iron  bars,  is  slowly 
advanced  against  the  blade  by  screw-work, 
like  that  of  the  slide  rest  of  a  lathe.  In  cutting 
caoutchouc  by  knives  of  every  form,  it  is  es- 
sential that  either  the  blade  or  the  incision  be 
constantly  moistened  with  water;  for  other- 
wise the  tool  would  immediately  stick  fast. 
As  the  above  straight  vibrating  knife  slants 
obliquely  downward,  the  sheet  which  it  cuts 
off  spontaneously  turns  up  over  the  blade  in 
proportion  as  it  is  detached  from  the  bottom 
mass  of  the  cake.  The  thicker  slices  are  after- 
ward cut  by  hand,  with  a  wetted  knife,  into 
small  parallelopipeds  for  the  stationer,  the  sec- 
tions being  guided  rectangularly  by  saw  lines 
in  a  wooden  frame.  Slices  may  be  cut  off  to 
almost  any  desired  degree  of  thinness,  by  means 
of  an  adjusting  screw — a  mechanism  that  acts 
against  a  board  which  supports  the  bottom  of 
the  cake,  and  raises  it  by  any  aliquot  part  of 
an  inch,  the  cutting-blade  being  caused  to  vi- 
brate always  in  the  same  horizontal  plane. 
These  thin  slices  constitute  what  is  called 
sheet-caoutchouc,  and  they  serve  tolerably  for 
making  tubes  for  pneumatic  apparatus,  and 
sheaths  of  every  kind ;  since,  if  their  two  edges 
be  cut  obliquely  with  clean  scissors,  they  may 
be  made  to  coalesce,  by  gentle  pressure,  so  in- 
timately, that  the  line  of  junction  cannot  be 
discovered  either  by  the  eye,  or  by  inflation  of 
a  bag  or  tube  thus  formed. 

2.  Sheets  of  caoutchouc,  parts  of  rubber  bags, 
are  cut  into  continuous  threads  by  highly  inge- 
nious machines  In  using  Westhead's  ma- 
chine, the  bottom  of  a  bottle  of  India  rubber  of 
good  quality  being  selected,  is  cut  off  and  flat- 
tened by  heat  and  pressure  into  a  nearly  round 
cake  of  uniform  thickness.  This  cake  is  made 
fast  at  its  centre  by  a  screw  nut  and  washer  to 
the  end  of  a  horizontal  shaft,  which  may  be 
made  to  revolve  with  any  desired  velocity  by 
means  of  appropriate  pulleys  and  bands,  at  the 
same  time  that  the  edge  of  the  disc  of  caout- 
chouc is  acted  on  by  a  circular  knife  of  cast- 
steel,  made  to  revolve  3000  times  per  minute, 
in  a  plane  at  right  angles  to  that  of  the  disc, 
and  to  advance  upon  its  axis  progressively,  so 
as  to  pare  off  a  continuous  uniform  tape  or 
fillet  from  the  circumference  of  the  cake.  Dur- 
ing this  cutting  operation,  the  knife  and  caout- 
chouc are  kept  constantly  moist  with  a  slender 
stream  of  water.  A  succession  of  threads  of 
any  desired  fineness  is  afterwards  cut  out  of 
this  fillet,  by  drawing  it  in  a  moist  state  through 
a  guide  slit,  against  the  sharp  edge  of  a  revolv- 
ing steel  disc. 

The  body  of  the  bottle  of  Indian  rubber,  and 
in  general  any  hollow  cylinder  of  caoutchouc, 
is  cut  into  tapes,  by  being  first  forced  upon  a 
mandril  of  soft  wood  of  such  dimensions  as  to 
keep  it  equally  distended.  This  mandril  is 
then  secured  to  the  shaft  of  a  lathe,  which  has 
one  end  formed  into  a  fine-threaded  screw,  that 
works  in  a  fixed  nut,  so  as  to  traverse  from 
right  to  left  by  its  rotation.  A  circular  disc  of 
steel,  kept  moist,  revolves  upon  a  shaft  parallel 


to  the  preceding,  at  such  a  distance  from  it  as 
to  cut  thiough  the  caoutchouc,  so  that,  by  the 
traverse  movement  of  the  mandril-shaft,  the 
hollow  cylinder  is  cut  spirally  into  a  con- 
tinuous fillet  of  a  breadth  equal  to  the  thick- 
ness of  the  side  of  the  cylinder. 

Threads  of  caoutchouc  are  readily  pieced  by 
paring  the  broken  ends  obliquely  with  scissors, 
and  then  pressing  them  together  with  clean 
fingers,  taking  care  to  admit  no  grease  or  mois- 
ture within  the  junction  line.  These  threads 
must  be  deprived  of  their  elasticity  before  they 
can  be  made  subservient  to  any  torsile  or  tex- 
tile manufacture.  Each  thread  is  inelasticated 
individually  in  the  act  of  reeling,  by  the  tenter 
boy  or  girl  pressing  it  between  his  moist  thumb 
and  finger,  so  as  to  stretch  it  to  at  least  eight 
times  its  natural  length,  while  it  is  drawn 
rapidly  through  between  them  by  the  rotation 
of  the  power-driven  reel.  This  extension  is 
accompanied  with  condensation  of  the  caout- 
chouc, and  with  very  considerable  disengage- 
ment of  heat.  The  reels,  after  being  com- 
pletely filled  with  the  thread,  are  laid  aside  for 
some  days,  more  or  fewer,  according  to  the 
quality  of  the  caoutchouc,  the  recomposed  re- 
quiring a  longer  period  than  the  bottle  material. 
When  thus  rendered  inelastic,  it  is  wound  off 
upon  bobbins  of  various  sizes,  adapted  to  va- 
rious sizes  of  braiding,  or  other  machines,  where 
it  is  to  be  clothed  with  cotton  or  other  yarn. 

In  the  process  of  making  the  elastic  tissues, 
the  threads  of  caoutchouc  being  first  of  all  de- 
prived of  their  elasticity,  are  prepared  for  re- 
ceiving a  sheath  upon  the  braiding-machine. 
For  this  purpose  they  are  stretched  by  hand,  in 
the  act  of  winding  upon  the  reel,  to  7  or  8  times 
their  natural  length,  and  left  two  or  three  weeks 
in  that  state  of  tension  upon  the  reels.  Thread 
thus  inelasticated  has  a  greater  specific  gravity. 
3.  Water-Proof  Fabrics.  The  parings,  the 
waste  of  the  kneading  operations  above  de- 
scribed, and  the  coarsest  qualities  of  imported 
caoutchouc,  such  as  the  inelastic  lumps  from 
Para,  are  worked  up  into  varnish,  wherewith 
two  surfaces  of  cloth  are  cemented,  so  as  to 
form  a  compound  fabric,  impervious  to  air  and 
water.  The  caoutchouc  is  dissolved  either  in 
petroleum  (coal-tar),  naphtha,  or  oil  of  terpen- 
tine, by  being  triturated  with  either  of  the  sol- 
vents in  a  close  cast-iron  vessel,  with  a  stir- 
ring apparatus,  moved  by  mechanical  power. 
The  heat  generated  during  the  attrition  of  the 
caoutchouc  is  sufficient  to  favor  the  solution, 
without  the  application  of  fuel  in  any  way. 
Three  days  are  required  to  complete  the  solu- 
tion of  one  charge  of  the  varnish  materials. 
The  proportion  of  the  solvent  oils  varies  with 
the  object  in  view,  being  always  much  less  in 
weight  than  the  caoutchouc. 

When  the  varnish  is  to  be  applied  to  very 
nice  purposes,  as  bookbinding,  &c,  it  must  be 
rubbed  into  a  homogeneous  smooth  paste,  by 
putting  it  in  a  hopper,  and  letting  n  fall  between 
a  couple  of  parallel  iron  rolls,  set  almost  in 
contact.  At  the  end  of  the  gallery,  where  the 
varnish  is  applied  to  cloth,  the  web  which  is  to 
be  smeared  must  be  wound  upon  a  beam,  re- 
sembling in  size  and  situation  the  cloth-beam 
of  the  weaver's  loom.  The  piece  is  thence 
drawn  up  and  stretched  in  a  horizontal  direc- 
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tion  over  a  bar,  like  the  breast-beam  of  a  loom, 
whence  it  is  extended  in  a  somewhat  slanting 
direction  downward,  and  passed  over  the  edge 
of  a  horizontal  bar.  Above  this  bar,  and  pa- 
rallel to  it,  a  steel-armed  edge  of  wood  is 
adjusted,  so  closely  as  to  leave  but  a  narrow 
slit  for  the  passage  of  the  varnish  and  the 
cloth.  This  horizontal  slit  may  be  widened  or 
narrowed  at  pleasure  by  thumb-screws,  which 
lower  or  raise  the  movable  upper  board.  The 
caoutchouc  paste  being  plastered  thickly  with 
a  long  spatula  of  wood  upon  the  down-sloped 
part  of  the  web,  which  lies  between  the  breast- 
beam  and  the  above-described  slit,  the  cloth  is 
then  drawn  through  the  slit  by  means  of  cords 
in  a  horizontal  direction  along  the  lowest  rails 
of  the  gallery,  whereby  it  gets  uniformly  be- 
smeared. As  soon  as  the  whole  web,  consist- 
ing of  about  40  yards,  is  thus  coated  with  the 
viscid  varnish,  it  is  extended  horizontally  upon 
rollers,  in  the  upper  part  of  the  gallery,  and 
left  for  a  day  or  two  to  dry.  A  second  and 
third  coat  are  then  applied  in  succession.  Two 
such  webs,  or  pieces,  are  next  cemented  face 
to  face,  by  passing  them,  at  the  instant  of  then- 
being  brought  into  contact,  through  between  a 
pair  of  wooden  rollers,  care  being  taken  by 
the  operator  to  prevent  the  formation  of  any 
creases,  or  twisting  of  the  two-fold  web.  The 
under  one  of  the  two  pieces  being  intended  for 
the  lining,  should  be  a  couple  of  inches  broader 
than  the  upper  one,  to  insure  the  uniform  co- 
vering of  the  latter,  which  is  destined  to  form 
the  outside  of  the  garment.  The  double  cloth 
is  finally  suspended  in  a  well-ventilated  stove- 
room,  till  it  becomes  dry,  and  nearly  free  from 
smell.  The  parings  cut  from  the  broader 
edges  of  the  under  piece,  are  reserved  for  ce- 
menting the  seams  of  cloaks  and  other  articles 
of  dress.     Lire's  Supplement. 

Metallic  Gum  Elastic  Composition.  The  fol- 
lowing specification  and  claim  of  Goodyear's 
Patent  is  taken  from  the  Journal  of  the  Frank- 
lin Institute,  3d  ser.  vol.  ix.  p.  89. 

"My  principal  improvement  consists  in  the 
combining  of  sulphur  and  white  lead  with  India 
rubber,  and  in  the  submitting  of  the  compound, 
thus  formed,  to  the  action  of  heat,  at  a  regu- 
lated temperature;  by  which  combination  and 
exposure  to  heat  it  will  be  so  far  altered  in  its 
qualities  as  not  to  become  softened  by  exposure 
to  the  solar  rays,  or  of  artificial  heat,  at  a  tem- 
perature below  that  to  which  it  was  submitted 
in  its  preparation,  say  to  a  heat  of  270"  of 
Fahrenheit's  scale;  nor  will  it  be  injuriously 
affected  by  exposure  to  cold ;  it  will  also  resist 
the  action  of  the  expressed  oils,  and  that,  like- 
wise, of  spirits  of  terpentine,  and  of  the  other 
essential  oils,  at  common  temperatures,  which 
oils  are  its  usual  solvents." 

The  compound  may  be  formed  of  various 
proportions  of  the  ingredients,  but  that  which 
is  deemed  best  consists  of  twenty-five  parts  of 
India  rubber,  five  of  sulphur,  and  seven  of 
white  lead — the  India  rubber  having  been  pre- 
viously dissolved  in  some  of  the  essential  oils, 
and  the  sulphur  and  white  lead  ground  in  the 
manner  of  preparing  paint. 

Claim. — "I  do  hereby  declare  that  I  do  not 
claim  the  combining  of  sulphur  with  caout- 
chouc either  in  the  proportions  named,  or  in 
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any  other,  this  combination  having  been  the 
subject  of  a  patent  granted  t<>  me  on  the  24th 
day  of  February.  1839;  but  I  do  claim  the  com- 
bining of  the  said  gum  with  sulphur,  and  with 
white  lead,  so  as  to  form  a  triple  compound, 
either  in  the  proportions  herein  named,  or  in 
any  other,  within  such  limits  as  will  produce 
a  like  result.  And  I  will  here  remark,  that 
although  I  have  obtained  the  best  result  from 
the  carbonate  of  lead,  other  salts  of  lead,  or  the 
oxides  of  that  metal,  may  be  substituted  there- 
for, and  will  produce  a  good  effect;  I,  therefore, 
under  this  head,  claim  the  employment  of  either 
of  the  oxides,  or  salts  of  lead,  in  the  place  of  the 
white  lead,  in  the  above-named  compound.  I 
also  claim  the  formation  of  a  fabric  of  the  India 
rubber  by  interposing  layers  of  cotton  batting 
between  those  of  the  gum  in  the  manner  and 
for  the  purposes  described.  I  likewise  claim, 
in  combination  with  the  foregoing,  the  process 
of  exposing  the  India  rubber  fabric  to  the  action 
of  a  high  degree  of  heat,  such  as  is  herein  spe- 
cified, by  means  of  which  my  compound  is 
effectually  changed  in  its  properties,  so  as  to 
protect  it  from  decomposition,  or  deterioration, 
by  the  action  of  those  agents  which  have  here- 
tofore been  found  to  produce  that  effect  upon 
India  rubber  goods." 

I  have  repeatedly  experimented  on  this  com- 
position, which  is  a  singular  compound  of  sul- 
phuret  of  lead  with  caoutchouc,  and  found  it 
materially  altered  in  some  of  its  properties.  It 
is  more  perfectly  elastic  than  common  caoutchouc, 
for  after  a  long  continued  compression,  or  ex- 
tension,  it  returns  precisely  to  its  former  dimen- 
sions; it  seems  to  possess  greater  tenacity, 
requiring  a  considerable  force  to  produce 
rupture;  it  is  equally  flexible,  or  nearly  so,  in 
summer  and  winter  temperatures,  differing  in 
this  respect  remarkably  from  common  caout- 
chouc; it  resists  the  action  of  the  usual  sol- 
vents of  caoutchouc  in  an  extraordinary  de- 
gree, being  insoluble  in  ether,  and  the  essential 
oils,  and  scarcely  affected  by  acids,  excepting 
by  oil  of  vitriol.  The  long-continued  action  of 
the  essential  oils  renders  it  softer  and  brittle  ; 
but  its  original  qualities  may  be  more  or  less  re- 
stored. It  resists  wear  and  tare  of  surface  still 
more  powerfully  than  common  caoutchouc,  for 
after  a  mail-bag  composed  of  it  had  been 
dragged  over  many  miles  of  a  macadamized 
road,  the  iron  staples  and  nails  were  worn 
nearly  through,  while  the  elastic  material  was 
scarcely  abraded.  The  ease  and  rapidity  with 
which  various  articles,  such  as  harness,  shoes, 
&c,  &c,  can  be  joined  together  by  the  simple 
use  of  a  cement  and  subsequently  rendered 
firm  by  the  heating  process,  prove  conclu- 
sively, when  joined  to  the  qualities  above 
enumerated,  that  fibrous  textures  of  cotton,  &c, 
covered  with  this  composition,  will  be  substi- 
tuted for  the  various  kinds  of  leather,  in  many 
branches  of  the  latter  manufacture.  Having 
employed  various  articles  in  ordinary  dress 
and  in  chemical  operations  made  of  the  com- 
position, or  of  cloth  covered  with  it,  and  having 
seen  nearly  all  the  applications  enumerated 
below, I  can  subscribe  to  the  following  enume- 
ration of  qualities  and  applications  by  the 
patentee: 

"  Qualities.    No  degree  of  heat,  without  blaze, 
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can  melt  it;  it  remains  unaltered  in  the  torrid 
zone ;  heat,  without  blaze,  more  intense  than 
280°  F.,  chars  it  like  wood;  it  continues  flexi- 
ble in  great  degrees  of  cold,  and  even  by  the 
contact  of  ice  is  not  stiffened  ;  in  durability  it 
surpasses  any  other  material  applicable  to 
similar  uses;  its  elastic  power  is  superior  to 
that  of  common  india  rubber,  and  is  retained 
unaffected  by  heat,  cold,  or  continued  stretch- 
ing; of  itself,  or  in  combination  with  fabrics  of 
cotton,  or  other  material,  it  can  be  made  of  any 
desirable  strength,  with  or  without  elasticity;  it 
resists  powerful  chemical  reagents ;  aqua  fortis, 
sulphuric  acid,  essential  and  common  oils,  ter- 
pentine and  other  solvents,  which  destroy  the 
native  gum,  wood,  leather,  and  metals,  produce 
no  effect  upon  this  composition,  except  that 
long  continued  immersion  in  strong  aqua  fortis, 
or  sulphuric  acid,  chars  it  (see  results  of  ex- 
periments above,  J.  C.  B.) ;  it  possesses  valua- 
ble medical  qualities,  being  a  substitute  for 
oiled  silk,  furnishing  hydrostatic  beds,  and  a 
great,  variety  of  articles  used  in  surgery;  it,  as 
well  as  the  fabrics  with  which  it  is  used  in 
combination,  can  be  washed  in  boiling  water, 
with  lime  or  lye,  without  injury;  like  other 
gum-elastic  compositions,  it  is  water-and-air- 
proof;  it  is  not  liable  to  be  injured  by  rats, 
moths,  or  other  vermin;  it  can  be  moulded  or 
embossed  like  wax,  and  can  be  prepared  in 
sheets  of  any  thickness  or  thinness;  it  will 
take  any  color;  it  will  take  japan  varnish,  and 
equals  in  beauty  patent  leather,  as  it  surpasses 
it  in  many  other  qualities  ;  it  takes  impressions 
more  delicately  than  the  finest  paper;  it  can  be 
woven  or  braided;  it  can  be  napped,  like  broad- 
cloth or  plush ;  it  can  be  rendered  perfectly 
tasteless,  and  inoffensive  in  point  of  odor;  its 
contraction,  after  having  been  stretched  in 
threads  between  two  adhering  thicknesses  of 
cotton,  silk,  or  other  flexible  material,  shirs  or 
corrugates  the  fabric  in  a  new  and  beautiful 
manner,  and  renders  it  applicable  to  a  variety 
of  uses. 

Applications.  It  is  for  many  purposes  a 
cheaper  and  better  substitute  for  leather,  cloth, 
and  hair  cloth,  oiled  cloth,  oiled  silk,  paper,  and 
parchment,  while  the  shirred  or  corrugated 
goods  are  peculiar,  and  for  many  purposes  un- 
rivalled. 

It  can  be  economically  and  usefully  em- 
ployed in  almost  every  article  of  external 
clothing,  particularly  where  protection  from 
cold  and  rain,  or  durability,  is  desired ;  in 
trimming  carriages  ;  for  harness,  of  all  kinds  ; 
in  building,  particularly  for  roofs  and  cisterns; 
in  furniture  (land  and  sea),  particularly  for 
carpets,  printed  floor-cloths,  &c. ;  for  firemen's 
dresses,  for  water  hose ;  for  the  binding  of 
books;  as  a  substitute  for  paper  and  parch- 
ment, and  for  maps  and  charts;  for  the  can- 
vas and  rigging  of  ships,  supplying  them  also 
with  compact  boats,  life  preservers,  rope  and 
tarpaulins,  and  perhaps  with  sheathing  and 
caulking  materials ;  for  belts  and  banding  of 
machinery,  and  for  smiths'  bellows;  for  bags, 
bagging,  compact  casks,  used  in  securing  and 
transporting  merchandise,  dry  or  liquid;  in 
many  branches  of  the  arts,  as  tubes  for  con- 
veying various  liquids,  as  vessels  for  containing 
them  for  evaporation,  and  for  crystallization. 


It  is  especially  applicable  to  the  wants  of 
Governments,  furnishing  to  the  post-office  the 
cheapest  and  best  mail  bag,  and  ships'  letter 
bag,  water-proof,  more  durable  than  rivetted 
leather,  incapable  of  sinking  when  filled  with 
papers,  unalterable  by  climate;  to  the  army, 
tents,  tent  carpets,  tarpaulins,  gun  covers,  knap- 
sacks, blankets,  cartridge  cylinders,  pontons, 
magazines,  soldiers'  dress  and  equipments,  bag- 
gage wagon  covers,  and  appurtenances  ;  to  the 
navy,  canvas  for  sails,  rigging  boats,  life  pre- 
servers, buoys,  fenders,  gun  covers,  gun  breach- 
ings,  spring  cables,  probably  sheathing  and 
caulking  materials,  carpets,  awnings,  tarpau- 
lins, cartridge  cylinders,  fire  screens,  tanks, 
holding  fresh  water  for  ballast,  hose,  buckets, 
magazines,  water  bags,  provision  bags,  sailors' 
and  mariners'  dress  and  equipments,  ham- 
mocks and  hammock  cloths,  and  bags. 

The  above-mentioned,  are  some  of  the  quali- 
ties and  uses  of  this  composition.  It  is  not 
pretended,  that  all  the  fabrics  of  this  compo- 
sition possess,  alike,  all  the  qualities,  or  are 
applicable  to  all  the  uses,  before  enumerated: 
each  kind  of  fabric  possesses  those  qualities 
which  are  desirable  for  the  uses  to  which  it 
should  be  applied.  A  cloth  intended  to  sustain 
friction,  would  be  different  from  a  cloth  de- 
signed to  resist  pulling  or  straining  ;  and  light, 
semi-transparent  fabrics,  suitable  for  printing 
upon,  being  finished  by  a  peculiar  process,  do 
not  possess,  as  they  do  not  require,  some  of 
the  qualities  which  are  desirable  in  heavier 
goods.     Charles  Goodyear. 

When  we  examine  the  above  applications, 
in  which  a  large  number  of  details  are  omitted, 
and  remember  that  they  have  been  practically 
tested  and  found  successful,  and  when  we  con- 
sider that  still  greater  improvements  will  un- 
questionably be  made,  and  more  extended  ap- 
plications be  devised,  it  cannot  be  thought 
presumption  to  predict  that  the  Caoutchouc 
Manufacture  is  destined  to  compete  in  value 
and  extent  with  any  other  branch  of  the  use- 
ful arts. 

Caoutchucix.  Oil  of  Caoutchouc.  Crude 
caoutchouc,  cut  into  pieces,  is  subjected  to  dis- 
tillation in  iron  or  copper  retorts,  raising  the 
temperature  gradually  to  about  600°.  A  light 
yellow  oil  first  passes  over,  followed  by  a 
darker  brown  oil,  and  charcoal,  &c,  remains 
in  the  retort.  From  the  nitrogenous  matter 
present  in  the  crude  gum,  carbonate  of  am- 
monia often  deposits  in  the  neck  of  a  glass 
retort.  The  amount  of  oil  may  be  as  high  as 
85  per  cent,  of  spec.  grav.  0-84  to  0-89.  The 
crude  oil  is  redistilled  one  or  more  times  with 
water,  a  lighter  colored  oil  being  obtained  at 
each  successive  rectification. 

The  purified  oil  is  transparent,  colorless, 
gradually  changing  in  the  air  to  brown,  of  a 
strong  and  not  disagreeable  odor,  which  may 
be  diminished  by  chlorine  or  chloride  of  lime; 
spec.  grav.  =  0-68;  it  is  volatile,  its  vapor 
being  heavy  and  capable  of  decantation;  its 
boiling  point  is  93°,  but  it  gradually  rises  to 
149°,  proving  that  it  is  a  compound  of  several 
oils. 

It  is  composed  according  to  the  formula  CH. 
Bouchardat  obtained  from  it  by  distillation  a 
more  volatile  oil,  consisting  of  Eupione,  Liquiu 
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bicarburetted  hydrogen,  and  Caoutchen,  and  a 
less  volatile  oil,  Hevlen.  Himly  termed  the  oil 
passing  over  between  91°  and  ill0  Faradayin, 
probably  a  mixture,  and  that  passing  over  at 
334°  Caoutchin. 

Use.  Caoutchucin  is  an  excellent  solvent  of 
caoutchouc,  but  in  all  probability  not  superior 
to  pure  carnphine,  and  much  more  expensive. 
With  a  very  minute  quantity  of  caoutchouc 
dissolved  in  it,  it  constitutes  an  excellent  ce- 
ment for  the  gum  itself,  it  being  only  necessary 
to  brush  a  thin  layer  over  the  surfaces  to  be 
united,  and  to  press  them  together,  when  in  a 
few  moments  they  are  so  firmly  cemented  as  to 
constitute  a  single  mass.  It  also  dissolves  the 
various  resins,  constituting  an  excellent  var- 
nish, superior  to  that  made  by  carnphine,  for 
the  latter  is  more  subject  to  injury  by  keeping. 

Caoutchin.  Prepared  by  rectifying  caout- 
chucin, and  catching  the  products  passing  over 
between  284°  and  536°;  it  is  shaken  with  di- 
luted sulphuric  acid,  as  long  as  the  latter  is 
colored,  washed  with  water  and  potassa,  ra- 
pidly distilled  with  water,  dried  by  chloride  of 
calcium,  repeatedly  distilled,  and  the  oil  col- 
lected between  320°  and  338°  ;  this  oil  is  heated 
in  a  retort,  to  remove  a  volatile  oil,  and  when 
the  liquid  attains  331°  it  is  rapidly  distilled, 
and  only  that  oil  received  which  passes  over 
between  334°  and  340°;  the  oil  thus  redistilled 
is  treated  with  dry  chlorohydric  acid  gas,  after 
some  days  the  brown  resinous  deposit  sepa- 
rated, the  muriated  oil  dissolved  in  absolute 
alcohol,  precipitated  with  dilute  alcohol  and 
treated  with  water  and  chloride  of  calcium. 
The  muriate  of  caoutchin  is  distilled  once  or 
twice  over  caustic  lime  or  baryta,  dried  by 
chloride  of  calcium  and  finally  rectified  over 
potassium. 

It  is  a  colorless,  limpid  liquid,  with  the  odor 
of  oil  of  orange,  of  a  peculiar  sharp-aromatic 
taste;  spec.grav.at  61°  =  0-8423;  boils  at  340°; 
spec.  grav.  of  vapor  =  4461 ;  is  soluble  in  every 
proportion  in  absolute  alcohol,  the  essential  and 
fat  oils,  and  in  sulphuret  of  carbon.  Formula, 
C5H4.    Himly, 

Caoutchen.  Obtained  by  Bouchardat  by  dis- 
tilling caoutchouc  and  catching  the  products  in 
a  series  of  cooled  receivers,  in  the  first  of  which 
was  caoutchucin,  and  2  others,  cooled  by  snow 
and  chloride  of  calcium,  contained  a  yellowish 
liquid.  When  the  distillate  is  cooled  for  several 
days  eupione  rises  to  the  top  as  an  oily  liquid, 
and  is  separated;  the  residue  is  distilled  at  50°, 
when  liquid  bicarburetted  hydrogen  passes 
over,  and  the  liquid  distilled  off  between  50° 
and  64°,  exposed  to  a  cooling  mixture,  congeals 
to  a  mass  of  white  needles  which  are  pressed 
rapidly  between  bibulous  paper. 

Thus  obtained,  it  is  a  white  opake  mass,  of 
spec.  grav.  0-65  at  28°,  fusing  at  50°  to  a  limpid 
liquid,  boiling  at  58°,  insoluble  in  water,  solu- 
ble in  absolute  alcohol  and  ether.  It  is  not 
acted  on  by  alkalies  and  behaves  to  sulphuric 
acid  like  liquid  bicarbohydrogen.  Form.  CH, 
or  a  multiple  of  it.     Bouchardat. 

Heveen  is  another  oily  liquid,  obtained  by 
Boucharda'i,  which  boiled  at  599°,  and  had  the 
same  composition. 

It  appears  from  the  experiments  of  Himly, 
Bouchardat  and  Gregory,  that  caoutchouc  yields 
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several  oily  liquids,  seme  of  which  are  com- 
posed according  to  the  formula  CHora  mul- 
tiple  of  it,  and  others  according  to  < '  1 1 .,  which 
is  that  of  Camphkx.  The  most  volatile  have 
the  low  spec.  grav.  0-654. 

CAPACITY.  May  be  employed  in  its  com- 
mon acceptation,  expressive  of  content,  such 
as  the  capacity  of  a  vessel,  or  the  quantity  of 
matter  it  may  contain,  but  the  term  is  al 
in  heat  and  affinity.  In  the  former  it  is  synony- 
mous with  specific  heat  (see  Heat).  In  affinity 
it  denotes  the  power  of  an  acid  to  become  satu- 
rated by  a  base  in  order  to  form  a  neutral  salt. 
Berzelius  expresses  the  saturating  capacity  of 
an  acid  by  the  quantity  of  oxygen  in  the  base, 
which  is  neutralized  by  100  pts.  of  the  dry  acid. 
Thus  100  pts.  dry  sulphuric  acid  neutralizes 
just  so  much  of  any  base,  that  the  latter  con- 
tains 19-96  of  oxygen;  hence  19-96  is  the  satu- 
rating capacity  of  sulphuric  acid. 

CAPILLARY  ATTRACTION.  Phys.  That 
variety  of  adhesion  exhibited  by  the  rise  of 
liquids  or  gases  in  tubes  of  fine  bore,  or  in 
porous  substances,  such  as  charcoal,  sponge, 
&c.     See  Aphesion  and  Absorption. 

C  APNOMOR.  (From  jt^vee,  smoke,  and  puga, 
a  part,  existing  in  the  smoke  of  organic  bodies.) 
It  occurs  with  creasote,  picamar,  and  pittacall, 
in  the  heavy  oil  of  tar.  Prep.  Digest  the  oil, 
deprived  of  acetic  acid  by  carbonate  of  potassa, 
with  a  solution  of  potassa,  of  spec.  grav.  1-20; 
heat  the  alkaline  liquor  slowly,  and  allow  it  to 
boil  for  a  short  time,  then  to  cool  slowly,  and 
decompose  it  by  dilute  sulphuric  acid  in  slight 
excess.  Distil  the  dark-brown  oil  in  a  retort 
with  a  little  potassa,  but  not  to  dryness  ;  dis- 
solve the  transparent  pale  oil  in  a  solution  of 
potassa,  of  spec.  grav.  1-16,  heat  it  as  before, 
and  treat  it  with  dilute  sulphuric  acid;  these 
processes  repeated  several  times  with  weaker 
potassa  solutions.  The  oil  is  mixed  with 
waters,  aturated  with  ammonia,  and  distilled, 
catching  the  last  portions,  which  are  capno- 
mor. 

Prop.  Capnomor  is  a  transparent,  colorless, 
oily  liquid,  with  the  odor  of  rum,  at  first  taste- 
less, subsequently  acrid,  refracting  light  like 
creasote  ;  spec.  grav.  at  68°  =  0-9775 ;  it  boils  at 
365°,  at  28-25  in.,Bar.;  does  not  congeal  at— 6°; 
is  insoluble  in  water  and  in  potassa,  soluble 
in  alcohol,  ether,  and  eupione;  dissolves  caout- 
chouc, especially  when  heated,  and  may  be  the 
cause  of  tar  dissolving  caoutchouc.  It  acts  as 
an  acid  with  vegetable  bases,  and  as  a  base 
with  sulphuric  acid.  It  dissolves  many  vege- 
table substances,  fats,  resins,  coloring  matters, 
&c.  It  is  distinguished  from  creasote  and 
picamar  by  its  taste,  insolubility  in  alkali,  and 
by  dissolving  caoutchouc;  from  eupione  by 
spec.  grav.  and  boiling  point,  by  its  smoke 
when  burning,  its  solubility  in  sulphuric  acid, 
&c.     It  has  not  been  analyzed. 

CAPORCIANITE.  It  is  a  grayish-red  zeo- 
lite, occurring  in  radiated  masses,  and  was 
found  by  Savi,  near  the  village  of  Monti  Ca- 
tini,  in  Tuscany.  According  to  Anderson,  it 
consists  of  silica  52-8,  alumina  21-7,  peroxide 
of  iron  0-1,  lime  11-3,  magnesia  0-4,  potash  1-1 
soda  0-2,  water  13-1  =  100-7.  (Dana.)  Accord- 
ing to  this  analysis,  its  formula  is  3  CaO, 
2  Si034-  3  ( A1203,  2  Si03)  -f  9  HO,  which  is  the 
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same  as  Chabazite,  Analcime,  &c,  with  a  dif- 
ferent content  of  water. 

CAPRIC  ACID.  Ger.  Caprinsiiure.  Its  pre- 
paration see  under  Butyric  acid. 

Coptic  acid  resembles  capryllic  acid  in  its 
properties.  The  baryta  salt  crystallizes  from 
hot  solutions  in  minute  fatty  needles  and  scales, 
and  on  spontaneous  evaporation  likewise  in 
scales,  arranged  in  dendritic  groups ;  it  is 
very  difficult  of  solution,  is  anhydrous,  and 
not  affected  by  exposure  to  the  air.     Formula, 

C2oHi9°3  +  H0-     Chem-  Gaz- "•  P-  38°- 

CAPROIC  ACID.     Ger.  Capronsaure.      Its 

preparation  see  under  Butyric  acid. 

The  barytic  salt  crystallizes  in  long  silky 
needles,  aggregated  into  bundles  ;  it  is  anhy- 
drous, and  undergoes  no  change  by  exposure 
to  the  air.     Form.  C12Hn03-4- BaO. 

The  silver  salt  is  prepared  in  the  same  man- 
ner as  butyrate  of  silver,  but  is  far  more  diffi- 
cult of  solution.  It  is  not  crystallizable,  and 
consists  of  C12Hu03  +  AgO. 

Caproic  Ether  is  prepared  in  the  same  way 
as  the  butyrate ;  it  separates  more  readily,  boils 
at  248°,  has  a  stronger  taste  and  smell,  but  is 
not  so  agreeable.  Form.  CI6H1604  =  C4H504- 
C12HU03.     Chem.  Gaz.  ii.  p.  379. 

CAPRYLLIC  ACID.  Its  preparation  see 
under  Butyric  acid. 

At  the  ordinary  temperature  it  forms  a 
smeary  mass;  below  50°  it  crystallizes  in 
needles,  which  are  of  difficult  solution  in  water, 
have  an  acid  and  acrid  taste,  and  a  peculiar, 
disagreeable  odor.  Formula,  C16H1503  -f-  HO. 
The  baryta  salt  separates  from  hot  solutions  in 
brilliant  laminae,  but  on  spontaneous  evapora- 
tion in  white  granules.  It  is  anhydrous,  is  not 
affected  by  exposure  to  the  air,  does  not  fuse  at 
212°,  and  is  very  sparingly  soluble  in  water. 
The  silver  salt  is  almost  insoluble.  The  lead 
salt  is  very  sparingly  soluble  in  water,  and 
fuses  at  212°. 

CAPSICIN.  The  fruit  of  the  Capsicum  an- 
nuum,  analyzed  byMaurach,  Bucholz,and  Bra- 
connot,  presents  such  different  results,  that  it 
should  be  re-examined.  The  4  per  cent,  of  acrid 
soft  resin  of  Bucholz,  and  the  1-9  per  cent,  acrid 
oil  of  Braconnot  probably  contain  the  same  ac- 
tive principle  capsicin,  but  not  in  a  pure  state. 
Witting  seems  to  have  obtained  it  purer. 

Capsicin.  Obtained  by  digesting  the  alco- 
holic extract  in  ether,  and  evaporating  the 
ethereal  solution.  It  is  a  thick  liquid,  or  soft 
resin,  of  a  yellowish-red  or  reddish-brown 
color,  which  becomes  very  fluid  when  heated, 
and,  at  a  higher  temperature,  is  dissipated  in 
fumes.  Half  a  grain  of  it,  volatilized  in  a 
large  room,  causes  all  who  respire  the  air  of 
the  room  to  cough  and  sneeze.  By  exposure 
to  air  and  light  it  solidifies;  it  is  decolorized 
by  chlorine  ;  it  is  slightly  soluble  in  water  and 
in  vinegar;  but  very  much  so  in  alcohol, ether, 
oil  of  terpentine,  and  the  caustic  alkalis;  with 
baryta  it  forms  a  solid  acrid  combination. 
Witting  describes  it  as  pulverulent,  crystal- 
lizable, permanent  in  air,  insoluble  in  cold 
water  and  ether,  but  little  in  hot  water  and  in 
alcohol ;  forming  crystallizable  salts  with  ace- 
tic, nitric,  and  sulphuric  acid,  which  are  solu- 
ble in  water,  and  decomposed  by  alkalies,  with 
the  precipitation  of  capsicin. 


CARAMEL.  Tech.  Cane  sugar  melts  at 
356°  into  a  viscid  colorless,  liquid,  which,  on 
cooling,  forms  a  transparent,  amorphous  mass 
(barley-sugar).  At  a  temperature  somewhat 
higher,  it  becomes  brown  ;  at  from  410°  to 
430°  it  swells  up,  and  is  converted  into  a  black 
porous  mass,  having  a  high  lustre,  like  anthra- 
cite, called  by  Peligot  Caramel.  In  this  opera- 
tion water  alone  is  expelled,  with  a  minute 
trace  of  empyreumatic  oil  and  acetic  acid. 
The  caramel  of  commerce  contains  a  variable 
proportion  of  sugar,  from  which,  and  from  cer- 
tain bitter  compounds  which  are  present,  it  is 
purified,  by  dissolving  it  in  water  and  adding 
alcohol,  which  precipitates  the  caramel  in  a 
state  of  purity,  retaining  the  foreign  matters  in 
solution. 

Pure  caramel  is  a  black  or  brownish  black 
powder;  dissolves  readily  in  water,  giving  it  a 
fine  sepia  tint;  its  solution  has  no  taste,  and  no 
action  on  vegetable  colors;  is  not  susceptible 
of  fermentation,  and  is  insoluble  in  alcohol. 
Its  solution  precipitates  the  salts  of  baryta  and 
the  basic  salts  of  lead.  The  composition  of  the 
barytic  precipitate  is  variable;  it  contains  from 
20  to  21  per  cent,  of  baryta. 

When  sugar  is  still  more  strongly  heated,  the 
caramel  loses  an  additional  quantity  of  water, 
and  forms  an  insoluble  compound.  At  a  still 
higher  temperature  inflammable  gases  are 
given  off,  and  a  bulky  coal  is  left,  difficult  of 
combustion. 

According  to  Peligot,  caramel  has  the  same 
composition  as  cane  sugar  in  its  compound 
with  oxide  of  lead,  that  is,  C12H9Og.  Crystal- 
lized cane  sugar,  therefore,  to  form  caramel, 
loses  2  eq.  of  water.  Grape  sugar  produces 
the  same  substance  when  similarly  treated,  but 
it  fuses  at  212°,  giving  off  9  per  cent,  water. 
Liebig. 

It  is  employed  to  color  wines,  vinegar,  and 
confections,  in  which  it  is  a  harmless  adultera- 
tion (see  Acetic  acid). 

CARAWAY.  Tech.  Phar.  The  oil  of  cara- 
way (Ger.  Kummelol)  obtained  by  distilling  the 
bruised  seed  of  Carum  Carui  with  water  (yield- 
ing about  5  per  cent.),  is  pale  yellow,  becom- 
ing brownish,  of  a  penetrating  aromatic  odor 
and  taste,  reddens  litmus,  absorbs  iodine  with- 
out heat;  absorbs  chlorohydric  gas,  which  it 
evolves  by  boiling  with  water;  spec.  grav.= 
0-938,  boils  at  401°,  when  an  oil  passes  over 
with  little  oxygen,  and  a  boiling  point  of  379°; 
another  more  fixed  oil  containing  much  more 
oxygen  boils  at  442°.  It  is  probable  that  the 
former  oil,  if  pure,  would  be  a  carbohydrogen 
analogous  to  Cymkx;  the  latter  may  be  Cumi- 
nole.  (Volkel.)  When  distilled  with  caustic 
potassa  it  yields  a  carbohydrogen,  Caruen  = 
C10H8,  and  the  residue  mixed  with  water  sepa- 
rates into  a  brown  resin  and  a  brown  alkaline 
solution  ;  the  latter  saturated  with  acid  and  dis- 
tilled yields  an  acrid  oil,  Caruacrole.  (Schweizer.) 

Oil  of  caraway  is  employed  to  impart  flavor, 
and  in  medicine.  The  tincture  of  the  seed  or 
oil  is  drunk  in  Germany,  Kignmelliqueur. 

CARBAMID.  See  Chlorocarbonic  acid  under 
Carbon. 

CARBAZOTIC  ACID.  Formed  by  the  ac- 
tion of  nitric  acid  on  Indigo. 

CARBOLIC  ACID.   Chem.    Prep.  Mix6pts. 
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of  oil  of  coal-tar  with  1  pt.  lime  and  25  pts. 
water,  as  in  preparing  Kyanole,  decompose 
the  lime-salt  by  muriatic  acid,  wash  the  sepa- 
rated brown  oil  water,  distil  off  5,  redistil  the 
latter  several  times  with  water,  adding  a  little 
potassa  the  last  time.  A  milky  mixture  of  car- 
bolic acid  and  water  passes  over  first,  followed 
by  pure  carbolic  acid. 

Prop.  An  oily  liquid,  refracting  light  power- 
fully, often  crystallizing  in  long  needles,  with 
a  penetrating  odor  resembling  Castoreum,  a 
sharp  burning  taste:  spec.  grav.=  1*002  at 
68° ;  boils  at  387° ;  burns  with  a  yellow  smoky 
flame;  soluble  in  31  pts.  water  at  68°,  miscible 
in  all  proportions  with  alcohol  and  ether;  dis- 
solves sulphur;  is  decomposed  by  chlorine, 
iodine,  sulphuric  and  nitric  acids.  Its  peculiar 
reaction  is,  that  a  piece  of  pine-wood  dipped 
into  it  or  its  aqueous  solution,  and  then  into 
chlorohydric  acid,  becomes  dark  blue  on  dry- 
ing, nor  does  chlorine  change  the  color. 

Its  alkaline  salts  are  colorless,  soluble,  crys- 
tallizable ;  it  forms  neutral,  acid  and  basic  salts 
with  lime  and  oxide  of  lead.  The  acid  dis- 
solves indigo  at  212°,  and  the  solution  bleaches 
by  air  and  light  in  a  few  days;  it  dissolves 
rosin,  copal,  and  a  little  amber;  it  precipitates 
gelatin,  coagulates  albumen,  preserves  animal 
matters  powerfully  from  putrefaction,  contract- 
ing and  hardening  them.  (Runge.)  There  ap- 
pears to  be  a  close  resemblance  between  this 
acid  and  Ciieasote.  See  the  products  of  dis- 
tillation of  Coal. 

CARBON.     Get:  Kohlenstoff;  Ft:  Carbone. 

Sym.  C.  Eg.  6.  The  importance  to  organic 
chemistry  of  an  exact  knowledge  of  the  com- 
bining weight  of  carbon  has  led  to  extended 
investigations  by  different  chemists  of  its  com- 
pounds, and  with  varying  results.  Biot  and 
Arago's  early  experiments  led  to  the  number 
75-33,  those  of  Berzelius  to  76-438.  In  1838 
Dumas  thought  it  should  be  reduced  to  75-9  or 
76 ;  in  1840,  Dumas  and  Stass,  by  weighing  the 
purest  carbons  and  the  carbonic  acid  they 
yielded,  obtained  as  an  average  of  14  experi- 
ments 75-005,  max.  75-125,  min.  74-875,  the  car- 
bons being  natural  and  artificial  graphite,  and 
the  diamond.  Baron  v.  Wrede,  1840,  by  show- 
ing that  carbonic  acid  did  not  follow  Mariotte's 
law,  made  it  above  75-4  and  below  76.  Liebig 
and  Redtenbacher  in  1840  obtained  as  an  ave- 
rage of  20  experiments  on  the  acetate,  malate, 
tartrate,  and  racemate  of  silver  75-735,  max. 
76-111,  min.  75-346;  they  farther  calculated 
from  Berzelius's  former  analyses  of  the  two 
last  salts  75-741.  In  1841,  v.  Wrede,  by  a  com- 
parison of  spec,  gravs.  of  oxygen,  carbonic 
acid,  and  oxide,  with  Rudberg's  coefficient  of 
expansion,  obtained  75-13,  with  Magnus  and 
Regnault's  coefficient  75-12.  Erdmann  and 
Marchand,  1841,  obtained  in  9  experiments, 
5  with  diamond,  3  with  natural,  and  1  with  arti- 
ficial graphite,  75-0544.  Mitscherlich  calcu- 
lated it  from  the  analysis  of  naphthalin  at  75-1. 
Reviewing  these,  it  may  be  assumed  to  be  over 
75;  probably  the  best  conclusion  for  the  present 
is,  that  it  is  75-12  on  the  oxygen,  and  6-01  or 
6-02  on  the  hydrogen  scale.  The  present  work, 
being  of  a  practical  character,  it  is  assumed 
10  be  6,  without  presenting  it  as  the  exact 
number. 
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History.  Carbon,  under  the  form  of  charcoal, 
known  from  the  earliest  times.  Paracelsus 
and  Van  Helmont  recognised  carbonic  acid  as 
evolved  by  burning  limestone  and  by  fermenta- 
tion, but  this  gas  was  more  particularly  ex- 
amined by  Hales,  Black,  Priestley,  and  Berg- 
mann,  and  its  composition  determined  by  La- 
voisier. Lassonne,  Priestley,  and  Woodhouse 
discovered  carbonic  oxide,  which  others  proved 
to  contain  only  carbon  and  oxygen. 

Preparation,  fyc.  It  occurs  in  nature  crystal- 
lized in  2  forms,  the  Diamond  and  GrtAriirri;; 
less  pure  and  amorphous,  Anthracite  and  the 
various  kinds  of  Coal.  Among  artificial  forms 
are: 

1.  Artificial  Graphite,  formed  in  blast  fur- 
naces, when  a  white  iron  passes  into  gray 
metal,  precipitating  laminoe  of  graphite.  To 
purify  this  and  the  native  graphite,  ignite  it 
powdered  with  potassa,  wash  with  water,  boil 
it  in  nitromuriatic  acid,  and  heat  it  to  a  white 
heat  in  dry  chlorine  for  many  hours.  The  pre- 
sence of  iron  in  graphite  is  accidental. 

2.  Charcoal,  obtained  from  Lampblack,  puri- 
fied by  potassa;  obtained  by  strongly  igniting 
an  organic  substance,  such  as  pure  sugar,  con- 
taining neither  nitrogen  nor  ashes;  obtained 
by  the  decomposition  of  illuminating  gas  in 
gas  retorts,  as  an  accidental  product,  gas-carbon 
especially  depositing  where  the  retort  is  fis 
sured.     See  also  Charcoal,  Boneblack. 

Properties.  Dimorphous  (diamond  and  gra- 
phite), colorless  and  colored  (diamond),  brown- 
ish yellow  in  glass  colored  by  charcoal,  (?) 
black  and  opake  (graphite  and  charcoals), 
transparent,  of  a  peculiar  lustre,  refracting 
light  powerfully,  not  conducting  electricity 
(diamond),  with  a  bright  metallic  lustre,  con- 
ducting electricity  (graphite,  the  surface  of 
gas-carbon,  and  often  common  charcoal) ;  hard- 
ness =10  (diamond),  sometimes  =  6  (charcoal, 
gas-carbon),  generally  soft  (charcoal,  graphite); 
spec.  grav.  =  3-5  (diamond),  =  2-14 — 2-27  (gra- 
phite), =  1-7 — 1-9  (gas-carbon),  charcoal  is 
often  very  light  from  its  porous  character. 
Carbon  is  tasteless,  inodorous,  one  of  the  most 
infusible  and  fixed  substances;  doubt  still  pre- 
vails over  the  nature  of  the  globules  of  carbon, 
carried  over  from  the  positive  to  the  negative 
pole  of  the  deflagrator  in  the  experiments  of 
Silliman  and  Hare.  It  is  extremely  difficult  to 
account  for  the  different  properties  of  the  va- 
rieties of  carbon,  their  relations  to  crystalline 
form,  to  electricity,  &c;  some  assume  that  it 
is  due  to  the  position  of  atoms,  the  diamond 
belonging  to  the  regular,  graphite  to  the  hex- 
agonal system,  while  charcoal  is  amorphous; 
Dobereiner  terms  graphite  a  metal  carbonium. 

Carbon  is  insoluble  in  all  solvents  without 
change;  it  is  disseminated  in  glass  with  a  yel- 
low, red,  or  brownish  color.  It  combines  with 
some  of  the  metals,  forming  carburets,  with  hy- 
drogen, nitrogen,  sulphur,  chlorine,  &c;  it  is 
one  of  the  principal  constituents  of  all  organic 
substances.  It  may  be  said  to  surpass  all 
other  bodies  whatever  in  its  affinity  for  oxygen 
at  a  high  temperature;  and  being  infusible, 
easily  got  rid  of  by  combustion,  and  forming 
compounds  with  oxygen  which  escape  as  gas, 
this  body  is  more  suitable  than  any  other  sub- 
stance to  effect  the  reduction  of  metallic  oxides, 
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that  is,  to  deprive  them  of  their  oxygen,  and  to 
produce  from  them  the  metal  with  the  proper- 
ties which  characterize  it. 

Analysis.  Carbon  is  usually  determined  in 
the  state  of  carbonic  acid.  For  the  method 
pursued,  see  Analysis  of  Organic  Substances, 
with  the  apparatus,  on  pi.  I. 

Oxygen.  1.  Carbonic  arid.  Syn.  Fixed  air, 
mephitic  air;  Ger.  Kohlensilure,  older  names 
were  Luftsilure,  Kreidesiiure ;  Fr.  Acide  car- 
honique,  ou  mephitique.  It  occurs  in  the  air, 
about  0-05  of  one  per  cent,  in  volume  (see 
Atmosphere);  is  ejected  from  volcanoes ;  issues 
in  caves,  cellars,  &c,  especially  in  limestone 
districts,  the  Grotto  del  Cane  yielding  over 
200,000  lbs.  per  annum  ;  in  mineral  sprin 


one-third  its  usual  bulk;  soda  or  mineral  water, 
is  water  impregnated  with  about  twice  its 
volume  of  carbonic  acid  gas,  hence  its  effer- 
vescence or  briskness  when  the  pressure  is 
removed.  The  briskness  of  beer,  champaigne, 
&c,  is  due  to  the  existence  of  carbonic  acid  in 
them,  in  a  compressed  state.  A  certain  por- 
tion of  this  gas  passed  into  a  tube  filled  with 
lime  or  barytic  water  produces  milkiness. 
This  gas  was  liquefied  by  Mr.  Faraday,  whose 
method  has  been  followed  by  Thilorier  in  an 
apparatus  by  which  the  liquid  acid  is  procured 
in  large  quantity.  It  consists  of  two  similar 
cylindrical  vessels  of  strong  sheet-iron,  calcu- 
lated to  resist  a  bursting  pressure  of  60  atmo- 
spheres, in  one  of  which  several  pounds  of 


called  carbonated  waters;  in  sea-water  espe- 1  bicarbonate  of  soda  are  decomposed  at  once 
cially  and  other  waters;  extensively  diffused  J  by  an  equivalent  quantity  of  sulphuric  acid. 

The  gas  confined  within  this  generating  vessel 
is  afterwards  allowed  to  communicate  with  the 
second  cylinder  or  condenser,  by  means  of  a 
copper  tube  and  stopcock  of  nice  construction; 
and  the  charge  is  repeated  several  times  in 
succession,  till  two  or  three  pints  of  the  liquid 
acid  are  collected  in  the  receiver.  When  this 
liquid  is  allowed  to  escape  from  the  receiver 
by  a  small  jet,  a  portion  of  it  is  frozen  by  its 
own  evaporation,  and  forms  a  white  soft  mass, 
like  snow,  which  may  be  handled  and  does  not 
evaporate  very  rapidly,  owing  to  its  low  con- 
ducting power,  although  its  temperature  cannot 
be  more  than  — 148°.  With  a  little  ether  the 
solid  acid  forms  a  semifluid  mass,  by  means 
of  which  mercury  can  be  frozen  in  considera- 
ble quantity.  The  spec.  grav.  of  the  liquid  is 
0-83  at  32°;  it  dilates  remarkably  from  heat, 
its  expansion  being  four  times  greater  than 
that  of  air,  20  volumes  of  the  liquid  at  32°  be- 
coming 29  at  86°,  and  its  density  varying  from 
0-9  to  0-6  as  its  temperature  rises  from  — 4°  to 
86°.  It  mixes  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  terpentine,  and  bisul- 
phurel  of  carbon,  but  is  insoluble  in  water  and 
fat  oils.  Its  compound  with  alcohol  may  be 
frozen,  and  melts  at  — 135°,  which  is  the  lowest 
point  fixed  with  accuracy  in  the  descending 
scale  of  temperature.  The  following  are  the  re- 
sults of  careful  experiments  upon  the  elasticity 
of  its  vapor  at  different  temperatures.  Addams. 
Elastic  force  of  Liquid  Carbonic  arid. 
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in  limestone,  as  carbonate  of  lime  and  magne 
sia  ;  combined  with  other  metallic  oxides. 

It  is  formed  by  the  combustion  of  the  dia- 
mond, graphite,  coals,  carbonic  oxide,  and  or- 
ganic substances  in  the  air  or  in  oxygen  ;  by 
the  respiration  of  animals  ;  by  the  chemical 
action  of  nitric  or  sulphuric  acids  on  carbon; 
by  common  fermentation,  and  putrefaction  of 
organic  matters  ;  during  various  transforma- 
tions and  decompositions  of  organic  bodies. 

Prep.  By  pouring  dilute  chlorohydric  or  sul- 
phuric acid  over  chalk,  marble,  limestone  in  a 
Woulfe's  bottle,  retort,  or  the  apparatus  repre- 
sented, p.  174,  fig.  23,  under  Analysis  ;  or  if  it 
be  required  dry  in  the  apparatus,  fig.  24,  p.  176, 
without  the  tube  ef;  or  in  the  self-generating 
reservoir,  using  pieces  of  limestone  instead  of 
zinc,  see  Hydrogen.  On  a  larger  scale,  it  may 
be  prepared  by  burning  charcoal  or  coke,  and 
washing  the  gas,  if  necessary,  with  an  acid  so- 
lution of  copper  or  lead  to  remove  sulphuretted 
hydrogen. 

Prop.  Carbonic  acid  is,  at  ordinary  pressures, 
a  transparent  and  colorless  gas,  exciting  a  pun- 
gent sensation  in  the  nostrils,  with  a  weak,  but 
distinct  acid,  and  slightly  pungent  taste;  spec, 
grav.  =  1525;  its  power  of  refracting  light 
(air=  1)  is  1-526,  (Didong) ;  its  action  upon  ve- 
getable blues  is  feeble,  communicating  to  the 
infusion  or  paper  of  litmus  a  distinct  reddish 
color,  but  if  the  infusion  or  paper  be  left  in 
the  air,  the  carbonic  acid  speedily  escapes,  and 
the  blue  color  returns.  No  animal  can  breathe 
this  gas,  even  when  considerably  diluted.  No 
combustible  will  burn  in  it,  even  when  much 
diluted,  for  if  a  candle  be  let  down  into  a  mix- 
ture of  9  vols,  air  and  1  vol.  carbonic  acid,  it  is 
extinguished;  such  a  mixture  may  be  breathed 
for  a  short  time  without  great  inconvenience. 
Water  absorbs  its  own  bulk  of  this  gas,  even 
when  reduced  by  compression  to  one-half  or 
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It  is  decomposed  by  a  succession  of  electric 
sparks,  especially  when"  hydrogen  or  some 
metals  are  present;  by  heating  with  potassium, 
sodium,  phosphorus,  and  boron. 

Carbonates.  Carbonic  acid  forms  neutral, 
basic,  and  acid  salts;  colorless  with  colorless 
oxides;  all  the  alkaline  are  soluble;  the  acid 
alkalino-earthy  and  a  few  others  are  soluble; 
all  other  carbonates  are  insoluble.  The  car- 
bonates lose  all  or  nearly  all  their  acid  at  a  red 
heat,  except  the  neutral  alkaline  salts.  This 
acid  is  one  of  the  feeblest,  hence  its  neutral 
alkaline  salts  exhibit  alkaline  reaction,  hence 
also  the  carbonates  are  decomposed  by  all  free 
acids  soluble  in  water,  (with  the  exception  of 
hydrocyanic  and  hydrosulphuric,)  the  carbonic 
acid  escaping  with  effervescence,  as  a  color- 
less and  almost  inodorous  gas.  Lime  and 
barytic  water  produce,  with  carbonic  acid  or 
soluble  carbonates,  white  precipitates  of  neu- 
tral carbonate  of  lime  or  baryta,  if  with  free 
carbonic  acid,  the  reagent  should  be  employed 
in  excess.  The  precipitates  formed  dissolve 
in  acids,  with  effervescence,  and  are  not  pre- 
cipitated again  by  ammonia;  after  boiling,  a 
solution  of  carbonate  of  soda  containing  1  pt. 
carbonic  acid  to  40  or  80,000  pts.  water,  is 
clouded  by  barytic  water,  1  to  20,000  by  lime 
water.  Chloride  of  calcium  and  chloride  of 
barium  yield  with  neutral  alkaline  carbonates 
immediately,  and  with  bicarbonates  only  on 
boiling,  precipitates  of  carbonate  of  lime  or  of 
baryta;  they  yield  no  precipitate  with  free 
carbonic  acid.  To  remove  carbonic  acid  from 
air  or  other  gaseous  mixtures,  instead  of  caus- 
tic alkali  or  lime-water,  the  dry  hydrate  of  lime 
may  be  mixed  intimately  with  an  equal  weight 
of  Glauber's  salt,  in  fine  powder;  and  this  mix- 
ture in  a  stratum  of  not  more  than  an  inch  in 
thickness  intercepts  carbonic  acid  most  com- 
pletely, and  may  rise  in  temperature  to  above 
200°  from  the  rapid  absorption  of  the  gas.  It 
is  quite  possible  to  respire  through  a  cushion 
of  that  thickness,  filled  with  this  mixture,  and 
such  an  article  might  be  found  useful  by  par- 
ties entering  an  atmosphere  overcharged  with 
carbonic  acid,  like  that  of  a  coal  mine  after 
the  occurrence  of  an  explosion  of  fire  damp. 
Graham. 

Uses,  fyc.  Carbonic  acid,  forced  by  compres- 
sion into  water  contained  in  large  vessels  of 
tinned  copper,  is  employed  as  an  agreeable, 
sparkling  beverage,  (soda  or  mineral  water,) 
usually  by  mingling  it  with  variously  flavored 
syrups.  Where  the  vessels  are  not  kept  well 
tinned,  a  trace  of  copper  will  be  dissolved,  and 
imparts  a  metallic  after-taste  to  the  water;  its 
presence  may  be  known  by  evaporating  a  \ 
pint  of  the  water  to  a  small  bulk,  adding  a  few 
drops  of  pure  sulphuric, muriatic,or  nitric  acid, 
and  then  caustic  ammonia  in  excess,  when  a 
blue  color  indicates  copper.  Carbonic  acid 
derived  from  burning  coals  is  also  employed 
in  precipitating  subacetate  of  lead  to  form 
white-lead. 

Where  carbonic  acid  has  accumulated  in 
wells,  cellars,  &c,  its  presence  may  be  ascer- 
tained by  letting  down  a  lighted  taper  into  it, 
when,  if  not  extinguished,  the  air  may  be 
breathed  safely  for  a  short  time.  To  remove 
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it,  throw  down  dry  slacked  lime,  or  pass  a  con- 
siderable quantity  of  water  into  it,  or  raise  and 
depress  an  inverted  umbrella  repeatedly  in  it 
in  order  to  dilute  it  largely  with  air. 

2.  Chlorocarbonic  acid.  Syn.  Phosgene  gas, 
acide  chloroxycarbonique.  Prep.  1.  Introduce 
equal  volumes  of  dry  carbonic  oxide  and  chlo- 
rine into  an  exhausted  glass  flask;  expose  the 
mixture  to  sunshine  for  a  few  minutes  until  the 
color  of  the  chlorine  disappears,  and  the  volume 
of  the  mixture  diminishes  one  half.  2.  Pass 
carbonic  oxide  over  ignited  chloride  of  lead  or 
silver.  Prop.  A  colorless  gas,  with  a  strong 
odor,  more  disagreeable  and  suffocating  than 
chlorine,  and  affects  the  eyes  with  tears;  red- 
dens vegetable  blues;  tin,  zinc,  antimony,  or 
arsenic,  heated  in  it,  decompose  it,  forming 
chlorides  and  setting  free  the  carbonic  oxide; 
water  decomposes  it  into  muriatic  and  carbonic 
acids;  refracting  power  =  3-936;  (air  =  l;) 
spec.  grav.  =  3425.  Alcohol  absorbs  12  times, 
chloride  of  arsenic  10  times  its  volume  of  the 
gas,  and  the  chloride  of  sulphur  also  absorbs 
it;  it  forms  with  ammoniacal  gas  a  white  com- 
pound. Formula,  CO,  CI,  containing  71-66 
per  cent,  chlorine,  or  C  Cl2,  C02,  but  C  Cl2 
is  unknown.  Dry  ammonia  and  chlorocar- 
bonic acid  gases  condense  to  a  white,  crystal- 
line solid,  which  is  a  mixture  of  sal-ammo- 
niac and  carbamid,  neutral,  volatile,  having 
a  sharp  taste,  and  deliquescing  in  the  air; 
2NH3+CO,Cl  =  CO,  NH2+NH4,  CI.  It  is 
soluble  in  water,  not  precipitable  by  salts  of 
baryta  or  lime;  strong  inorganic  acids  decom- 
pose it  into  ammonia  and  carbonic  acid,  thus, 
CO,  NH2  -f  S03,  HO  +  HO  =  NH40,  S03  + 
C02. 

3.  Carbonic  oxide.  Ger.  Kohlenoxyd.  It  is 
formed  by  the  combustion  of  fuel  with  an  in- 
sufficient supply  of  air,  by  heating  an  alkaline 
or  earthy  carbonate  with  charcoal  or  iron,  by 
the  decomposition  of  many  organic  substances. 
Prep.  1.  By  heating  a  mixture  of  oxide  of  zinc, 
iron,  lead,  or  copper  with  charcoal  in  an  iron 
or  glass  vessel  to  redness.  2.  By  heating  car- 
bonate of  lime,  baryta,  or  strontia  with  char- 
coal or  iron  filings,  pretty  strongly,  we  ob- 
tain very  pure  carbonic  oxide,  mixed,  how- 
ever, with  a  good  deal  of  carbonic  acid  gas, 
which  is  easily  removed  by  washing  the  gas 
with  milk  of  lime.  3.  Heat  in  a  retort  or 
gas  bottle  a  mixture  of  concentrated  sulphu- 
ric acid  and  binoxalate  of  potassa  or  oxalic 
acid,  C203  =  CO  -f-  C02.  Caustic  potassa  or 
milk  of  lime  removes  the  carbonic  acid  from 
any  of  the  above  gases,  leaving  the  carbonic 
oxide  pure.  Prop.  Colorless,  destitute  of 
taste  or  smell ;  spec.  grav.  =970-6;  refractive 
power=  1-157  (air  =  l).  It  produces  no  change 
on  vegetable  blues,  does  not  unite  with  acids  or 
bases;  water  absorbs  -^th  to  ,'jrth  of  its  volume; 
no  animal  can  breathe  it,  and  it  is  more  poi- 
sonous than  carbonic  acid  ;  it  burns  with  a 
beautiful  blue  flame,  giving  out  but  little  light; 
a  mixture  of  2  vols,  of  this  gas  and  1  vol.  of  air 
explodes  by  an  electric  spark,  or  with  a  red  hot 
wire;  2  vols,  carbonic  oxide  -f-  1  vol.  oxygen, 
exploded  over  mercury,  give  2  vols,  carbonic 
acid  gas. 
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(CO  =  75-12  -f  100  =  1 75-12,  Bcrz.) 
Sulphur.  1.  Bisulpkure!  of  Carbon.  Sulpho- 
carbonic  acid;  Ger.  Schwefelkohlenstoff.  Prep. 
1.  From  a  mixture  of  sulphur  and  charcoal,  the 
sulphur  distils  off  without  combination.  Sul- 
phur eiiher  as  vapor,  or  fused  or  in  solid  pieces, 
is  brought  in  contact  with  ignited  charcoal ;  the 
carbon  being  contained  in  a  porcelain  tube  or 
retort,  in  a  vessel  of  graphite  or  a  thick  iron 
flask.  Probably  the  best  arrangement  is  a 
strong  iron  flask  with  an  inclined  tube  enter- 
ing near  the  bottom,  and  provided  with  a  stop- 
cock, through  which  pieces  of  sulphur  are  let 
down  from  time  to  time  upon  the  ignited  pieces 
of  charcoal  with  which  the  flask  is  filled  ;  a 
broad,  sheet-iron  tube  passing  out  from  the  top 
conducts  the  vapors  into  a  sheet-iron  receiver 
cooled  by  ice. 

2.  By  distilling  charcoal  with  iron  or  copper 
pyrites,  or  crude  antimony.  Sulphuret  of  car- 
bon is  purified  from  excess  of  sulphur  by  care- 
ful distillation  ;  a  very  slow  distillation  yields 
fine  crystals  of  sulphur;  from  water  by  dis- 
tilling with  chloride  of  calcium  ;  from  sulphu- 
retted hydrogen  by  shaking  with  white  lead. 

Prop.  It  is  a  transparent  and  colorless  liquid ; 
taste  acid,  pungent,  and  somewhat  aromatic; 
odor  nauseous  and  foetid;  spec.  grav.  1-272,  or 
1-265;  refractive  power  =  5-179  (air  =  1)  ;  ex- 
pansive force  at  63-5°  =  7-36  in.  mercury;  boils 
between  105°  and  114°,  does  not  congeal  at 
—  60°;  it  is  extremely  volatile,  producing  a 
great  degree  of  cold,  by  evaporation ;  spec, 
grav.  of  vapor  =  2634-5 ;  it  is  scarcely  soluble 
in  water,  but  readily  in  alcohol  and  ether,  the 
latter  taking  up  3  times  its  bulk;  it  readily  unites 
with  chloride  of  nitrogen,  preventing  it  from 
detonating,  when  it  comes  in  contact  with  oils 
or  phosphorus.  It  takes  fire  in  the  open  air  at 
680°,  burning  with  a  blue  flame;  its  vapor 
detonates  violently,  when  mixed  with  oxygen, 
by  the  electric  spark,  the  products  being  sul- 
phurous and  carbonic  acids,  or  carbonic  oxide, 
with  too  little  oxygen.  It  is  decomposed  by 
cold  oil  of  vitriol  into  carbon  and  sulphur;  by 
hypochlorous  acid  into  carbonic,  sulphuric, 
and  muriatic  acids,  and  chlorine  ;  by  ignited 
earths  or  oxides  of  manganese,  iron,  and  tin 
into  metallic  sulphurets  and  other  products ;  by 
heated  potassium,  iron,  or  copper,  probably 
forming  a  simple  sulphuret  of  carbon  with  the 
metallic  sulphuret;  under  water,  exposed  to 
the  air  it  gradually  changes  into  sulphuric  and 
carbonic  acids.  It  dissolves  gradually  in  the 
fixed  alkalies,  forming  an  alkaline  carbonate 
and  sulphocarbonate  or  carbosulphohydrate ; 
with  ammonia  it  forms  slowly  carbosulphohy- 
drate and  cyanosulphohydrate  of  ammonia.  It 
mixes  with  liquid  carbonic  acid,  chloride  of 
sulphur  and  of  nitrogen;  dissolves  sulphur, 
and  8  or  more  times  its  weight  of  phosphorus, 
forming  a  liquid  of  very  high  refracting  power, 
iodine  with  a  rich  violet  color,  bromine;  it  dis- 
solves or  mixes  with  alcohol,  ether,  fat,  and 


volatile  oils,  resin,  &c.    Its  behavior  to  chlo- 
rine, see  4,  below. 

2.  Solid  Sulphuret  of  Carbon.  Remains  with 
the  charcoal  after  forming  bisulphuret  of  car- 
bon, or  after  washing  saltpeter  out  of  gunpow- 
der.    It  has  not  been  minutely  studied. 

3.  Sulpliocarbohydric  acid.  Rothsiiure,  Zeise ; 
Kohlenschwefelwasserstoffsiiure,  Berz.  Bisul- 
phuret of  carbon  combines  readily  with  the  al- 
kaline sulphurets  in  solution.  Saturate  alcohol 
with  ammuniacal  gas,  and  dissolve  in  it  bisul- 
phuret of  carbon,  carefully  excluding  the  air; 
sulphocarbonate  of  sulphuret  of  ammonium 
deposits  as  a  crystalline  powder;  which  is 
washed  with  alcohol,  then  with  ether,  treated 
with  somewhat  dilute  chlorohydric  acid,  then 
immediately  diluted  with  water,and  the  aqueous 
liquid  poured  off  from  the  brown  oily  acid.  It 
is  a  reddish  brown,  transparent,  oily  liquid, 
heavier  than  water,  precipitating  salts  of  lead 
red, of  copper  reddish  brown,  of  mercuric  oxide 
yellowish.  It  combines  with  oxides,  expelling 
carbonic  acid.     Form.  HC83  =  HS-f-  CS2. 

Sulphocarbouates.  Formed  by  mingling  alka- 
line sulphurets  with  1,  caustic  or  carbonated 
fixed  alkali  with  3,  or  precipitating  metallic 
solutions  by  alkaline  sulphocarbonates.  The 
alkaline  are  soluble,  most  of  the  others  insolu- 
ble ;  the  former  have  a  sharp,  cooling,  and 
hepatic  taste;  the  solutions  are  yellowish,  the 
dry  salts  yellow,  red,  brown,  black;  they  are 
easily  decomposed. 

4.  Suiphocldoride  of  Carbon.  When  a  mixture 
of  dry  chlorine  and  bisulphuret  of  carbon  is 
passed  through  an  ignited  porcelain-tube  filled 
with  fragments  of  porcelain,  it  is  wholly  re- 
solved into  a  mixture  of  chloride  of  sulphur 
and  perchloride  of  carbon.  When  sulphuret 
of  carbon  is  conveyed  into  a  flask  filled  with 
dried  chlorine,  and  left  to  stand  for  some  weeks 
well-closed,  a  dark  yellow  liquid  is  formed, 
which  contains  chloride  of  sulphur  and  the 
sulphochloride  of  carbon.  The  chloride  of  sul- 
phur is  decomposed  by  treatment  with  water, 
and  the  sulphochloride  may  be  obtained  pure 
by  repeated  distillation  with  water  and  mag- 
nesia. To  prepare  it,  allow  sulphuret  of  car- 
bon to  remain  for  a  long  time  in  a  closed 
vessel  containing  a  mixture  for  liberating  chlo- 
rine; it  is  frequently  shaken,  and  subsequently 
distilled.  It  is  a  yellow,  oily,  acrid-smelling 
liquid  of  1-46  spec,  grav.,  which  does  not  mix 
with  water;  boils  at  about  158°,  is  neither 
altered  by  water  nor  by  acids,  (not  even  by 
fuming  nitric  acid,)  but  is  decomposed  by 
caustic  potassa  with  the  formation  of  carbonate 
of  potassa,  sulphuret  of  potassium,  and  the 
separation  of  perchloride  of  carbon.     Kolbe. 

Halogens.  1.  Subchloride  of  Carbon.  Ob- 
tained accidentally,  and  first  examined  by 
Faraday  and  R.  Philips.  Prepared  by  Reg- 
nault  by  passing  chloride  of  carbon,  2,  repeat- 
edly through  a  red  hot  tube.  Prop.  White, 
silky  prisms,  tasteless,  with  a  peculiar  odor; 
insoluble  in  water;  not  acted  on  by  sulphuric, 
nitric,  or  muriatic  acids,  nor  by  alkaline  solu- 
tions ;  dissolves  in  alcohol,  ether,  hot  oil  of  ter- 
pentine, from  which  it  is  deposited  in  needles 
on  cooling;  melts,  boils,  and  sublimes  at  about 
300° ;  burns  with  a  greenish  blue  flame  ;  de- 
composed by  potassium,  which  burns  vividly 
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in  its  vapor,  depositing  carbon.    Form.  C,C1„ 
or  C2C1. 

2.  Chloride  of  C.  ProtochloriJe^  Formed  by 
Faraday  by  passing  sesquichloride,  3,  through 
a  red-hot  tube  filled  with  fragments  of  glass, 
and  by  careful  and  repeated  distillation.  ^Prop. 
A  limpid, colorless  liquid;  spec.  grav.=  1-5526; 
refracting  power=  1-4875;  burns  with  bright 
yellow  light,  and  much  smoke,  when  held  in 
flame,  exhaling  fumes  of  muriatic  acid  ;  does 
not  congeal  at  zero;  boils  at  248°;  at  a  red 
beat  undergoes  partial  decomposition;  is  not 
soluble  in  water ;  dissolves  in  alcohol,  ether, 
the  volatile  and  fixed  oils ;  is  not  acted  on  by 
alkaline  solutions,  nor  by  nitric,  muriatic,  nor 
sulphuric  acids;  oxygen  decomposes  it  at  high 
temperatures ;  chlorine  dissolves  in  it,  and 
when  exposed  to  sunlight  is  converted  into  ses- 
quichloride of  carbon ;  it  dissolves  iodine,  form- 
ing a  red  solution  ;  sulphur  and  phosphorus 
dissolve  it;  its  action  on  metals  and  metallic 
oxides  is  very  similar  to  that  of  sesquichlo- 
ride. The  spec.  grav.  of  its  vapor  =  5748  (5820, 
Rcgnault).     Form.  C4C14,  or  C2C12. 

3.  Sesquichloride  of  C.  Perchloride.  Prepared 
by  exposing  the  oil  of  olefiant  gas  or  Dutch 
liquid  (see  carburetted  Hydrogen)  to  the  action 
of  an  excess  of  chlorine  in  sunlight,  when  the 
liquid  is  transformed  into  crystals  of  the  ses- 
quichloride, while  chlorohydric  acid  is  evolved, 
C4H4C12+C18=C4C164-4HC1.  Prop.  Trans- 
parent, colorless  crystals,  six-sided  prisms  of 
the  right  rhombic  system,  with  little  taste,  an 
aromatic  odor;  spec.  grav.  =  2;  refractive 
power  high;  very  friable  ;  volatilizes  slowly  at 
common  temperatures,  fuses  at  320°,  boils  at 
360°  ;  in  the  flame  of  a  spirit  lamp  it  burns 
with  a  red  flame,  emitting  much  smoke,  in 
oxygen,  with  a  brilliant  light;  insoluble  in 
water,  dissolves  readily  in  alcohol,  more  in  hot 
than  in  cold,  precipitable  by  water,  much  more 
soluble  in  ether,  soluble  in  volatile  and  fixed 
oils ;  acids  and  alkalies  act  on  it  with  little 
energy;  it  melts  with  sulphur  or  phosphorus 
without  change,  but  at  a  high  temperature, 
chloride  of  sulphur  or  phosphorus  and  chlo- 
ride of  carbon  are  formed.  Most  of  the  metals 
decompose  it  at  a  high  temperature,  charcoal 
being  deposited,  and  chlorides  formed;  with 
metallic  oxides,  different  results  are  obtained, 
according  to  the  oxides,  producing  chlorides 
and  carbonic  acid,  or  mixtures  of  carbonic 
acid  and  carbonic  oxide.  Spec.  grav.  of  vapor 
8201-9,  (8157,  Regn.).     Form.  C4C16,  or  C2OI3. 

4.  Bichloride  of  C.  Formed  by  exposing  chlo- 
roform (see  chloride  of  Formyl)  or  Marsh  gas 
(carburetted  Hydrogen)  to  an  excess  of  chlo- 
rine in  sunlight,  when  the  bichloride  and 
muriatic  acid  are  formed.  A  liquid  of  spec, 
grav.  1-6;  boils  at  192;  spec.  grav.  of  vapor  = 
5328  (5302,  Regn.).    Formula,  C4C1S,  or  C2CI4. 

The  above  compounds  of  chlorine  and  car- 
bon are  more  closely  allied  to  organic  than  in- 
organic substances. 

CARBONATE  OF  BISMUTH.    Min.     See 

BlSMUTITE. 

CARBONATE  OF  LANTHANIUM.  Min. 
Thin  4-sided  scales  of  a  grayish  white  color; 
gives  moisture  in  a  closed  tube ;  dissolves  in 
acids  with  effervescence;  consists  mainly  of 
•arbonate  of  lanthanium,  with  traces  of  protox- 
420 


CARRAGEENIN. 

ide  of  cerium.  It  is  found  at  Bastnas  in  Swe- 
den, coating  cerite. 

CARBUNCLE.     Min.     See  Gaumt. 

CARDAMOM.  Phar.  Plants  of  the  order 
Zingiberacea? ;  among  which  are  Ginc  er,  Tuh- 
MKiiic,  Amomum,  Elettaria,  &c.  Tromms- 
dorff's  analysis  of  Elettaria  Cardamomum  gave: 
essential  oil  4-6,  fixed  oil  10-4,  a  salt  of  potassa 
(malatel)  combined  with  a  coloring  matter  2-5, 
fecula  3-0,  nitrogenous  mucilage  with  phos- 
phate of  lime  1-8,  yellow  coloring  matter  0-4, 
and  woody  fibre  77-3. 

The  essential  oil  is  obtained  by  distilling  the 
seeds  with  water  ;  it  is  colorless,  has  an  agree- 
able odor,  and  a  strong,  aromatic,  burning  taste; 
spec.  grav.  =  0-943 ;  is  very  soluble  in  alcohol, 
ether,  oils,  and  acetic  acid,  insoluble  in  potash- 
lye;  by  keeping,  it  becomes  yellow,  viscid,  and 
loses  its  peculiar  taste  and  smell ;  it  then  deto- 
nates with  iodine,  and  takes  fire  in  contact  with 
concentrated  nitric  acid.  On  this  oil  depends 
the  odor,  flavor,  and  aromatic  qualities  of  the 
seeds.     Its  composition  is  C]0H8,  like  cumphen. 

The  fixed  oil  is  soluble  in  alcohol,  ether,  and 
the  oils,  both  fixed  and  volatile,  and  has  some 
analogy  to  castor  oil.    Pereira. 

CARMINE.    Chem.    Tech.     See  Cochenille. 

CARNELIAN.     Min.     See  Quartz. 

CAROTIN.  A  principle  in  the  root  of  Dau- 
nts rarota  (common  carrot).  Carrot  juice  has 
a  brick-red  color,  taste  sweetish,  coagulates 
under  212°,  and  when  dried  amounts  to  0-629 
of  the  juice,  is  composed  of  0-435  vegetable 
albumen,  0-10  fat  oil,  0-034  carotin,  and  0-06  of 
earthy  phosphates  ;  the  distilled  juice  gives  off 
-jpj7>—  of  its  weight  of  volatile  oil,  which  is  color- 
less, has  a  carroty  smell,  a  strong  taste;  spec, 
grav.  =  0-8863;  is  little  soluble  in  water,  very 
soluble  in  alcohol  and  ether. 

Carotin  is  extracted  by  ether  from  the  coagu- 
lated juice,  the  ether  evaporated  and  the  resi- 
due treated  with  caustic  ammonia,  whereby  the 
oil  is  saponified  and  dissolved;  redissolve  the 
residue  in  ether,  and  add  absol.  alcohol.  The 
carotin  crystallizes  by  evaporation  in  small 
needles,  which  are  purified  by  bibulous  paper 
to  absorb  the  oil,  or  retreated  with  ammonia. 
Prop.  Small  ruby-red  needles  or  scales,  with 
neither  taste  nor  smell,  neutral;  heat  softens, 
but  does  not  melt  it,  it  is  not  volatile,  but  burns 
without  residue;  is  soluble  in  anhydrous  alco- 
hol and  ether,  when  mixed  with  fixed  or  vola- 
tile oils,  in  which  it  is  readily  soluble;  the  yel- 
low solutions  are  rendered  colorless  by  the 
solar  rav.      Wackenrnder. 

CARPHOLITE,  CARPHOSIDERITE.  See 
Karpholite  and  Karphosiiikhite. 

CARRAGEENIN.  A  principle  in  Chondrus 
crispw,  Irish  Moss.  Herberger's  analysis  gave: 

Vegetable  jelly 79-1 

Mucus 9-5 

Two  resins 0-7 

Fatty  matter  and  free  acids "^ 

Chlorides  of  sodium  orcalcium,and  I  f_,_„ 
.   ,           -  >iraces. 

sulphate  of  potassa ( 

Iodine  or  bromine J 

The  mucilaginous  matter  (vegetable  jelly  or 
pectin)  may  be  a  peculiar  substance.  It  is  solu- 
ble in  boiling  water,  and  its  solution  forms  a 
precipitate  with  subacetate  of  lead  and  silicate 
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of  potassa,  and,  if  sufficiently  concentrated, 
gelatinizes  on  cooling.  It  is  distinguished  from 
ordinary  gum  by  its  aqueous  solution  not  pro- 
ducing a  precipitate  on  the  addition  of  alcohol ; 
from  starch,  by  its  not  assuming  a  blue  color 
with  tincture  of  iodine;  from  animal  jelly,  by 
tincture  of  nutgalls  causing  no  precipitate; 
from  pectin,  by  acetate  of  lead  not  throwing 
down  any  thing;  as  well  as  by  no  mucic  acid 
being  formed  by  the  action  of  nitric  acid. 

CARTHAMUS.  The  flowers  of  Carthamus 
tinctorius,  Safflower,  contain  several  coloring 
matters,  Carthamin,  Carthamein,  and  a  yellotv 
color  which  has  not  been  minutely  studied. 

Carthamin.  Prep.  To  isolate  it,  exhaust  the 
flowers  with  water,  to  remove  the  yellow  color; 
place  them  in  contact  with  water  rendered 
slightly  alkaline  by  carbonate  of  soda;  precipi- 
tate by  hydrate  of  lead;  decompose  this  salt, 
well-washed,  by  an  excess  of  sulphuretted  hy- 
drogen, and  filter;  the  yellow  liquid  furnishes 
white  acicular  crystals  of  pure  carthamin. 
Small  white  prismatic  needles,  of  a  slightly 
bitter  taste,  somewhat  soluble  in  alcohol,  less 
so  in  water;  exposed  to  the  air,  it  acquires  a 
faint  yellow  color;  dilute  sulphuric  acid  dis- 
solves it — when  concentrated,  it  blackens  it; 
hydrochloric  and  nitric  acids  produce  no  color, 
but  dissolve  it  by  a  gentle  heat.  When  intro- 
uuced  into  a  bell-glass  full  of  mercury,  with 
oxygen  and  alkalies  it  immediately  becomes 
yellow,  then  rose-red,  being  changed  into  car- 
thamein;  ammonia  changes  the  white  cartha- 
min to  a  rose  color,  with  greater  difficulty  than 
caustic  or  carbonated  potassa  or  soda;  acetate 
of  lead  precipitates  carthamin  as  a  white  lake, 
which,  by  lengthened  contact  with  the  atmo- 
sphere, becomes  yellow,  and  then  rose-colored. 

Carthamein  dissolves  readily  in  alkalies,  and 
by  neutralizing  the  solution  with  citric  acid,  red 
flakes,  similar  to  the  carthamin  prepared  by 
the  ordinary  processes,  are  deposited,  which 
are  carthamein.  Pure  carthamin  gave  the 
formula,  C26H903,  eq.  =  2562-32;  the  crystals 
afforded  8-29  per  cent,  water;  2  atoms  =  8-07. 
Carthamein  gave  C23H907,  and  modified  car- 
thamein C24H707.  It  is  evident,  therefore,  that 
carthamin,  on  becoming  colored,  absorbs  2 
atoms  of  oxygen  from  the  atmosphere,  C26H90. 
-f-  02  =  C26H907 ;  but  under  the  influence  of 
solar  light  and  by  lengthened  contact  with  the 
air,  it  parts  with  2  atoms  carbon  and  2  atoms 
hydrogen,  which  combine  with  6  atoms  oxygen, 
and  are  given  off  as  carbonic  acid  and  water, 
as  is  shown  by  the  following  equation  : — 
C26H907  +  06  =  C24H707  +  2  C02  +  2  HO. 
Preisser  in  Chem.  Gaz.  ii.  351. 

CARTILAGE.     See  Chondiun. 

CARUEN,  CARUACROLE.  Distil  oil  of 
caraway  with  hydrate  of  phosphoric  acid  until 
the  peculiar  odor  of  the  oil  disappears:  caruen 
passes  over,  caruacrole  remains.  Rectify  the 
caruen  over  potassa,  until  colorless ;  it  amounts 
to  5  of  the  oil.  It  is  a  thin  liquid,  with  a  plea- 
sant odor  and  taste,  lighter  than  water,  in  which 
it  is  slightly  soluble,  very  soluble  in  alcohol 
and  ether,  burns  with  a  bright  smoky  flame, 
becomes  resinous  in  the  air,  boils  at  343°; 
spec.  grav.  of  vapor  =  5175;  decomposed  by 
sulphuric  and  nitric  acids,  and  by  chlorine,  the 
last  forming  a  viscid  yellow  compound  ;  com- 


bines with  dry  muriatic  acid,  forming  a  muriate 
of  caruen,  analogous  to  muriate  of  camphen, 
with  the  composition,  C10H8,  HC1.  Caruen 
may  be  also  prepared  from  the  oil  by  distilla- 
tion over  potassa,  or  any  body  which  decom- 
poses the  oxy-oil  into  a  substance  with  a  higher 
boiling  point.     Form.  C10H8. 

Caruaci-ole.  By  fractioning  the  redistillation 
of  the  residue  in  preparing  caruen,  taking  only 
the  middle  portions,  caruacrole  is  obtained 
pure.  It  is  a  colorless,  thick  liquid,  heavier 
than  water,  in  which  it  is  slightly  soluble,  very 
soluble  in  alcohol,  ether,  and  potassa  lye,  of  a 
peculiar  disagreeable  odor,  sharp  biting  taste, 
boils  at  450°,  decomposed  by  nitric  acid,  po- 
tassa, and  potassium,  the  last  evolving  hydro- 
gen. Formula,  C40H28O3,  Schweizer.  See  Ca- 
raway. 

CARYOPHILLIN.  Chem.  Cloves  are  the 
unexpanded  flower  of  the  Caryophyllns  aromati- 
cus  {Eugenia  caryophillata).  Their  analysis  by 
Trommsdorff  gave  volatile  oil  18,  almost  taste- 
less resin  6,  peculiar  kind  of  tannin  13,  diffi- 
cultly soluble  extractive  with  tannin  4,  gum  13, 
woody  fibre  28,  and  water  18.  Their  volatile 
oil  consists  of  two  oils,  a  light  carbohydrogen, 
and  a  heavy  oil,  caryophillic  acid,  beside 
which,  the  clove  contains  caryophillin  and 
eugenin. 

Oil  of  Cloves.  Obtained  by  submitting  cloves, 
with  water,  to  repeated  distillation  ;  they  yield 
from  17  to  22  per  cent,  of  volatile  oil,  which  is 
a  mixture  of  the  two  oils.  When  carefully  and 
recently  prepared  it  is  colorless  or  light-yellow, 
but  by  keeping  becomes  brownish-red;  has  a 
hot  acrid  taste,  the  odor  of  cloves,  is  soluble  in 
alcohol,  ether,  concentrated  acetic  acid,  and  the 
fixed  oils  ;  spec.  grav.  1-034  to  1-055.  To  sepa- 
rate the  two  oils  mix  it  with  potassa-lye  and 
distil  ;  a  light  oil  passes  over,  while  a  com- 
pound of  the  heavy  oil  and  potassa  remains  in 
the  retort,  and,  by  distillation  with  phosphoric 
or  sulphuric  acid,  gives  out  the  heavy  oil. 

Light  Oil.  Colorless;  spec.  grav.  0-918;  in- 
capable of  combining  with  bases,  but  absorbs 
chlorohydric  acid  gas  without  yielding  a  crys- 
talline compound;  consists  of  C10H8;  isomeric 
with  camphen. 

Caryophillic  acid.  Syn.  Eugenic  acid,  Clove 
acid,  Heavy  oil  of  cloves.  Obtained  as  above, 
the  acid  is  a  colorless,  oily  liquid,  of  the  odor 
and  taste  of  cloves,  reddens  litmus ;  spec, 
grav.  =  1-079;  boils  at  469°  ;  neutralizes  alka- 
lies perfectly,  forming  crystallizable  soluble 
salts  with  potassa  and  baryta,  which  become 
alkaline  by  evaporation  ;  an  iron  salt  added  to 
an  alkaline  solution  of  the  acid  produces  a  blue 
or  reddish  tint;  nitric  acid  reddens  the  heavy 
oil.  Formula,  C24H1505;  Etlling  and  Back- 
mann;  Dumas's  first  analysis  gave  C20H13Os, 
his  second,  C20H12O5;  but  the  composition  is 
doubtful. 

Caryophillin.  Described  by  Lodibert,  ex- 
amined by  Bonastre  and  by  Dumas.  It  is  ex- 
tracted from  cloves  by  boiling  alcohol,  the 
Molucca  cloves  yielding  the  largest  quantity, 
those  of  Bourbon  less,  Cayenne  cloves  none. 
It  is  a  silky,  crystalline,  odorless,  tasteless,  fusi- 
ble, and  volatile  substance;  insoluble  in  water, 
soluble  in  alcohol  and  ether ;  slightly  so  in 
caustic  alkalies,  reddened  by  sulphuric  acid 
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According  to  Dumas,  its  formula  is  C20H16O2 ; 
or  the  same  as  that  of  camphor. 

Eugenin.  Found  by  Bonastre,  and  obtained 
from  the  distilled  water  of  cloves  ;  thin,  white, 
pearly  scales,  which  become  yellow  by  keep- 
ing ;  very  soluble  in  alcohol  and  ether;  has  the 
odor  and  taste  of  cloves,  but  weaker,  and  is 
reddened  by  nitric  acid.  According  to  Dumas, 
its  composition  is  C20H12O4,or  C24H1505,  which 
is  that  of  caryophillio  acid. 

CASCARILLA.  Phar.  The  bark  of  the 
Croton  Eleuleria,  or  Cascarilla,  analyzed  by 
Trommsdorff,  gave  volatile  oil  1-6,  bitter  resin 
15-1,  gum  and  bitter  matter  with  trace  of  chlo- 
ride of  potassium  18-7,  woody  fibre  65-6.  The 
volatile  oil  possesses  the  odor  and  taste  of  the 
bark;  spec.  grav.=  0-938  to  0-909;  color  va- 
riable, greenish,  yellow,  or  blue;  consists  of 
two  oils,  one  boiling  at  344°,  and  which  con- 
tains no  oxygen  (its  formula  probably  being 
C,0H8) ;  the  other  less  volatile  and  oxygenated. 
Nitric  acid  converts  it  into  a  yellow,  pleasant 
smelling  resin.  By  distillation  with  water  the 
bark  yields  about  T^oth  of  its  weight  of  this  oil. 

The  resin  consists  of  two,  one  acid,  the  other 
neutral,  separable  by  tincture  of  acetate  of 
copper  from  the  tincture  of  the  bark.  Casca- 
rillin  has  been  found  in.  the  bark,  but  not  mi- 
nutely studied. 

CASEIN.  Chem.  Tech.  Physiol.  Syn.  Legu- 
min;  Ger.  Kasestoff.  Casein  exists  in  the  milk 
of  the  mammalia,  and  constitutes  the  greater 
part  of  cheese  made  from  skimmed  milk.  Legu- 
min  was  found  by  Braconnot  in  the  seeds  of 
the  Leguminosa,  who  showed  its  analogy  to 
casein  ;  their  identity  was  proved  by  Liebig, 
who  showed  the  similarity  of  a  solution  of 
ligumin  with  skimmed  milk. 

Prep.  From  milk.  1.  Precipitate  skimmed 
milk  with  dilute  sulphuric  acid,  wash  the  pre- 
cipitate, digest  it  with  carbonate  of  baryta, 
filter  and  evaporate  gently;  or  precipitate 
skimmed  milk  with  alcohol,  boil  the  pressed 
precipitate  with  alcohol,  then  with  ether,  until 
all  fat  is  removed,  dissolve  in  warm  water, 
filter,  and  evaporate.  (Berz.)  2.  Add  a  little 
dilute  acetic  acid  to  skim-milk,  warm  it  to  140° 
or  149°,  stir  up  the  precipitate  with  water  20 
times,  and  express  it  each  time  in  linen,  treat 
the  residue  with  boiling  alcohol,  until  the  latter 
is  not  clouded  by  water,  and  dry  it.  It  gave 
3-83  per  cent,  ashes  consisting  of  phosphate  of 
lime.  (Mulder.)  3.  Some  dilute  sulphuric  acid 
is  added  to  fresh  milk  and  warmed,  when  the 
cohering  casein  is  separated  from  the  greater 
portion  of  the  enclosed  whey  by  kneading  in 
frequently-renewed  pure  water,  after  which  it 
is  treated  in  the  cold  with  a  concentrated  solu- 
tion of  carbonate  of  soda,  until  the  whole  of  the 
casein  has  dissolved  to  a  turbid  syrupy  liquid. 
This  solution,  containing  an  excess  of  soda,  is 
allowed  to  stand  at  70°  Fah.in  shallow  vessels 
until  the  butter  has  separated,  the  greater  por- 
tion of  which  may  be  skimmed  otf,  and  the 
liquid  beneath  separated  by  a  syphon.  The 
solution  of  casein  in  soda  is  thrown  down  by 
dilute  sulphuric  acid,  and  purified  by  kneading 
as  before,  and  the  same  solution  in  soda,  and 
precipitation  with  acid,  is  repeated  three  times, 
when  a  considerable  portion  of  the  adherent 
acid  has  been  removed  by  washing,  from  60  to 
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70  times  the  weight  of  the  casein  of  pure  water 
is  poured  over  it  in  a  dish,  and  the  whole 
heated  to  boiling,  after  which  it  is  left  in  quiet. 
After  treating  the  casein  from  L6  to  20  times 
with  water,  to  remove  the  last  traces  of  fat  and 
water,  the  casein  is  boiled  with  absolute  alco- 
hol, and  then  with  anhydrous  ether,  until  these 
solvents  leave  no  residue  on  evaporation. 
Rochleder  in  Licb.  Jinn.  xlv.  253. 

From  seed.  When  peas,  beans,  or  lentils  are 
softened  in  cold  water,  then  ground  with  that 
fluid,  and  the  mass  further  diluted, and  strained 
through  a  fine  sieve,  there  passes  through  a 
solution  of  casein  in  which  starch  is  suspended. 
When  the  starch  has  settled,  the  supernatant 
liquid  is  a  solution  of  casein,  which  is  always, 
like  milk,  turbid,  partly  from  suspended  fat, 
partly  from  the  gradual  action  of  the  air  on  the 
dissolved  casein,  lactic  acid  being  slowly 
formed,  which  causes  a  gradual  separation. 
This  solution  has  all  the  characters  of  skimmed 
milk;  it  is  coagulated  by  acids,  not  by  heat, 
and  forms  a  pellicle  when  heated.  It  also 
coagulates  after  long  standing  from  the  forma- 
tion of  lactic  acid  ;  and,  when  the  coagulum 
putrefies,  the  odor  is  exactly  that  of  putrid 
cheese.     Liehig. 

Prop.  Casein,  after  purification,  is  nearly- 
insoluble  in  water,  what  is  called  soluble 
casein  being  a  compound  of  it  with  soda,  po- 
tassa,  or  lime.  Casein  dissolves  with  ease,  and 
in  very  considerable  quantity,  in  carbonated 
and  caustic  alkalies,  from  which  solutions  it  is 
precipitated  by  all  acids,  with  the  exception  of 
the  carbonic.  The  precipitate  is  soluble  in  a 
large  excess  of  acid.  The  solutions  of  casein 
in  dilute  acids  are  milky,  and  cannot  be  ob- 
tained perfectly  clear  by  filtration ;  they  froth 
on  shaking  like  solutions  of  soap,  and  become 
covered  on  evaporation  with  a  transparent  pel- 
licle, which  is  as  frequently  renewed  as  it  is 
removed.  When  a  solution  of  a  barytic  salt  is 
added  to  a  solution  of  casein  in  an  acid,  an 
opakeness  is  produced  from  an  insoluble  com- 
bination of  the  casein  with  baryta,  even  when 
the  quantity  of  casein  is  very  small.  Casein 
also  destroys  the  alkaline  reaction  of  phos- 
phate of  soda,  forming  a  slimy,  frothing  liquid. 
These  properties  show  that  the  coagulation  of 
the  soluble  casein  by  acids  is  nothing  more 
than  a  separation  of  the  casein  resulting  from 
the  combination  of  the  acid  with  the  base  of  the 
casein  compound.  They  also  point  out  the 
cause  of  solutions  of  potash  preventing  coagu- 
lation when  added  in  very  small  quantity  to 
milk,  and  explain  why  the  slightest  causes,  es- 
pecially in  the  warm  months  of  summer,  are 
able  to  produce  a  coagulation  of  the  milk,  as 
only  the  smallest  quantity  of  lactic  acid  re- 
quires to  be  formed  to  neutralize  the  minute 
traces  of  soda,  which  are  able  to  retain  in  a 
state  of  solution  an  enormous  quantity  of 
casein.     Rochleder. 

Both  the  casein  thrown  down  from  its  solu- 
tion in  alkalies  by  acids,  as  well  as  that  pre- 
cipitated from  its  solution  in  acids  by  car- 
bonate of  soda,  reddens  litmus  paper,  and  re- 
tains this  property  even  after  desiccation  at 
293°,  but  does  not  communicate  it  to  the  water 
in  which  it  is  boiled. 

While  casein  forms  soluble  alkaline  com- 
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pounds,  its  combinations  with  earths  and  me- j 
tallic  oxides  are  generally  insoluble,  and  its 
solutions  are  precipitable  by  all  salts  excepting 
alkaline.  Casein  is  somewhat  soluble  in  alco- 
hol, which  solubility  is  due  to  the  presence  of 
alkali;  Scherer  found  in  the  coagulum  of  sour 
milk,  after  boiling  it  with  alcohol  and  ether, 
2  per  cent,  ashes,  while  the  casein  from  the 
alcoholic  solution  yielded  79  per  cent. 

Aqueous  solutions  of  casein,  form  ammo- 
niacal  products  (see  Jposepidin  below).  It 
swells  up  in  sulphuric  acid,  becoming  translu- 
cent, and  with  much  water  forms  a  hard  in- 
soluble compound  containing  8-4  percent,  acid. 
Nitric  acid  produces  with  it  Xanthoproteic  acid. 
See  Protein.  Strong  muriatic  acid  becomes 
colored  indigo-blue  by  it,  as  well  as  by  albumen 
and  fibrin. 

Pure  casein  is  unknown,  for  it  always  con- 
tains mineral  matter,  and  hence  leaves  ash  by 
combustion,  which  consists  of  phosphate  and 
carbonate  of  magnesia  and  lime,  and  generally 
alkali.  Mulder  found  0-36  per  cent,  sulphur  in 
it.  Neglecting  the  inorganic  constituents,  its 
formula  is  C48H36N6014,  or,  according  to  Mul- 
der, this  being  the  formula  of  protein,  casein  is 
represented  bylOPr-f-S.  See  Albumin,  Fi- 
bhin,  and  Protein. 

jipoaepidih.  Oxide  of  Caseam,  Proust.  3pts. 
of  well-drained  smear-cheese  (sour,  coagulated 
skim-milk)  is  mixed  with  4  pts.  water  and  stood 
for  a  month  at  68°  to  77°,  drained  through  a 
woollen  cloth,  the  liquid  heated,  filtered,  evapo- 
rated to  a  syrup,  and  the  reddish  mass  treated 
with  cold  alcohol  of  37°  Beaume.  What  dis- 
solves is  Proust's  casectle  of  ammonia,  the  insolu- 
ble impure  aposepidin  ;  the  latter  several  times 
dissolved  in  boiling  water,  is  filtered  through 
bone-black,  and  evaporated. 

It  is  white,  inodorous,  bitter  to  the  taste,  sub- 
limes partly  unaltered  in  a  tube,  from  a  hot 
aqueous  solution  separates  in  dendritic  crys- 
tals, easily  putrefies  in  solution,  scarcely  solu- 
ble in  cold,  more  in  hot  alcohol,  precipitable  by 
subacetate  of  lead  and  infusion  of  galls,  decom- 
posed by  nitric,  but  not  by  muriatic  acid.  It 
has  not  been  analyzed.  Mulder  regards  apose- 
pidin as  impure  Leucin. 

CASSIA.  Phar.  Tech.  See  Cinnamon  and 
Senna. 

CASTING.  Tech.  Ger.  Giessen  ;  Fr.  Fon- 
dre.  One  of  the  arts  of  copying,  by  which 
solids  of  almost  every  possible  form  may  be 
imitated,  or  made,  by  means  of  a  liquid,  which 
hardens  in  the  mould  or  on  the  body  to  be 
imitated.  The  substances  employed  are  va- 
rious :  metals  are  brought  to  fusion  and  cast 
into  a  mould,  as  in  the  manufacture  of  cannon, 
bells,  medals,  &c,  (see  Bronze  and  Brass,)  of 
type  and  stereotype,  (see  these,)  of  various  ob- 
jects, utensils,  machinery  (see  Iron);  gypsum, 
(Plaster  of  Paris,)  boiled  and  mixed  with  water 
into  a  paste,  porcelain  and  pottery  slip,  &c, 
are  cast  in  moulds,  in  which  the  former  hardens 
spontaneously,  the  latter  dries,  and  is  then 
burned  hard  (see  Porcelain  and  sulphate  of 
lime  under  Calcium).  Fused  sulphur  is  also 
employed  for  taking  casts. 

The  nature  of  the  mould  varies  with  the  cast- 
ing material;  for  all  substances  it  must  resist 
the  action  of  the  liquid,  and  not  yield  in  any 


point ;  for  metals,  it  is  composed  of  a  more  in- 
fusible metal,  or  of  sand,  with  a  mixture  of 
clay,  hair,  &c,  for  binding  the  sand  ;  for  gyp- 
sum and  slip,  it  may  be  of  gypsum,  or  the 
former  is  usually  cast  directly  on  the  statue, 
medal,  or  other  object  to  be  copied. 

CASTOR  OIL.  Phar.  Ger.  Ricinu sol;  Ft. 
Huile  de  ricin.  An  oil  obtained  from  the  seeds 
of  the  Ricinus  communis,  which  is  cultivated  in 
the  East  and  West  Indies,  in  the  United  States, 
&c.  It  is  obtained  by  boiling  the  seeds  with 
water  or  by  expression.  In  the  United  States 
the  cleansed  seeds  are  gently  heated  in  a  shal- 
low iron  reservoir,  to  render  the  oil  liquid  for 
easy  expression,  and  then  compressed  in  a 
powerful  screw-press,  by  which  a  whitish  oily 
liquid  is  obtained,  which  is  boiled  with  water  in 
clean  iron  boilers,  and  the  impurities  skimmed 
ofTas  they  rise  to  the  surface.  The  water  dis- 
solves the  mucilage  and  starch,  and  the  heat 
coagulates  the  albumen,  which  forms  a  whitish 
layer  between  the  oil  and  water.  The  clear  oil 
is  now  removed,  and  boiled  with  a  minute  por- 
tion of  water  until  aqueous  vapors  cease  lo 
arise  :  by  this  process  an  acrid  volatile  matter 
is  got  rid  of.  Good  seeds  yield  about  25  per 
cent,  of  oil.     Wood  and  Bache's  Dispen. 

Prop.  Pure  castor  oil  is  a  thick,  viscid, 
colorless  fluid,  with  little  or  no  odor,  and  a  mild 
though  somewhat  nauseous  taste,  followed  by  a 
slight  sense  of  acrimony  ;  is  often  tinged  with 
yellow,  and  has  an  unpleasant  smell ;  rarely  of 
a  brownish  color,  and  hot  acrid  taste.  It  does 
not  readily  congeal  by  cold;  when  exposed  to 
the  air  it  slowly  thickens,  without  becoming 
opake,  and  ranks  among  the  drying  oils;  it  is 
heavier  than  most  other  fixed  oils,  and  is  solu- 
ble in  all  proportions  in  cold  absolute  alcohol; 
weaker  alcohol,  of  spec.  grav.  0-8425,  takes  up 
about  three-fifths  of  its  weight;  adulterations 
with  other  fixed  oils  may  thus  be  detected,  as 
the  latter  are  but  slightly  soluble  in  this  fluid; 
it  is  also  soluble  in  sulphuric  ether.  Wood  and 
Bache. 

By  distillation  a  volatile  oil  is  obtained  analo- 
gous to  acrolein;  by  saponification,  ricinic, 
ricinoleic,  and  stearicinic  acids;  by  nitrous 
acid,  palmin  and  palmic  acid  ;  by  nitric  acid, 
Oenanthalic  Acm. 

Volatile  oil.  It  is  separated  by  washing,  and 
by  distillation  with  water.  It  is  limpid  and 
colorless,  has  a  peculiar  odor,  an  acrid  taste; 
spec.  grav.  =  0-815  ;  is  soluble  in  alcohol  and 
ether,  but  insoluble  in  a  solution  of  potassa;  by 
long-continued  exposure  to  a  temperature  of 
23°  F.  it  becomes  crystalline. 

Stearicinic  acid  (Margaritic,  Ricinostearic) 
Crystallizes  in  pearly  scales;  is  distinguished 
from  ricinic  and  ricinoleic  by  its  high  fusing 
point,  by  its  partial  decomposition  when  sub- 
mitted to  distillation,  and  by  the  insolubility  of 
the  salt  of  magnesia  in  alcohol.  The  crystal- 
lized hydrate  consists  of  C33H3106.     Laurent. 

Ricinic  acid.  Crystalline,  solid  at  ordinary 
temperatures,  and  fusible  at  72°  F.  Its  crys- 
tallized hydrate  consists  of  03.H31O5.   Laurent. 

Ricinoleic  acid,  (Elcfiodic)  is  a  yellow-colored 
liquid  at  32°  F. ;  but  at  many  degrees  below  it 
becomes  crystalline. 

Palmin.  Castor  oil  treated  with  nitrous  acid 
produces  a  new  fat.     Palmin  is  white,  at  first 
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waxy,  then  resinous;  fuses  at  151°,  is  very 
soluble  in  alcohol  and  in  ether,  is  easily  saponi- 
fied, glycerin  being  separated,  and  palmate  of 
potassa  being  formed.  When  the  soap  is  dis- 
solved in  water,  and  mixed  with  muriatic  acid, 
palmic  acid  separates  on  cooling,  in  a  crystal- 
line mass. 

Palmic  acid.  White,  silky  needles,  soluble  in 
all  proportions  in  alcohol  and  ether,  in  5  pts. 
alcohol  of  0-915,  reddens  litmus  paper  strongly, 
combines  with  bases,  and  decomposes  the  car- 
bonates, fuses  at  122°. 

Palmate  of  soda  is  obtained  by  mixing  palmic 
acid  with  a  solution  of  carbonate  of  soda,  evapo- 
rating to  dryness,  and  digesting  the  residue  in 
alcohol,  which  only  dissolves  the  palmate; 
when  treated  with  a  great  deal  of  water,  a  bi- 
palmate  is  formed.  The  salts  are  generally 
soluble  in  hot  alcohol.  A  current  of  sulphurous 
acid  gas,  when  passed  through  castor  oil,  con- 
verts it  into  a  solid  mass,  which  seems  to  be 
palmin,  and  which,  when  saponified,  yields 
palmic  acid. 

CASTOR.  Pliar.  Castoreum;  Get:  Biber- 
geil.  Sacs  between  the  anus  and  external  geni- 
tals of  both  sexes  of  the  beaver  {Castor fiber). 
Two  kinds  are  distinguished,  the  American  and 
Russian.  The  following  analyses  of  castor 
are  by  Brandes,  1,  the  American,  2,  the  Russian : 
Pereira  thinks  the  amount  of  inorganic  matter 
too  great  in  the  analysis  of  1. 

1.  2. 

Volatile  oil 1-00  2-0 

Resin 13-85  58-6 

Cholesterin —  1-2 

Castorin 0-33  2-5 

Albumen 0-05  1-6 

Gelatin —  10-4 

Osmazome 0-20  2-4 

Matter  soluble  in  alcohol  . .    —  1-6 

Carbonate  of  lime 33-62  2-6 

Other  salts 2-82  24 

Mucus 2-30  — 

Animal  matter,  like  horn  . .     2-30  — 

Membrane 20-00  30 

Moisture  and  loss 22-83  1 1-7 


99-30       100 


Essential  oil  of  Castor.  Obtained  by  distilling 
the  same  water  several  times  with  fresh  por- 
tions of  castor;  pale  yellow,  has  the  odor  of 
castor,  with  an  acrid,  bitter  taste. 

Castorin.  Castoreum  Camphor.  Obtained 
by  boiling  castor  in  alcohol ;  the  castorin  de- 
posits when  the  liquor  cools.  A  crystalline, 
fatty,  non-saponifiable  substance,  fusible,  and 
in  the  liquid  state  floats  on  water;  when  pure 
it  is  white;  soluble  in  ether  and  boiling  alco- 
hol. By  long  ebullition  with  nitric  acid,  it  is 
converted  into  a  yellow  crystallizable  acid,  cas- 
toric  arid.  The  super-castorate  of  ammonia  is 
crystallizable,  and  forms  white  precipitates  with 
the  salts  of  silver,  lead,  and  protoxide  of  iron, 
and  green  precipitates  with  the  salts  of  copper. 
Castorin  is  allied  to  Choleslerin. 

Resin.     Dark  brown,  has  an  acrid  and  bitter 
taste,  a  slight  odor  of  castor,  is  insoluble  in  pure 
ether,  dissolves  readily  in  alcohol,  from  which 
water  precipitates  it. 
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CATALYSIS.    The  action  of  contact  or  pre- 

•  5erzelius  and  Mitscherlich  understand 

by  catalysis,  the  decomposition  produced  by  a 

solid  or  liquid,  in  another  body,  without  itself 
undergoing  a  chemical  change,  or  at  least  with- 
out assuming  any  of  the  constituents  of  the 
body  decomposed.  Thus  many  metals  and 
metallic  oxides  dropped  into  binoxide  of  hydro- 
gen, produce  a  rapid  evolution  of  oxygen,  ex- 
cepting that  oxide  of  silver  loses  its  oxygen  at 
the  same  time;  sulphuric  acid  converts  starch, 
&c,  into  grape-sugar, causing  it  to  assume  the 
elements  of  water,  while  the  acid  itself  remains 
unaltered  and  uncombined.  Some  of  the  phe- 
nomena have  been  explained  in  other  ways,  but 
others  again  have  not  received  any  other  expla- 
nation. We  may  therefore  employ  the  term  as 
expressive  of  such  phenomena,  until  it  shall 
have  been  shown  to  be  incorrect,  or  until  they 
may  be  explained  in  some  more  satisfactory 
manner.  See  Conditions  of  Affinity  and  Cos- 
tact. 

CATECHU.  Syn.  Terra  Japonica.  Fr.  Ca- 
chou.  An  extract  derived  from  1,  Jlreca, catechu 
or  Catechu  Palm,  which  contains  tannin 
(chiefly),  gallic  acid,  (?)  gluten,  red  insoluble 
matter,  fixed  oil,  gum,  oxalate  of  lime,  lignin, 
&c.  (i¥on'n.)  2.  Gambir-catechu,  from  the 
Uncaria  Gambkr.  It  contains  tannin  36 — 40 
per  cent.,  gummy  matter,  tannic  deposit,  fibre 
2^  per  cent.  (Nees  v.  Esenbeck.)  3.  Cutch  from 
the  Acacia  or  Mimosa  Catechu.  There  are  pro- 
bably other  sources  of  catechu.  The  quanti- 
ties of  tannin  it  yields  varies  from  30  to  55  per 
cent.,  but  no  complete  analysis  has  been  lat- 
terly made.  The  main  constituent  in  catechu 
is  a  species  of  tannin,  catechu  tannic  acid,  which 
dissolves  in  cold  water,  while  a  small  amount 
of  catechin  remains;  the  latter  by  distillation 
forms  pyrocatechin,  and  by  contact  of  alkali, 
japonic  and  rubinic  acids.  It  contains  no  gal- 
lic acid,  for  catechu  yields  no  pyrogallic  acid 
by  distillation.  (Stenhouse.)  In  tanning  with 
catechu  a  considerable  quantity  of  catechin 
was  found  on  the  leather.     Cooper. 

Catechutannic  acid.  It  is  prepared  in  the  same 
manner  as  tannic  acid  in  a  displacement  appa- 
ratus, or  the  filtered  aqueous  extract  is  treated 
with  a  little  sulphuric  acid  and  filtered,  then 
with  sulphuric  acid  as  long  as  it  precipitates, 
washed  with  dilute  acid,  pressed  in  paper, 
boiled  with  water,  filtered,  the  red  solution 
treated  with  an  excess  of  carbonate  of  lead, 
filtered,  and  evaporated  in  vacuo.  Its  proper- 
ties agree  in  general  with  those  of  tannic  acid, 
excepting  that  it  precipitates  persalts  of  iron 
greenish,  is  not  precipitated  by  tartar  emetic, 
its  compound  with  sulphuric  acid  is  less  per- 
manent, and  more  soluble,  its  potassa  salt  is 
more  soluble,  and  forms  by  evaporation  a  dark 
brown,  translucent  extract.  The  salts  are  so 
easily  decomposed  that  it  is  almost  impossible 
to  obtain  them  in  a  dry  state.  Pelouze's  analy- 
sis of  the  acid  leads  to  the  formula,  C18H908. 

Catechin.  Syn.  Catechuic,  Tanningenic  acid. 
Obtained  by  repeated  maceration  of  gambir- 
catechu  with  cold  water,  boiling  the  residue 
with  water  and  passing  the  impure  deposit  after 
resolution  in  hot  water  through  animal  char- 
coal previously  treated  with  muriatic  acid,  or 
j  the  redissolved  deposit  is  precipitated  by  sub- 
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acetate  of  lead,  decomposed  by  sulphuretted  hy- 
drogen, the  acid  separated  from  the  sulphuret 
of  lead  by  hot  water,  when  it  is  deposited  white, 
as  the  solution  cools.  It  is  rapidly  pressed 
between  paper,  and  dried,  in  vacuo,  over  Sul- 
phuric acid.  It  is  a  very  feeble  acid,  not  ex- 
pelling the  carbonic;  combines  with  ammonia; 
is  soluble  in  1100  pts.  cold,  and  2 — 3  pts.  boil- 
ing water,  in  5 — 6  cold,  and  2 — 3  hot  alcohol, 
in  120  cold,  and  7 — 8  pts.  hot  ether ;  soluble  in 
dilute  acids  unchanged,  decomposed  by  strong 
acids;  it  fuses  at  422°,  it  produces  no  precipi- 
tate in  lime,  baryta,  or  their  salts  ;  throws  down 
a  lead  salt-white,  perchloride  of  iron  deep 
green,  protosulphate  of  iron  bluish  green  to 
black,  acetate  of  copper  brown  and  black,  silver 
salts  and  chloride  of  gold  brown,  chloride  of 
platinum  whitish  yellow;  but  the  precipitations 
are  not  immediate,  and  are  always  accompanied 
by  partial  decomposition  of  the  catechin,  and 
a  reduction  of  the  three  last  metals.  Formula 
of  the  crystallized  dried  at  212°,  C20H10O9,  of 
the  fused  C20H9O8,  or  C20H9O9. 

Pyrocateclan.  When  distilled  catechin  yields 
this  substance, beside  empyreumatic  oil;  when 
purified  by  sublimation  it  forms  white  scales, 
of  a  bitter,  burning  taste,  empyreumatic  odor, 
fuses  at  259°,  exhibits  to  reagents  a  close 
analogy  to  catechin,  and  its  green  color  with 
perchloride  of  iron  is  an  exceeding  delicate  test 
of  iron. 

Japonic  acid.  Catechin  is  digested  with  caus- 
tic potassa,  in  contact  with  the  air,  when  it  ab- 
sorbs oxygen,  and  changes  first  to  red,  then  to 
black,  forming  japonic  acid.  The  alkaline 
liquor  is  treated  with  acetic  acid,  evaporated 
almost  to  dryness,  and  digested  in  alcohol, 
which  leaves  superjaponate  of  potassa;  this  is 
repeatedly  digested  in  alcohol,  dissolved  in 
water,  and  muriatic  acid  added  in  small  excess, 
whereby  japonic  acid  precipitates. 

Prop.  Black,  dissolves  slightly,  if  at  all,  in 
cold  water;  its  aqueous  solution  reddens  litmus ; 
insoluble  in  alcohol.  The  japonates  do  not 
crystallize,  but  dry  into  hard  masses,  the  salt 
of  potassa  is  obtained  by  boiling  the  acid  in  a 
concentrated  state  with  caustic  potassa,  and 
removing  the  excess  of  potassa  by  alcohol. 
With  chlorides  of  barium,  calcium,  and  alu- 
minum it  gives  bulky  black  precipitates,  not 
soluble  in  dilute  nitric  acid;  with  sulphate  of 
copper,  a  dark  green,  with  nitrate  of  silver, 
a  black  precipitate.  Formula  of  the  acid, 
C24H808  +  2  HO,  of  the  silver-salt,  C24HgOs  -f 
AgO.     Svanberg. 

Rubinic  acid.  By  dissolving  catechin  in  car- 
bonate of  potassa,  and  leaving  the  solution 
exposed  to  the  air  without  heat,  it  becomes 
red,  and  dries  into  a  hard,  uncrystalline  mass, 
which  is  rubinate  with  carbonate  of  potassa. 
If  heat  be  applied,  the  salt  is  converted  into 
japonate  of  potassa.  The  rubinate  is  reduced 
to  a  very  fine  powder,  dissolved  in  water,  satu- 
rated with  acetic  acid,  the  solution  rapidly 
filtered,  and  mixed  with  strong  alcohol,  when 
the  rubinate  of  potassa  precipitates  and  is 
washed  with  alcohol.  Rubinate  of  potassa 
throws  down  the  earthy  and  metallic  salts  of  a 
red  color,  the  precipitates  generally  redissolv- 
ing  during  washing.  Form,  of  the  acid  in  the 
silver  salt,  C.8H609.  Svanberg. 
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Uses  of  Catechu.  It  is  employed  in  tanning, 
dyeing,  and  calico-printing,  especially  in  the 
two  last  operations.  It  forms  the  basis  of  a 
series  of  brown  and  olive  colors,  as  shown  by 
the  following  reaction  of  1  pt.  catechu  in  10  pts. 
water. 

The  color  itself  is reddish  brown. 

Acids lighten  it. 

Alkalies darken  it. 

Copperas olive  brown  precip. 

Persulphate  of  iron olive  green  do. 

Blue  vitriol yellowish  brown  do. 

Alum brightens  the  liquid. 

Pernitrateofiron olive  green  precipitate 

Nitrate  of  copper yellowish  brown  do. 

Nitrate  of  lead salmon  do. 

Proto-nitrate  of  mercury  yellowish  brown  do. 

Muriate  of  alumina brownish  yellow. 

Muriates  of  tin do.         do. 

Corrosive  sublimate  . . .  light  chocolate     do. 

Acetate  of  alumina brightens  the  liquid. 

Verdigris copious  brown  precip. 

Acetate  of  lead salmon  colored  do. 

Bichromate  of  potassa. .  copious  brown    do. 

It  may  be  employed  as  a  light  brown  on 
cotton  with  any  other  preparation,  but  for 
darker  tints,  it  must  also  be  passed  through 
iron  solution;  a  rich  brown  is  attained  by 
passing  cotton-yarn  through  catechu  and  sul- 
phate of  copper  dissolved,  and  afterwards 
through  a  lukewarm  bath  of  bichromate  of 
potassa. 

CATHARTIN.  Phar.  The  active  princi- 
ple in  several  species  of  Cassia,  from  Egypt, 
Syria,  India,  United  States,  &c.  Lassaigne  and 
Feneulle's  analysis  of  the  Senna  leaves  of 
Alexandria  gives  cathartin,  yellow  coloring 
matter,  volatile  oil,  fixed  oil,  albumen,  mucus, 
malic  acid,  malale  and  tartrate  of  lime,  acetate 
of  potassa,  mineral  salts,  lignin,  &c. 

The  volatile  oil,  obtained  by  submitting  the 
leaves  to  distillation  with  water,  has  a  nau- 
seous odor  and  taste. 

Cuthariin.  Yellowish  red,  uncrystallizable, 
with  a  peculiar  odor,  a  bitter  nauseous  taste; 
very  soluble  in  water  and  alcohol,  insoluble  in 
ether;  attracts  water  from  the  air;  its  aqueous 
solution  is  precipitated  by  infusion  of  galls  and 
subacetate  of  lead;  the  persulphate  of  iron 
and  alkalies  deepen  the  color  of  the  infusion  ; 
chlorine  decolorizes  it;  iodine,  acetate  of  lead, 
gelatine,  and  tartar  emetic  cause  no  precipi- 
tates with  it;  yielding  no  ammonia  by  distilla- 
tion, it  contains  no  nitrogen  ;  it  does  not  com- 
bine with  acids.  It  is  a  strong  purgative  and 
cathartic.  According  to  Herrlein,  cathartin 
has  an  acid,  bitter,  and  unpleasant  taste,  its 
aqueous  infusion  tests  acid,  it  does  not  possess 
any  purgative  character,  leaves  alkaline  ashes 
by  ignition,  and  is  of  a  complex  constitution. 

CATLINITE.  Miu.  A  somewhat  hardened 
clay  formation,  on  the  Coteau  des  Prairies  in 
the  Sioux  country,  highly  valued  and  exten- 
sively used  by  the  Indians  for  making  smoking 
pipes.  It  has  a  delicate  brick-red  color,  may 
be  easily  cut  in  any  direction,  but  splits  more 
readily  in  the  plane  of  deposition,  has  an  unc- 
tuous touch,  and  is  susceptible  of  a  fine  polish. 
H.  =  l-5— 2.  G.  =  2-54.  Analysis  by  C.  T. 
Jackson : 
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Silica 48-2 

Alumina 28-2 

Magnesia 6-0 

Lime 2-6 

Peroxide  of  iron 6-0 

Oxide  of  manganese 0-6 

Water 8-4 


99-0 


CATS  EYE.     Mil.     See  Quartz. 

CAUSTIC.  Phur.  The  term  is  mainly  ap- 
plied to  nitrate  of  Silver  and  to  PoIussk.  Tech. 
Caustic  lye  is  generally  applied  in  the  arts  to  a 
solution  of  potassa  or  soda  employed  in  the 
manufacture  of  Soap,  and  the  term  caustic  lime 
to  quick-lime.  Chem.  The  chemist  applies  the 
term  caustic  to  the  hydrated  alkalies,  potassa, 
soda, or  ammonia,  or  to  the  hydrated  and  anhy- 
drous alkaline  earths,  baryta,  strontia,  lime, 
and  magnesia. 

CAVIAR.  The  salted  roe  of  several  species 
of  Acipenser.  John's  analysis  of  it  gave  solu- 
ble albumen  6-2,  buttery  fat  4-3,  common  salt 
6-7,  phosphate  of  lime  0-5,  coagulated  albumen 
and  membrane  24-3,  water  58-0. 

CAVOLINITE.     Min.     See  Nepheline. 

CAWK.     Min.     See  Heavy  Spar. 

CEDREN,  CEDROLE.  The  liquid  and  solid 
portions  of  oil  of  juniper  (Juniperusvirginiana), 
which  are  partially  separated  by  straining. 

Cedren.  Obtained  by  distilling  cedrole  with 
anhydrous  phosphoric  acid,  and  then  over  po- 
tassium, until  the  latter  ceases  to  be  coated 
red ;  or  by  repeated  distillation  of  the  liquid 
oil  strained  from  the  crude  oil ;  this  cedren  is 
not  as  pure  as  the  former.  Cedren  is  a  slightly 
yellowish,  peculiar  aromatic  liquid,  of  a  feeble, 
then  peppery  taste;  spec.  grav.  =  0-984  at  58°, 
boils  at  478°,  spec.  grav.  of  vapor  =  76-40 
(by  exper.  =  7900).     Formula,  C32H24. 

Cedrole.  The  solid  remaining  after  pressure 
is  perfectly  purified  by  repeated  crystallization 
from  alcohol.  Brilliant,  white,  silky  needles, 
of  a  peculiar  odor,  fusible  at  165°,  congealing 
to  a  crystalline  mass;  boils  at  540°, spec.  grav. 
of  vapor  8270  (by  exper.  8400);  slightly  solu- 
ble in  water,  much  more  in  alcohol.  Formula, 
C32H2602,  or  it  is  hydrate  of  cedren,  C32H24-f- 
2  HO.      Walter. 

CEDRIRET.  Prep.  The  rectified  empyreu- 
matic  oil  of  tar  of  beech  wood  is  freed  from 
acetic  acid  by  carbonate  of  potassa,  treated 
with  strong  caustic  potassa  lye,  the  alkaline 
solution  freed  from  the  insoluble,  (eupion,  cap- 
nomore,  &c.,)  the  potassa  saturated  with  acetic 
acid,  which  causes  the  separation  of  another 
portion  of  oil,  it  is  then  distilled,  and  when 
about  j  has  passed  over,  the  rest  is  tried, 
whether  a  drop  of  the  oil,  distilling  over,  occa- 
sions a  red  precipitate  with  persulphate  of  iron. 
As  soon  as  this  takes  place,  the  oil  is  collected 
separately.  The  red  color  with  persulphate  of 
iron  and  a  subsequent  precipitate  of  red  crys- 
talline needles  is  produced  by  all  substances 
which  easily  part  with  oxygen,  and  even  the 
air  renders  the  liquid  red. 

Prop.  Red  needles,  burning  with  flame,  with- 
out leaving  a  residuum ;  sulphuric  free  from 
nitric  acid,  dissolves  it  with  an  indigo-blue 
color,  and  when  heat  is  applied  decomposes  it, 
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concentrated  nitric  arid  decomposes  it;  insolu- 
ble in  bisiilphurel  of  carbon,  water,  alcohol, 
ether,  oil  of  terpentine,  oil  of  almonds,  &c,  dis- 
solves in  creosote,  with  a  purple  color. 

CELESTINE.  Min.  Syn.  Pnsmatoidal  Hal- 
Baryte,  M.  Sulphate  of  strontian.  Dncrip. 
Cryst.  Right  Rhombic,  the  main  vert,  prism  = 
103°  58',  parallel  to  winch  its  cleavage  is  dis- 
tinct, less  so  parallel  to  terminal  plane  P.  It 
also  occurs  fibrous,  columnar,  and  granular. 
H.  =  3—3-5.  G.  =  3-92—3-963.  Color  white, 
often  bluish  or  reddish  ;  transparent,  subtrans- 
lucent ;  lustre  vitreous,  sometimes  inclining  to 
pearly;  streak  white  ;  fracture  imperfectly  con- 
choidal,  uneven.     Very  brittle. 

Behavior  and  Analysis.  The  crystals  decrepi- 
tate, and  fuse  readily  on  charcoal  in  the  outer 
flame  to  a  white  enamel,  which  has  an  alkaline 
reaction,  and  in  the  inner  flame  is  reduced  to  a 
hepar.  It  usually  communicates  a  purplish 
tint  to  flame,  which  is  rendered  more  distinct 
by  dissolving  it  in  muriatic  acid,  evaporating  to 
dryness,  moistening  it  with  alcohol,  spreading 
it  on  paper,  and  inflaming  it.  It  dissolves  in 
borax  with  intumescence  to  a  clear  glass,  be- 
coming yellow  or  brown  on  cooling;  soluble 
in  mic.  salt  to  a  clear  bead  ;  with  fluor  spar  it 
fuses  to  a  clear  glass,  becoming  a  white  enamel 
on  cooling.  It  is  decomposed  by  long  boiling 
with  a  solution  of  strong  or  by  ignition  with 
dry  carbonated  alkali,  forming  carbonate  of 
strontia,  or  is  reduced  by  ignition  with  char- 
coal to  sulphuret  of  strontium. 

All  analyses  show  that  it  is  essentially  a  sim- 
ple sulphate  of  strontia,  containing  often  small 
quantities  of  sulphate  of  baryta  and  lime,  oxide 
of  iron,  &c.  Formula,  SrO,  S03,  which  gives 
56-36  per  cent,  strontia. 

Local.  In  limestone  or  sandstone  ;  in  trap 
rocks  and  in  beds  of  gypsum,  in  which  it  is 
often  associated  with  sulphur,  as  in  the  fine 
specimens  from  Sicily;  other  localities  are 
Bex,  in  Switzerland;  fibrous  C,  of  a  blue  color, 
in  clay,  at  Dornberg,  near  Jena.  It  is  also 
found  at  Aust  Ferry,  near  Bristol ;  in  trap  rocks 
near  Tamtallan,  in  East  Lothian  ;  near  Knares- 
borough  in  Yorkshire;  at  Norton,  in  Hanover. 
In  the  United  States  on  Strontian  Island,  Lake 
Erie,  Schoharie,  and  Lockport,  New  York, 
Rossie,  St.  Lawrence  county,  N.  York  ;  fibrous, 
like  the  Jena  variety,  occurs  in  Huntingdon 
county,  Pennsylvania. 

CELLULAR  TISSUE.  Fibrous  tissue,  com- 
posed of  a  material  which,  by  boiling  with 
water,  is  wholly  converted  into  Gf.t.atjn. 

CEMENT.  Tech.  Ger.  Kitt;  Fr.  Ciment, 
Cement,  Lut.  A  paste  of  very  different  compo- 
sition applied  to  unite  solid  surfaces,  by  hard 
ening  between  them,  and  rarely  forming  a  com 
bination  with  the  constituents  of  either  surface. 
The  most  common  of  all  cements  are  mortar 
and  hydraulic  cements.     See  Mortar. 

In  many  cements,  pulverulent  substances  are 
mingled  with  a  glutinous  or  very  adhesive  ma- 
terial, and  do  not  combine  chemically,  in  others 
a  chemical  combination  ensues.  Those  de- 
signed to  stop  up  crevices  and  joints  in  appa- 
ratus temporarily  put  together  are  termed  lutes. 
The  following  are  some  of  the  numerous  re- 
cipes for  cements: 

Lutes.     1.  Gypsum  cast  between  paper;   it 
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may  be  mixed  with  water,  or  better  with  milk, 
glue-water,  &c.  2.  Dry  slacked  lime  and  strong 
glue-water  mixed  to  a  stiff  paste  ;  or  the  same 
with  white  of  egg  is  well  adapted  for  porce- 
lain, &c. ;  it  may  also  be  made  of  lime  and 
blood.     This  lute  will  not  bear  much  moisture. 

3.  Cheese,  boiled  with  a  little  water,  and  rubbed 
to  a  paste  with  slacked  lime,  hardens  readily. 

4.  Clay,  iron-filings,  and  gum  mucilage  be- 
comes hard  and  adheres  tenaciously.  5.  Ground 
flax-seed  made  into  a  stiff  paste  with  water, 
milk,  glue-water,  or  lime-water  closes  perfectly, 
hardens  soon,  and  resists  acids,  &c.  6.  Boil 
linseed  oil,  fuse  caoutchouc  in  it,  add  pipe-clay, 
and  incorporate  them  thoroughly;  more  caout- 
chouc prevents  too  rapid  hardening;  it  should 
be  kept  in  a  moist  and  cool  place.  It  resists 
acids  more  or  less,  and  not  hardening  during 
distillation,  &c,  the  parts  of  the  apparatus  may 
be  moved  about  without  causing  openings,  or, 
if  it  does,  the  pressure  of  the  finger  closes  them. 
7.  Fused  caoutchouc  alone  resists  acid  vapors 
and  the  temperature  of  boiling  sulphuric  acid. 

Resinous  Cements.  1.  Any  varnish  may  answer 
the  purpose  where  a  thick  layer  is  not  required, 
for  they  are  apt  to  shrink.  2.  Diamond  cement. 
Fish-glue  is  softened  in  a  little  water,  dissolved 
in  boiling  brandy,  and  mixed  with  a  very  con- 
centrated solution  of  mastic,  gum  ammonia, 
&c. ;  it  should  be  kept  in  a  corked  vial,  and 
warmed  when  used.  It  cements  porcelain, 
glass,  &c,  powerfully,  and  resists  moisture  to 
some  extent.  Keller  recommends  the  follow- 
ing mode  of  preparing  it.  2  pts.  fish-glue,  cut 
into  fine  pieces,  are  left  for  24  hours  covered 
with  16  pts.  water,  then  boiled  down  to  8  pts., 
mixed  with  8  pts.  alcohol,  and  strained  through 
linen.  This  liquid  is  mixed  while  hot  with  a 
solution  of  1  pt.  mastic  in  9  pts.  alcohol,  and  to 
the  whole  \  pt.  gum  ammoniac,  finely  pul- 
verized, added  gradually,  and  the  liquid  ren- 
dered perfectly  homogeneous.  In  using  it,  both 
cement  and  the  fragments  are  made  as  warm 
as  possible,  both  pieces  allowed  to  dry,  then 
again  rubbed  over  with  the  cement,  and  pressed 
together.  After  5  or  6  hours  it  is  perfectly  hard. 
It  is  not  applicable  to  vessels  of  porous  earth- 
enware; the  best  cement  in  this  case  is  a  thick 
solution  of  shell-lac  in  spirits  of  wine.  (Polyt. 
Cent.  Blalt.  1843,  in  Ch.  Gaz.  i.  666.)  3.  Rosin 
and  wax  melted  together  and  mixed  with  fine 
brick-dust  forms  a  good  cement  between  brass 
and  glass,  as  in  many  kinds  of  physical  appa- 
ratus; it  is  applied  melted;  3 — 5  rosin,  1  wax, 
and  1  brickdust  (Spanish  brown  or  ochre)  are 
good  proportions.  Wax  and  terpentine  form  a 
good  cement,  which,  for  convenience,  may  be 
cast  into  sticks  and  melted  off  by  a  hot  iron. 
White  wax,  white  rosin,  and  a  little  Canada 
balsam  form  a  good  and  nearly  colorless  ce- 
ment. 4.  Cement  for  Glass  and  Porcelain.  M. 
Hanle  recommends  a  mixture  of  2  pts.  shell-lac 
and  1  pt.  terpentine,  which  are  fused  together 
and  formed  into  sticks.  This  may  also  be  em- 
ployed for  cementing  wood,  &c,  when  dissolved 
in  spirit  and  evaporated  to  the  consistence  of 
a  syrup.  Hensler  grinds  3  pts.  litharge,  2  pts. 
of  recently  burnt  lime  in  powder,  and  1  pt. 
white  bole  to  a  mass  with  linseed-oil  varnish. 
This  cement  is  very  tenacious  when  allowed  to 
dry  sufficiently  long.     Chem.  Gaz.  iii.  27. 


Fire  cements.  1.  For  furnaces,  crucibles,  &c. 
Fire-clay  and  brickdust,  or  fire-clay  and  burned 
clay  (broken  crucibles)  kneaded  well  together 
with  water,  and  spread  in  layers  on  joints,  and 
thoroughly  air-dried,  resists  heat  without  crack- 
ing. It  may  also  be  employed  for  coating  glass 
retorts,  by  spreading  it  as  a  stiff  paste  or  thin- 
ning it  with  water  and  spreading  with  a  brush. 
A  little  hair  added  to  it,  gives  greater  tenacity. 
2.  Clay  and  brickdust  mixed  with  water  and 
Jjf  pt.  borax  gives  a  difficultly  fusible  cement; 
clay  and  red  lead  may  be  used.  To  make  it 
less  fusible,  common  clay  and  sand  may  be 
employed.  3.  For  iron  vessels,  &c,  mix  50 — 8 
pts.  fine  and  pounded  cast  iron  turnings  with 
2  pts.  powdered  sal-ammoniac  and  1  pt.  flowers 
of  sulphur  into  a  paste  with  water,  and  apply 
it  immediately;  it  forms  a  chemical  union,  and 
hardens  rapidly.  According  to  some,  the  sul- 
phur may  be  omitted.  4.  Four  pts.  iron  filings 
or  turnings  and  3  pts.  of  a  mixture  of  common 
and  burned  clay  are  made  into  a  paste  with 
salt  water.     See  also  Mastic  and  Mortar. 

CEMENTATION.  Tech.  Is  generally  ap- 
plied to  the  conversion  of  iron  into  steel  by  im- 
bedding the  former  in  charcoal.  The  theory 
of  the  operation  is,  that  the  outer  surface  of 
iron  takes  up  a  large  portion  of  carbon  from 
the  charcoal  in  contact  with  it,  and  transmits 
a  portion  of  the  carbon  to  the  layer  of  metal 
next  below  the  surface,  and  thus  in  succession 
to  the  centre,  for  the  steeling  is  observed  to 
progress  from  the  outside  of  a  bar  to  the  centre. 
Cementation  is  also  applied,  but  more  rarely 
to  the  reduction  of  a  metallic  oxide  imbedded 
in  charcoal.  In  this  case  it  may  be  partly  re- 
duced by  the  gradual  progression  of  carbon 
from  particle  to  particle  as  above,  but  it  is 
more  probable  that  the  reduction  is  due  to  car- 
bonic oxide,  whether  produced  by  the  outside 
layer  of  oxide  in  contact  with  the  charcoal,  or 
by  the  carbonic  oxide  of  the  surrounding  fire. 

CENTAURIN.  A  dark  brown  bitter  extract, 
from  Erythraa  Centaurcitm.  The  same  name 
is  also  given  to  Cnicin. 

CEPHALOTE.     See  Brain. 

CERAIN,  CERAIC  ACID.     See  Wax. 

CERASIN.     See  Gum. 

CERASITE.     Min.     See  Menihttite. 

CEREBRIC  ACID,  CEREBROLE,  CERE- 
BROTE.     See  Brain. 

CERIC  ACID,  CERIN.     See  Wax. 

CERINE.     Min.      See    Allanite    and   Or- 

THITK. 

CERITE.  Min.  Rhombohedral  Cerium-ore, 
M.  Siliciferous  Oxyd  of  Cerium,  Silicate  of 
Cerium,  Ochroite,  Cererite.  Descrip.  It  occurs 
massive,  with  a  granular  structure.  H.  =  5-5. 
G.  =  4-912.  Color  clove  brown  or  rose-red, 
passing  into  gray;  subtranslucent ;  lustre  ada- 
mantine ;  streak  grayish-white;  fracture  splin- 
tery; rather  tough. 

Behavior.  Yields  water  in  a  closed  tube,  be- 
comes brownish  yellow  on  charcoal;  slowly 
dissolved  in  the  outer  flame  in  borax,  giving  a 
dark  yellow  glass,  which  becomes  nearly  color- 
less on  cooling,  and  may  be  while-enameled 
by  flaming;  the  inner  flame  shows  a  slight  re- 
action of  iron ;  it  behaves  similarly  in  mic.  salt, 
leaving  a  skeleton  of  silica;  soda  fuses  with  it 
to  a  dark  yellow  cinder. 
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The  following  analyses  are,  1,  by  Vauquelin, 
2  by  Hisinger,  but  it  must  be  remembered  that 
the  discovery  of  Lanthanium  and  Didymium  by 
Mosander  requires  new  investigations  of  all  the 
cerium  minerals. 

i.  2. 

Protoxyd  of  cerium 67         68-59 

Silica 17         18-00 

Oxydofiron 2  2-00 

Lime 2  1-25 

Water 12  9-60 


100 
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Local.  Bastnaes,  near  Riddarhy  ttan,  in  West- 
manland,  forming  a  bed  in  gneiss,  and  asso- 
ciated with  mica,  hornblende,  copper  pyrites, 
cerine,  &c.  It  bears  considerable  resemblance 
to  the  red  granular  variety  of  corundum,  but  is 
readily  distinguished  by  its  hardness. 

CERIUM.  The  oxides  were  discovered  co- 
temporaneously  in  1803  by  Klaproth  and  Hi- 
singer and  Berzelius.  The  oxide  supposed  to 
be  simple  was  found  by  Mosander  in  1839  to 
contain  another  metal,  Lanthanium,  and  still 
later  a  third  metal  Didymium.  These  3  metals 
'  occur  in  Cerite,  Allanite,  Orthite,  Gadolinite, 
Yttrocerite,  Mosanderite,  &c.  The  discovery 
of  these  three  associated  metals  render  all  pre- 
vious descriptions  of  the  compounds  of  cerium 
imperfect;  it  is  therefore  advisable  to  omit 
these  descriptions  until  more  perfect  modes  of 
separation  have  been  discovered.  The  fol- 
lowing notices  of  the  separation  of  all  three 
together,  and  some  of  their  characteristic  pro- 
perties, may  be  sufficient.  1.  Dissolve  finely- 
pulverized  cerite  in  nitromuriatic  acid,  evapo- 
rate to  dryness,  gently  ignite,  dissolve  in  water, 
precipitate  oxide  of  iron  by  benzoate  of  ammo- 
nia, then  hydrated  oxide  of  cerium,  &c,  by 
ammonia,  dissolve  the  latter  in  muriatic  acid, 
evaporate  and  ignite  as  long  as  chlorine  passes 
off,  and  precipitate  by  potassa.  2.  Dissolve  an 
excess  of  heated  cerite  in  ignited  oil  of  vitriol, 
extract  with  cold  water,  put  an  excess  of  crys- 
tals of  sulphate  of  potassa  in  the  solution,  filter, 
and  wash  the  double  sulphate  of  cerium,  &c, 
and  potassa.  (Beringer.)  The  oxide  of  cerium 
thus  obtained  contains  some  40  per  cent,  oxide 
of  lanthanium,  and  a  portion  of  oxide  of  didy- 
mium. Dissolve  the  oxides  in  nitric  acid, 
evaporate  to  dryness,  ignite  to  drive  off  the 
acid,  digest  for  some  hours  at  a  gentle  heat  in 
very  dilute  nitric  acid  (1  acid  to  50 — 100  water) 
which  dissolves  oxide  of  lanthanium.  (Mosan- 
der.) To  separate  cerium  and  didymium,  add 
a  strong  solution  of  valeric  acid  to  a  strong 
solution  of  their  nitrates  ;  valerate  of  didymium 
precipitates.     I.  Bonaparte. 

Lanthanium  forms  2  oxides,  protoxide  (or 
lanthana)  and  hyperoxyd.  The  hydrated  prot- 
oxide is  white,  faintly  blues  litmus,  forms  color- 
less salts,  with  an  astringent,  taste,  precipitates 
with  caustic  or  carbonated  alkali.  If  it  be 
brick-red  after  ignition,  it  indicates  the  presence 
of  didymium.     Mosander. 

Cerium  forms  3  oxides,  white  protoxide,  white 
sesquioxide,  and  a  yellowish  cerosoceric  oxide. 
The  hydrated  protoxide  is  white,  forming  color- 
less salts,  which  have  a  sweet,  astringent  taste, 
redden  litmus,  and  are  precipitable  by  caustic 
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alkali.  The  hydrated  sesquioxide  is  sulphur- 
yellow,  forms  yellowish  or  reddish  yellow  salts, 
with  a  sweet  and  styptic  taste,  precipitable  by 
alkalies.  Its  equiv.  is  greater  than  that  of  lan- 
thanium.   Eerzcliii?,  Mosander. 

Oxide  of  didymium  is  brown,  becoming  dirty 
white  by  ignition.  The  sulphate  is  rose  and 
amethyst-red  colored.     Mosarukr. 

CERIUM  OCHRE.  Mm.  A  yellow  pulveru- 
lent, or  scaly  incrustation  on  the  pink  scapolite 
of  Bolton,  Massachusetts;  dissolves  in  muriatic 
acid  with  a  yellow  color ;  dissolves  in  borax 
with  an  orange-red,  transparent  glass  while 
hot,  and  pale  green  when  cold;  contains  oxides 
of  cerium,  lanthanium,  uranium,  and  yttria. 
Jackson. 

CEROSIN,  CEROXYLIN.    See  Wax. 

CERULIN.     See  In»i«o. 

CERUMEN.  Ear-wax;  Ger.  Ohrenschmalz. 
It  is  an  emulsic  combination  of  soft  fat  (stearin 
and  elain)  and  albumen,  together  with  a  pecu- 
liar substance,  a  yellow,  bitter  extractive,  solu- 
ble in  alcohol,  an  extractive  soluble  in  water, 
and  salts,  probably  lactates  of  lime  and  alkali; 
it  contains  no  chlorides  and  no  soluble  phos- 
phate. When  the  wax  hardens,  causing  deaf- 
ness, it  may  be  softened  by  oil  of  terpentine  or 
olive  oil,  which  liquefies  the  fat.     Berzelius. 

CETEN,  CETIN.     See  Cettl. 

CETRARIN.  Chem.  The  Cetraria  Handica, 
Iceland  moss,  yielded,  in  Berzelius's  analysis, 
starchy  matter  (lichenin)  44-6,  bitter  principle 
(cetrarin)  3-0,  uncrystallizable  sugar  3-6,  chlo- 
rophyll 1--6,  extractive  matter  7-0,  gum  3-7,  bi- 
fumarate  of  potassa  and  lime  mixed  with  phos- 
phate of  lime  1-9,  and  amylaceous  fibre  36-2 
(=101-6). 

Lichenin.  Found  in  this  and  other  lichens, 
and  called  moss-starch.  Let  1  pt.  fine  lichen 
macerate  24  hours  in  18  pts.  cold  water,  con- 
taining T'e  pt.  pearlash,  stirring  it  frequently; 
let  the  liquid  drain  on  a  cloth,  and  macerate  it 
again  with  water,  until  the  bitter  principle  and 
potassa  are  removed;  boil  the  lichen  in  9  pts. 
water,  till  reduced  to  -§,  filter  while  hot  through 
a  cloth,  and  subject  the  residue  to  pressure. 
On  cooling,  the  liquid  becomes  a  gray-colored 
opake  jelly,  which  contracts  and  separates 
from  the  water,  and  is  dried  on  blotting  paper. 
The  black  color  is  removed  by  dissolving  in 
boiling  water,  which  leaves,  on  cooling,  a  color- 
less, opake  jelly. 

Prop.  It  has  little  taste;  in  thin  plates  is 
transparent;  swells  in  cold  water  into  a  jelly; 
dissolves  in  boiling  water  into  a  mucilage;  is 
colored  blue  by  iodine  only  when  concentrated; 
its  aqueous  solution  exposed  to  the  air  becomes 
acid  ;  subacetate  of  lead  forms  a  precipitate, 
insoluble  in  water,  soluble  in  acetic  acid;  di- 
gested with  sulphuric  acid  at  151°,  it  yields 
starch  sugar.  Guerin-Vary's  analysis  leads  to 
the  formula,  C10HnOI0,  but  it  is  more  probable 
that  it  should  be  C10H10O10. 

Cetrarin.  Boil  the  moss  with  alcohol  as  long 
as  it  has  a  bitter  taste,  distil  off  the  greater  part 
of  the  alcohol,  express  the  impure  cetrarin, 
which  deposits  in  the  residue,  wash  with  a 
little  water,  then  with  ether  or  alcohol  of  0-83, 
finally  dissolve  in  boiling  absolute  alcohol;  it 
separates  on  cooling. 

Prop.    A  white,  inodorous  powder,  with  an 
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intensely  bitter  taste,  when  dissolved  in  alcohol ; 
becomes  brown  at  257°,  and  decomposes  wholly 
at  392°  ;  scarcely  soluble  in  hot  or  cold  water, 
in  essential  oils,  not  at  all  in  fixed  oils,  100  pts. 
boiling  absolute  alcohol  dissolve  1-7  pts.,  100 
pts.  boiling  ether  0-93 ;  the  solutions  are  neutral. 
Dry  cetrarin  is  not  altered  by  the  halogens  ;  it 
is  decomposed  by  continued  boiling  with  water: 
it  is  changed  into  a  brown  substance  by  sul- 
phuric and  phosphoric  acids  and  excess  of 
caustic  alkali,  into  a  brown  resin,  and  oxalic 
acid  by  nitric  acid,  into  a  blue  substance  by 
warm  concentrated  chlorohydric  acid.  It  com- 
bines with  alkali  and  alkaline  earth,  precipi- 
tates the  salts  of  iron  dark  red,  of  copper  green, 
of  lead  and  silver  white,  of  other  oxides  with 
more  or  less  color.  Its  composition  is  unknown. 
The  cetrarin-blue  obtained  with  muriatic  acid 
is  rapidly  changed  into  ulmin  by  alkali,  is  dis- 
solved by  sulphuric  acid  with  a  blood-red,  by 
nitric  acid  with  a  carmine,  then  a  yellow  color. 
Herberger. 

CETYL.  Aethalyl.  A  hypothetic  radical 
in  spermaceti  and  substances  obtained  from  it. 
Spermaceti  consists  mainly  of  cetin.  By  the 
action  of  potassa  on  sperm  the  hydrated  oxide 
of  cetyl,  ethal,  cetylir  arid,  and  ceten  are  obtained. 
By  the  action  of  chloride  of  phosphorus,  of  sul- 
phuric acid,  and  phosphoric  acids  on  ethal  we 
obtain  chloride  of  cetyl,  sulphate  of  cetyl  and  po- 
tassa, and  ceten.  Formula  of  cetyl,  C32H33. 
Sym.  Cet. 

Celin.  Prep.  Spermaceti  is  digested  in  an 
equal  quantity  of  cold  alcohol  of  0-816,  left  for 
24  hours  at  68°,  and  filtered;  the  undissolved 
residue  is  treated  with  boiling  alcohol  in  suc- 
cessive portions  till  the  alcohol,  when  evapo- 
rated, ceases  to  exhibit  traces  of  oil. 

Prop.  On  cooling  from  fusion  or  solution, 
it  crystallizes  in  white  brilliant  plates  or  pearly 
scales;  inodorous  and  tasteless;  it  fuses  at 
120°;  at  680°  volatilizes  without  decomposi- 
tion; is  insoluble  in  water,  100  pts.  boiling  al- 
cohol of  0-821  dissolve  2-5  pts.  of  cetin,  the 
greatest  part  of  which  is  deposited  as  the  solu- 
tion cools;  soluble  in  ether,  wood-spirit,  essen- 
tial and  fixed  oils  ;  subjected  to  dry  distillation 
it  gives  off  water,  carbonic  acid,  and  oxide, 
olefiant  gas  at  90  per  cent,  of  a  mixture  of  cetin, 
cetylic  acid,  and  ceten,  and  no  ethal.  It  con- 
sists of  C64H6404,  or  the  elements  of  1  eq.  cetylic 
acid,C32H3103-|-l  eq.  oxide  of  cetyl,  C32H330= 
C64H6404,  and  it  is  probable  that  these  arise 
from  decomposition  by  potassa.  By  the  action 
of  powdered  potassa  on  sperm  at  212°  to  230°, 
the  only  products  are  cetylic  acid  and  ceten. 
By  oxidation  with  nitric  acid,  adipic  acid, 
among  others,  is  produced,  but  no  suberic  acid, 
and  by  distillation  no  sebacic  acid;  hence 
sperm  contains  neither  margaric  nor  oleic  acid, 
as  Dumas  and  Peligot  assumed.     /.  L.  Smith. 

Ethal.  Syn.  Hydrated  oxide  of  cetyl.  It 
was  first  obtained  by  Chevreul  by  the  action  of 
potassa  on  sperm,  and  termed  Aethal  (Aether 
alcohol)  from  its  analogy  to  the  alcohol  series; 
this  view  was  confirmed  by  Dumas  and  Peligot. 

Prep.  Coarsely  powdered  potassa  is  added 
to  fused  sperm  with  constant  stirring,  and  when 
the  mass  is  fully  solid,  it  is  first  treated  with 
water,  then  with  muriatic  acid,  and  the  oily 
stratum  floating  on  the  liquid  is  again  treated 


with  potassa,  water,  and  boiling  acid.  The 
mixture  of  ethal  and  cetylic  acid  is  digested 
with  milk  of  lime,  and  ethal  separated  from  the 
cetylate  of  lime  by  cold  alcohol. 

Prop.  A  colorless  solid,  melting  at  118°; 
when  slowly  cooled  crystallizing  in  brilliant 
plates,  has  neither  odor  nor  taste;  may  be 
easily  volatilized  alone  or  with  water.  Alcohol 
of  the  spec.  grav.  0-812  dissolves  it  in  any  pro- 
portion when  fused,  but  it  is  partly  deposited  as 
the  solution  cools ;  the  solution  has  a  neutral 
re-action;  insoluble  in  water;  when  heated  in 
the  air  it  burns  like  wax;  nitric  acid  decom- 
poses it;  sulphuric  acid  combines  with  it  by  a 
gentle  heat,  by  a  stronger  decomposes  it.  Form. 
^32H3402  =  C32H330  +  HO,  or  CetO,  HO. 

Sulphocetylic  acid.  Aethalschwefelsiiure,  Berz. 
Bisulphate  of  oxide  of  cetyl.  Formed  by  di- 
gesting in  a  water-bath,  ethal,  and  oil  of  vitriol. 
If  this  compound  be  dissolved  in  alcohol,  and 
tincture  of  potassa  be  added,  sulphate  of  po- 
tassa separates,  and  ethal  and  the  sulphocetylate 
of  potassa  remain  in  solution ;  after  evapora- 
tion the  crystals  are  recrystallized,  and  washed 
with  ether,  which  leaves  the  salt  in  white  pearly 
scales.  Formula  of  the  salt,  C32H330,  KO  -f- 
2S03. 

Prolochloride  of  Cetyl.  Aethalylchloriir,  Berz. 
Formed  by  distilling  equal  volumes  of  ethal 
and  chloride  of  phosphorus,  PCI5,  when  chlo- 
rohydric acid,  chlorides  of  phosphorus,  and, 
lastly,  cetylous  chloride  pass  over,  and  phos- 
phoric acid  and  phosphate  of  cetyl  remain. 
The  cetylous  chloride  is  washed  with  cold,  then 
with  boiling  water,  and  to  remove  all  ethal 
may  be  retreated  with  chloride  of  phosphorus. 
Form.  C32H33Cl=Cet,  CI. 

Cetylic  acut.  Ethalic  acid.  Formed  from 
sperm  with  ethal  by  means  of  potassa,  or  with 
ceten  by  dry  distillation.  It  is  combined  with 
lime  or  baryta,  the  ethal  extracted  by  alcohol, 
the  cetylic  salt  decomposed  by  muriatic  acid, 
and  the  cetylic  acid  purified  by  solution  in 
ether.  It  is  a  colorless,  inodorous  solid,  crystal- 
lizing on  cooling  from  fusion  at  131°,  distilling 
unchanged,  insoluble  in  water,  readily  in  alco- 
hol and  ether.  Form.  C32H3103-|- HO.  It  is 
formed  from  sperm  by  contact  of  potassa,  which 
separates  the  sperm  into  cetylic  acid  and  oxide 
of  cetyl,  the  latter  of  which  assumes  the  water 
of  the  potassa,  and  is  converted  into  ethal. 
Thus,  Ci;4H6404+KO,HO  =  KO,C32H3103-f- 
HO,  C32H330.  From  this  view  of  the  decom- 
position there  is  no  necessary  analogy  between 
its  formation  and  that  of  acetic  acid  from  alco- 
hol, although  both  alcohol  and  ethal  compared 
with  their  respective  acids,  each  lose  2  eq. 
hydrogen  and  assume  2  eq.  oxygen,  as  thus 
shown : 

C,H602-H2+02  =  C4H404. 

C32H3402—H2  +  °2  =  C32H3204' 

The  beginning  and  end  are  the  same,  but  the 
nature  of  the  change  is  different.  To  render 
the  changes  analogous,  aldehyde  should  sepa- 
rate by  potassa  into  acetate  of  potassa  and 
alcohol. 

Cetylate  of  potassa  is  white,  pearly,  insolu- 
ble in  ether,  decomposed  by  much  water;  the 
soda  salt  forms  large,  pearly  laminee. 

Ceten.   Aethalol,  Berz.   Formed,  together  with 
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hydrous  cetylic  acid,  by  the  dry  distillation  of 
sperm,  or  by  repeatedly  distilling  ethal  with 
dry  phosphoric  acid,  which  abstracts  2  eq. 
water.  It  is  a  colorless  oily  liquid,  insoluble 
in  water,  soluble  in  alcohol  and  ether ;  burning 
with  a  smoky  flame,  boiling  at  527° ;  spec.  grav. 
of  vapor  =  8007  (4 vols.);  by  calcul.  =  7843. 
Those  who  assume  the  analogy  of  ethal  and 
alcohol  apply  the  same  to  ceten  and  olefiant 
gas. 

CEVADIC  ACID.     See  Veratrin. 

CEYLCWITE.     Min.     See  Spinkl. 

CHABAZITE.  Mm.  Syn.  Rhombhedral 
Macrotypous,  and  Hexagonal  Kouphone-Spar, 
M.  Rhombohedral  Zeolite,  Levyne,  Mesolin, 
Gmelenite,  Sarcolite,  Hydrolite,  Acadiolite. 
Descrip.  Cryst.  Hexagonal,  combining  both 
homoedric  and  hemiedric  forms;  the  rhomb. = 
94°  46',  in  the  planes  of  which  it  cleaves. 
H.  =  4—4-5.      G.  =  2-08—2-17   (Chab.),  2-06 


Silica 51-46 

Alumina 1765 

Lime 8-91 

Soda 1-09 

Potassa 0-17 


(Qmrii),  2-16  (Ta vyne).  Color  while,  reddish; 
lustre  vitreous;  transparent, translucent;  brittle 
with  uneven  fracture. 

Behavior.  Similar  to  the  zeolites  giving  off" 
water,  swelling,  fusing  to  a  slightly  vesicular, 
subtranslucent  enamel ;  decomposed  perfectly 
by  chlorohydric  acid,  Chabazite,  Levyne,  and 
Mesolin  leaving  a  gelatinous  powder,  Gme- 
lenite, Sarcolite,  and  Hydrolite  forming  a  per- 
fect jelly. 

Analysis.  1.  Chabazite,  from  Nova  Scotia; 
2,  from  Fassathal,  both  by  Hoffman  ;  3,  from 
Gustassberg,  by  Berzelius  ;  4,  from  Aussig,  by 
Rammelsberg;  5,  from  Renfrewshire,  by  Con- 
nel ;  6,  Levyne,  from  the  Faroe  Isles,  by  Berze- 
lius ;  7,  by  Arfvedson  ;  8,  Mesolin,  by  Berzelius; 
9,  Sarro!i!e,  from  Castel,  in  the  Vincentine,  by 
Vauquelin  ;  10,  Gmelinite,  from  Glenarm,  in  An- 
trim country,  Ireland,  by  Connel ;  and,  11,  by 
Rammelsberg. 


Water 19-66 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

48-63 

50-65 

48-303 

50-14 

48  00 

48-38 

47-50 

50-00 

48-56 

46-40 

19-52 

17-90 

18-615 

17-48 

20-00 

19-28 

21-40 

20-00 

18-05 

21-08 

10-22 

9-37 

9-731 

8-47 

8-35 

8-70 

7-90 

4-25 

5-13 

3-67 

0-56 

— 

0-255 

— 

2-86 

— 

4-80 

4-25 

3-85 

7-30 

0-28 

1-70 

2-565 

2-58 

0-41 

2-50 

— 

— 

0-39 

1-60 

20-70 

19-90 

(20-471) 

20-83 
99-50 

19-30 

21-14 

18-19 

20-00 

21-66 
98-64 

20-41 

99-91 

99-52 

100 

98-92 

100 

99-79 

98-50 

100-46 

98-94 


Nos.  1  and  10  contained,  in  addition,  small 
amounts  of  oxide  of  iron,  and  6  a  little  mag- 
nesia. 

From  these  analyses  it  is  clear  that  the  dif- 
ferent minerals  named  are  one  and  the  same, 
the  main  difference  lying  in  the  relative  pro- 
portion of  the  two  alkaline  bases,  and,  accord- 
ing to  the  predominance  of  either,  the  species 
may  be  divided  into  two  varieties,  from  1  to  8 
being  Lime-chabazite,  9  to  11  Soda-chabazite. 
The  general  form,  probably  is  3CaO,2Si03-f- 
3  (A1203,  2  SiOa)  -f  18  HO,  or  a  double  ^  sili- 
cate of  alumina  and  alkali,  with  water,  in  which 
the  alkali  is  principally  lime  or  soda. 

Local.  It  usually  occurs  in  trappean  rocks, 
basalt,  syenite,  &c,  associated  with  analcime, 
heulandite,  and  other  zeolitic  minerals.  The 
principal  localities  are  Greenland,  Iceland, 
Nova  Scotia,  the  Faroe  Isles,  Giant's  Cause- 
way, Renfrewshire,  Isle  of  Skye,  Aussig  in 
Bohemia,  Fassathal,  Sweden,  &c.  Levyne 
occurs  at  Glenarm,  county  Antrim ;  Skaga- 
strand,  Iceland;  Dalsnypen,  Faroe;  Disco  Island, 
Greenland;  in  the  Vincentine,  &c.  Gmelinite 
(Sarcolite)  occurs  in  the  Vincentine, Glenarm, 
Sandwich  Isles.  In  the  United  Stales,  at  Ston- 
ington  and  Hadlyme,  Connecticut;  Charleston 
and  Chester,  Massachusetts;  Piermont,  New 
York;  in  the  railroad  cut  through  the  trap  of 
Bergen  Hill  opposite  New  York  city. 

CHALCOLITE.     Min.     See  Uranite. 

CHALILITE.     Min.     See  Thomsonite. 

CHALK.  Min.  Ger.  Kreide;  Fr.  Craie.  See 
Calcareous  Spar.  Geol.  The  cretaceous  group, 
including  the  chalk  and  green-sand  formations, 
is  extensively  developed  in  England  and  the 
western  pans  of  Europe,  and  extends  through 
Germany  into  Russia.  The  group  in  the  United 
States  consists  mainly  of  green-sand  and  its 
associates,  but  little  true  chalk  having  been 
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found  ;  there  is,  however,  a  small  admixture  of 
cretaceous  particles  in  the  green-sand  of  Dela- 
ware. (/.  C.  B.)  The  chalk  formation  contains 
flint-nodules  disseminated  through  it,  generally 
in  regular  strata.  According  to  Ehrenberg, 
"Many  and  probably  all  white  chalk-rocks  are 
the  produce  of  microscopic  coral-animalcules, 
which  are  generally  visible  to  the  naked  eye, 
possessing  calcareous  shells  of  —j-  to  ^J^  line 
in  magnitude,  and  of  which  much  more  than  a 
million  are  well  preserved  in  each  cubic  inch, 
i.  e.  much  more  than  ten  millions  in  a  pound 
of  chalk."  Tech.  Chalk  is  employed  for  marking 
from  its  whiteness,  fineness,  and  the  ease  with 
which  it  is  abraded.  It  is  farther  employed  by 
burning  to  lime,  in  agriculture,  for  mortar,  for 
neutralizing  acids,  &c.  It  is  sometimes  fined 
by  washing  over,  in  making  Whiting,  Spanish  white, 
Crayons;  Ger.  Schlemmkreide ;  Fr.  Blanc  de 
Troyes  ou  de  Meudon. 

Black  chalk  is  another  name  for  a  soft  black 
slate.  Red  chalk  is  sometimes  applied  to  Bole. 
Chalk  stones,  see  under  Concretions. 

CHALYBEATE.     See  Mineral  Waters. 

CHAMELEON  MINERAL.  See  Manganate 
of  Potassa  under  Manganese. 

CHAMOISITE.  Min.  Sideroshisolite.  It 
occurs  in  minute  crystals,  with  a  cleavage 
H.  =  2— 3.  G.  =  3— 3-4.  Color  velvet-black 
or  dark-greenish  gray,  with  a  splendent  lustre; 
opake  ;  streak  leek-green,  greenish  gray. 

Behavior.  Heated,  it  at  first  becomes  black 
and  magnetic ;  afterwards  it  changes  to  an 
ochre-red;  in  a  glass  tube,  water  is  evolved; 
it  forms  a  jelly  with  muriatic  acid;  the  mas- 
sive variety,  chamoisite,  effervesces  with  acids, 
on  account  of  the  carbonate  of  lime  with  which 
it  is  mixed.  The  solution  obtained  with  the 
crystalline  variety,  sideroshisolite,  is  greenish 
yellow. 


CHAMOMILE. 

Analysis.    1.  Sideroshisolite  by  Wernekink; 
2,  Chamoisite  by  Berthier: 

1.  2. 

Silica 16-3  12-0 

Protoxyd  of  iron 75*5  50*5 

Alumina 4-1  6-6 

Water 7-3  14-7 

Carbonate  of  lime —  14'4 

Carbonate  of  magnesia. . .   —  1-2 

103-2  99-4 


It  is  difficult  to  establish  a  probable  formula 
from  the  analysis. 

Local.  Crystallized  specimens  occur  in  cavi- 
ties of  magnetic  pyrites  and  sparry  iron-ore  in 
small  crystals,  at  Conghonas  do  Campo,  in 
Brazil.  Chamoisite  occurs  in  beds  of  small 
extent,  in  a  limestone  mountain,  abounding  in 
ammonites,  at  Chamoisin,  in  the  Valais.   Dana. 

CHAMOMILE.  The  Anthemis  nobilis  (com- 
mon chamomile,  Ger.  Rcimische  Kamille)  were 
analyzed  by  Wyss,  but  one  of  the  most  im- 
portant principles,  the  volatile  oil,  was  not  de- 
termined. Freudenthal's  analysis  of  the  dried 
flowers  of  Matricaria  Chamomilla  gave  volatile 
oil  0-28,  resin  7-89,  bitter  extractive  8-57,  gum 
7*39,  bitartrate  of  potassa  5-31,  phosphate  of 
lime  0-97,  woody  fibre,  soluble  albumen,  water, 
and  loss  69-6.  The  bitter  principle  is  soluble 
in  water  and  alcohol. 

Oil  of  chamomile  is  chiefly  obtained  from  the 
Matricaria,  although  similar  oils  appear  to  be 
yielded  by  the  Anthemis,  Arnica  montana,  and 
Achillea  millefolium.  It  is  blue  at  first,  be- 
coming brownish,  has  the  odor  of  chamomile. 
Borntrager's  late  results  with  the  oil  are  the 
following.  It  retains  its  blue  color  by  rectifica- 
tion with  water;  by  shaking  with  ether,  the 
latter  leaves  by  evaporation  a  colorless  oil,  of 
a  different  odor  from  the  blue;  the  blue  oil  is 
soluble  in  alcohol  and  ether  with  a  blue  color; 
cooled  below  32°  it  becomes  thick,  but  deposits 
no  stearopten,  although  leaves  of  a  colorless 
stearopten  are  often  seen  in  the  commercial 
oil,  when  it  has  become  very  thick;  by  distilla- 
tion, there  remains  in  the  retort  a  brown  re- 
sinous mass.  From  the  numbers  of  the  last 
analysis  its  formula  is  about  CI0H8O. 

CHAMPAGNE.  Tech.  A  wine  characterized 
by  its  effervescence  when  uncorked  ;  prepared 
chiefly  in  France,  by  a  long-continued,  slow,  or 
successive  fermentations.  Wines  containing 
much  sugar  and  little  tartaric  acid  are  adapted 
to  champagne,  but  any  kind  may  be  converted 
artificially  into  a  kind  of  champagne  by  sweet- 
ening it,  and  compressing  carbonic  acid  in  it, 
as  is  actually  done  on  a  large  scale  in  France, 
Germany,  &c. 

CHARCOAL.  Tech.  Ger.  Kohle  ;  Fr.  Char- 
bon.  The  residue  afterexposingorganic  matter 
to  heat  apart  from  the  air;  it  is  therefore  a 
porous  mass,  consisting  of  fixed  carbon,  the 
inorganic  substances,  and  a  trace  of  volatile 
matter.  From  their  origin  and  uses,  two  kinds 
may  be  distinguished,  animal  and  vegetable;  for 
the  former,  see  Bonf.-Black.  The  latter,  or 
common  charcoal,  is  obtained  by  charring  the 
trunks  and  stouter  branches  of  trees,  the  object 
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being  charcoal  alone,  or  charcoal  and  the  vola- 
tile matters.  In  the  latter  case  the  wood  is 
enclosed  in  iron  cylinders,  or  retorts,  (see  Am- 
monium and  Gas,)  which  are  heated  externally, 
and  the  gaseous  products  passed  through  cooled 
tubes,  where  the  liquid  products  condense.  Se<» 
dry  distillation  of  Wood. 

In  the  manufacture  of  charcoal  for  gun 
powder,  moderately  thick  branches  of  willow 
are  charred  in  a  similar  manner,  although  the 
volatile  products  are  of  no  account,  since  the 
temperature,  which  is  very  important,  may  be 
regulated  at  pleasure.  For  in  the  ordinary 
methods  of  charring  under  movable  covers, 
the  temperature  is  so  high  as  to  cause  the  in- 
organic constituents  to  sinter  together,  pro- 
ducing a  glazed  and  stoney  surface.  By  a  slow 
and  careful  ignition  in  cylinders  a  softer  coal 
is  obtained. 

Charcoal  is  usually  made  by  piling  wood, 
covering  it  over  with  a  compact  earthy  layer, 
and  firing  it,  when  the  slow  combustion  of  a 
portion  of  the  volatile  combustibles  and  of  the 
wood  itself  expels  the  residue  of  the  volatile 
matter.  Such  heaps  are  termed  charcoal  pits. 
The  following  is  an  outline  of  the  process. 
Logs  not  more  than  G  ft.  long  and  6  inches 
thick  are  laid  either  horizontally  or  vertically 
{Ger.  Liegende  oder  Stehende  Meiler),  and 
stems  and  branches  are  employed  to  fill  up  the 
interstices.  The  whole  is  covered  with  from  3 
to  5  inches  of  earth,  or  still  better  with  a  mixture 
of  earth  and  fine  charcoal  over  a  layer  of  leaves 
and  small  brush-wood,  and  kept  moistened  with 
water.  The  heap  is  ignited  by  coals  thrown 
into  the  chimney,  when  the  fire  "draws  to  the 
sides"  towards  small  openings  left  around  the 
base.  A  heavy,  yellowish-gray  smoke  and 
much  watery  vapor  first  appears,  which  con- 
denses on  the  outer  covering,  called  sweating. 
The  fire  should  be  rapid  during  sweating,  to 
avoid  explosions,  and  the  heap  carefully  sweated 
off,  requiring  16  hours  from  the  beginning.  The 
general  shrinkage  of  the  wood  opens  cracks, 
when  the  coalman  mounts  the  heap,  rams  the 
wood  together,  and  replaces  the  covering. 
When  the  heap  is  fairly  warmed,  and  no  farther 
explosions  to  be  feared,  the  openings  are  closed, 
and  the  heap  suffered  to  burn  several  days, 
(3 — 4,)  while  the  collier  only  watches  to  secure 
uniform  combustion  in  all  parts.  A  few  open- 
ings are  now  and  then  made  for  the  escape  of 
the  tarry  matter,  &c,  and  a  few  others  at  the 
foot;  and  after  4 — 8  days  others  halfway  up 
the  heap  to  char  the  outside  logs.  If  a  blue 
flame  rises,  the  openings  are  stopped,  and  made 
lower  down.  When  the  fire  gradually  breaks 
out  uniformly  around  the  base,  the  charring  is 
complete.  The  heap  has  become  smaller  and 
very  irregular  in  form  from  shrinking,  <fcc. 
The  whole  time  required  is  from  6  days  to  4 
weeks,  according  to  the  size.  A  heap  of  3000 
cub.  ft.  requires  about  15  days. 

Economy  is  an  important  point  in  charring, 
for  the  object  is  to  employ  as  little  of  the  char- 
coal as  possible  for  expelling  the  volatile 
matter,  and  no  doubt  the  combustion  of  some 
of  the  volatile  matter  assists  in  it.  There  is  a 
great  difference  in  the  amount  obtained  by  slow 
and  by  rapid  charring,  as  shown  by  the  follow 
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ing  table  of  results  obtained  by  Karsten,  with 
wood  thoroughly  air-dried: 


Young  oak. . 

Rapid  charring. 

Slow  charring. 

Charcoal 

Ash. 

Charcoal 

Ash. 

16-39 

0-15 

25-45 

0-15 

Old  oak 

15-80 

0-11 

25-60 

0-11 

Young  beech 

14-50 

0-375 

25-50 

0-375 

Old  beech. . . 

13-75 

0-4 

25-75 

0-4 

Old  birch  . . . 

11-90 

0-30 

24-40 

0-30 

Old  savin  . . . 

13-90 

0-15 

24-85 

015 

Young  fir  . . . 

16-00 

0-225 

27-50 

0-225 

Young  pine.. 

15-40 

0-12 

25-95 

0-12 

Rye  straw. . . 

13-10 

0-30 

24-30 

0-30 

Now,  the  composition  of  wood  dried  in  the  air 
shows  38^  per  cent,  carbon,  or  with  1  percent, 
ashes,  39^,  but  by  the  best  methods  we  get  28 
to  30  of  charcoal,  and  by  the  common  methods 
16  percent,  average.  See  table  of  Composition 
of  Wood.  To  insure  slow  charring,  little  space 
should  be  left  in  the  pile,  and  M.  Bull  recom- 
mends filling  the  interstices  with  fine  coal,  or 
culm,  of  a  previous  burning.  This  was  tried  in 
New  Jersey,  and  found  to  give  10  per  cent. 
more  in  bulk,  and  the  charcoal  was  20  per  cent, 
heavier,  and  well  charred.  Experiments  made 
in  Saxony  seem  to  confirm  his  conclusions.  It 
may  be  farther  observed  that  dry  wood  is  de- 
cidedly superior  to  wet. 

The  ashes  of  charcoal  is  less  in  quantity 
than  that  of  the  wood  from  which  it  is  pro- 
duced, a  portion  passing  off  even  by  a  very 
slow  distillation,  as  in  the  gunpowder  manu- 
facture. The  alkaline  matter  especially  di- 
minishes, being  probably  carried  over  in  com- 
bination with  acetic  acid.     Bupont. 

Use.  Charcoal  is  chiefly  employed  as  a  fuel, 
igniting  readily,  burning  freely,  with  a  strong 
heat,  making  a  clean  fire,  from  the  absence  of 
volatile  and  other  matters.  It  is  farther  used 
in  the  manufacture  of  gunpowder  and  fire- 
works; as  a  decolorizer,  disinfector,  and  anti- 
septic. See  Absorption.  It  has  been  lately 
employed  as  a  manure  with  beneficial  results. 
See  Johnson's  Farmer's  Encyclopedia  and  Ag- 
riculture in  the  present  work.  From  its  im- 
perfect conduction  of  heat,  it  is  often  used  as  a 
casing  for  heated  pipes;  and  from  the  same 
property  and  its  reducing  quality  it  is  useful 
in  Blowpipe  experiments.  It  is  an  important 
reducing  agent  employed  in  the  arts,  and  in 
this  respect  is  decidedly  superior  to  any  other, 
where  the  quality  of  the  metal,  &c,  is  im- 
portant. 

CHEESE.  Tech.  Ger.  Kiise;  Fr.  From  age. 
This  well-known  produce  of  the  dairy  is  made 
from  skimmed,  unskimmed  milk,  or  cream, 
and  is  the  product  of  a  gradual  change  of  the 
insoluble  substances  in  milk.  The  milk  is 
curdled  by  rennet,  and  as  soon  as  the  curd  is 
firm  enough,  it  is  carefully  stirred  or  shaken, 
to  separate  it  more  perfectly  from  the  whey;  it 
is  then  strained  through  a  cloth,  the  curd  upon 
the  cloth  being  broken  and  cut  up  in  order  to 
drain  off  more  of  the  whey.  The  good  quality 
of  the  cheese  is  in  proportion  to  its  complete 
separation  ;  and  hence  the  practice  in  some 
places  of  heating  it  in  contact  with  whey,  as 
also  the  use  of  salt,  which  does  not  moisten 
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fresh  cheese,  but  attracts  the  water  present.  It 
is  then  subjected  to  the  increasing  pressure  of 
a  screw-press,  until  sufficiently  drained,  when 
it  may  be  salted,  and  exposed  in  the  cheese- 
room  to  drying,  where  it  undergoes  a  change, 
gradually  assuming  its  peculiar  flavor. 

The  quality  of  cheese  depends  upon  the 
methods  of  making,  the  season,  the  nature  of 
the  soil,  and  its  herbage,  &c,  for  the  odor  of 
some  plants  (garlic)  may  be  observed  in  it, 
but  the  mode  of  manufacture  is  the  principal 
source  of  difference. 

Cream-cheese  is  usually  made  from  cream, 
or  a  mixture  of  it  with  milk.  For  the  former, 
the  cream,  slightly  soured,  is  exposed  in  mode- 
rately thin  layers  to  the  air,  which  dries  it  more 
or  less  in  a  few  days,  forming  a  tough  coating 
on  the  surface. 

The  changes  which  cheese  undergoes  with- 
out putrefaction  have  not  been  studied,  and 
those  of  a  more  or  less  putrescent  nature  are 
scarcely  understood.  See  Aposepidin  under 
Casein. 

CHELIDONIN.  The  Chclidoniummajus  con- 
tains, according  to  Probst,  among  other  sub- 
stances, Chelidonic  acid,  Chelerythrin,  Cheli- 
donin,  and  Chelidoxanthin. 

Chelidonic  acid.  Contained  in  the  plant  and 
root  of  the  above,  especially  in  the  plant,  and 
at  all  seasons.  Extract  the  plant  with  warm 
water  containing  soda,  supersaturate  the  clear 
filtrate  with  nitric  acid,  and  precipitate  with 
nitrate  of  lead  ;  wash  with  water  acidulated 
with  nitric  acid,  decompose  by  sulphuret  of 
sodium,  and  boil  all  together  with  bone-black; 
decompose  the  excess  of  sulphuret  of  sodium 
by  acid,  filter  and  concentrate  the  neutral  solu- 
tion, and  precipitate  the  chelidonic  acid  in  the 
cold  by  dilute  sulphuric  acid  ;  by  recrystalliza- 
tion  from  a  hot  aqueous  solution,  or  retreat- 
ment  with  nitric  acid  and  lead,  it  is  obtained 
pure.  Prop.  Fine,  colorless,  inodorous  crys- 
tals, of  a  strong  acid  taste,  not  volatile,  soluble 
in  166  pts.  water  at  46°,  and  in  26  boiling,  in 
709  pts.  alcohol  (of  75  per  cent.)  at  72°;  pre- 
cipitates lime-water  in  excess,  lead,  mercury, 
and  silver  salts  white  ;  the  lead  salt  separates 
if  the  solution  be  acidulated  with  nitric  acid  in 
silky  needles,  insoluble  in  dilute,  soluble,  strong, 
and  warm  nitric  acid;  the  latter  reaction  is 
characteristic.  The  salts  of  the  alkalies  and 
magnesia  are  white,  soluble,  crystallizable,  the 
soda  salt  very  efflorescent ;  the  salts  of  baryta, 
strontia,  lime,  and  zinc  are  white,  crystalline, 
less  soluble  in  cold,  more  soluble  in  hot  water; 
the  salt  of  copper  grass-green,  crystalline,  dif- 
ficultly soluble  ;  that  of  silver  caseous,  contain- 
ing 56-5  per  cent,  oxide  of  silver,  making  the 
equiv.  of  the  acid  89-5.  Probst's  analysis  leads 
to  the  formula,  C6H207,  the  equiv.  of  which  is 
87.  Probst's  calculation  for  the  equiv.  from 
the  silver-salt  (83-119)  is  erroneous,  as  well  as 
Liebig's  formula,  C7H206.  Probst  in  An.  der 
Ch.  u.  Ph.  xxix.  130. 

Chelerythrin.  Discovered  by  Probst  and  Polex 
at  the  same  time  ;  exists  in  all  parts  of  the  Cheli- 
doniwm  majus,  especially  in  the  root  and  unripe 
fruit;  also  in  the  root  of  Glaucium  luteum.  After 
extracting  chelidonic  acid,  as  above,  the  residue 
is  extracted  by  sulphuric  acid  water,  precipi- 
tated by  ammonia,  the  precipitate  drained  by 
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pressure,  dissolved  in  sulphuric  acidulated  al- 
cohol, the  alcohol  distilled  off,  the  aqueous  solu- 
tion precipitated  with  ammonia,  the  precipitate 
washed, dried  by  a  gentle  warmth,  and  extracted 
with  ether,  which  mainly  leaves  chelidonin. 
The  ethereal  solution  is  evaporated,  the  residue 
dissolved  in  a  very  little  dilute  muriatic  acid, 
which  leaves  a  resin,  the  solution  evaporated 
to  dryness  and  extracted  by  ether,  which  leaves 
muriate  of  chelerythrin.  By  repealed  solution 
of  the  latter  in  a  little  water,  and  evaporation 
to  dryness,  it  is  obtained  pure,  some  muriate  of 
chelidonin  remaining  each  time  ;  from  its  solu- 
tion in  absolute  alcohol,  it  is  obtained  crystal- 
line. Prop.  Precipitated  by  alkali,  it  is  grayish 
white,  caseous,  from  an  ether-solution  tcre- 
binthic,  from  alcohol  crystalline ;  is  insoluble  in 
water,  the  tincture  is  yellowish,  with  an  acrid, 
burning  taste;  heated  to  149°  it  becomes  re- 
sinous ;  its  solution  in  acids  is  brilliant  orange- 
red,  a  characteristic  color;  the  salts  are  gene- 
rally soluble  in  water,  with  a  similar  but 
stronger  taste  than  the  base  itself,  an  acrid  nar- 
cotic action,  and  are  precipitable  by  alkali  and 
tincture  of  galls.  The  sulphate  crystallizes 
with  difficulty,  is  soluble  in  water  and  spirits 
of  wine,  little  in  absolute  alcohol,  not  in  ether, 
permanent  in  air,  fusible;  the  phosphate  crys- 
tallizes more  readily,  has  the  same  solubility; 
the  muriate  is  crystallizable  from  alcohol, 
with  similar  solubility;  the  acetate  may  be 
evaporated  to  dryness  without  losing  acid; 
the  chelidonate  is  soluble  in  water  and  alco- 
hol.   Probst. 

Chelidonin.  Found  by  Godefroy,  then  by 
Probst,  Polex,  and  Reuling  ;  exists  in  all  parts 
of  chelidonium,  most  in  the  root.  The  ammo- 
niacal  precipitate  in  preparing  chelerythrin, 
after  treatment  with  ether,  is  dissolved  in  sul- 
phuric acid  water  mixed  with  twice  as  much 
muriatic  acid,  the  crystalline  precipitate,  settling 
after  some  time,  is  washed  with  cold  water, 
treated  with  ammonia  to  remove  all  acid,  re- 
dissolved  in  dilute  sulphuric,  precipitated  by 
strong  muriatic  acid,  digested  with  ammonia, 
dissolved  in  sulphuric,  precipitated  by  ammo- 
nia, and  dissolved  in  alcohol,  from  which  it 
crystallizes  in  plates.  Prop.  Colorless,  inodo- 
rous, of  bitter  taste,  insoluble  in  water,  soluble 
in  alcohol  and  ether ;  loses  4-8  per  cent,  or  2  eq. 
water  at  212°;  fuses  at  266°  to  an  oily  liquid, 
burns  with  a  luminous,  smoky  flame,  without 
residue.  Its  salts  are  colorless,  mostly  soluble 
in  water,  with  an  acid  reaction,  those  with  a 
feeble  volatile  acid  lose  it  by  evaporation.  The 
sulphate  crystallizes,  is  soluble  in  water  and 
alcohol,  fuses  at  122°  to  140°;  the  phosphate 
crystallizes  more  readily,  has  similar  solubility, 
and  is  fusible  ;  the  nitrate  forms  beautiful  crys- 
tals, of  difficult  solubility;  the  muriate  is  crys- 
talline, dissolves  in  325  pts.  water  at  64°,  forms 
a  double  salt  with  chloride  of  platinum,  which 
may  be  boiled  with  nitric  acid  without  decom- 
position. Chelidonin  is  not  poisonous.  (Probst.) 
Form.  C40H20N3O6.     Will. 

Chelidoxanthin.  Found  by  Probst  in  the  root, 
plant,  and  flowers  of  the  chelidonium.  After 
extracting  the  preceding  substances,  the  resi- 
due, or  the  fresh-pressed  root,  after  one  extrac- 
tion by  alcohol,  is  extracted  repeatedly  by  hot 
water,  precipitated  by  subacetate  of  lead  in 
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excess,  the  precipitate  decomposed  by  sulphu- 
retted hydrogen,  the  sulphuret  washed  with 
cold  water  until  it  appears  yellow,  when  it  is 
boiled  with  water  as  long  as  it  imparts  a  yellow 
color;  the  yellow  liquids  are  evaporated  to  dry- 
ness, digested  successively  with  ammonia, 
ether,  and  absolute  alcohol;  the  last  solutions 
in  absolute  alcohol  are  evaporated,  treated  with 
dilute  sulphuric  acid,  ammonia,  and,  lastly, 
with  ether,  which  leaves  chelidoxanthin  as  a 
yellow  mass,  that  may  be  crystallized  from  so- 
lution in  hot  water.  Prop.  Yellow  needles, 
difficultly  soluble  in  cold,  more  so  in  hot  water, 
and  in  dilute  alcohol,  not  in  ether;  the  solu- 
tions are  yellow,  with  an  intensely  bitter  taste, 
unaltered  by  alkali  and  acid,  precipitable  by 
tincture  of  galls.  It  appears  to  be  the  most 
active  ingredient  in  Chelidonium  majus.  (Probst.) 

CHEMISTRY.  Gr.  m/m*',  Lat.  Chemia, 
Chymia;  Engl.  Chymistry  ;  Fr.  Chimie,  Chy- 
mie;  Ger.  Chemie,  formerly  Scheidekunst ; 
Surd.  Kemi.  The  origin  of  the  science,  as 
well  as  its  name,  is  involved  in  some  obscurity. 
Geber,  in  the  9th  century,  issued  the  first  trea- 
tise that  we  are  acquainted  with  on  chemistry 
or  alchymistry,  which  signified  the  same.  Ju- 
lius Firmicus  Maternus,  a  Roman  writer  under 
Constantine  the  Great,  uses  the  expression, 
Scientia  chimice;  and  we  know  that  the  Emperor 
Diocletian,  in  the  3d  century,  committed  to  the 
flames  Egyptian  works,  irsg<  yjifxiti  xiuriV  KcU 
uqv^v.  Humboldt's  opinion  was  that  the  name 
is  derived  from  the  word  for  Egypt,  chmi  or 
Kemi,  as  it  is  termed  in  the  Hieroglyphics,  the 
land  of  Ham.  The  word  chmi  signifies  black, 
and  in  modern  Coptic  chum  means  the  same. 
Whether  derived  from  the  black  soil  or  not  is 
uncertain.  Hence  the  peculiar  science  received 
the  name  of  the  science  of  chmi,  or  of  Egypt, 
or  of  the  black  land,  where  we  may  therefore 
infer  it  had  its  birth.  It  is  not  impossible  that 
the  term  "The  Black  Art,"  may  be  traced  to 
the  same  source. 

From  the  scattered  and  often  confused  no- 
tices by  ancient  authors  of  the  arts  and  sciences 
of  ancient  Egypt,  but  more  especially  from  the 
discoveries  in  that  country  during  the  present 
century,  it  is  certain  that  the  most  important 
branches  of  the  chemical  arts  had  their  origin 
and  were  successfully  practised  in  Egypt,  prior 
to  the  prosperous  periods  of  Rome  or  Greece. 
The  reduction  and  refining  of  the  precious 
melals,  as  well  as  of  lead,  copper,  iron,  &c, 
together  with  the  use  of  fluxes;  the  manufac- 
ture of  glass,  plain  and  colored,  of  coarse  and 
fine  pottery;  the  art  of  dyeing  and  the  highly 
refined  art  of  calico-printing;  and  many  others, 
which  contain  nearly  all  the  principles  of  the 
modern  chemical  arts,  (until  the  commence- 
ment of  the  present  century,)  were  practised 
in  Egypt  some  2500  to  3000  years  since,  and 
some  of  them,  if  not  all,  probably  3500  or  4000 
years  since.  We  still  employ  terms  derived 
from  the  Egyptians,  besides  the  name  of  the 
science,  Chemistry.  Thus  ammonia,  from  sal- 
ammoniac,  is  due  the  great  temple  of  Jupiter 
Ammon,  or  Amon-Ra,  near  which  it  was  and 
is  still  manufactured  (see  Sal-ammoniac  under 
Ammonium).  The  term  chemia  was  more  espe- 
cially applied  to  the  refining,  &c,  of  the  pre- 
cious metals,  and  hence  the  Latin  term  for  gold, 
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aurum,  may  be  traced  to  the  Egyptian  Aur  or 
Our,  signifying  the  sun  and  gold. 

It  is  extremely  difficult  to  give  a  definition 
of  the  science  of  chemistry  intelligible  to  the 
uniniiiated,  for  to  call  it  "the  doctrine  of  the 
phenomena  developed  by  chemical  attraction 
or  affinity"  requires  an  exposition  of  the  nature 
of  Affinity.  Nor  is  it  easy  to  draw  an  exact  line 
of  demarcation  between  Physics  and  Chemistry, 
for  the  one  calls  repeatedly  for  the  assistance 
of  the  other  in  order  to  develope  and  illustrate 
its  laws.  Physics  investigates  \he  general  laws 
of  matter,  without  reference  to  the  peculiar 
kind  of  matter.  The  general  laws  of  the  equili- 
brium of  forces  in  solids,  liquids,  and  gases, 
elasticity,  cohesion,  gravitation,  electricity, 
light,  heat,  sound,  &c,  belong  exclusively  to 
physics,  and  require  no  aid  from  chemistry; 
but  the  laws  of  electricity,  light,  sound,  cohe- 
sion, &c,  as  modified  by  the  peculiar  nature 
of  the  substance  in  which  they  are  studied, 
draw  assistance  from  the  chemist.  In  like 
manner,  the  laws  governing  the  intimate  union 
of  unlike  matter  to  a  new  and  homogeneous 
substance,  or  the  separation  of  a  compound  into 
heterogeneous  elements  or  other  compounds,  is 
exclusively  the  province  of  chemistry. 

As  the  science  stands  at  present,  it  mainly 
consists  of  the  preparation,  composition,  and 
properties  of  bodies,  the  greater  part  of  the 
last  of  which  are  physical.  A  few  excellent 
generalizations  have  been  made,  in  regard  to 
the  laws  of  combination,  but  the  science  must 
be  regarded  as  still  in  its  infancy,  and  a  vast 
field  for  exploration  invites  the  inquiring  mind, 
combined  with  an  active  hand.  It  is  customary 
to  divide  the  science  into  Inorganic  and  Or- 
ganic, and  to  subdivide  the  latter  into  Vegetable 
and  Animal  Chemistry;  but  the  line  of  demar- 
cation between  these  ceases  to  be  well-marked, 
the  moment  we  are  able  to  produce  a  true  vege- 
table or  animal  substance  from  its  ultimate 
elements.  This  having  been  already  accom- 
plished, we  must  regard  the  above  divisions  as 
those  of  a  temporary  convenience.  In  the  same 
way  special  parts  of  the  science  have  been 
separately  treated,  such  as  Applied  Chemistry, 
which  exhibits  the  application  of  chemical 
principles  to  the  processes  of  the  chemical 
arts;  Analytical  Chemistry,  which  teaches  the 
methods  of  detecting  the  presence  of  the  va- 
rious elements  in  a  compound,  and  the  modes 
of  ascertaining  their  relative  quantities. 

CHENOCOPROLITE.  Min.  Ger.  Ganse- 
kcithigerz.  H.  =  2 — 3.  It  is  mammillary,  with 
a  yellow  or  pale-green  color;  translucent;  lus- 
tre resinous,  shining;  streak  white;  fracture 
conchoidal.  Before  the  blowpipe,  it  evolves 
copious  arsenical  fumes, and  fuses  into  a  black- 
ish scoria;  when  the  heat  is  continued  on  char- 
coal, it  fuses  and  yields  a  button  of  silver,  but 
the  slag  contains  metallic  iron,  which  strongly 
affects  the  magnet.  Chenocoprolite  appears, 
therefore,  to  be  an  arseniate  of  silver  and  iron. 
The  principal  localities  of  this  species  are  at 
Clausthal,  in  the  Harz,  also  in  Cornwall,  and  at 
Allemont  in  Dauphiny.     Allan. 

CHIASTOLITE.     Min.     See  Andalusite. 

CHICA-RED.  A  red  coloring  matter  which 
precipitates  from  a  boiling  infusion  of  the  Big- 
nonia  Cltica.  It  is  vermillion-red,  insoluble  in 
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cold  water,  soluble  in  alcohol, ether,  fat  oils,  and 
alkalies,  precipilable  from  the  last  by  acids. 

CHILDRE.MTE.  Mm.  Cryst.  Rhombic. 
H.  =  4-5 — 5.  Color  yellow,  and  yellowish 
brown;  lustre  vitreous,  inclining  to  resinous; 
translucent;  streak  white;  fracture  uneven. 
An  incomplete  analysis  by  Wollaston  gave 
phosphoric  acid,  alumina,  and  iron.  It  occurs 
in  minute  crystals  and  crystalline  coats,  on 
sparry  iron  or  quarts,  near  Lavistock,  in  Der- 
byshire. 

CHILTONITE.     Min,     See  Prkunite. 

CHININ  and  CHINOLEIN.     See  Quinin. 

OHINOIDIN,  CINCHOTANNIC  ACID, 
C I N  C  H  O  N  A  -  R  E  D,  CINCHONA-BITTER. 
See  Cinchona. 

CHINOYL,  CHINONE.     See  Quinic  acid. 

CHLNOVIC  ACID.    See  Quinovic  acid. 

CHIOCOCCIN.  A  bitter,  amorphous,  alka- 
loidal  principle  obtained  by  Brandes  from  the 
Cliiorocca  racemosa.  According  to  v.  Santen,  it 
is  identical  with  Emetin. 

CHITIN.  According  to  Odier,  the  basis  of 
the  horny  parts  of  insects,  wings,  hair,  &c,  but 
it  has  not  been  minutely  studied. 

CHLOR,  CHLOEO.  A  prefix  to  many  com- 
pound bodies,  especially  organic,  containing 
chlorine,  which  may  generally  be  found  in  the 
present  work,  by  referring  to  part  of  the  word 
following  chlor,  thus  chlorbenzid  is  described 
under  Benzyl.  The  following  might  not  be  so 
readily  found;  Chloranil,  Chlorindin,  Chlori- 
satin  under  Indigo,  Chlorarsin  under  Kakodyl, 
Chloranthracenuse  under  tfaphthalin,  &c. 

CHLORACETIC  ACID.  Syn.  Chloracetylic 
acid,  Dumas.  Prep.  Pure  hydrated  acetic  acid, 
1  drachm,  is  exposed  in  a  jar  of  1  gall,  of  chlo- 
rine to  the  sun's  rays ;  after  24  hours  the  crys- 
tals on  the  sides  of  the  vessel  are  dissolved  out 
by  a  small  quantity  of  water,  which  dissolves 
chloracetic,  hydrochloric,  oxalic,  and  acetic 
acids.  The  solution  is  evaporated  in  vacuo, 
over  oil  of  vitriol  and  fused  potassa;  oxalic 
acid  first  crystallizes,  then  chloracetic  acid. 
The  mother-liquid  is  distilled  with  anhydrous 
phosphoric  acid,  which  retains  the  water,  and 
decomposes  the  oxalic  acid,  acetic  acid  first 
passing  over,  then  chloracetic  acid  in  crystals, 
which  are  freed  from  the  acetic  by  wrapping 
them  in  paper,  and  leaving  them  in  vacuo  for 
24  hours. 

Prop.  Colorless  rhomboidal  needles  and 
plates,  with  a  faint  odor  and  caustic  taste,  very 
deliquescent  in  moist  air,  bleaches  and  cor- 
rodes the  skin,  has  a  very  irritating  and  suffo- 
cating odor  when  heated,  reddens  vegetable 
blues  without  bleaching  them;  fuses  at  115°, 
becoming  solid  at  108°  ;  the  spec.  grav.  of  the 
liquid  acid  at  115°=  1*617;  when  heated  with 
an  excess  of  potassa,  it  is  resolved  into  per- 
chloride  of  formyl  and  carbonated  alkali,  or 
chloride  of  potassium,  formiate  and  carbonate 
of  potassa.     Formula,  C4C1303  +  HO. 

Salts.  It  combines  with  bases,  its  water 
being  replaced  by  an  equivalent  of  the  base  ; 
and  forming  soluble  salts,  which  possess  a  re- 
markable analogy  with  the  acetates,  and  are 
decomposed  with  greater  facility  than  the  ace- 
tates by  excess  of  alkali.  Chloracetate  of  Am- 
monia is  crystallizable ;  formula,  C4C1303  -\- 
NH40  +  4  HO. 
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C.  of  Oxide  of  Ethyl.  Prepared  by  distilling 
a  chloracetate,  or  chloracetic  acid,  with  sul- 
phuric acid  and  alcohol,  and  adding  water  to 
the  product,  which  separates  the  chloracetic 
ether  as  a  colorless  heavy  oil,  with  an  odor 
similar  to  heavy  muriatic  ether.  Formula, 
C4CI303,  AeO.  C.  of  Potassa.  Obtained  by 
neutralizing  the  acid  with  carbonate  of  potassa, 
and  spontaneous  evaporation  of  the  solution,  in 
fine  silky  crystals,  permanent  in  dry,  deliques- 
cent in  moist  air.  Form.  C4C1303,  KO-f-  HO. 
C.  of  Silver.  Prepared  by  dissolving  oxide  of 
silver  in  the  acid,  and  evaporation  in  vacuo, 
forms  shining  scales  or  grains,  sparingly  solu- 
ble in  water,  explodes  when  heated.  Formula, 
C4C1303,  AgO.    Liebig. 

CHLORAL.  Prep.  Dry  chlorine  is  passed 
through  anhydrous  alcohol  in  a  retort,  at  first 
in  the  cold,  but  afterwards  a  gentle  heat  is  used 
to  promote  the  action,  for  which  a  very  long 
time  is  requisite  to  complete  the  decomposition. 
A  very  large  quantity  of  chlorohydric  acid  is 
disengaged,  and  as  soon  as  the  chlorine,  even 
at  boiling,  passes  through  unchanged,  the  opera- 
tion is  complete;  the  liquid  generally  solidifies 
on  cooling,  forming  a  white  crystalline  mass, 
hydrate  of  chloral.  It  is  fused  by  a  gentle  heat, 
agitated  in  a  stoppered  bottle  with  twice  or 
thrice  its  volume  of  oil  of  vitriol,  the  mixture 
gently  warmed  when  impure  chloral  rises  to 
the  surface,  as  a  colorless  oily  stratum,  which 
is  removed,  boiled  to  expel  chlorohydric  acid 
and  alcohol,  distilled  with  its  own  volume  of 
oil  of  vitriol,  and  finally  rectified  with  finely 
powdered  quicklime,  the  distillation  being 
stopped  as  soon  as  the  surface  of  lime  is  dry. 

Prop.  A  mobile  oily  liquid  of  a  peculiar 
penetrating,  agreeable  smell,  causing  a  flow  of 
tears;  taste  at  first  slight,  afterwards  acrid; 
spec.  grav.  at  65°=l-502  ;  boils  at  202°  ;  misci- 
ble  with  ether  and  alcohol,  dissolves  sulphur, 
phosphorus,  and  iodine  apparently  without 
change.     Form.  C4HCI302,  or  C4C130  +  HO. 

Hydrate  of  Chloral  consists  of  1  eq.  chloral  -f- 
2  eq.  water.  (Dumas.)  Chloral  mixed  with 
water  dissolves  at  first,  and  is  soon  converted 
into  a  semi-solid  mass  of  fine  needles,  translu- 
cent, soluble  in  more  water,  crystallizing  in 
large  rhomboidal  crystals  by  the  evaporation 
of  this  solution  in  vacuo  over  sulphuric  acid. 
The  solution  of  chloral  has  the  same  taste  and 
odor,  is  neutral,  and  does  not  precipitate  nitrate 
of  silver.  The  dry  hydrate  may  be  distilled 
without  change.  When  heated  with  caustic 
alkalies,  it  is  resolved  into  perchloride  of 
formyl,  alkaline  formiate  and  chloride. 

Insoluble  Chloral.  Chloral, like  aldehyde,  can- 
not be  kept  without  change.  After  some  time 
it  solidifies  into  a  white  translucent  mass  like 
porcelain,  called  insoluble  chloral,  whether  in 
close  or  open  vessels.  There  is  no  disengage- 
ment of  gas  and  no  gain  of  weight.  It  is  most 
readily  formed,  when  alcohol  charged  with 
chlorine,  as  in  the  preparation  of  chloral,  is 
mixed  with  oil  of  vitriol  and  allowed  to  stand 
in  open  vessels;  the  upper  oily  stratum  soon 
solidifies,  and  the  degree  of  its  solidification 
furnishes  the  best  test  of  the  progress  of  the 
operation.  Insoluble  chloral  appears  to  be 
partially  decomposed  by  washing  with  water, 
and  after  washing  with  alcohol  and  water  dries 


CHLORINE. 

to  a  white  powder,  very  insoluble  in  water,  al- 
cohol, and  ether.  When  distilled,  it  yields 
chloral,  which  solidifies  again  in  an  amorphous 
state.  Treated  with  potassa,  it  yields  formiate 
of  potassa  and  perchloride  of  formyl,  with  chlo- 
ride of  potassium.   Form.  C]2H4C1807.  Dumas. 

CHLORINE.  Syn.  Oxidized,  oxygenated, 
dephlogisticated,  Muriatic,  or  Marine  acid. 
Common  salt,  chloride  of  sodium,  was  known 
from  the  earliest  times,  from  which  the  al- 
chemists first  obtained  muriatic  or  chlorohydric 
acid.  Chlorine  was  discovered  by  Scheele  in 
1774,  and  regarded  as  oxygenated  muriatic 
acid  until  Gay-Lussac  and  Thenard,  in  1809, 
suggested  that  it  might  be  viewed  as  an  element, 
which  was  more  firmly  established  by  Davy, 
1810,  and  called  by  him  chlorine.  Berthollet 
observed  and  applied  the  bleaching  power  of 
chloride  of  alkali.  The  latest  discoveries  are 
those  of  Millon,  which  nearly  complete  our 
knowledge  of  the  oxides  of  chlorine. 

Chlorine  is  a  very  abundant  element,  con- 
stituting 2  of  all  the  common  salt  in  sea-water, 
rock-salt,  &c,  and  occurs  both  in  the  animal 
and  vegetable  kingdoms,  as  an  essential  con- 
stituent. 

Sym.  CI.  Equiv.  35-47  (442-65,  0.=  100). 
Berzelius  and  others  halve  the  eq.  making  the 
atom  of  chlorine  17-74.  Dumas  and  others, 
following  Prout's  theory,  that  the  equivalents 
of  all  elements  are  simple  multiples  of  hydro- 
gen, make  the  equiv.  of  chlorine  36;  but  the 
recent  experiments  of  Laurent,  Marignac,  and 
Pelouze  confirm  and  establish  the  former  de- 
termination of  Berzelius. 

Prep.  1.  By  mixing  1  pt.  powdered  binoxide 
of  manganese  with  2 — 3  pts.  concentrated  hy- 
drochloric acid ;  effervescence  takes  place  in 
the  cold  from  the  escape  of  chlorine,  but  much 
more  gas  is  evolved  by  the  application  of  a 
moderate  heat.  It  may  be  collected  over  hot 
water  or  by  displacement  of  air  in  dry  vessels, 
the  tube  conducting  the  gas  reaching  to  the 
bottom,  where  it  displaces  the  air.  The  theory 
of  the  process  is  Mn02  -f  2  HC1  =  MnCl  -f 
2HO-f-Cl.  2.  By  heating  a  mixture  of  binoxide 
of  manganese,  common  salt,  and  dilute  sul- 
phuric acid  ;  Mn02  -f  NaCl  -f-  2  S03  =  MnO, 
S03+ NaO,  S03+ CI.  This  process  is  em- 
ployed in  the  manufacture  of  Bleaching  Pow- 
der. To  obtain  chlorine  free  from  muriatic 
acid.it  should  be  passed  through  a  little  water. 

Prop.  A  yellowish  green  colored  gas,  with 
an  astringent  taste,  and  a  disagreeable  highly 
suffocating  odor,  exciting  spasm  and  irritation 
of  the  glottis,  even  when  diluted  with  air.  Ac- 
cording to  Davy,  100  cubic  inches  of  dry  chlo- 
rine at  30  B.  and  60  F.  weigh  between  76  and 
77  grains.  Gay-Lussac  and  Thenard  found  :he 
density  of  pure  and  dry  chlorine  to  be  2470, 
which  gives  76-599  grains  as  the  weight  of  100 
cubic  inches  at  60°  F.  and  30  B.  Spec.  grav. 
by  calculation  =  2454-3.  Its  refractive  power= 
2-623.  Light  does  not  act  on  dry  chlorine;  but 
if  water  be  present,  the  gas  decomposes  it, 
uniting  with  hydrgoen  to  form  hydrochloric 
acid,  while  oxygen  is  set  free.  It  unites  with 
some  substances  with  evolution  of  heat  and 
light,  and  is  hence  termed  a  supporter  of  com- 
bustion. On  plunging  a  lighted  taper  into 
chlorine,  it  burns  for  a  short  time  with  a  small 
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red  flame,  and  emits  a  large  quantity  of  smoke. 
Phosphorus  takes  fire  in  it  spontaneously,  emit- 
ting a  pale  white  light.  Several  of  the  metals, 
such  as  tin,  copper,  arsenic,  antimony,  zinc, 
Dutch  metal,  &c,  in  powder  or  fine  leaves, 
likewise  inflame  in  it  spontaneously.  In  all 
these  cases  the  hydrogen,  metal,  phosphorus, 
&c,  unite  with  chlorine.  It  has  a  powerful 
attraction  for  hydrogen,  a  striking  example  of 
which  is  its  power  of  decomposing  water  by 
the  action  of  light,  or  at  a  red-heat;  and  the 
same  effect  is  produced  on  most  compound 
substances,  of  which  hydrogen  is  an  element, 
especially  organic.  When  chlorine,  water,  and 
some  other  body  which  has  an  affinity  for 
oxygen,  are  brought  together,  water  is  usually 
resolved  into  its  elements,  its  hydrogen  attach- 
ing itself  to  the  chlorine,  and  its  oxygen  to  the 
other  body.  Thus  chlorine  is  indirectly  a  power- 
ful oxidizing  agent.  It  is  likewise  capable  of 
replacing  the  hydrogen  it  eliminates  from  many 
organic  substances,  equiv.  for  equiv.  See  Sub- 
stitution, Chlokacetic  acid,  &c. 

One  of  the  most  important  properties  of  chlo- 
rine is  its  bleaching  power;  animal  and  vege- 
table colors  are  speedily  and  permanently  re- 
moved by  chlorine;  but  Davy  proved  that  it 
cannot  bleach  unless  water  is  present.  See 
Bleaching. 

Chlorine  is  likewise  useful  for  the  purpose 
of  fumigation,  by  destroying  the  volatile  prin- 
ciples given  off  by  putrefying  animal  matter; 
and  it  probably  acts  in  a  similar  way  on  con- 
tagious effluvia.  Chloride  of  lime  or  soda  is 
used  for  this  purpose. 

Liquid  Chlorine.  1.  The  gas  may  be  cooled 
to — 40°  without  change,  but  a  pressure  of 
about  4  atmospheres  condenses  the  dry  gas  to 
a  liquid.  2.  Hydrate  of  chlorine  heated  in  a 
sealed  tube  divides  into  two  liquid  strata,  the 
upper  being  water,  the  lower  chlorine.  3.  The 
strongest  muriatic  acid  and  binoxide  of  man- 
ganese is  introduced  into  one  end  of  a  sealed 
syphon  tube,  while  the  other  end  is  cooled  18° 
lower;  it  distils  over.  4.  Jths  of  the  longer 
leg  of  a  syphon  tube  is  filled  with  a  mixture  of 
previously  fused  bisulphate  of  potassa,  dry  salt, 
and  binoxide  of  manganese,  and  a  1£  inch  layer 
of  chloride  of  calcium  placed  over  it,  and  the 
shorter  leg  sealed  ;  the  longer  leg  is  placed  in 
a  gun  barrel  and  heated,  while  the  shorter  is 
cooled.  It  is  yellow  or  greenish  yellow,  very 
fluid;  spec.  grav.  1-33;  refracting  light  a  little 
less  than  water ;  a  non-conductor  of  electricity ; 
rising  suddenly  in  vapor  when  the  tube  is 
opened,  leaving  a  small  portion  of  the  liquid 
from  the  cooling  of  evaporation. 

Chlorine  Water.  Water  absorbs  more  chlo- 
rine when  left  at  rest  than  when  agitated.  The 
following  table  of  Pelouze  shows  the  amount 
in  volumes  absorbed  by  100  volumes  water  at 
different  temperatures. 


175  to   180  at  32° 
270   "    275   "  48° 
270    "    275    "   50° 
250   "    260    "   53£c 
250   "   260    «  57° 


245  to  250  at  57° 
200  "  210  "  86° 
155  "  160  "  104° 
115  "  120  "  122° 
60  "     65    "  158° 


To  prepare  chlorine  water,  add  3  pts.  crude 
muriatic  acid,  of  1*13,  diluted  with  1  pt.  water 
to  1  pt.  manganese,  (or  a  little  more,)  heat  it 
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gently  and  slowly,  and  receive  the  gas  in  28 
pts.  water  in  a  black  bottle  or  a  dark  place. 

Hydrate  of  Chlorine.  A  little  saturated  solu- 
tion of  chlorine,  in  a  flask  filled  with  the  gas, 
and  exposed  to  32° — 36°,  forms  a  pale-yellow, 
translucent,  crystalline  solid,  which  decom- 
poses, by  heating  to  100°  in  a  sealed  tube,  into 
chlorine  water  and  liquid  chlorine;  by  a  slight 
warmth  in  an  open  vessel,  into  chlorine  water 
and  the  gas.     Form.  CI,  10  HO. 

Use.  Chlorine  water  finds  a  place  in  the 
Pharmacopoeia.  The  gas  formerly  employed 
as  a  bleaching  agent,  is  now  rarely  used,  being 
less  manageable  and  very  injurious  to  opera- 
tives, its  place  being  supplied  by  chloride  of 
lime.  The  same  salt  is  also  used  for  fumiga- 
tion, to  remove  or  destroy  vermin,  &c.  For 
this  purpose  it  may  be  mixed  with  a  little 
water  to  form  a  thick  paste,  then  a  larger 
quantity  of  water  added,  and  finally  a  little 
vinegar  or  other  dilute  acid.  A  strong  acid 
added  to  chloride  of  lime  or  its  strong  solution 
developes  a  large  amount  of  gaseous  chlorine, 
hence  much  caution  is  required  in  employing 
it  in  dwellings. 

Analysis.     Chlorine  gas  or  water  may  be 
recognised  by  its  peculiar  color  and  odor.  The 
chlorates,  perchlorates,  &c,  leave  chlorides  by 
ignition,  and  hence  the  detection  of  chlorine  in 
solution  as  a  chloride  is  mainly  sought  after. 
Free  chlorohydric  acid  dissolves  gold  by  the 
addition  of  pure  nitric  acid,  and  evolves  chlo- 
rine by  adding  to  it  binoxide  of  manganese,  and 
heating  it.     To  detect  chlorine  in  soluble  chlo- 
rides, add  to  the  dilute  solution  nitrate  of  silver; 
the  chloride  of  silver  is  insoluble  in  water  and 
dilute  acids  ;  it  is  soluble  in  strong  muriatic 
acid,  but  precipitates  by  dilution  ;  it  is  readily 
soluble  in  ammonia.     The  cyanide  of  silver, 
which  resembles  the  chloride,  forms  prussic 
acid  with  muriatic.     Its  separation  from  bro- 
mine, see  under  Bromine  ;  from  iodine,  it  is 
separated  by  precipitating  both  by  nitrate  of 
silver,  and  dissolving  out  the  chloride  of  silver 
by  ammonia,  in  which  the  iodide  is  nearly  in- 
soluble.    Chlorine  is  estimated  quantitatively 
by  weighing  the  chloride  on  a  balanced  filter, 
or  by  a  careful  ignition  and  fusion  in  a  porce- 
lain crucible,  or  the  latter  may  be  reduced  by 
zinc,  and  the  metallic  silver  weighed.     When 
it  occurs  with  bromine,  or  iodine,  the  relative 
quantities    may    be    determined    by    indirect 
analysis,  (see  Analysis,  p.  167,)  by  precipi- 
tating them  with  silver,  weighing   them,  re- 
ducing them  to  metallic  silver,  the  weight  of 
which  subtracted  from  the  weight  of  their  com- 
pounds will  give  the  total  weight  of  chlorine 
and  bromine  or  iodine,  from  which  their  rela- 
tive quantities  may  be  readily  calculated.    If 
chlorine,   bromine,   and   iodine    be   combined 
with  a  single  base,  (such  as  sodium  in  mineral 
waters,)  they  may  also  be  determined  by  indi- 
rect analysis,  by  weighing  this  combination, 
then  their  combination  with  silver,  and  finally 
their  total  amount  from  the  reduced  silver.    A 
simple    equation  with  3  unknown    quantities 
will  give  the  relative  quantities  of  each.    The 
difference  in  their  combining  weights  is  such 
that  a  calculated  analysis  would  give  as  accu- 
rate a  result  as  could  be  attained  by  a  com- 
plete separation. 
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Chlorides.  Chlorine  exhibits  powerful  affini- 
ties, not  inferior  to  those  of  any  other  body. 
Metallic  chlorides  are  formed,  1,  by  bringing 
the  metal  into  chlorine  at  common  tempera- 
tures, Sb,  As,  Bi,  &c. :  or  by  heating  others  in 
it,  Na,Zn,Fe,Co,  &c;  2,  by  decomposing  some 
metallic  oxides,  with  evolution  of  oxygen,  AgO; 
or  by  mixing  the  oxide  with  carbon,  Al203,  &c, 
or  where  moisture  is  present  forming  at  the 
same  time  an  oxacid  of  chlorine,  Bleaching 
Powder,  chlorate  of  potassa,  &c;  3,  by  solu- 
tion of  an  oxide  or  metal  in  chlorohydric  acid, 
which  is  the  usual  method,  thus,  CaO  -%-  HC1  = 
CaCl  +  HO;  4,  the  insoluble  chlorides  are 
formed  by  precipitation. 

The  chlorides  are  solid,  with  the  character- 
istic color  of  the  salts  of  the  metal,  soluble  in 
water,  except  chlorides  of  silver,  gold,  and  pla- 
tinum, dichlorides  of  mercury  and  copper;  they 
are  fusible,  mostly  volatile  at  high  tempera- 
tures ;  gold  and  platinum  lose  all  their  chlo- 
rine by  heat,  chloride  of  copper  one  half;  chlo- 
rides of  iron,  manganese,  and  the  alkalino- 
earthy  metals,  especially  magnesia,  are  partly 
or  wholly  changed  into  oxides.  The  stronger 
acids,  sulphuric,  phosphoric,  arsenic,  and  also 
boracic  decompose  the  chlorides  at  common  or 
higher  temperatures. 

Chlorine  and  Hydrogen.  1.  Chlorohydric  arid. 
Syn.  Marine,  Muriatic,  Hydrochloric  acid, 
Spirit  of  Salt;  Ger.  Chlorwasserstoflsiiure,  Salz- 
siiure.  Equal  measures  of  chlorine  and  hydro- 
gen unite  explosively  by  the  sun's  rays,  some- 
times in  diffused  day-light,  by  flame,  by  a  greater 
or  less  heat,  by  the  electric  spark,  by  the  de- 
composition of  water  and  of  numerous  organic 
and  many  inorganic  bodies,  containing  hydro- 
gen.   Prep.   The  gas  is  prepared  by  adding  1 


pt.oil  of  vitriol  to  1  pt.  common  salt  in  a  retort, 
heating  gradually  and  gently,  and  receiving  the 
gas  over  mercury,  NaCl -f- S03,  HO  =  NaO, 
S03  +  HCI.  Prop.  A  colorless  gas,  with  a 
pungent  odor  and  an  acid  taste;  irrespirable, 
exciting  violent  spasm  of  the  glottis,  when 
diluted  with  air ;  far  less  irritating  than  chlo- 
rine; extinguishes  burning  bodies,  and  is  not 
itself  inflammable;  under  a  pressure  of  40  at- 
mospheres, and  at  a  temperature  of  50°,  it  is 
liquid;  spec.  grav.  1269;  refractive  power  = 
1-527  (air  =  l);  not  chemically  changed  by 
heat ;  readily  decomposed  by  galvanism,  hy- 
drogen appearing  at  the  — ,  and  chlorine  at 
the  -f-  pole ;  a  mixture  of  oxygen  and  chloro- 
hydric gases  electrified,  the  oxygen  unites  with 
the  hydrogen  of  the  acid  to  form  water,  and 
chlorine  is  set  free.  It  has  a  powerful  attrac- 
tion for  water,  a  dense  white  cloud  appearing 
when  it  escapes  into  the  air ;  a  piece  of  ice  put 
into  a  jar  of  the  gas  over  mercury  liquefies 
instantly,  while  the  gas  disappears  in  a  few 
seconds ;  on  opening  a  long  wide  jar  of  the  gas 
under  water,  absorption  takes  place  so  instan- 
taneously that  the  water  is  forced  up  into  the 
jar  as  into  a  vacuum;  increase  of  temperature 
takes  place  during  the  absorption  ;  1  vol.  water 
at  40°  absorbs  480  vols,  of  the  gas,  and  the  so- 
lution has  a  spec.  grav.  =  1-2109.  Composition  : 
H  =  1.  0=100.  InlOOpts. 

CI 35-47  442-64  97-26 

H 1  12-5  2-74 


36-47 


455-14 


100 


Fie.  37. 


Fig.  38. 


Formula,  HCI.    Berzelius  and  others,  write 
the  atom  HCI,  giving  it  5  the  above  combining 
weight,  and  call  the  double  atom,  H2C12,  an 
equivalent,  which  corresponds  to  our  HCI. 
Manufacture  of  Muriatic  acid. 

Commercial    mu- 
riatic acid  is  manu- 
factured from  oil  of 
vitriol  and  common 
salt  in  iron  retorts, 
several  of  which  are 
arranged  in  a  bench 
or   stack,  as    shown 
in    figs.  37  and    38. 
Fig.  37  is   a   trans- 
verse   section    of    a 
stack,  and  38  a  lon- 
gitudinal section  of 
one  of  the  cylinders, 
with    a    condensing 
carboy  attached,     a 
is   the   grate;    b,  a  fireplace,  in   which 
two   iron  cylinders,  c  r,  are  set   along- 
side of  each    other.     They  are  5|  feet 
long,  20  inches   in    diameter,  about   £ 
of  an   inch  thick,  and  take  1-6  cwts.  of 
salt  for  a  charge  ;  d  is  the  ashpit;  ee  are 
cast-iron  lids,  for  closing  both  ends  of  the 
cylinders;/  is  a  tube  in  the  posterior 
lid,  for  pouring  in  the  sulphuric  acid; 
g  is  another  tube,  in  the  anterior  lid,  for 
the  insertion  of  the  bent  pipe  of  hard 
glazed  stone-ware  h;  i  is  a  three-necked 
stone-ware  carboy;  k  is  a  tube  of  safety; 
I  a   tube   of  communication   with    the 
second  carboy;  mm,  mm  are  the  flues 


leading  to  the  chimney  n. 
2  o2 
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After  the  salt  has  been  introduced,  and  the 
fire  kindled,  83|  per  cent,  of  its  weight  of  sul- 
phuric acid,  of  spec.grav.  1-80, should  be  slowly- 
poured  into  the  cylinder  through  a  lead  funnel, 
with  a  syphon-formed  pipe.  The  three-necked 
carboys  may  be  either  placed  in  a  series  for 
each  retort,  like  a  range  of  Woulfe's  bottles,  or 
all  the  carboys  of  the  front  range  may  be 
placed  in  communication  with  one  another, 
while  the  last  carboy  at  one  end  is  joined  to  the 
first  of  the  second  range  ;  and  thus  in  succes- 
sion. They  must  be  half-filled  with  cold  water; 
and  when  convenient,  those  of  the  front  row  at 
least,  should  be  plunged  in  an  oblong  trough 
of  running  water.  The  acid  which  condenses 
in  the  carboys  of  that  row  is  apt  to  be  some- 
what contaminated  with  sulphuric  acid,  muri- 
ate of  iron,  or  even  sulphate  of  soda;  but  that 
in  the  second  and  third  will  be  found  to  be  pure. 
In  this  way  100  pts.  of  sea-salt  will  yield  130  pts. 
of  muriatic  acid,  of  spec.  grav.  1*19 ;  while  the 
sulphate  of  soda  in  the  retort  will  afford  from 
208  to  210  of  that  salt  in  crystals. 

It  is  proper  to  heat  all  the  parts  of  the  cylin- 
ders equably,  to  msure  the  simultaneous  de- 
composition of  the  salt,  and  to  protect  it  from 
the  acid  ;  for  the  hotter  the  iron,  and  the  stronger 
the  acid,  the  less  erosion  ensues. 

The  fire  should  be  briskly  kindled,  but  low- 
ered as  soon  as  the  distillation  commences; 
and  then  continued  moderate  till  the  evolution 


of  gas  diminishes,  when  it  must  be  heated 
somewhat  strongly  to  finish  the  decomposition. 
The  iron  door  is  now  removed,  to  exiract  the 
sulphate  of  soda,  and  to  recommence  another 
operation.  The  sulphate  ought  to  be  white  and 
uniform,  exhibiting  in  its  fracture  no  undecom- 
posed  sea-salt.     Ure. 

Instead  of  the  form  of  the  carboy  in  fig.  38, 
it  may  be  cylindrical,  with  only  2  necks,  into 
one  of  which  the  exit  tube  h  opens,  while  the 
tube  I  passes  from  the  other.  In  this  case  h 
does  not  pass  beneath  the  surface  of  the  liquid 
in  the  carboy,  and  hence  there  is  no  necessity 
for  the  safety  tube  k ;  for  the  affinity  of  the  gas 
to  the  water  is  so  strong  that  it  will  be  fully 
saturated  by  it.  With  this  arrangement,  when 
the  first  carboys  in  the  series  are  saturated 
they  are  removed,  and  replaced  by  the  follow- 
ing ones,  or  they  are  emptied  and  recharged 
with  water. 

Commercial  chlorohydric  acid  has  a  yellow 
color,  and  is  always  impure,  its  usual  impuri- 
ties being  nitric,  sulphuric,  and  sulphurous 
acids,  chlorine,  arsenic,  oxide  of  iron,  &c.  The 
presence  of  chlorine  may  be  inferred  if  the  acid 
dissolves  gold  leaf;  iron  is  detected  by  prus- 
siate  of  potassa,  sulphuric  acid  by  chloride  of 
barium,  after  dilution  with  3  or  4  pts.  water. 

The  following  table  by  Ure  represents  the 
strength  of  muriatic  acid  of  different  den- 
sities: 


Specific 

Chlorine. 

Muriatic 

Specific 

Chlorine. 

Muriatic 

Specific 

Chlorine. 

Muriatic    ' 

gravity. 

gas. 

gravity. 

gas. 

gravity. 

gas. 

1-2000 

39-675 

40-777 

1-1328 

26-186 

26-913 

1-0637 

12-697 

13-049 

1-1982 

39-278 

40-369 

1-1308 

25-789 

26-505 

1-0617 

12-300 

12-641 

1-1964 

38-882 

39-961 

1-1287 

25-392 

26-098 

1-0597 

11-903 

12-233 

1-1946 

38-485 

39-554 

1-1267 

24-996 

25-690 

1-0577 

11-506 

11-825 

1-1928 

38-089 

39-146 

1-1247 

24-599 

25-282 

1-0557 

11-109 

11-418 

1-1910 

37-692 

38-738 

1-1226 

24-202 

24-874 

1-0537 

10-712 

11-010 

1-1893 

37-296 

38-330 

1-1206 

23-805 

24-466 

1-0517 

10-316 

10-602 

1-1875 

36-900 

37-923 

1-1185 

23-408 

24-058 

1-0497 

9-919 

10-194 

1-1857 

36-503 

37-516 

1-1164 

23012 

23-050 

1-0477 

9-522 

9-786 

1-1846 

36- 107 

37-108 

1-1143 

22-615 

23-242 

1-0457 

9-126 

9-379 

1-1822 

35-707 

36-700 

1-1123 

22-218 

22834 

1-0437 

8-729 

8-971 

1-1802 

35-310 

36-292 

1-1102 

21-822 

22-426 

1-0417 

8-332 

8-563 

1-1782 

34-913 

35-884 

1-1082 

21-425 

22-019 

1-0397 

7-935 

8-155 

1-1762 

34-517 

35-476 

1-1061 

21-028 

21-611 

1-0377 

7-538 

7-747 

1-1741 

34-121 

35068 

1-1041 

20-632 

21-203 

1-0357 

7-141 

7-340 

1-1721 

33-724 

34-660 

1-1020 

20-235 

20-796 

1-0337 

6-745 

6-932 

1-1701 

33-328 

34-252 

1-1000 

19-837 

20-388 

1-0318 

6-348 

6-524 

1-1681 

32-931 

33-845 

1-0980 

19-440 

19-980 

1-0298 

5-951 

6-116 

1-1661 

32-535 

33-437 

1-0960 

19-044 

19-572 

1-0279 

5-554 

5-709 

1-1641 

32-136 

33-029 

1-0939 

18-647 

19-165 

1-0259 

5-158 

5-301 

1-1620 

31-746 

32-621 

1-0919 

18-250 

18-757 

1-0239 

4-762 

4-893 

1-1599 

31-343 

32213 

1-0899 

17-854 

18-349 

1-0220 

4-365 

4-488     1 

1-1578 

30-946 

31-805 

1-0879 

17-457 

17-941 

1-0200 

3-968 

4-076 

1-1557 

30-550 

31-398 

1-0859 

17-060 

17534 

1-0180 

3-571 

3-670 

1-1536 

30-153 

30-990 

1-0838 

16-664 

17-126 

1-0160 

3-174 

3-262 

1-1515 

29-757 

30-582 

1-0818 

16-267 

16-718 

1-0140 

2-778 

2-854 

1-1494 

29-361 

30-174 

1-0798 

15-870 

16-310 

10120 

2-381 

2-447 

1-1473 

28-964 

29-767 

1-0778 

15-474 

15-902 

1-0100 

1-984 

2-039     ; 

1-1452 

28-567 

29-359 

1-0758 

15-077 

15-494 

1-0080 

1-588 

1-631 

1-1431 

28-171 

28-951 

1-0738 

14-680 

15-087 

1-0060 

1-191 

1-224 

1-1410 

27-772 

28-544 

1-0718 

14-284 

14-679 

1-0040 

0-795 

0-816 

1-1389 

27-376 

28-136 

1-0697 

13-887 

14-271 

1-0020 

0-397 

0-408     ! 

1-1369 

26-979 

27-728 

1-0677 

13-490 

13-863 

1-1349 

-             

26-583 

27-321 

1-0657 

13-094 

13-456 

The  following  table  by  Thomson  shows  the  relation  between  the  equivs.  of  water  and  dry 
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acid,  of  different  specific  gravities.  It  will  be 
observed  that  the  numbers  are  a  little  higher 
than  those  of  Ure. 


Atoms  of 

Atoms  of 

Real  acid  in  100  of 

Specific 

acid. 

water. 

the  liquid. 

gravity. 

1 

fi 

40-659 

1-203 

1 

7 

37-000 

1-179 

1 

8 

33-945 

1-162 

1 

9 

31-346 

1-149 

1 

10 

29-134 

1-139 

1 

11 

27-206 

1-1285 

1 

12 

25-517 

1-1197 

1 

13 

24-026 

1-1127 

1 

14 

22-700 

11060 

1 

15 

21-512 

1-1008 

1 

16 

20-442 

1-0960 

1 

17 

19-474 

1-0902 

1 

18 

18-590 

1-0800 

1 

19 

17-790 

1-0820 

1 

20 

17-051 

1-0780 

Pure  Muriatic  arid.  Prep.  1.  This  may  be  pro- 
cured by  adding  5  pts.  oil  of  vitriol,  diluted  with 
1  pt.  water  and  cooled,  to  3  pts.  common  salt  in 
a  retort  or  flask  connected  with  a  Woulfe's  ap- 
paratus of  3  flasks,  in  the  first  and  third  of 
which  is  a  little  water,  in  the  second  about  5 
pts.  water.  A  very  gentle  heat  is  gradually 
applied  ;  NaCI,  HO  +  2  S03  =  NaO,  2  SO?  4- 
HC1.  2.  In  a  similar  apparatus  add  a  little 
binoxide  of  manganese  to  one  part  of  the  strong 
muriatic  acid  of  commerce  to  convert  any  sul- 
phurous into  sulphuric  acid,  and  a  little  proto- 
chloride  of  iron  to  absorb  chlorine ;  then  by 
means  of  an  S  tube  pour  2  pts.  oil  of  vitriol  of 
1-834  into  the  retort,  and  gradually  heat  to  boil- 
ing; the  oil  of  vitriol  retains  the  water.  Lern- 
bert. 

Prop.  Concentrated  and  pure  chlorohydric 
acid  is  a  colorless  liquid,  emitting  white  vapors 
when  exposed  to  the  air,  is  intensely  sour,  red- 
dens litmus  paper  strongly,  and  neutralizes 
alkalies ;  combines  with  water  in  every  pro- 
portion, causing  an  increase  of  temperature; 
refractive  in  direct  ratio  to  density;  freezes  at 
—  60°  F. ;  and  boils  at  110°,  or  a  little  higher, 
giving  off  chlorohydric  gas ;  a  strong  acid  be- 
comes weaker  by  boiling,  a  weak  acid  stronger, 
that  acid  of  1-1  containing  20  per  cent,  gas,  or 
HC1,  16  HO,  having  a  constant  boiling  point. 
See  Absohptiox,  p.  4. 

Use.  Muriatic  acid  is  largely  employed  in 
the  arts  for  dissolving  metals,  (tin-salts,  &c.,) 
earths  (bones,  &c.) ;  its  uses  chiefly  depending 
on  the  strong  affinities  of  chlorine,  and  the  solu- 
bility of  most  chlorides.  To  the  theoretic 
chemist  it  is  one  of  the  most  invaluable  re- 
agents on  the  same  grounds,  being  his  prin- 
cipal acid  solvent. 

2.  C hhrohy drate  of  Nitric  Oxiik.  Reinsch  ob- 
tained this  compound  by  distilling  sulphate  of 
nitric  oxide  and  common  salt,  and  by  direct 
union  of  the  two  gases.  It  is  a  greenish  yellow 
oily  liquid,  much  less  acid  and  acrid  than  mu- 
riatic acid,  and  exceedingly  volatile,  even  at 
46°.     Chcm.  Gaz.  ii.  85. 

3.  Bichloride  of  Hydrogen.  Millon's  bichlo- 
ride requires  farther  experiment. 

Chlorine  and  Oxygen.  1.  Hypochlorous  arid. 
Ger.  Unterchlorige  Saure.   Prep.  In  a  free  state. 
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1.  Introduce  yellow  oxide  of  mercury,  precipi- 
tated and  heated  to  530°  or  570°,  into  a  glass 
tube,  pass  dry  chlorine  slowly  through  it,  and 
receive  the  gas  in  dry  jars  or  into  water;  HgO-f- 
2  CI  =  HgCI  +  CIO,  Pelouze,  Balard.  2.  Pass 
chlorine  into  water  containing  suspended  car- 
bonate of  lime  or  sulphate  of  soda,  and  gently 
distil  off  the  acid.  Williamson,  Ch.  Soc.  Dec.  1844. 
In  combination.  Chlorine  passed  through  hy- 
drous alkali  forms  chloride  and  hypochlorite. 

Prop.  An  orange-yellow  gas,  darker  than 
chlorine,  of  a  somewhat  similar  odor,  con- 
densing to  a  blood-red  liquid  by  a  temperature 
of  —4°  (a  mixture  of  salt  and  snow).  The 
liquid  resumes  its  gaseous  state  at  62°  to  68°, 
but  is  very  explosive,  often  decomposing  by 
shaking  or  pouring,  not  only  rising  in  vapor 
but  changing  into  chlorine  and  oxygen  ;  potas- 
sium, phosphorus,  arsenic,  and  powdered  anti- 
mony oxidize  often  with  explosion  in  the  gas 
or  liquid.  The  gas  is  easily  decomposed  with 
explosion  by  warmth,  without  explosion  in  sun- 
light; spec.  grav.  =  2-977,  by  calculation  3-30. 

Water  at  32°  absorbs  200  times  its  volume 
of  the  gas,  or  100  pts.  water  77-36  pts.  of  the 
gas,  whence  this  solution  is  CIO  -|-  6  HO.  The 
solution  has  the  same  odor  as  bleaching  salt, 
but  far  more  intense :  it  has  a  very  caustic 
action  on  the  skin ;  arsenic  burns  in  it  with  a 
blue  flame;  antimony  decomposes  it;  muriatic 
acid,  ammonia,  oxalic  acid,  produce  violent 
effervescence;  arsenious  acid  becomes  oxi- 
dized in  it  with  slight  detonations  forming 
arsenic  acid ;  sulphuret  of  lead  is  quickly  con- 
verted into  sulphate  of  lead  even  by  very  dilute 
solutions,  which  may  therefore  be  recom- 
mended for  washing  white  oil  colors  which 
have  become  brown  ;  salts  of  the  protoxide  of 
manganese  are  immediately  changed  into  per- 
oxide of  manganese ;  from  lead  salts  brown 
peroxide  is  precipitated,  and  these  reactions 
may  be  employed  to  advantage  in  obtaining 
the  two  peroxides  in  a  state  of  very  fine  divi- 
sion. In  the  case  of  peroxide  of  lead  a  dilute 
solution  of  the  basic  acetate  is  most  to  be 
recommended.  Chloride  of  silver  decomposes 
the  aqueous  acid,  and  when  muriatic  acid  is 
added  in  drops  to  the  aqueous  acid  at  a  tem- 
perature of  36°  to  38°,  a  very  abundant  crop 
of  crystals  of  the  hydrate  of  chlorine  is  ob- 
tained.    Pelouze  in  Complex  Ixnuhis,  xvi.  p.  43. 

The  aqueous  acid  is  readily  decomposed  by 
heat  and  light,  especially  by  the  sun's  rays; 
the  more  dilute  the  less  rapid  the  decomposi- 
tion;  chlorine  and  oxygen  are  evolved  and 
chloric  acid  remains.  The  powerful  affinities 
of  both  chlorine  and  oxygen  for  other  sub- 
stances, and  the  feeble  affinity  which  holds 
themselves  together,  indicate  clearly  that  a 
vast  number  of  substances,  both  inorganic  and 
organic  will  readily  decompose  hypochlorous 
acid;  giving  rise  chiefly  to  oxides,  but  also  to 
oxides  and  chlorides.  It  is  hence  a  most 
powerful  bleaching  agent.  Form.ClO  =  43-l8. 

Hypochlorites.  They  are  formed,  1,  by  solu- 
tion of  oxides  in  the  acid ;  2,  by  passing  2  eq. 
chlorine  into  a  solution  of  2  eq.  caustic  or  car- 
bonated alkali,  or  into  caustic  alkaline  earths; 
a  chloride  and  hypochlorite  are  formed ;  2  KO-f- 
2  CI  =  KC1  4-  KO,  CIO.  It  is  in  this  manner 
that  Bleaching  Powder  is  formed.   The  hypo- 
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chlorites  consist  of  1  eq.  base  and  1  eq.  oxide; 
MO,  ClO„;  they  have  a  caustic,  astringent 
tasie;  decompose  by  light,  especially  by  the 
sun's  rays,  into  chloride  and  chlorate,  usually 
evolving  oxygen;  the  decomposition  is  more 
or  less  hindered  in  proportion  to  excess  of 
alkali.  They  are  powerful  oxidizers,  even 
when  mixed  with  chlorides,  such  as  bleaching 
powder,  changing  the  metalloids  and  their 
lower  oxides  into  the  highest  oxides  or  acids  ; 
the  sulphuretted  metals  are  changed  into  sul- 
phates, the  metals  themselves  mostly  into  oxy- 
chlorides,  tin,  zinc,  antimony,  copper,  mercury, 
silver,  or  its  oxide,  becomes  chlorides.  They 
have  powerful  bleaching  properties,  unless 
alkali  be  in  excess,  when  an  acid  developes  its 
power,  even  the  feeblest;  the  feeble  and  the 
stronger  acids  diluted  develope  hypochlorous 
acid;  the  more  concentrated  eliminate  chlorine. 
Hence  a  dilute  solution  of  bleaching  salt  treated 
with  sulphuric  acid  retains  its  bleaching  power 
for  some  time. 

%.  Chlorous  acid.  Ger.  Chlorige  Siiure.  This 
acid,  long  since  supposed  to  exist  in  combina- 
tion, in  bleaching  liquids  prior  to  the  formation 
of  chloric  acid,  has  been  thus  isolated  by  Millon. 
1.  Mix  1  eq.  arsenious  acid  with  1  eq.  chloric 
acid  in  solution  and  distil;  As03  -|-  C106  = 
As05+  C103.  2.  Mix  20  pts.  finely  powdered 
and  moistened  chlorate  of  potassa  with  15  pts. 
fine  arsenious  acid,  pour  on  the  mixture  60  pts. 
pure  nitric  acid,  of  spec.  grav.  1-327,  previously 
diluted  with  20  pts.  water,  fill  it  into  a  flask 
until  nearly  full,  which  connect  with  a  tube,  and 
heat  it  from  113°  to  122°,  but  not  beyond  122°, 
for  fear  of  explosion.  3.  Heat  in  a  similar 
manner  1  pt.  tartaric  acid,  4  pts.  chlorate  of 
potassa,  6  pts.  nitric  acid,  and  8  pts.  water.  The 
gas  may  be  received  in  dry  vessels  or  in  water. 

Prop.  A  deep  greenish  yellow  gas,  with  an 
odor  closely  resembling  that  of  hypochlorous 
acid,  and,  like  it,  condensible  to  a  red  liquid  by 
a  greater  cold,  decomposing  by  a  slight  explo- 
sion at  135°  into  chlorine  and  oxygen  ;  bleaches 
indigo-blue  solution  ;  1  vol.  water  at  68°  dis- 
solves 6  vols,  gas,  with  a  gold-yellow  color, 
caustic  taste,  producing  a  yellow  spot  on  the 
skin  ;  the  gas  and  solution  are  both  decomposed 
by  sunlight;  the  dry  gas  does  not  act  on  the 
metals,  except  mercury;  the  aqueous  acid  acts 
on  them,  forming  oxychlorides,  chlorates,  and 
chlorides ;  gold,  platinum,  and  antimony  are 
not  acted  on ;  it  does  not  unite  for  some 
minutes.  It  is  decomposed  by  few  organic 
substances.     Form.  C103,  eq.  =  59-5. 

Chlorites.  Formed  by  direct  union.  They 
are  all  decomposed  by  dilute  nitric  acid,  chlo- 
rous acid  being  set  free;  some  cannot  be 
concentrated  beyond  a  certain  point  without 
decomposition;  soda  and  baryta  form  also 
bichlorites,  with  deep  red  solutions,  uncrystal- 
lizable;  the  salts  of  baryta,  strontia,  lead,  and 
silver  are  crystallizable.     Form.  MO,  C103. 

3.  Hypochloric  arid.  Syn.  Peroxide  of  Chlo- 
rine, Chlorous  acid.  Prep.  Heat  1  pt.  chlorate 
of  potassa  in  a  glass  retort  nearly  to  fusion, 
pour  over  it  when  cold  4  pts.  oil  of  vitriol,  and 
heat  it  gradually  in  a  water-bath  in  the  space 
of  3  hours  from"  54°  to  212°,  (Stadion:)  or  heat 
the  same  mixture  without  previously  heating 
the  chlorate,  and  with  less  oil  of  vitriol.  (Duvy.) 
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3  (KO,  CIOs)  +  4  S03  =  2  (KO,  2  S03)  -f  KO, 
C10.  +  2C104. 

Prop.  A  lively  greenish  yellow  gas,  brighter 
than  chlorine,  and  less  sulfocating,  with  an 
aromatic  odor;  spec.  grav.  —  2336;  condenses 
in  a  syphon  tube  by  its  own  pressure  to  a  trans- 
parent, yellow  liquid,  of  spec.  grav.  1-5;  first 
reddens,  then  bleaches  litmus  paper;  1  vol. 
water  dissolves  7  vols,  of  the  gas,  with  the 
same  color,  giving  off  white  fumes  in  the  air; 
unchangeable  in  the  dark,  rapidly  in  sunlight; 
the  solution  changes  by  light  into  chlorine  and 
chloric  acid;  forms  with  alkali  a  chlorate  and 
chlorite,  (Millon ,-)  a  chlorate  and  chloride, 
(Davy  and  Snidioii  ,•)  acids  evolve  hypochloric 
from  these  solutions,  (Martens.)  Form.  C104, 
eq.  =  67*5. 

4.  Cliloric acid.  Syn.  Hyperoxymuriatic  acid. 
Ger.  Chlorsilure.  Prep.  1.  Expose  3  in  solu- 
tion, to  light;  heat  gently  to  expel  chlorine. 
2.  Add  dilute  sulphuric  acid  to  a  solution  of 
chlorate  of  baryta,  till  the  filtered  liquid  is  pre- 
cipitated neither  by  chlorate  of  baryta  nor  by 
sulphuric  acid.  3.  Mix  a  hot  solution  of  chlo- 
rate of  potassa  with  fluosilicic  acid,  filter,  mix 
with  silica,  and  evaporate  below  86°,  in  vacuo, 
over  oil  of  vitriol. 

Prop.  Only  known  in  solution.  It  reddens 
vegetable  blues,  has  an  acid  taste;  possesses  no 
bleaching  properties,  which  distinguishes  it 
from  1,2,  and  3  ;  gives  no  precipitate  in  a  solu- 
tion of  nitrate  of  silver;  its  solution  maybe 
concentrated  by  a  gentle  heat,  and  then  it  sets 
fire  to  paper  and  other  dry  organic  matter,  and 
converts  alcohol  into  acetic  acid  ;  when  heated 
above  104°,  part  of  the  acid  is  resolved  into 
chlorine  and  oxygen,  while  another  portion  is 
converted  into  perchloric  acid,  and  passes  over 
into  the  receiver  in  the  form  of  a  dense  color- 
less liquid.  (Serullus.)  It  is  easily  decomposed 
by  deoxidizing  agents  ;  sulphurous  acid  forms 
sulphuric  acid  and  evolves  chlorine ;  by  sul- 
phohydric  acid  water  is  generated,  while  sul- 
phur and  chlorine  are  set  free.  Chlorohydric 
acid  decomposes  it  into  water  and  chlorine. 
Form.  C105 ;  eq.  =  75-5. 

Chlorates.  They  are  formed  directly  by  mix- 
ing the  acid  and  oxide,  or  by  decomposing 
chlorate  of  baryta  by  a  sulphate  or  carbonate; 
the  alkaline  by  passing  chlorine  through  the 
solution  of  alkali,  and  separating  chloride  and 
chlorate  by  crystallization.  They  are  deliques- 
cent, except  the  salts  of  potassa,  baryta,  lead, 
mercury,  and  silver,  nearly  all  crystallizable 
with  and  without  crystal  water;  soluble  in  al- 
cohol, except  ammonia  and  strontia,  the  salt 
of  baryta  slightly.  They  are  all  decomposed 
by  heat,  some  evolving  oxygen  and  leaving  a 
chloride,  the  alkalies,  silver;  or  oxygen  and 
chlorine,  leaving  oxide  and  chloride,  the  alka- 
line earths,  lead,  mercury,  cadmium;  leaving 
peroxide,  manganese,  nickel,  cobalt,  lead;  the 
salts  of  potassa  and  soda,  heated  to  a  given 
point,  separate  into  chloride  and  perchloride, 
evolving  some  oxygen,  2  (KO,  ClOg)  =KCI  + 
KO,  C107  -f-  04.  "When  mingled  with  combus- 
tibles, they  explode  by  heat,  some  by  friction 
or  impact,  (with  phosphorus,  sulphur,  &c.,) 
some  by  adding  oil  of  vitriol  (with  sugar,  &c). 
They  are  readily  decomposed  by  strong  acids, 
even  by  oxalic,  citric,  and  tartaric  acids,  chlo 
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rine,  oxygen,  and  hypochloric  acid  being 
evolved.  See  Chlorate  of  Potassa  under  Potas- 
sium.    General  formula,  MO,  CIO.. 

5.  Perchloric  acid.  Ger.  Ueberchlorsiiure.  Prep. 
5  pts.  of  finely  pulverized  perchlorate  of  potassa 
are  put  into  a  retort,  and  10  pts.  of  sulphuric 
acid,  of  spec.  grav.  1-848,  diluted  with  1  pt.  of 
distilled  water  are  added.  A  receiver  is  adjusted 
without  any  lute  of  paper  or  other  organic 
matter ;  if  any  be  used  it  should  be  of  asbestus. 
As  hyperchloric  acid  is  volatilized  at  284°,  it 
is  better  not  to  let  the  mixture  boil;  by  this 
means  sulphuric  acid  is  prevented  from  pass- 
ing over.  If  the  residue  in  the  retort  becomes 
colorless  and  no  more  drops  pass  over,  although 
the  temperature  is  high,  then  the  operation  is 
finished.  In  this  way  3  pts.  of  impure  acid  are 
obtained,  spec.  grav.  1-455.  If  the  distillation 
has  been  conducted  too  rapidly  it  contains  sul- 
phuric acid,  and  has  a  higher  specific  gravity. 
To  free  it  from  chlorine  and  sulphuric  acid,  it 
is  shaken  with  a  small  excess  of  sulphate  of 
silver,  and  the  filtered  solution  is  mixed  with 
newly  precipitated  carbonate  of  baryta  until  all 
the  sulphuric  acid  is  saturated  and  only  a  little 
hyperchlorate  of  baryta  is  formed.  The  filtered 
acid,  containing  silver  and  baryta,  is  then  dis- 
tilled in  an  oil-bath  at  a  gentle  heat,  and  the 
water  which  passes  over  first  received  by  itself 
until  it  has  an  acid  reaction.  The  distillation 
may  be  conducted  to  dryness.  The  acid  thus 
obtained  is  pure,  colorless,  and  transparent. 
Its  specific  weight  lies  between  1-117  and  1-824; 
it  is  oily  like  sulphuric  acid.  5  pts.  perchlo- 
rate 3'ield  1-5  pts.  of  the  pure  acid.  (Nalivelle 
in  Chcm.  Gaz.  i.  17.)  To  prepare  the  crystal- 
lized acid,  distil  the  concentrated  liquid  acid 
with  oil  of  vitriol  at  a  gentle  heat;  it  de- 
posits in  the  neck  of  the  retort  and  in  the  re- 
ceiver. 

Prop.  The  solid  acid,  is  a  white,  crystalline 
mass,  or  long  4-sided  prisms,  fusing  at  113°, 
fumes  in  the  air,  is  very  deliquescent.  The 
liquid  acid  is  colorless,  oily  when  concentrated, 
inodorous,  agreeably  acid,  volatilizes  at  284°, 
is  not  decomposed  by  sunlight,  sulphuretted 
hydrogen,  sulphurous  or  muriatic  acid,  or  when 
heated  with  alcohol;  paper  imbued  with  it  does 
not  inflame  spontaneously.    In  general,  it  ex- 

1.  2. 

Silica 31-14  30-376 

Alumina 17-14  16-966 

Magnesia 34-40  33-972 

Protoxide  of  iron 3-85  4-374 

Protoxide  of  manganese. .     0-53  — 

Water 12-20  12-632 


hibits  greater  stability  than  would  be  sup- 
posed from  its  composition,  and  the  nature  of 
the  other  oxacids  of  chlorine.  Formula,  C107, 
eq.  =  91-5. 

Perchlorates.  Crystallizable,  most  of  them 
deliquescent,  very  soluble  in  water,  and  solu- 
ble in  alcohol,  those  not  deliquescent  are  the 
salts  of  potassa,  ammonia,  and  protoxides  of 
lead  and  mercury.  When  heated  to  redness, 
they  decompose  in  a  manner  similar  to  the 
chlorates,  but  less  easily,  and  their  explosive- 
ness  with  combustibles  is  less  violent;  they 
are  distinguished  from  the  chlorates  by  not 
acquiring  a  yellow  tint  on  the  addition  of  hy- 
drochloric acid  ;  the  salt  of  potassa  is  the  most 
insoluble  perchlorate,  and  hence  perchloric  acid 
precipitates  potassa  from  its  salts  like  tartaric 
acid.  The  solubility  in  alcohol  of  the  salt  of 
baryta,  soda,  and  oxide  of  silver,  and  the  in- 
solubility of  the  salt  of  potassa,  may  be  em- 
ployed for  the  separation  of  potassa  and  soda 
in  analysis.     Neutral  salts,  MO,  CI07. 

Other  compounds  of  chlorine  see  under  the 
several  elements. 

CHLORITE.  Min.  Syn.  Chlorite  slate,  Ripi- 
dolite,  Chloropheeite,  Talc  Zographique,  H. 
Descrip.  Cryst.  Hexagonal;  cleavage  parallel 
with  the  base  and  highly  perfect;  it  also  occurs 
in  radiated  forms,  and  massive,  of  a  granular 
texture,  or  earthy.  H.=  l-5.  G.  =  2-65— 2-85. 
Color  emerald-green,  seen  in  the  direction  of 
the  axis,  and  yellowish  or  hyacinth-red,  at  right 
angles  with  it;  massive  varieties  olive-green  ; 
lustre  vitreous  to  pearly ;  transparent,  subtrans- 
lucent;  laminae  not  elastic. 

Behavior.  Yields  water  in  a  closed  tube ; 
fuses  generally  with  difficulty  on  charcoal  to  a 
black  bead  ;  soluble  in  borax,  giving  an  iron 
reaction  ;  slightly  soluble  in  mic.  salt,  leaving 
a  skeleton  of  silica;  does  not  unite  with  soda, 
but  on  the  edges.  Oil  of  vitriol  decomposes 
thin  lamina?;  chlorohydric  acid  scarcely  acts 
on  it  before  ignition,  readily  after. 

Jlnalysis.  1.  Chlorite  from  Achmatowsk  by 
v.  Kobell  ;  2,  by  Varrentrapp;  3,  from  Schwar- 
zenstein  by  v.  Kobell;  4,  from  Zillerthal  by 
Briiel ;  5,  Ripidolite  from  Greiner  in  Zillerthal; 
6,  from  Rauris  by  v.  Kobell ;  7,  from  St.  Gott- 
hardt  by  Varrentrapp. 


99-26 


98-310 


3. 

4. 

5. 

6. 

7. 

32-68 

31-466 

26-51 

26-06 

25-367 

14-57 

16-666 

21-81 

18-47 

18-496 

33-11 

32-564 

22-83 

14-69 

17-086 

5-97 

5-974 

15-00 

26-87 

28-788 

0-28 

0-011 

— 

062 

— 

12-10 

12-425 

12-00 

10-45 

8-958 

98-71 

99-106 

98-15 

97-16 

98-698 

In  Nos.  1,  3,  and  6  there  was  an  undecom- 
posed  residue,  amounting  in  6  to  2^  per  cent. 
Nos.  1 — 4  are  Chlorite,  No  .  5 — 7  are  Ripido- 
lite. Some  assume  an  aluminate  in  chlorite, 
but  the  following  formulae  of  Varrentrapp  ap- 
pear simpler. 

Chlorite. 

3  MgO  (FeO),  Si03  +  A1203,  SiO„  +  2  (MgO, 
2  HO). 
56 


Ripidolite. 

3  FeO  (MgO),  Si03  +  A1203,  Si03  +  3  (MgO, 

HO). 

Local.  Chlorite  forms  extensive  strata,  chiefly 
constituting  the  Chlorite  slate;  it  also  occurs 
in  ferruginous  gneiss,  &c,  often  replacing 
mica. 

CHLORITE-SLATE.  Geol,  A  so-called  Pri- 
mary  formation,   of   a   slaty   structure,   and 
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abounding  in  chlorite,  which  seems  to  occupy 
the  place  of  mica  in  other  formations.  An 
analysis  of  a  chlorite-slate  from  Tyrol  by  Var- 
rentrapp  gave 

Silica 31-54 

Alumina 5-44 

Magnesia 41-54 

Peroxide  of  iron 10-18 

Water 9-32 


98-02 


It  resembles  talcose  slate,  is  less  soapy  to 
the  touch,  and  has  a  darker  green  color. 

CHLORITOID.  Mm.  Massive,  foliated, 
curved  -,  of  a  greenish  black  color.  H.  =  5-5. 
G.  =  3-55.  Before  the  blowpipe  it  is  infusible, 
but  becomes  darker  ;  soluble  perfectly  in  borax 
and  mic.  salt,  giving  a  strong  iron  reaction. 
Analysis.  1.  By  Erdmann  ;  2,  by  v.  BonsdorfT. 
1.  2. 

Silica 24-90         27-48 

Alumina 46-20         35-57 

Protoxide  of  iron 28-89         27-05 

Protoxide  of  manganese. .     —  0-30 

Magnesia —  4-29 

Water —  6-95 


99-99       101-64 


The  two  are  evidently  different  minerals. 
Erdmann  proposes  the  formula, 

3  FeO,  Si03  +  3  A1203,  Si03,  or 
3  FeO,  A1203  +  2  (Al263,  Si03). 

It  was  found  at  Koroibrod  in  the  Ural. 

CHLOROFORM.  Syn.  Perchloride  of 
Formyl.  Prep.  1.  Chloral  is  mixed  with  milk 
of  lime,  potassa,  or  barytic  water,  and  distilled  ; 
the  dense  liquid  is  repeatedly  agitated  with 
water,  and  then  with  about  6 — 8  times  the 
volume  of  the  liquid  of  sulphuric  acid ;  the 
chloroform  is  drawn  off  from  the  surface,  and 
finally  distilled  over  baryta.  2.  Mix  together 
1  pt.  bleaching  powder,  3  pts.  water,  and  I — f 
pts.  alcohol,  and  distil.  3.  Acetone  distilled 
with  bleaching  powder  also  yields  it  abun- 
dantly. 

Prop.  A  transparent  colorless  liquid,  of  an 
ethereal  odor  and  taste;  spec.  grav.  =  1-480; 
boils  at  141^°;  spec.  grav.  of  vapor  =  4199; 
not  inflammable;  its  vapor  passed  over  red- 
hot  iron  or  copper  is  entirely  decomposed, 
forming  a  metallic  chloride  covered  with  char- 
coal;  decomposed  by  lime  at  a  dull  red-heat; 
not  decomposed  by  potassium,  but  when  the 
latter  is  heated  in  its  vapor  it  burns  with  an 
explosion,  chloride  of  potassium  being  formed 
and  charcoal  deposited ;  when  long  boiled  with 
the  alkaline  hydrates  it  is  converted  into  an 
alkaline  chloride  and  formate;  alcohol  and 
ether  dissolve  it  readily,  and  water  throws  it 
down  again;  it  dissolves  sulphur,  phosphorus, 
and  iodine  without  alteration.  Form.  C2HC13, 
or  FoCl3,  corresponding  to  formic  acid  with  all 
its  oxygen  replaced  by  chlorine. 

CHLOROMELAN.  Min.  SeeCaoNSTEDTiTE. 

CHLOROPAL.  Min.  Descrip.  Massive  and 
compact;  earthy.  H.  =  3 — 4.  G.  =  1-727— 
1-870;  (earthy  varieties,  the  second  compact;) 
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2-105  (a  Ceylon  specimen).  Color  greenish 
yellow  and  pistachio-green  ;  opake,  translu- 
cent; brittle,  with  a  conchoidal  and  splintery 
fracture. 

.'lnahjsis.  1,  Compact,  2,  earthy  by  Bern- 
hardi  and  Brandes;  3,  from  Ceylon  by  Thom- 
son : — 

1.  2.  3. 

Silica 46  45-00  53-00 

Protoxide  of  iron  33  32-00     Fe203  26-04 

Magnesia 2  200  1-40 

Alumina 1  0-75  1-80 

Water 18  20-00  18-00 


100 


99-75 


100-25 


Behavior.  Infusible  before  the  blowpipe,  be- 
coming black,  and  then  brown.  It  gives  the 
reaction  of  iron  with  the  fluxes.  The  mineral 
analyzed  by  Thomson  differs  from  the  speci- 
mens from  Unghwarin,  Hungary,  in  composi- 
tion and  in  other  respects. 

CHLOROPHAN.     Min.     See  Fluor  Spar. 

CHLOROPHJDITE.  Mm.  Massive,  in  small 
grains ;  transparent,  and  of  a  bright  or  dull 
green  color;  soon  becoming  brown  and  black 
and  opake  on  exposure  to  the  air;  brittle ;  frac- 
ture conchoidal.  It  consists  of  silica  and  prot- 
oxide of  iron,  with  a  little  alumina,  and  before 
the  blowpipe  is  fusible  to  a  magnetic  glass. 

CHLOROPHYLL.  Ger.  Blattgrun.  The 
green  coloring  principle  in  leaves.  It  is  usually 
obtained  by  treating  grass  with  boiling  water, 
then  with  alcohol  or  ether, evaporating  or  mix- 
ing with  water,  and  distilling.  It  is  a  green 
waxy  substance,  but  statements  vary  in  regard 
to  its  qualities,  and  we  know  not  whether  it  be 
a  fat,  resin,  &c.  Its  color  appears  to  be  easily 
changed  to  a  yellow.  The  following  experi- 
ments by  Preisser  throw  a  little  light  on  the 
subject. 

Some  green  leaves  were  crushed  in  a  porce- 
lain mortar.  The  green  liquor  which  resulted 
from  it  was  treated,  after  filtration,  with  a  little 
hydrate  of  lead,  which  entirely  precipitated  the 
green  matter  and  discolored  the  liquor.  The 
lake  was  decomposed  by  sulphuretted  hydro- 
gen. The  filtered  liquid  was  without  color.  It 
was  passed  under  a  bell-glass  full  of  mercury 
containing  oxygen.  After  a  few  days  a  portion 
of  the  gas  was  absorbed,  the  liquid  was  colored 
green,  and  had  deposited  some  flakes  of  a 
darker  green.  The  absorption  of  the  gas  had 
taken  place  more  especially  under  the  influence 
of  the  solar  light. 

On  evaporating  to  dryness  the  yellowish 
liquid,  obtained  by  decomposing  the  lead  salt 
by  sulphuretted  hydrogen,  a  matter  is  obtained 
having  much  analogy  with  the  Xanlhophyll  of 
Berzelius.     Chem.  Gaz.  ii.  432. 

CHLOROPHYLLITE.  Min.  Syn.  Esmar- 
kite.  Descrip.  Occurs  in  six  and  twelve-sided 
prisms ;  highly  foliated  parallel  to  the  base  of 
the  prism ;  sometimes  also  a  prismatic  cleavage 
more  or  less  distinct.  H.  of  basal  plane  1-5 — 2 ; 
the  lateral  edges  will  scratch  apatite.  G.  = 
2-705 — 2-709.  Color  green  or  greenish,  green- 
ish-brown, dark  olive-green ;  lustre  of  basal 
plane,  pearly;  of  lateral,  pearly,  or  greasy  to 
imperfectly  vitreous ;  translucent  to  subtrans- 
lucent ;  folia  neither  flexible  nor  elastic  ;  brittle- 


CHLOROSPINEL. 

Behavior.  Yields  water  before  the  blowpipe, 
and  becomes  bluish  gray,  but  fuses  only  on  the 
edges.  With  carbonate  of  soda,  effervescence 
takes  place,  and  an  opake  greenish  enamel  is 
formed,  which  becomes  darker  green  in  the 
reducing  flame. 

Analysis.  1.  From  Unity,  Maine,  by  Jack- 
son ;  2,  from  Brevig,  Norway,  by  Erdmann. 

l.  2. 

Silica 45-20  45-97 

Alumina 27-60  32-08 

Magnesia 9-60  10-32 

Protoxide  of  iron 8-24  3-83 

Protoxide  of  manganese. .    4-08  0-41 

Water 3-60  5-49 


98-32 


98-10 


Traces  of  phosphoric  acid  were  detected  in 
the  chlorophyllite.  It  is  closely  allied  to  the  hy- 
drousiolite  of  Bonsdorff,butcontainsless  water. 
Like  that,  it  is  found  associated  with  ioliie. 

Local.  It  often  forms  thin  folia  interlaminated 
with  plates  of  iolite  in  the  hexagonal  prisms 
of  this  mineral,  and  sometimes  appears  to 
graduate  into  iolite.  The  C.  of  Jackson  occurs 
abundantly  in  large  prismatic  and  tabular  crys- 
tals at  Neal's  mine  in  Unity,  Maine,  associated 
with  hornblende  rocks  containing  iron  and 
copper  pyrites;  with  iolite  at  Haddam,  Con- 
necticut. The  Esmarkite  of  Erdmann  is  found 
in  granite  near  Brevig  in  Norway.     Dana. 

CHLOROSPINEL.     Min.    See  Spinel. 

CHOCOLATE.  Tech.  The  kernel  of  the 
Theobroma  Cacao  ground  to  a  fine  powder  and 
made  into  a  paste,  which  is  formed  into  cakes 
and  hardens.  It  is  sometimes  mixed  with 
sugar,  and  a  flavor  often  imparted  to  it  by  va- 
nilla, cinnamon,  &c.  Adulterations  are  flour 
or  starch,  and  red  coloring  matter.  The  former 
is  innocent,  and  the  latter  may  be,  but  both 
should  be  abandoned.     See  Cacao. 

CHOLANIC,CHOLIC,CHOLINIC  ACIDS. 
See  under  Bile. 

CHOLESTERIN.  Ger.  Gallenfett.  Found 
in  the  blood,  brain,  and  bile  of  animals.  It  is 
most  easily  prepared  from  gall-stones,  by  dis- 
solving them  in  boiling  alcohol,  filtering  hot, 
and  cooling  slowly  ;  the  crystals  pressed  from 
the  mother-liquor  are  recrystallized  several 
times  from  alcohol.  White,  pearly  scales  or 
leaves,  inodorous  and  tasteless,  heavier  than 
water  when  fused,  fuses  at  279°,  volatilizes  in 
close  vessels ;  soluble  in  9  pts.  boiling  alcohol 
of  0-84  and  5-55  pts.  of  0-816,  in  12-1  pts.  ether 
at  32°,  3-7  at  59°,  2-2  at  boiling,  in  wood-spirit 
as  in  alcohol,  in  boiling  oil  of  terpentine 
slightly,  soluble  also  in  water  containing  4  pts. 
dry  soap  ;  fuses  with  the  fats;  heated  sulphuric 
acid  with  water  decomposes  it,  nitric  acid 
changes  it  into  cholesteric  acid,  and  artificial 
tannin. 

Heated  with  caustic  potassa  to  266°,  and 
treated  with  ether,  the  latter  dissolved  unal- 
tered cholesterin  and  a  resinous  substance ; 
the  residue  dissolved  in  water,  and  treated 
with  chlorohydric  acid,  a  yellow  substance 
rises  to  the  surface,  of  a  resinous  character, 
which  is  soluble  in  ether,  alcohol,  and  caustic 
and  carbonated  alkalies.    If  the  air  have  not 


CHONDRODITE. 

free  access,  more  of  the  resin  is  formed,  but 
the  latter  is  changed  into  the  acid  by  a  strong 
heat  and  free  access  of  air.  (/.  Lawrence  Smith.) 
Smith  concludes  that  cholesterin  is  one  of  a 
class  of  bodies  containing  spermaceti,  ambrein, 
ethal,  &c.  See  Ambrein  and  Ceten.  Form. 
C38H330,orCH320. 

Cholesteric  acid.  Cholesterin  is  heated  with 
its  own  weight  of  nitric  acid  till  no  more  nitric 
oxide  is  disengaged  ;  the  yellow  acid  separates, 
and  when  the  acid  liquid  is  diluted  with  water 
an  additional  quantity  of  it  separates.  The 
acid  is  repeatedly  washed  with  water  and  crys- 
tallized from  alcohol.  Cholesteric  acid  has  a 
yellow  color  in  mass ;  from  its  alcoholic  solu- 
tion white  needles  ;  taste  slight ;  lighter  than 
water  ;  it  reddens  litmus  ;  melts  at  130°;  when 
distilled  it  undergoes  decomposition;  slightly 
soluble  in  water,  readily  in  alcohol,  ether,  and 
the  essential,  but  not  the  fixed  oils ;  soluble  in 
strong  acids.  Its  salts  have  more  or  less  color. 
Those  of  potassa,  soda,  and  ammonia  are  very 
soluble  in  water,  and  deliquescent ;  not  crystal- 
lizable ;  insoluble  in  alcohol  and  ether ;  the  other 
cholesterates  are  little  or  not  at  all  soluble.  C. 
of  baryta  is  red ;  of  strontia,  orange;  of  alumina, 
fine  red  while  moist,  but  darker  when  dry;  of 
lead,  brick  red ;  when  cholesterate  of  potassa  is 
added  to  mercurous  nitrate,  a  black  precipitate 
falls  ;  to  mercuric  nitrate  a  red;  to  copper  salts 
an  olive  colored  precipitate ;  it  reduces  gold 
solutions.     Form.  C,,H9N05  (?). 

CHONDRIN.  Go:  Knorpelleim.  The  basis 
of  the  tissue  of  cartilage,  as  it  occurs  in  the 
ribs,  nose,  cornea,  &c.  It  is  obtained  from 
them  like  gelatin  or  glue,  to  which  it  bears 
some  resemblance  when  dry,  being  softened  by 
cold  and  dissolved  by  hot  water,  but  is  usually 
lighter  colored.  It  is  wholly  precipitated  by 
sulphate  of  alumina  in  thick,  white  llocculae, 
which  agglutinate;  it  is  also  thrown  down 
by  acetates  of  lead,  protochloride  of  tin,  per- 
chlorides  of  iron,  platinum,  and  mercury; 
all  acids  color  its  solution,  most  precipitate 
it,  and  in  excess  redissolve  it,  but  vegetable 
and  arsenic  acids  do  not  redissolve  the  pre- 
cipitate. The  precipitates  by  oxide  of  iron, 
alumina,  and  acetic  acid  disappear  by  the  ad- 
dition of  a  large  quantity  of  common  salt,  or 
alkaline  acetate.  The  precipitate  by  chloro- 
hydric acid,  redissolved  in  excess  of  acid,  is 
not  clouded  by  prussiate  of  potassa.  It  is  in- 
soluble in  alcohol.  By  digestion  for  24  hours 
with  muriatic  acid,  and  washing  with  water, 
its  solution  then  in  boiling  water  forms  a  jelly, 
which  reacts  very  differently  from  chondrin. 
Chlorine  passed  through  a  solution  of  chondrin 
gives  a  white  precipitate,  which  becomes  sea 
green  and  hard  on  drying,  and  is  composed  of 
C32H26N4°i4+C1-     Schroder. 

Formula,  C,6H13N207,  JkfuMcr;  C48H40N6O20. 
Liebig;  C40H31NrO17,  Marchand.    See  Gelatin. 

CHONDRODITE.  Min.  Syn.  Hemi-pris- 
matic  Chrisolite,  M.t  Maclurite,  Fluosilicate  of 
Magnesia,  Brucite.  Descrip.  Cryst.  Oblique 
Rhombic;  the  vert,  prism  =  112°.  Where  it 
presents  a  regular  form  it  is  generally  the 
octohedron  with  the  intervening  4-sided  prism, 
but  the  edges  are  so  rounded  that  it  is  rarely 
possible  to  obtain  a  measurement  of  angles 
with  the  least  pretension  to  accuracy.    I  have 
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CHONDRODITE. 

several  such  octahedra  in  my  collection  with- 
out the  vertical  prism.  Cleavage  not  very  dis- 
tinct, but  in  such  directions  as  to  lead  to  the 
supposition  that  the  form  of  the  crystal  as  de- 
scribed is  not  the  true  form  of  the  mineral. 
It  also  occurs  with  a  granular  structure. 
H.=  6— 6-5.  G.  =  3-118,  from  New  Jersey; 
3-199,  from  Finnland.  Color  yellow,  brown, 
red,  rarely  apple-green;  transparent,  subtrans- 
lucent;  lustre  vitreous,  resinous;  streak  white, 
or  very  slightly  yellowish ;  fracture  subcon- 
choidal,  uneven;  brittle. 

Behavior.  In  a  closed  tube  it  becomes  black, 
burning  white  on  charcoal  without  fusion; 
soluble  in  borax  to  a  clear  glass,  that  may  be 
clouded  by  flaming;  leave  a  skeleton  of  silica 
in  mid.  salt,  and  by  a  strong  heat  gives  traces 
of  fluohydric  acid;  with  little  soda  it  gives  a 
difficultly  fusible  gray  scoria,  with  more  soda 
is  infusible ;  with  cobalt  solution  it  assumes  a 
feeble  red  tint,  or,  if  much  iron  be  present,  a 
grayish  brown  color.  Fully  decomposed  by 
oil  of  vitriol,  developing  rluohydric  acid;  by 
muriatic  acid  leaving  gelatinous  silica. 

Analysis,  1.  From  Pargas,  Finnland,  by 
D'Ohsson;  2,  from  New  Jersey,  by  Seybert; 
3,  by  Thomson  ;  4,  from  New  Jersey ;  5,  gray- 
colored  from  Pargas  ;  6,  yellow  from  Pargas ; 
the  three  last  by  Rammelsberg. 

l.  2.  3. 

Silica 3800         32-66         36-00 

Magnesia 54-00         54-00         54-64 

Peroxide  of  iron 5-10  2-33  3-97 

Potassa 0-86  2-11  — 

FI  uoric  acid —  4-09  3-75 

Water —  —  1-62 


97-96 


96-19 


99-98 


Silica -.  33-06 

Magnesia 53-46 

Protoxide  of  iron 3-65 

Fluorine 7-60 


5.  6. 

3310  33-19 

56-61  54-50 

2-35  6-75 

8-69  9-69 


99-77       100-75       104-13 


Form.  MgFl  +  2  (3  MgO,  Si03). 

Local.  Found  only  in  limestone.  It  occurs 
near  Abo,  in  the  parish  of  Pargas,  in  Finnland, 
and  at  Aker  and  Gulsjo,  in  Sweden.  It  is  found 
in  very  great  abundance  in  the  adjoining  coun- 
ties of  Sussex,  New  Jersey,  and  Orange,  New 
York,  where  it  is  associated  with  spinel,  and 
sometimes  pyroxene  and  corundum;  also  at 
Chelmsford,  Massachusetts,  and  at  Rossie,  New 
York. 

1.  2.  3.  4. 

Protoxide  of  iron..  33-00      34-7      37-0      35-0 
Oxide  of  chromium  55-50      43-7      36-0      51-6 

Alumina 6-00      20-3      21-5      10-0 

Silica 200        2-0        5-0        3-0 

2-00        —         —         — 


CHROMIC  IRON. 

CHONIKRITE.  Min.  Massive,  whit.-, 
slightly  translucent,  glistening.  v.  KobelPs 
analysis  gave — 

Silica 35-69 

Alumina 17-12 

Magnesia 22-50 

Lime 12-60 

Protoxide  of  iron  1-46 

Water 9-00 

98-37 

Berzelius  suggests  that  it  may  be  an  aggre- 
gate of  several  minerals. 

CHRISTIANITE.     Mm.    See  Anobthite. 

CHROMATE  OF  LEAD.  Min.  Syn.  Hemi- 
prismatic  Lead-Baryte,  M. ;  Crocoisite.  Ger. 
Rothbleierz.  Descrip.  Cryst.  system,  Oblique 
Rhombic.  Cleavage  lateral,  tolerably  distinct; 
basal,  less  so;  surface  streaked  longitudinally; 
the  faces  mostly  smooth  and  shining;  imper- 
fect crystallizations,  imperfectly  columnar  and 
granular.  H.  =  2-5— 3.  G.  =  6— 6-004.  Color 
various  shades  of  hyacinth-red ;  lustre  adaman- 
tine-vitreous ;  translucent ;  streak  orange-yel- 
low; sectile. 

Behavior.  Blackens  in  the  blowpipe  flame, 
and  decrepitates  if  quickly  heated,  but  may  be 
fused  to  a  shining  slag  containing  globules  of 
lead ;  it  undergoes  a  partial  reduction  in  mic. 
salt  or  borax,  at  the  same  time  coloring  it  green. 
Dissolves  without  effervescence  in  nitric  acid, 
and  produces  a  yellow  solution.  Composition, 
PbO,  Cr03. 

Local.  Siberia  is  the  principal  locality ;  it 
occurs  also  at  Beresof,  associated  with  gold, 
pyrites,  galena,  quartz,  and  Vauquelinite.  In 
Brazil,  at  Conconhas  do  Campo,  fine  crystal- 
lized specimens  are  met  with.     Dana. 

CHROMIC  IRON.  Min.  Syn.  Octahedral 
Chrome  Ore,  M.\  Chromate  of  Iron.  Ger.  Chro- 
meisenstein.  Cryst.  system,  Regular.  Usually 
the  8-hedron,  sometimes  combined  with  the 
12-hedron.  Occurs  usually  massive;  structure 
granular;  particles  strongly  coherent.  H.=5-5. 
G.  =  4-321  of  crystals,  (Thomson;)  4-498,  a  va- 
riety from  Styria.  Color  between  iron-black 
and  brownish-black;  lustre  submetallic;  opake; 
streak  brown  ;  fracture  uneven  ;  brittle. 

Analysis.  1.  From  Krieglach,  in  Styria,  by 
Klaproth;  2,  from  Bastide  de  la  Carrade,  by 
Vauquelin  ;  3,  from  Isle  a  Vaches,  on  St.  Do- 
mingo ;  and,  4,  from  Baltimore,  by  Berthier ; 
5,  from  Siberia,  and,  6,  from  Roeraas,  in  Nor- 
way, by  Laugier;  7,  from  Bare  Hills,  and,  8, 
from  Chester  county,  Pennsylvania,  by  Sey- 
bert; 9  and  10,  from  the  same,  by  Abich. 

5.  6.  7.  8.  9.  10. 

24      25-661       36-00      35-14       18-97       20-13 

53      54-080       39-51       51-56      44-91       60-04 

11         9-020       13-00         9-72       13-85       11-85 
1         4-833       10-60         2-90        0-83  — 

1         5-357         —  —  9-96         7-45 


98-50     100-7      99-5      99-6     100      9S-951       99-11       99-32      98-25       9945 


In  1  the  2  per  cent,  is  loss,  in  5  the  1  percent,    placed  by  MgO,  and  the  Cr203  by  A1203,  and 
is  protox.  of  manganese,  and  in  6,  9,  and  10  the  j  possibly  in  some  cases  by  Fe203.     Ram. 
last  line  is  magnesia.     Hence  the  formula  is        Behavior.    Unchangeable  alone,  but  it  is  ren- 
FeO,  Cr,03,  in  which  the  FeO  is  sometimes  re- 1  dered  magnetic  in  the  inner  flame,  if  not  so 
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previously ;  dissolves  slowly,  but  entirely,  in 
borax,  showing  the  color  of  iron  while  hot,  and 
the  green  of  chromium  when  cool,  particularly 
by  the  addition  of  tin;  with  a  minute  percent- 
age of  chrome  the  green  color  is  not  distinctly 
seen  ;  scarcely  attacked  by  soda,  readily  when 
fused  with  potash  and  saltpeter,  giving  a  yel- 
low watery  solution,  with  the  reaction  of 
chromic  acid;  completely  dissolved  by  fusion 
with  bisulphate  of  potassa  with  a  green  color, 
or  with  chlorate  of  potassa  and  caustic  po- 
tassa.    /.  C.  B.  and  M.  H.  B. 

Local.  Chromic  iron  occurs  only  in  serpen- 
tine rocks,  forming  veins,  or  in  imbedded 
masses.  It  assists  in  giving  the  variegated 
color  to  verd-antique  marble.  It  occurs  in  the 
Gulsen  mountains,  near  Kraubat  in  Styria; 
also  in  the  islands  of  Unst  and  Fetlar  in  Shet- 
land; in  the  Department  du  Var  in  France, 
Silesia,  Bohemia,  Siberia,  Norway,  &c.  At 
Baltimore,  Maryland,  in  the  Bare  Hills,  it  oc- 
curs in  large  quantities,  in  veins  or  masses  in 
serpentine;  also  in  Montgomery  county,  six 
miles  north  of  the  Potomac;  at  Cooptown, 
Harford  county,  and  in  the  north  part  of  Cecil 
county,  Maryland;  in  Chester  county,  &c,  in 
Pennsylvania.  It  occurs  both  massive  and  in 
crystals  at  Hoboken,  New  Jersey,  imbedded  in 
serpentine  and  dolomite;  at  Milford  and  West 
Haven,  Connecticut;  in  large  masses  in  the 
south-western  part  of  the  town  of  ^iew  Fane, 
Vermont,  and  Chester  and  Blanford,  Massa- 
chusetts. At  Gibara,  on  Cuba,  in  large  quan- 
tities. 

CHROMIC  OCHRE.  Mm.  Amorphous,  of 
a  rich  green  color,  compact  and  mammillary; 
coating  serpentine  at  Bare  Hills,  Baltimore. 
A  chromic  ochre  analyzed  by  Drappiez,  from 
France,  Duflos  from  Halle,  and  Zellner  from 
Silesia,  gave  57 — 64  per  cent,  silica,  23 — 30 
alumina,  2 — 10  oxide  of  chrome,  besides  mag- 
nesia, oxide  of  iron,  and  water ;  it  is  soluble  in 
glasses  of  borax  and  mic.  salt  with  a  green 
color,  leaving  a  white  residue,  partially  soluble 
in  potassa-lye.  It  is  a  $  neutral  silicate  of 
alumina,  chrome,  and  iron  ;  R203,  2  Si03. 

CHROMIUM.  Syn.  Chrome.  Discovered  by 
Vauquelin  in  1797.  It  occurs  as  Chromic  Iron 
in  considerable  quantity  in  the  United  States, 
on  Cuba,  &c. ;  as  Chromate  of  Lead;  and  in 
smaller  quantity  in  several  other  minerals. 
Although  regarded  50  years  ago  as  a  sub- 
stance possessing  mere  scientific  interest  and 
sparsely  distributed  over  the  earth,  it  is  now 
largely  employed  in  all  the  arts  of  coloring, 
from  the  beauty,  brilliancy,  and  frequently  the 
permanency  of  its  combinations.  Sym.  Cr. 
Equiv.  28  (or  28-15.  H.=  l;  351-82  0.=  100, 
Berz.) 

I.  Chromium  and  Metalloids. 

Chromium.  Prep.  The  green  oxide  is  exposed 
to  the  violent  heat  of  a  blast  furnace  in  a  char- 
coal crucible.  Prop.  Porous,  or  in  grains  of  a 
grayish  white  color  between  tin  and  steel ;  spec, 
grav.  5-9;  very  brittle,  not  magnetic;  conducts 
electricity;  scarcely  attacked  by  cold  nitric 
acid  or  aqua  regia,  but  readily  by  fluorie  acid; 
when  heated  in  air,  or  kept  under  water,  it 
slowly  changes;  in  hot  dilute  sulphuric  acid  it 
evolves  hydrogen,  and  decomposes  steam  when 
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heated  in  it ;  when  heated  with  potassa,  or  soda, 
or  their  carbonates,  or  nitrates,  it  is  converted 
into  chromic  acid. 

Oxygen.  1.  Oxide  of  Chromium.  Syn.  Green 
Oxide  or  Protoxide  of  C. ;  Chrome  Green;  Ger. 
Chromoxydul.  Found  native  as  Chromic 
Ochre. 

Prep.  Technically  it  may  be  prepared  from 
the  crude  materials  formed  by  igniting  chromic 
iron  and  saltpeter,  but  more  readily  and  purer 
from  the  crystallized  neutral  or  bichromate  of 
potassa.  Tech.  1.  The  mixed  liquid,  obtained 
by  extracting  the  ignited  ore  and  saltpeter,  is 
concentrated  in  an  iron  vessel,  and  suffered 
to  deposit  in  glass  vessels;  the  clear  liquor  is 
then  boiled  with  sulphur  in  the  iron  vessel, 
until  oxide  of  chrome  ceases  to  precipitate, 
filtered,  the  oxide  dissolved  in  dilute  sulphuric 
acid,  precipitated  by  carbonate  of  soda,  washed, 
and  ignited.  (Frick.)  By  dissolving  it  in  mu- 
riatic, instead  of  sulphuric,  evaporating,  and 
igniting,  the  oxide  has  a  finer  color.  (Liebig.) 
2.  Add  to  the  mixed  liquid  above,  a  little  sul- 
phuric acid,  filter,  evaporate  to  dryness,  ignite 
the  residue  with  an  equal  amount  of  sulphur, 
and  dissolve  in  water.  (Lassaigne.)  3.  Boil  the 
mixed  liquid  and  add  to  it  a  boiling  solution  of 
pentasulphuret  of  potassium,  as  long  as  the 
green  oxide  precipitates.  {Berzelius.)  From 
the  yellow  or  red  chromate  of  potassa  it  is  ob- 
tained purer  by  1,  2,  and  3,  but  by  3  Wittstein 
ignites  19  pts.  bichromate  with  4  pts.  sulphur 
for  a  half  hour,  and  obtains  9j  pts.  of  oxide. 
It  may  also  be  obtained,  4,  by  precipitating  with 
a  salt  of  mercury,  washing,  and  igniting  the 
chromate  of  mercury.  5.  By  igniting  bichro- 
mate with  about  as  much  sal-ammoniac  and  a 
little  carbonate  of  soda,  until  vapors  of  sal- 
ammoniac  cease  to  rise,  and  extracting  with 
water.  6.  By  adding  sulphuric  or  muriatic 
acid,  and  then  alcohol,  to  a  strong  solution  of 
bichromate,  precipitating  the  oxide  by  caustic 
or  carbonated  alkali,  filtering,  and  igniting  the 
hydrate  or  carbonate.  7.  By  adding  sulphuric 
acid  to  a  solution  of  chromate,  passing  sul- 
phuretted hydrogen  through  it,  filtering,  and  ig- 
niting. 8.  By  passing  sulphurous  acid  through 
chromate  in  solution  until  it  is  fully  green,  pre- 
cipitating by  caustic  or  carbonated  alkali,  filter- 
ing, and  igniting.  9.  It  may  also  be  obtained  crys- 
tallized by  passing  chromate  of  perchloride  of 
chrome  through  an  ignited  glass  tube, in  which 
it  deposits  on  the  sides.  ( Wolder.)  10.  Dry 
chlorine  is  passed  through  a  porcelain  tube  at 
a  red  heat,  containing  yellow  chromate  of  po- 
tassa, which  is  decomposed  into  chloride  of 
potassium  and  oxide  of  chrome ;  at  a  brown 
red  heat  the  crystals  are  large  green,  friable 
laminse;  at  a  bright  red,  they  are  brown  and 
hard.    Fretny. 

Prop.  The  crystals  from  8  are  mostly  hemi- 
trope,  rhombs  of  the  hexagonal  system,  greenish 
black,  with  metallic  lustre,  green  powder, 
H.=  9.  The  hydrate  obtained  by  6,  7,  and  8, 
by  caustic  alkali  and  without  ignition,  is  bluish 
green,  in  a  thin  layer  transmitting  red  rays, 
loses  its  water  by  ignition,  becoming  the  green 
oxide.  Form.  Cr203-f  3  HO,  containing  74-77 
per  cent,  oxide.  The  ordinary  oxide  is  of  va- 
rious shades  of  green,  according  to  the  mode 
of  preparation. 
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Sails.  They  are  readily  formed  by  solution 
of  the  hydrated  oxide  or  carbonate  in  acids,  or 
by  precipitation.  The  prevailing  color  of  the 
salts  is  green,  with  red  transmitted  light,  a  few 
are  bluish  ;  the  solutions  are  precipitable  by 
caustic  and  carbonated  alkaline  bodies,  a  small 
amount  being  redissolved  in  excess  of  ammonia 
and  its  carbonate,  if  concentrated,  and  a  large 
amount  in  excess  of  caustic  potassa,  but  wholly 
precipitable  again  by  boiling;  they  are  pre- 
cipitated, green  by  sulphydrated  alkali,  light 
green  by  phosphate  of  soda,  by  iodide  of  potas- 
sium a  whitish  green  ;  they  are  not  precipitated 
by  sulphuretted  hydrogen,  oxalic  acid,  or  prus- 
siate  of  potassa;  the  soluble  salts  are  decom- 
posed by  ignition. 

Analysis.  The  behavior  of  the  salts  just 
given  indicate  the  presence  of  chrome,  but  the 
dry  assay  is  more  positive.  It  imparts  an 
emerald-green  color  to  the  blowpipe  fluxes, 
which  is  the  same  in  the  outer  and  inner  flame, 
and  distinguishes  it  from  copper.  Oxide  of 
chromium  may  be  separated  by  sulphuretted 
hydrogen  from  cadmium, lead,  bismuth,  copper, 
mercury,  silver,  gold,  platinum,  tin,  antimony, 
and  arsenic;  and  from  nickel,  cobalt,  zinc, 
iron,  and  manganese,  by  adding  tartaric  acid 
to  its  solution,  and  then  sulphydrate  of  am- 
monia, which  leaves  chromium  in  solution ; 
from  alumina  by  caustic  potassa  and  boiling  ; 
from  magnesia  by  fusion  with  carbonated  al- 
kali; from  the  alkaline  bodies  by  evaporating 
the  sulphates  to  dryness  and  solution  in  alcohol. 
If  chromic  acid  or  the  brown  oxide  be  in  solu- 
tion, they  may  be  reduced  to  green  oxide  (see 
prep,  of  green  oxide,  3,  4,  6,  7,  8).  Chromic 
acid  is  determirfed  by  precipitating  with  a  so- 
lution of  lead,  barium,  or  mercury,  weighing 
the  2  former,  and  igniting  and  weighing  the 
latter.  The  green  oxide  is  determined  by  pre- 
cipitating the  hot  solution  by  ammonia,  not 
concentrated. 

Composition  of  green  oxide  : 

Berzelius. 

2  Cr 56         70         70-24 

30 24         30         29-76 


Cr„0„ 


80       100       100 


Cr203  =  1000-64,  Berz. 
Use.  Oxide  of  chrome  as  an  ordinary  pig- 
ment is  deficient  in  brilliancy,  and  apt  to  alter 
a  little  by  time.  Its  most  important  application 
is  as  the  rich  green  color  on  porcelain  and  fine 
pottery,  it  being  one  of  the  few  colors  that  will 
resist  the  heat  of  a  porcelain  furnace,  and  there- 
fore applicable  under  the  glazing. 

2.  Brown  Oxide  of  Chromium.  Syn.  Chromate 
of  Chromium.  Formed  by  digesting  hydrated 
green  oxide  with  chromic  acid  in  slight  excess, 
or  by  precipitating  neutral  chloride  of  chro- 
mium by  neutral  chromate  of  potassa.  It  is 
reddish  brown  while  moist,  black  when  dry, 
soluble  in  acids  with  a  brown  color,  from  which 
ammonia,  if  not  in  excess,  reprecipitates  it 
brown,  but  in  excess  forms  chromate  of  am- 
monia and  green  oxide ;  it  dissolves  also  in 
potassa.  Form.  Cr02,  or  Cr203,  CrO,;  the  latter 
view  that  it  is  chromate  of  oxide  of  chromium 
is  probably  more  correct. 

3.  Chromic  acid.     Ger.  Cbromsiiure.     Exists 
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in  native  ebromate  of  lead,  and  is  formed  when 
oxide  of  chrome  or  chromic  iron  is  heated  with 
potash,  saltpeter,  or  chlorate  of  potassa.  Prep. 
1.  Distil  1  pi.  flaor  spar,  1  pt.  chromate  of  lead, 
and  3  pts.  fuming  sulphuric  acid  in  a  lead 
retort,  and  transmit  the  gaseous  fluoride  of 
chromium  into  water  contained  in  a  vessel  of 
lead,  silver,  or  platinum  ;  by  mutual  decompo- 
sition of  the  gas  and  the  water,  fluohydric  and 
chromic  acids  are  generated,  the  former  of 
which  is  expelled  by  evaporating  the  solution 
to  dryness;  if  the  gas  be  conducted  into  a 
vessel  only  moistened  with  water,  and  its  aper- 
ture closed  by  a  piece  of  moist  paper,  the  acid 
is  obtained  in  the  form  of  abundant  acicular 
crystals  of  a  cinnabar  red  color.  2.  Decom- 
pose a  hot  concentrated  solution  of  bichromate 
of  potassa  by  silicofluohydric  acid ;  the  chromic 
acid,  after  being  separated  from  the  sparingly 
soluble  silicofluoride  of  potassium,  is  evapo- 
rated to  dryness  in  a  platinum  capsule,  and 
then  redissolved  in  a  very  small  quantity  of 
water.  3.  Digest  chromate  of  baryta  or  lead 
in  an  equivalent  of  dilute  sulphuric  acid,  evapo- 
rate the  dark  ruby-red  solution,  and  dry  the 
irregular  crystals  on  porous  earthenware.  4. 
The  best  method  consists  in  adding  a  concen- 
trated hot  solution  of  bichromate  of  potassa  to 
an  excess  of  oil  of  vitriol,  pouring  off  the  liquid 
from  the  red  crystals,  draining  the  latter  in  a 
funnel,  drying  them  on  porous  brick,  redissolv- 
ing,  and  recrystallizing.  The  contact  of  paper 
and  other  organic  matter  must  be  avoided. 

Prop.  Black  while  warm,  and  of  a  rich  car- 
mine red  color  when  cold ;  very  soluble  in 
water,  rendering  it  red  or  yellow  according  to 
the  degree  of  dilution  ;  when  the  solution  is 
concentrated  by  heat  and  allowed  to  cool,  it 
deposits  red  crystals,  which  deliquesce  readily 
in  the  air;  also  soluble  in  alcohol  and  ether, 
but  the  action  of  heat  or  light  decomposes  it; 
taste  sour  and  styptic,  and  with  alkalies  it  acts 
as  a  strong  acid.  It  is  converted  into  the  green 
oxide,  by  exposure  to  a  strong  heat,  by  dry  am- 
moniacal  gas,  and  by  most  organic  substances 
into  green  or  brown  oxide.  It  yields  a  chloride 
when  heated  with  chlorohydric  acid  and  alco- 
hol, or  in  the  direct  solar  rays ;  sulphurous  acid 
changes  it  into  sulphate  of  the  oxide,  2  Cr03-f- 
3  S02  =  Cr203,  3  S03 ;  the  dry  acid,  heated 
with  sulphuretted  hydrogen,  forms  water,  sul- 
phur, and  sulphuret  of  chromium,  2Cr03  + 
6  HS  =  Cr2S3  +  6  HO  +  3  S ;  the  liquid  acid 
forms  water,  sulphur,  and  oxide  of  chrome. 


Composition : 

Cr 

3  O 

. . . .  24 

52 

53-85 
46-15 

Berzelius 

54-13 
45-87 

Cr03 

100 

100 

Cr03==  651-82  (0=  100). 
Chromates.  The  salts  of  chromic  acid  are 
basic,  neutral, and  acid;  they  are  mostly  either 
of  a  yellow  or  red  color,  usually  brilliant.  The 
chromates  of  most  of  the  metals  are  decom- 
posed by  a  strong  red  heat,  the  acid  being  re- 
solved into  green  oxide  and  oxygen,  but  the 
chromates  of  the  fixed  alkalies  sustain  a  very 
high  temperature  without  decomposition;  they 
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are  all  decomposed  by  the  united  agency  of 
heat  and  combustible  matter.  The  neutral 
chromates  of  protoxides  are  similar  in  consti- 
tution to  the  sulphates,  their  general  formula 
being  MO  =  CrOs. 

The  chromates  are  often  sufficiently  distinj ^soluble 
guished  by  their  color,  but  they  may  also  be    f 
known  by  boiling  them  in  chlorohydric  acid 
mixed  with  alcohol,  a  green  solution  of  the 
chloride  of  chromium  being  generated. 

Use.  Chromic  acid  developed  by  acids  from 
bichromate  of  potassa,  acts  bleachingly  on 
most  organic  colors  by  oxidation,  and  hence  its 
use  in  calico-printing  as  a  discharger.  It  is  also 
an  admirable  oxidizer  of  organic  bodies  in  the 
hands  of  the  scientific  chemist.  Some  of  the 
metallic  chromates  (lead,  &c.)  are  largely  em- 
ployed as  pigments,  and  the  alkaline  chromates 
form  the  basis  of  brilliant  and  fast  colors  in 
dyeing  and  color-printing. 

Sulphuret  of  Chromium.  Formed  by  trans- 
mitting the  vapor  of  bisulphuret  of  carbon  over 
oxide  of  chromium  at  a  white  heat;  by  heating 
in  close  vessels  an  intimate  mixture  of  sulphur 
and  the  hydrated  oxide ;  by  fusing  the  oxide 
with  a  pentasulphuret  of  potassium,  and  dis- 
solving the  soluble  parts  in  water;  or  by  trans- 
mitting sulphohydric  gas  aided  by  heat  over 
the  sesquichloride  of  chromium.  It  is  dark- 
gray,  acquires  metallic  lustre  by  friction,  is 
readily  oxidized  when  heated  in  the  air,  and 
is  dissolved  by  nitric  or  nitro-muriatic  acid. 
Form.  Cr2S3. 

Phosphuret  of  Chr.  Prepared  by  acting  on  the 
sesquichloride  of  chromium  by  phosphuretted 
hydrogen  gas  at  a  red  heat,  Cr2Cl3-f-  PH3  = 
Cr2P  +  3  HC1.  It  is  black,  insoluble  in  chlo- 
rohydric acid,  feebly  attacked  by  nitric  and 
nitro-muriatic  acid,  and  burns  before  the  blow- 
pipe with  a  flame  of  phosphorus.  Form.  Cr2P. 
Another  phosphuret  of  a  gray  color  is  formed 
by  exposing  the  phosphate  of  oxide  of  chro- 
mium to  a  strong  heat  in  a  charcoal  crucible. 

Nitroguret  of  Chr.  Ger.  Stickstoffchrom.  Pass 
dry  ammoniacal  gas  several  times  over  dry 
and  heated  sesquichloride  of  chromium  until 
sal-ammoniac  ceases  to  form.  It  is  a  brown 
powder,  burning  with  a  red  light  in  a  stream 
of  oxygen  at  300°  to  400°,  evolving  nitrogen 
and  a  little  hyponitric  acid,  and  leaving  green 
oxide.    Form.  N2Cr3. 

II.  Haloid  Salts. 

Chlorine.  1.  Sesquichloride  of  Chromium.  Prep. 
1.  Transmit  dry  chlorine  over  a  mixture  of 
oxide  of  chromium  and  charcoal  heated  to  red- 
ness in  a  porcelain  tube,  when  the  sesquichlo- 
ride gradually  collects  as  a  crystalline  subli- 
mate of  a  peach-purple  color.  2.  Evaporate 
the  green  solution  of  this  chloride  gently  to 
dryness  at  a  temperature  of  212°,  when  a  green 
powder  remains,  consisting  of  1  eq.  of  the  ses- 
quichloride and  3  eq.  of  water,  Cr2Cl3  -f-  3  HO. 
On  raising  the  temperature  above  212,  no  water 
is  lost  until  it  reaches  400°:  the  powder  then 
begins  to  swell  up  from  the  escape  of  water, 
the  color  changes  from  green  to  the  red  of 
peach-blossoms  if  the  air  be  excluded.  3.  By 
the  action  of  chloride  of  sulphur  on  oxychloride 
of  chromium. 

Prop.    There  are  two  modifications  of  the 


chloride,  a  soluble  and  insoluble.  Both  are 
peach-red,  shining  scales,  transmitting  the 
same  color  when  thin,  being  opake  in  thicker 
masses.  The  insoluble  is  attacked  by  the 
same  reagents  with  more  difficulty  than  the 
The  chloride  dissolves  in  water, 
forming  a  deep  green  solution  with  a  sweet 
styptic  taste.  It  may  be  prepared  directly  by 
dissolving  the  hydrated  oxide  in  chlorohydric 
acid ;  or  by  digesting  chromate  of  oxide  of  lead 
in  strong  chlorohydric  acid,  adding  a  little  al- 
cohol from  time  to  time  to  promote  the  deoxi- 
dation  of  chromic  acid,  and  then  separating  the 
resulting  chloride  of  chromium  from  that  of 
lead  by  strong  alcohol,  which,  together  with 
any  excess  of  the  acid,  is  ultimately  expelled 
by  evaporating  to  dryness.  Traces  of  lead 
which  may  have  been  dissolved  are  easily  pre- 
cipitated by  sulphohydric  acid.  Form.  Cr2Cl3. 
Eq.  =  162-4. 

2.  Oxychloride  of  Chr.  By  evaporating,  1,  to 
dryness,  heating  to  302°,  and  dissolving  in  cold 
water,  a  rose-red  compound  remains,  with  the 
formula,  2  Cr2Cl3-(-  Cr203;  the  solution  evapo- 
rated over  oil  of  vitriol  leaves  2  Cr2Cl3  -f- 
Cr203+  9  HO.  By  heating  above  302°  nearly 
to  ignition  it  forms  Cr2Cl3  -f-  2  Cr203 ;  and  by 
a  continued  ignition  in  the  air  it  is  wholly  con- 
verted into  the  oxide. 

3.  Chromate  of  Perchloride  of  Chr.  Syn.  Chlo- 
rochromic  acid.  Prep.  1.  Fuse  together  10 
pts.  common  salt  and  16-9  pts.  yellow  chromate 
of  potassa  in  a  crucible,  cast  the  fused  mass, 
introduce  the  broken  pieces  into  a  large  retort, 
together  with  30  pts.  fuming  sulphuric  acid  ;  it 
passes  over  as  a  red  gas  while  bisulphates 
remain,  3  (KO,  Cr03)  +  3  NaCl  -f-  12  (SO,, 
HO)  =  3  (KO,  HO,  2  S03)  +  3  (NaO,  S03  + 
3  HO)  +  CrCl3,  2  Cr03.  Wohler.  2.  Distil  com- 
mon salt,  chrome  yellow,  and  oil  of  vitriol,  and 
redistil  the  distillate.     Dumas. 

Prop.  A  rich  blood-red  liquid;  spec.  grav. 
1-71  at  70°;  boils  at  244°;  spec.  grav.  of 
vapor=5504;  passed  through  an  ignited  glass 
tube  it  deposits  crystallized  oxide  of  chrome; 
it  explodes  with  phosphorus,  deflagrates  with 
sulphur;  it  is  also  decomposed  by  ammonia, 
sulphuretted  hydrogen,  terchloride  of  phospho- 
rus, mercury,  alcohol,  wood-spirit,  terpentine 
and  olive  oils,  camphor,  olefiant  gas,  and  water; 
the  action  is  usually  violent;  itdissolves  iodine 
and  chlorine.  Form.  CrCI3, 2  Cr03,  containing 
43-66  per  cent,  chromic  acid,  or  Cr02Cl,  with 
35-27  per  cent,  chromium  and  44-58  per  cent, 
chlorine.  According  to  the  last  formula,  it  is 
chromic  acid,  with  1  eq.  chlorine  substituted 
for  1  eq.  oxygen,  whence  the  name  chloro- 
chromic  acid. 

Sesquihromide  of  Chr.  Formed  by  heating 
chromium  and  bromine,  or  by  solution  of  the 
oxide  in  bromohydric  acid;  gray-green,  deli- 
quescent, sweet,  styptic,  easily  decomposed  by 
heat. 

Fluorine.  1.  Sesqurfluoride  of  Chr.  Formed 
by  dissolving  the  oxide  in  fluohydric  acid,  and 
evaporating  to  dryness,  when  the  sesquifluoride 
remains  as  a  green  crystalline  residue,  soluble 
in  water,  and  combines  with  basic  metallic 
fluorides  to  grass-green  compounds.  Form. 
Cr2F3. 

2.  Perfluoride  of  Chr.     A  mixture  of  3  pts.  of 
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floor  spar  and  4  of  chromate  of  lead  is  distilled 
with  5  pts.  of  fuming  or  even  common  sulphuric 
acid  in  a  leaden  or  silver  retort;  a  red-colored 
gas  is  disengaged,  which  acts  rapidly  on  glass, 
with  deposition  of  chromic  acid  and  formation 
of  fluosilicic  acid  gas ;  is  decomposed  by  water,, 


and  the  solution  contains  a  mixture  of  fluohy-^lzes  by  spontaneous   evaporation,  easily  de- 


dric  and  chromic  acids.  The  watery  vapor  of 
the  air  effects  its  decomposition,  so  that  red 
fumes  appear  from  the  separation  of  minute 
crystals  of  chromic  acid.  Formula,  CrF3,  or 
CrF5. 

3.  Chromofluorides  of  potassium,  sodium, 
and  ammonium  are  green  powders,  nearly  in- 
soluble in  water. 

4.  Silicofluoride  of  Chr.  Formed  by  dissolving 
the  green  oxide  in  silicofluoric  acid;  yields  by 
evaporation  a  transparent,  green,  amorphous, 
deliquescent  mass. 

III.  Salts  of  Chromic  Oxide. 

1.  Sulphate  of  Chr.  a.  Neutral,  crystallized. 
By  dissolving  8  pts.  hydrated  oxide  of  chro- 
mium in  9  pts.  cold  oil  of  vitriol,  congeals  in 
some  weeks  to  a  greenish  blue  crystalline  mass, 
which  forms  a  dark  blue  solution  with  water; 
(ruby-red  by  transmitted  lamp-light ;)  and 
from  this  alcohol  precipitates  a  pale  violet 
crystalline  powder.  The  powder  is  dissolved 
in  a  little  water,  as  much  more  alcohol  added, 
and  suffered  to  evaporate  in  a  vessel  covered 
with  a  bladder.  It  forms  regular  8-hedra  of  a 
deep  violet  color;  spec.  grav.  1-696 ;  soluble  in 
0-833  water  at  68° ;  loses  9—10  eq.  water  at 
212°,  passing  into  b,  and  above  the  boiling 
point  of  linseed  oil  becomes  r.  The  aqueous 
solution  heated  only  to  149 — 158  passes  into  b. 
Form.  Cr203,  3  S03  +  15  HO. 

b.  Neutral,  amorphous.  Formed  like  a,  but 
with  warm  oil  of  vitriol,  a  green  solution,  not 
transmitting  red  rays  by  lamp-light,  not  crystal- 
lizable,  nor  precipitable  by  alcohol ;  by  heat 
passes  into  e. 

c.  Neutral,  insoluble.  Formed  by  heating  a  or 
b  until  vapors  of  sulphuric  acid  begin  to  rise, 
and  washing  with  water;  in  day-light  it  is  pale 
red,  in  sun-light  pale  green,  by  lamp-light 
deeper  green.  Form.  Cr203,  3  S03. 

d.  %  basic.  By  saturating  dilute  sulphuric 
acid  with  hydrated  oxide  of  chromium,  a  dark- 
green  solution  is  obtained,  which  transmit  red 
rays  by  sun  and  lamp-light.  Formula,  Cr203, 
2S03. 

e.  1  basic.  Formed  by  adding  water  largely 
to  a  concentrated  solution  of  d;  a  light-green 
powder,  losing  its  water  by  heat  without  fusion. 
Form.  3  Cr203,  2  S03  -f  14  HO. 

2.  Hyposulphate  of  Chr.  Small  violet  8-hedra, 
soluble  in  water,  with  the  form.  Cr203,  S205. 

3.  Sulphite  of  Chr.  By  solution  of  the  hy- 
drated oxide  in  aqueous  sulphurous  acid,  a 
green  solution  is  obtained,  which,  by  boiling, 
lets  fall  a  granular  green  basic  salt. 

4.  Sulphate  of  Chr.  and  Potassa.  a.  Crystal- 
lized. Syn.  Chrome-alum.  1.  A  mixed  solu- 
tion of  sulphate  of  potassa  and  sulphate  of 
chromium,  (1.  a,)  acidulated  with  sulphuric 
acid,  is  suffered  to  evaporate  spontaneously. 
2.  Pass  sulphurous  acid  as  long  as  it  is  ab- 
sorbed through  a  solution  of  1  eq.  bichromate 
of  potassa  and  1  eq.  oil  of  vitriol.    3.  Add  1  pt. 
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oil  of  vitriol,  somewhat  diluted,  to  3  pis.  of  a 
saturated  solution  of  yellow  chromate  of  po- 
tassa, and  when  the  solution  is  clear,  add  gradu- 
ally 2  pts.  alcohol.  The  crystals  are  regular 
8-hedra,  transparent,  violet,  and  ruby-red,  solu- 
ble in  6  pts.  cold  water,  from  which  it  crystal- 


composed  by  heat,  whether  solid  or  in  solution. 
Formula,  KO,  S03+  Cr203,  3  S03  -f  24  HO. 
(See  Alums.) 

b.  By  heating  a  to  392°  it  loses  22  eq.  water, 
and  to  572°,  or  more,  it  loses  all  its  water,  be- 
coming anhydrous,  forming  in  either  case  a 
green  powder. 

5.  Sulphate  of  Chr.  and  Soda.  Gradually  mix 
3  pts.  sulphuric  acid  with  2  pts.  bichromate  of 
soda,  and  add  alcohol.  Not  in  distinct  crys- 
tals,  loses  16  eq.  water  at  212°,  otherwise  re- 
sembles 4,  a,  but  is  more  efflorescent.  Form, 
same  as  4,  a,  with  NaO  for  KO. 

6.  Sulphate  of  Chr.  and  Jlmmonia.  Mix  sul- 
phate of  ammonia  with  sulphate  of  chromium, 
1,  a.  Regular  8-hedra,  also  combined  with  6 
and  12-hedra,  violet,  ruby-red  by  transmitted 
light,  semi-transparent,  efflorescent  superfi- 
cially, soluble  in  water  to  a  violet-blue  liquid, 
which  is  easily  decomposed  by  heat,  fuses  to  a 
green  liquid  without  dichroism,  losing  18  eq. 
water.  Form,  same  as  4,  a,  with  NH3,  HO 
for  KO. 

Nitrate  of  Chr.  Formed  by  solution  of  the 
hydrated  oxide  in  nitric  acid;  is  a  green  solu- 
tion by  reflected,  a  red  by  transmitted  light; 
uncrystallizable,  drying  to  a  green  gum  my  mass. 
By  heat  it  becomes  brown,  and  partly  dissolves 
with  a  brown  color,  forming  nitrate  of  brown 
oxide. 

Bromate  of  Chr.  Formed  from  bromate  of 
baryta  and  sulphate  of  chromium,  is  a  green 
solution,  decomposed  by  evaporation,  leaving 
nearly  pure  chromic  acid. 

Iodate  of  Chr.  Formed  from  iodate  of  soda 
and  chloride  of  chromium,  is  a  light  blue 
powder. 

1.  Phosphate  of  Chr.  Formed  by  double  de- 
composition, is  a  green  precipitate,  becoming 
bluish  black  by  ignition.  An  acid  salt  is  ob- 
tained by  dissolving  hydrated  oxide  in  phos- 
phoric acid;  an  emerald-green  solution. 

2.  Phosphite  of  Chr.  Precipitate  a  solution 
of  sesquichloride  of  chr.  by  a  solution  of  ter- 
chloride  of  phosphorus,  neutralized  by  am- 
monia. A  loose  green  powder,  evolving  pure 
hydrogen  by  ignition  in  a  retort. 

3.  Phosphate  of  Chr.  and  Soda.  Oxide  of  chr. 
dissolves  in  microcosmic  salt,  before  the  blow- 
pipe, with  a  green  color  in  the  outer  and  inner 
flame,  and  with  an  excess  of  oxide  exhibits  an 
evolution  of  gas  on  cooling,  in  both  flames,  on 
platinum  and  charcoal. 

1.  Borate  of  Chr.  Borate  of  ammonia  gives 
light  green,  insoluble  powder;  borax  a  blue 
precipitate  soluble  in  excess  of  borax;  sex- 
borate  of  potassa  precipitates  chrome-salts 
green. 

2.  Oxide  of  chrome  dissolves  slowly  in  borax 
in  the  inner  blowpipe  flame  to  a  lively  emerald- 
green  glass,  which  is  changed  in  the  outer 
flame  on  platinum  to  yellowish  brown. 

Carbonate  of  Chr.  Formed  by  double  decom- 
position is  a  loose,  light-greenish  blue  powder, 
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soluble  in  excess  of  alkaline  carbonate.     It  is 
a  mixed  hydrate  and  carbonate. 

IV.  Salts  of  Chromic  acid. 
The  salts  of  chromic  acid  are  procured  from 
the  neutral  or  bichromate  of  potassa  of  com- 
merce, and  the  latter  is  made  by  igniting 
Chromic  Iron  ore  with  potash  in  the  air,  or 
potash  and  saltpeter,  &c. 

The  ore,  freed,  as  well  as  possible,  from  its 
gangue,  is  reduced  to  a  fine  powder,  by  being 
ground  in  a  mill  under  ponderous  edge-wheels, 
and  sifted.  It  is  then  mixed  with  one-third  or 
one-half  its  weight  of  coarsely  bruised  nitre, 
and  exposed  to  a  powerful  heat  for  several 
hours  on  a  reverberatory  hearth,  where  it  is 
stirred  about  occasionally.  The  calcined  matter 
is  raked  out,  and  lixiviated  with  water.  The 
bright  yellow  solution  is  then  evaporated 
briskly,  and  the  chromate  of  potash  falls  down 
in  the  form  of  a  granular  salt,  which  is  lifted 
out  from  time  to  time  from  the  bottom  with  a 
large  ladle,  perforated  with  small  holes,  and 
thrown  into  a  draining-box.  This  saline  pow- 
der may  be  formed  into  regular  crystals  of 
neutral  chromate  of  potash,  by  solution  in 
water  and  slow  evaporation ;  or  it  may  be  con- 
verted into  the  bichromate  of  potash,  by  treat- 
ing its  concentrated  solution  with  muriatic  or 
sulphuric  acid.     Ure. 

The  theory  of  the  process  consists  mainly 
in  the  absorption  of  oxygen  from  the  air  by  the 
contact  of  alkali,  but  the  process  is  evidently 
defective,  for  after  most  careful  ignition,  a  con- 
siderable quantity  of  oxide  of  chrome  remains 
in  the  ore,  and  a  portion  still  remains  after 
several  repeated  ignitions.  It  is  therefore  evi- 
dent that  a  new  process  is  required,  for  the 
more  complete  transformation  of  the  ore  into 
chromate  of  potassa. 

1.  Chromate  of  Potassa.  Syn.  Yellow  or  Neu- 
tral Chromate  of  P.  Ger.  Einfach  chromsaures 
Kali.  Prep.  1.  By  recrystallization  of  the  crude 
salt  obtained  by  lixiviating  the  ignited  ore  and 
alkali.  2.  By  neutralising  cryst.  bichromate, 
2,  by  pure  carbonate  of  potassa.  3.  Introduce 
oxide  of  chrome  into  fused  chlorate  of  potassa. 
The  commercial  yellow  chromate  is  too  often 
adulterated  with  sulphate,  to  attempt  obtaining 
the  pure  salt  from  it  economically. 

Prop.  Crystallizes  in  the  right  rhombic  sys- 
tem, in  oblique  four-sided  prisms,  terminated 
by  four-sided  pyramids ;  two  of  the  opposite 
lateral  edges  of  the  prism  often  replaced  by 
planes;  yellow,  transparent;  their  coloring 
power  is  such  that  1  pt.  dissolved  in  40,000  pts. 
water  forms  a  yellow  solution  ;  it  has  an  alka- 
line reaction,  is  permanent  in  the  air;  taste 
cooling,  bitter,  disagreeable;  soluble  in  2-07 
pts.  water  at  60°;  extremely  soluble  in  boiling 
water,  insoluble  in  alcohol. 

Spec.  grav.  of  solutions  of  the  yellow  chro- 
mate : 

Salt  Water.  Spec.  grav. 

1  2  1-28 

1  3  1-21 

1  4  1-18 

1  5  115 

1  G  1-12 

1  7  1-11 

1  8  1-10 
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Spec.  grav.  of  the  saturated  solution  at46-i°= 
1-368.  Its  spec.  grav.  is  2-6  to  2-7;  may  be 
heated  to  400°  without  change  ;  heated  highly 
it  assumes  a  crimson  color,  but  recovers  its 
yellow  color  on  cooling ;  when  fused  at  a  red 
heat  it  becomes  green,  and  crystallizes  on 
cooling;  decomposed  by  ignition  with  char- 
coal, sulphur,  &c;  the  aqueous  solution  is  de- 
composed by  sulphurous  acid,  alkaline  sul- 
phurets,  arsenions  acid,  by  heating  with  other 
acids  and  alcohol;  parts  with  half  of  its  base 
to  other  acids,  and  when  the  solution  is  con- 
centrated, bichromate  precipitates.  Compo- 
sition : 


KO. 
CrO„ 


47-2 

47-58 

52-0 

52-42 

99-2 

100 

KO,  Cr03 


2.  Bichromate  of  Potassa.  Syn.  Red  Chromate 
of  P.  Ger.  Zweifach  chromsaures  Kali.  Ob- 
tained by  adding  sulphuric,  muriatic,  &c,  acid 
to  1.  Rectangular  prisms,  sometimes  termi- 
nated by  four-sided  pyramids ;  color  intense 
orange-red;  not  altered  by  exposure  to  the  air; 
has  an  acid  reaction  ;  taste  cooling,  bitter,  me- 
tallic ;  at  63°  soluble  in  9-6  pts.  water;  insolu- 
ble in  alcohol;  spec.  grav.  1-9801;  at  a  red 
heat  it  fuses  into  a  transparent  red  liquid  with- 
out farther  loss  than  a  little  water  mechani- 
cally held  by  the  crystals,  and  crystallizes  on 
cooling;  at  a  white  heat  \  the  chromic  acid 
loses  \  of  its  oxygen  ;  4  pts.  oil  of  vitriol  heated 
with  3  pts.  bichromate,  yields  \  its  oxygen  at  a 
moderate  heat;  sulphurous  and  sulphohydric 
acids  reduce  the  acid  in  solution  to  green 
oxide.     Composition : 


KO.. 

2CrO„ 


II  =  1.       In  100  pts.   Thomson.  Grouvelle. 

47-2         31-22         31-58         31-15 

104-0         68-78         68-42         68-85 


KO,2CrOs   151-2       100 


100 


100 


Uses.  Both  the  yellow  and  red  chromates  of 
potassa  are  now  largely  employed  in  dyeing 
and  dye-printing,  the  red  much  more  exten- 
sively. The  yellow  and  orange  chromates  of 
lead  are  securely  fastened  on  fibrous  textures, 
and  Runge  has  shown  that  the  bichromate  is  a 
powerful  auxiliary  in  rendering  some  vegeta- 
ble colors  faster,  and  in  varying  their  shade 
and  hue.  By  using  an  acid  (tartaric,  &c.)  the 
chromic  acid  is  set  free,  and  acts  by  its  oxygen 
as  a  powerful  topical  bleaching  agent. 

3.  Chromate  of  Chloride  of  Potassium.  By  boil- 
ing for  a  short  time  a  solution  of  2  with  an 
excess  of  muriatic  acid,  the  salt  crystallizes 
out  on  cooling;  KO,  2  Cr03 -f  HC1  =  KCl, 
2  Cr03  +  HO.  Right  rectangular  prisms, 
orange  red,  transparent,  permanent,  decom- 
posed by  pure  water,  not  by  water  acidulated 
by  muriatic  acid.  Form.  KCl,  2 Cr03,  contain- 
ing 58-23  per  cent,  chromic  acid. 

1.  Chromate  of  Soda.  Formed  similarly  to  tha 
chromate  of  potassa,  employing  common  soda 
instead  of  potash.  Crystals  oblique  rhombic 
prisms,  isomorphous  with  Glauber's  salt;  yel- 
low, transparent.  When  heated,  it  melts  in  its 
water  of  crystallization;  is  very  soluble  in 
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water,  sparingly  in  alcohol;  deliquescent; 
evaporated  above  86°  the  solution  deposits  the 
anhydrous  salt.  Form.  NaO,  Cr03  +  10  HO, 
containing  30-02  per  cent,  chromic  acid. 

2.  Bichromate  of  Soda.  Hyacinth  red;  large 
6-sided  plates;  more  soluble  in  water  than  1, 

3.  The  chromate  of  chloride  of  sodium  is 
deliquescent. 

1.  Chromate  of  Ammonia.  Formed  by  evapo- 
rating chromic  acid  with  ammonia  in  excess; 
crystalline  scales,  of  a  fine  yellow  color,  a  hot 
and  saline  taste,  an  alkaline  reaction ;  very 
soluble  in  water;  the  salt  is  easily  decomposed 
by  heat  into  green  oxide,  sometimes  with  com- 
bustion.    Form.  NH3,  HO,  Cr03. 

2.  Bichromate  of  Jlmmonia.  By  concentrating 
the  solution  of  the  preceding,  the  bichromate  is 
deposited  in  crystalline  plates,  of  the  oblique 
rhombic  system,  of  a  fine  red  color;  taste  hot 
and  bitter;  reddens  litmus;  is  very  soluble  in 
water. 

Chromate  of  Lithia.  Yellow;  crystallizes  in 
oblique  rhombic  prisms;  readily  soluble  in 
water. 

Chromate  of  Baryta.  Obtained  by  double  de- 
composition, is  a  pale  lemon-yellow  powder,  of 
inferior  lustre;  as  insoluble  in  water  as  the 
sulphate  ;  readily  soluble  with  a  reddish  yellow 
color  in  muriatic  or  nitric  acid  as  a  bichromate. 
Form.  BaO,  Cr03. 

Chromate  of  Sirontia,  formed  like  the  pre- 
ceding, is  a  fine  yellow  powder;  tasteless; 
slightly  soluble  in  water,  not  in  alcohol ;  dis- 
solves in  nitric  and  muriatic  acids. 

Chromate  of  Lime,  formed  similarly,  is  yellow ; 
slightly  soluble.  There  appears  to  be  an  acid 
salt.  Chromate  of  chloride  of  calcium  is  deli- 
quescent. 

Chromate  of  Magnesia,  formed  by  solution  of 
magnesia  in  chromic  acid;  large,  transparent, 
yellow  prisms,  very  soluble  in  water;  of  the 
same  form  as  Epsom  salt;  spec.  grav.  at  59° 
1-60.  Form.  MgO,  Cr03  +  7  HO.  The  chro- 
mate of  chloride  of  magnesium  is  deliquescent. 

Chromate  of  Yttria.  By  dissolving  carbonate 
of  yttria  in  chromic  acid  a  brown  basic  salt 
separates, and  the  solution  then  yields  yellowish 
brown,  deliquescent  needles  of  the  neutral  salt. 
Neutral  chromate  of  glucina  is  yellow,  insolu- 
ble ;  the  acid  salt  uncrystallizable.  The  salt 
of  thorina  is  a  light  yellow  precipitate.  Alumina 
forms  a  basic  and  acid  salt,  the  latter  with  the 
formula,  A1203,  4  Cr03. 

Chromate  of  Cerium.  Formed  by  dissolving 
carbonate  of  cerium  in  chromic  acid  ;  deposits 
the  yellow  neutral  salt,  when  the  solution  yields 
small  red  prisms  of  the  acid  salt. 

Protochromate  of  Manganese.  By  mixing  yel- 
low chromate  of  potassa  with  a  protosalt  of 
manganese,  a  reddish  brown  crystalline  pre- 
cipitate is  soon  formed,  composed,  according  to 
the  formula,  2  MnO,  Cr03  -f-  2  HO. 

Perchromate  of  Iron  formed  by  direct  union,  is 
a  brown  solution,  which  dries  to  a  brown  mass 
soluble  in  water  and  alcohol ;  formula,  Fe203, 
4  Cr03. 

1.  Chromate  of  Zinc.  If  yellow  chromate  of 
potassa  be  added  to  a  boiling  solution  of  zinc 
vitriol,  a  basic  salt  precipitates,  of  a  fine  yel- 
low color.  The  neutral  salt  is  obtained  in 
transparent,  topaz-yellow  crystals,  in  the  form 
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of  white  vitriol,  by  dissolving  carbonate  of 
zinc  in  chromic  acid  ;  spec,  grav.  2-096  ;  very 
soluble  in  water;  easily  fusible.  Form.  ZnO, 
Cr03+7HO. 

2.  Chr.  of  Zinr  and  Potassa.  Mix  chromate 
of  potassa  and  zinc  vitriol,  and  let  the  mixture 
stand  24  hours  ;  the  yellow  precipitate  becomes 
orange-yellow  from  the  formation  of  this  double 
salt,  which  is  slightly  soluble  in  cold,  more  in 
boiling  water,  with  a  deep  yellow  color,  and 
separation  of  a  basic  salt. 

Chr.  of  Cobalt.  Obtained  with  yellow  chr. 
of  potassa  and  a  salt  of  cobalt,  is  light  reddish 
brown,  probably  a  basic  salt.     Gmelin. 

Chr.  of  Nickel.  A  heated  solution  of  chr.  of 
potassa  and  sulphate  of  nickel  gives  a  precipi- 
tate, probably  basic.  An  acid  salt  is  obtained 
by  dissolving  carbonate  or  hydrate  of  nickel  in 
chromic  acid;  a  red  solution. 

1.  Protochr.  of  Tin.  Add  protochloride  of  tin 
to  chromate  of  potassa  in  excess,  with  constant 
stirring;  yellow  caseous  precipitate. 

2.  Perchr.  of  Tin,  formed  by  double  decom- 
position, is  a  yellow  precipitate,  becoming 
brownish  yellow  on  drying,  and  violet  by 
ignition. 

1.  Chr.  of  Lead.  Syn.  Chrome  yellow.  It 
occurs  native  and  crystallized.  It  is  manu- 
factured :  1.  By  precipitating  acetate  or  nitrate 
of  lead  by  chromate  or  bichromate  of  potassa; 
usually  by  sugar  of  lead  and  the  bichromate. 
2.  By  carbonate  of  lead  (white  lead)  and  either 
chromate  of  potassa.  (Kuhlmann.")  3.  By  cold 
digestion  of  still  moist  sulphate  of  lead  with 
chromate  of  potassa.  (Liebig.)  The  neutral 
sugar  of  lead  and  bichromate,  especially  in  the 
cold,  and  not  too  concentrated,  yield  a  more 
lemon-yellow  pigment.  It  is  not  unusual  to 
add  sulphuric  acid  or  a  sulphate  to  the  chro- 
mate, which  gives  a  lighter  yellow  chromate 
and  sulphate ;  some  manufacturers  add  the 
chromate  and  a  sulphate,  simultaneously,  but 
not  previously  mixed  to  the  lead  salt.  The 
less  neutral  the  lead  salt  is,  the  color  of  the 
pigment  has  more  of  an  orange  tint  from  the 
admixture  of  basic  chromate  of  lead. 

It  is  a  lively  yellow  powder,  insoluble  in 
water,  wholly  soluble  in  potassa,  the  hot  satu- 
rated solution  of  which  deposits  crystals  of  2; 
it  is  also  decomposed  by  carbonated  alkali ;  de- 
composed by  heating  with  sulphuric  acid,  with 
muriatic  acid,  forming  chloride  of  chromium  ; 
becomes  dark  red  by  heat,  and  fuses  by  igni- 
tion to  a  dark  brown  mass;  heated  still  higher 
it  loses  about  4  per  cent,  oxygen ;  by  ignition 
in  hydrogen  or  with  charcoal,  it  is  reduced  to 
metallic  lead  and  oxide  of  chromium.  Com- 
position : 

Bentlius. 

PbO 112  68-29  68-147 

CrO, 52  31-71  31-853 


PbO,  Cr03      164 


100 


100 


2.  Basic  Chr.  of  Lead.     Syn.  Chrome-orange. 

1.  Boil  the  yellow  chromate,  1,  with  dilute  po- 
tassa, with  white  lead  and  water,  with  litharge 
and  water,  or  with  yellow  chromate  of  potassa. 

2.  Mix  a  solution  of  litharge  in  caustic  soda 
with  chromate  of  potassa,  and  place  the  mix- 
ture under  a  bell  glass,  in  which  carbonic  acid 
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is  slowly  evolved  by  marble  and  sulphuric  acid; 
it  crystallizes  in  orange-yellow  needles.  (Hayes.) 
3.  Fuse  saltpeter  and  neutral  chromate  of  lead, 
and  wash  with  water.  (Hayes.)  Throw  chro- 
mate of  lead  gradually  into  fused  saltpeter  until 
nearly  all  the  latter  is  decomposed,  pour  out 
the  fluid  mass,  and  wash  the  residue  rapidly 
with  water;  it  has  a  rich  vermilion  color. 
\V6hler  and  Liebig. 

Color  from  orange  to  vermilion,  usually 
crystalline,  decomposed  by  acids.  Compo- 
sition : 


2  PbO. 

.  224 

CrC-3 

.     52 

2  PbO, 

Cr03 

276 

81-16 
18-84 


100 


Badams. 
80-98 
19-02 

100 


Uses.  Chrome  yellow  and  orange  are  exten- 
sively employed  as  pigments,  the  former  much 
more  abundantly;  they  are, characterized  by 
great  brilliancy  and  body.  The  red  chromate 
is  more  liable  to  fade  from  atmospheric  action. 
The  yellow  chromate  mixed  with  Prussian  blue 
forms  a  good  green  pigment,  commonly  called 
chrome-green. 

Chr.  of  Bismuth,  formed  by  double  decompo- 
sition, has  a  rich  yellow  color. 

Chr.  of  Uranium,  obtained  by  solution  of  the 
carbonate  in  chromic  acid,  and  slow  evapora- 
tion. Brilliant  red  crystals,  fusible  with  par- 
tial decomposition. 

Chr.  of  Copper,  formed  by  double  decomposi- 
tion with  neutral  chromate  of  potassa,  is  yel- 
lowish brown,  probably  basic,  soluble  in  dilute 
nitric  acid,  and  with  a  green  color  in  ammonia. 
Strong  alcohol  precipitates  from  the  latter  so- 
lution a  green  double  salt  of  chromate  of  am- 
monia and  cupric  oxide  ammonia.  Hydrate 
of  cupric  oxide  dissolved  in  chromic  acid, 
yields,  by  slow  evaporation,  transparent  green 
crystals,  of  the  form  of  blue  vitriol,  containing 
33-5  per  cent,  water.  (Kopp.)  A  basic  salt  of 
a  rich  green  color  is  prepared  by  adding  2  pis. 
potash  and  1  pt.  chalk  to  a  mixed  solution  of 
48  pts.  blue  vitriol  and  2  pts.  bichromate  of 
potassa,  and  pressing  the  precipitate.  Another 
method  consists  in  adding  ammonia  gradually 
to  a  solution  of  2  pts.  blue  vitriol  and  1  pt.  bi- 
chromate, at  the  temp,  of  68°  to  86°,  until  the 
reddish  brown  precipitate  becomes  green.  Un- 
less prepared  at  the  proper  temperature  it  will 
not  bear  much  washing. 

1.  Mercurous  chromate  is  an  orange  yellow 
powder,  most  brilliant  from  a  dilute  solution, 
soluble  in  nitric  acid,  being  resolved  into  2. 
It  leaves  green  oxide  of  chrome  by  ignition. 
Hg20,  Cr03. 

2.  Mercuric  chromate  is  a  violet  powder,  solu- 
ble in  acids,  and  partially  in  water,  decom- 
posable by  an  excess  of  alkali,  and  by  igni- 
tion, a  little  of  it  subliming  unaltered.  HgO, 
Cr03. 

1.  Chr.  of  Silver.  Formed  by  adding  a  solu- 
ble chromate  to  a  solution  of  nitrate  of  silver, 
is  a  deep  red  precipitate,  which  has  been  con- 
sidered as  neutral  chromate  of  silver.  But  if 
the  precipitation  be  made  with  acid  solutions 
a  bichromate  is  formed.  The  latter  salt  is  also 
obtained  by  the  direct  oxidation  of  metallic 
silver  by  a  solution  of  bichromate  of  potassa 


CHRYSAMMIC  ACID. 

acidulated  with  sulphuric  acid.  The  silver  is 
oxidized  at  the  expense  of  a  part  of  the  chromic 
acid;  while  another  part,  by  uniting  with  the 
resulting  oxide,  forms  the  bichromate,  which  is 
deposited  in  tabular  crystals  of  a  rich  crimson 
color.  A  chrome  alum  is  at  the  same  time 
formed,  and  the  oxidation  of  this  silver  would 
appear  to  be  induced  by  the  affinity  of  the  sul- 
phuric acid  for  the  oxide  of  chromium.  On 
boiling  the  bichromate  in  distilled  water,  a  part 
is  dissolved  and  separated  as  the  solution  cools 
in  beautiful  micaceous  crystals;  but,  at  the 
same  time,  a  portion  of  the  salt  is  decomposed 
into  chromic  acid  and  neutral  chromate  of 
silver.  As  thus  formed,  the  latter  is  of  a  dark 
green  color  :  it  is  crimson,  however,  by  trans- 
mitted light,  and  yields  by  trituration  a  powder 
similar  in  color  to  the  precipitated  chromate. 
Warington  in  Turner's  Chem. 

2.  Chr.  of  Silver  and  Ammonia.  Obtained  by 
dissolving  chromate,  1,  in  warm  ammonia, 
forms  yellow  crystals  of  the  same  form  as  the 
corresponding  salts  of  sulphuric  and  selenic 
acids;  loses  its  ammonia  by  exposure.  Form. 
AgO,Cr03+2NHr 

Chr.  of  Molybdenum.  The  neutral  salt  is  a 
yellow  solution,  yielding  yellowish  scales  or 
needles ;  the  neutral  is  amorphous,  soluble  in 
water  with  a  brown  color;  the  basic,  formed 
from  either  of  the  others  by  precipitation  with 
ammonia,  is  a  grayish  yellow  insoluble  mass. 
Chromic  and  molybdic  acids  form  a  yellow, 
amorphous,  soluble  mass.  Chr.  of  Vanadium  is 
a  brown,  soluble  mass.  Chromate  of  potassa 
gives,  with  acid  chloride  of  antimony,  a  brownish 
yellow  precipitate. 

CHROMYL.     See  Xanthofhyll. 

CHRYSAMMIC  ACID.  Prep.  One  part 
aloes  and  8  nitric  acid,  spec.  grav.  1-37,  are 
heated  together,  at  first  in  an  open  vessel ;  and, 
when  the  first  violent  action  is  over,  the  whole 
is  introduced  into  a  retort,  and  distilled  to  two- 
thirds;  about  4  pts.  more  acid  are  then  added, 
and  the  mixture  kept  at  a  heat  nearly  boiling 
for  some  days,  as  long  as  gas  is  disengaged. 
The  greater  part  of  the  acid  being  distilled  off, 
water  is  added,  which  throws  down  impure 
chrysammic  acid,  while  chrysolepic  and  oxalic 
acids  remain  in  solution. 

The  precipitated  acid  is  purified  by  washing 
with  water,  which  removes  nitric,  chrysolepic, 
and  aloetic  acids.  It  then  forms  a  greenish 
yellow  crystalline  powder,  which  still  contains 
aloeresinic  acid.  It  is  now  combined  with  po- 
tassa, and  the  salt  purified  by  recrystallization. 
The  pure  salt  is  dissolved  in  water;  and,  on 
the  addition  of  nitric  acid,  pure  chrysammic 
acid  is  deposited. 

Prop.  A  golden-yellow  powder,  composed  of 
shining  scales,  soluble  to  some  degree  in  hot 
water,  forming  a  purple  bitter  solution  ;  easily 
soluble  in  alcohol,  ether,  and  hot  acids  ;  when 
heated  it  explodes;  when  heated  in  fuming 
nitric  acid  it  is  decomposed,  yielding  a  new 
compound  in  golden  scales,  which  forms  with 
potassa  an  insoluble  salt;  with  soda,  one  which 
crystallizes  in  needles  of  a  greenish  golden 
color.  When  heated  with  oil  of  vitriol,  chry- 
sammic acid  yields  dark  gray  adamantine  crys- 
tals, which,  when  their  solution  is  mixed  with 
nitric  acid,  yield  shining  yellow  scales,  which 
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are   not   chrysammic  acid.     Formula  of  the 
chrysammic  acid,  C]5H  N2012-(-  HO. 

Clirysammate  of  polassa  forms,  when  crystal- 
lized out  of  a  saturated  boiling  solution,  a  car- 
mine-red crystalline  powder;  and,  when  more 
slowly  produced,  small  greenish  golden  crys- 
tals, like  those  of  murexide.  The  salts  of  soda 
and  magnesia  are  similar. 

With  ammonia  chrysammic  acid  forms  a 
deep  purple  solution,  which  deposits  dark  green 
crystals.  These  are  not  chrysammate  of  am- 
monia, but  probably  an  amide.  If  their  solu- 
tion be  mixed  with  nitric  acid,  it  becomes  of  a 
brighter  color,  and  on  cooling  deposits,  not 
chrysammic  acid,  but  black  adamantine  crys- 
tals, which,  when  boiled  with  potassa,  yield 
ammonia  and  are  reconverted  into  chrysammic 
acid.  The  other  salts  of  this  acid  are  of  various 
shades  of  red,  and  all  exhibit  a  golden  lustre 
under  the  polishing  steel.  Scliunck  in  Turner's 
Chcm. 

CHRYSANILIC  ACID.     See  Indigo. 

CHRYSEN,  PYREN.  Chem.  Products  of 
distillation  of  wood-tar.  A  of  the  tar  is  distilled 
off,  and  the  remaining  ^  distilled  separately, 
and  when  crystalline  scales  of  pyren  appear, 
they  are  removed,  stronger  fire  given,  and  the 
distillation  continued  until  coal  remains.  The 
neck  of  the  retort,  cut  off,  is  moistened  with 
ether,  the  reddish  matter  scraped  off,  treated 
with  ether,  and  washed  with  the  same  on  a 
filter  until  it  is  pure  yellow;  the  ether  dissolves 
pyren,  &c. 

Chrysen.  It  is  an  inodorous  and  tasteless 
yellow  powder,  fusible  at  446° — 455°;  sub- 
limes, leaving  a  little  coal ;  slightly  soluble  in 
ether  and  oil  of  terpentine,  not  in  alcohol  or 
water;  becomes  reddish  brown  with  oil  of  vit- 
riol, and  dissolves  with  a  dark  green  color; 
forms  two  compounds  by  treatment  with  nitric 
acid.  Form.C]2H4,  orC24Hg.  Binitrite  of  chry- 
senes.  Formed  by  boiling  chrysen  with  nitric 
acid,  adding  water,  boiling  it,  and  then  boiling 
with  alcohol.  It  is  red,  inodorous,  and  taste- 
less, slightly  soluble  in  alcohol,  ether,  sulphuric 
acid,  and  tincture  of  potassa,  the  two  last  with 
a  brown  color,  insoluble  in  water.  Formula, 
C24H602  +  2  N03.  Binitrite  of  chrysenis.  By 
boiling  the  preceding  for  a  long  time  with  nitric 
acid,  it  dissolves,  and  water  precipitates  from 
the  solution  an  orange-red  substance,  of  the 
formula,  C24H503-f  2  N03. 

Pyren.  The  ether  employed  in  washing 
chrysen  is  mixed  with  the  distillate,  from 
which  pyren  separated,  and  cooled  to  32°,  the 
deposited  pyren  pressed  in  paper  to  remove 
oil,  f  distilled,  washed  with  a  little  ether,  and 
crystallized  from  boiling  alcohol.  Microscopic, 
rhomboidal  scales,  of  a  faint  yellowish  color, 
fusible  at  338°— 356°,  wholly  vaporizable, 
closely  resembling  paranaphthalin  in  appear- 
ance, and  identical  in  composition,  but  behaving 
differently  to  nitric  acid.  Form.  C5H2.  Nitrite 
of  Pyrenus.  Pyren  is  boiled  with  nitric  acid, 
washed  with  water  and  boiling  alcohol ;  orange- 
yellow,  fusible  in  boiling  alcohol,  otherwise 
similar  in  behavior  to  the  compounds  of  chry- 
*en.  Formula,  C15H6N04.  See  Distillation  of 
Wood. 

CHRYSOBERYL.  Min.  Syn.  Prismatic  Co- 
rundum, M.\  Cymophane,  Alexandrite.  Descrip. 
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Cryst.  system,  Right  Rhombic,  with  vertical  and 
horizontal  prisms,  and  terminal  planes,  the 
8-hedral  faces  being  rare.  H.  =  8-5.  (J.  = 
3-5—3-8;  3-597,  from  Haddam,  Connecticut; 
3-733,  from  Brazil;  3-689,  from  the  Ural 
Color  asparagus-green,  grass-greeu,  emerald- 
green,  greenish  white,  and  yellowish  green; 
sometimes  raspberry  or  Columbine  red  by 
transmitted  light;  transparent,  translucent; 
lustre  vitreous;  streak  white;  it  sometimes 
presents  a  bluish  opalescence  internally;  frac- 
ture conchoidal,  uneven. 

Behavior.  Unaltered  alone,  difficultly  soluble 
in  borax  and  mic.  salt  to  a  clear  glass,  cobalt 
solution  colors  it  of  a  rich  blue  ;  perfectly  de- 
composed by  fusion  with  bisulphate  of  potassa. 
Analysis.  1.  From  Brazil,  by  Thomson;  2, 
from  Ural,  by  Awdejew. 

l.  2. 

Alumina 76-75  78-92 

Glucina 17-79  18-02 

Protoxide  of  iron 4-49  3-12 

0-48  0-65 


99-51 


100-71 


The  0-48  in  1  was  volatile  matter,  and  the 
0-65  of  2  was  oxides  of  chrome,  lead,  and  cop- 
per.    Formula,  GO,  A1203. 

Loral.  Brazil ;  Ural ;  Haddam,  Connecticut; 
Greenfield,  near  Saratoga,  New  York. 

CHRYSOCOLLA.  Min.  Syn.  Euchromatic 
Opaline-Allophane,  M.;  Copper-green.  Go. 
Kieselmalachite,  Kieselkupfer.  Botryoidal  and 
massive.  H.  =  2— 3.  G.=  2—2-238.  Color 
emerald  and  pistachio-green,  passing  into  sky- 
blue;  often  brown  when  impure;  translucent; 
opake;  lustre  vitreous,  shining,  earthy;  streak 
white  ;  fracture  conchoidal ;  rather  sectile  ; 
translucent  varieties  brittle. 

Behavior,  fyc.  Yields  water  in  a  closed  tube, 
and  becomes  black;  gives  the  reactions  of 
oxide  of  copper  with  borax  and  mic.  salt,  leav- 
ing a,  skeleton  of  silica  in  the  latter;  yields 
metallic  copper  with  soda;  soluble  in  acids, 
leaving  silica.  The  probable  form,  is  3  CuO, 
2Si03+6HO. 

Local.  It  occurs  with  other  ores  of  copper  in 
Cornwall;  Liebethen,  Hungary;  in  Tyrol,  Si- 
beria ;  the  Bannat,  Thuringen ;  in  the  copper 
mines  of  New  Jersey  ;  at  Morgantown,  Penn- 
sylvania; at  Wolcottville,  Connecticut,  &c. 

CHRYSOLEPIC  ACID.  Contained  in  the 
mother  liquid  and  washings  of  chrysammic 
acid,  and  obtained  by  evaporation  in  crystals, 
which  are  purified  by  being  combined  with 
potassa,  and  recrystallization.  The  solution  of 
the  pure  salt,  treated  with  nitric  acid,  yields 
pure  chrysolepic  acid,  in  golden  yellow  scales, 
of  a  darker  color  than  picric  acid,  which  how- 
ever it  resembles  in  its  properties.  Formula, 
C12H2N30,3  +  HO,  being  the  same  as  that  of 
picric  acid,  from  which  it  is  distinguished  by 
its  salts. 

Chrysohpate  of  potassa  forms  long  shining 
yellow  needles,  which  exhibit  a  violet  metallic 
lustre  by  reflected  light.  Chrys.  of  soda  forms 
long  needles,  which  have  a  green  metallic 
lustre.  Chrys.  of  silver  forms  dark  brownish 
red  needles,  which  exhibit  a  play  of  red  and 
green  colors  by  reflected  light. 
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A  hot  solution  of  the  salt  of  potassa  or  soda 
gives  with  acetate  of  lead  yellow  brilliant  crys- 
tals, which  are  composed  of  basic  chrysolepate 
and  acetate  of  lead.  These  crystals  dissolve 
in  acetic  acid;  and  the  solution,  when  evapo- 
rated, deposits  dark-brown  metallic-looking 
crystals,  said  to  be  neutral  chrysolepate  of  po- 
tassa. These  characters  serve  to  recognise 
the  chrysolepic  acid,  and  to  prove  that  it  differs 
from  picric  acid.  The  acid  itself,  and  its  salts, 
explode  when  heated,  like  picric  acid  and  the 
picrates.     Schunck  in  Turner's  Cheml 

CHRYSOLITE.  Min.  Syn.  Prismatic  Chry- 
solite, M.  and  /.;  Peridot,  H. ;  Olivine,  Chu 
site,  Limbelite,  Hyalosiderite.  Dcscrip.  Cryst. 
system.  Right  Rhombic,  with  vertical  and  hori 
zontal  prisms  and  terminal  planes.  Cleaves 
parallel  with  lateral  terminal  plane.  Imper- 
fect crystallizations :  structure  coarse  or  fine 
granular,  aggregated  in  irregular  spheroidal 
masses,  imbedded  in  rocks.  H.  =  6-5 — 7. 
G.  =  3-33— 3-5  ;  3-441  of  chrysolite,  Haidinger 
3-3386 — 3-3445,  (olivine),  Stromeyer ;  3-3514, 
(chrysolite),  Stromeyer.  Color  green,  of  various 
shades,  commonly  olive-green  ;  sometimes  in- 
clining to  brown;  transparent,  translucent; 
streak  white ;  lustre  vitreous ;  fracture  con 
choidal. 

Behavior,  fyc.  Unalterable  before  the  blow- 
pipe (Hyalosiderite  darkens)  ;  with  the  fluxes 
shows  the  reaction  of  iron  and  silica,  and  gives 
a  brown  slag  with  soda.  Easily  decomposed 
by  sulphuric  acid,  forming  a  jelly.  Analysis 
of  Meteoric  olivine,  see  Aerolite.  Formula, 
3  MgO,  Si03.  In  basaltic  olivine  FeO  replaces 
magnesia,  giving  10  eq.  of  silicate  of  magnesia 
to  1  eq.  of  silicate  of  iron ;  and  in  Hyaloside- 
rite the  ratio  is  2  of  the  former  to  1  of  the  latter, 
or  2  (3  MgO,  Si03)  -f  3  FeO,  Si03. 

Local.  The  perfectly  crystallized  chrysolite 
is  brought  from  Constantinople  :  its  locality  is 
not  known.  Less  distinct  crystallizations  occur 
imbedded  in  lava,  at  Vesuvius  and  the  Isle  of 
Bournon ;  imbedded  in  obsidian,  at  Real  del 
Monte  in  Mexico  ;  among  sand  at  Expaillie  in 
Auvergne,  in  pale  green  transparent  crystals. 
Olivine  is  more  abundant,  being  of  frequent 
occurrence  in  basalt  and  lavas.  Crystals,  seve- 
ral inches  in  length,  occur  in  greenstone  at 
Unkel,  on  the  Rhine ;  spheroidal  masses  are 
met  with  at  Kapfenstein  in  Lower  Styria;  and 
at  Hecla  and  Vesuvius.  Olivine  is  common  in 
the  lavas  and  basalt  of  the  Sandwich  and  other 
Pacific  Islands.  It  is  a  frequent  ingredient  of 
meteoric  stones. 

CHRYSOPHANIC  ACID.     See  Rhubarb. 

CHRYSOPRASE.     Min.     See  Quartz. 

CHUSITE.     Min.     See  Chrysolite. 

CHYLE,  CHYME.  Physiol.   See  Digestion. 

CICHORIUM.  Syn.  Wild  Succory,  Chicory, 
or  Wild  Endive.  Extensively  cultivated  in  Bel- 
gium, Holland,  and  Germany.  The  blanched 
leaves  are  sometimes  employed  at  the  table  as 
a  substitute  for  endive.  The  constituents  of 
the  leaves  and  root  are  extractive,  chlorophyll, 
sugar,  albumen,  woody  fibre,  and  salts.  The 
root,  when  cut,  dried,  roasted,  and  ground 
(chicory  coffee)  is  used  as  a  substitute  for,  or 
to  adulterate  coffee.  Chicory  coffee  yields  a 
perfectly  wholesome  beverage,but  which  wants 
the  fine  flavor  for  which  genuine  coffee  is  so 
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renowned.  It  is  extensively  adulterated  with 
roasted  peas,  beans,  damaged  grain,  coffee 
husks,  &c.  Venetian  red  or  Armenian  bole  is 
used  for  coloring.  The  medical  properties  of 
Cichorium  Intybus  are  analogous  to  those  of 
Taraxacum  Dens-leonis.     (Pereira.') 

CICUTIN.    See  Conicin. 

CIDER.  The  fermented  juice  of  apples.  See 
the  theory  of  Fermentation. 

CIMOLITE.  Min.  A  grayish  clay,  becom- 
ing reddish  by  exposure,  found  on  the  island 
Argenteira,  (Cimola,)  which  appears  to  have 
the  composition,  Al203,  3  Si03  -j-  3  HO. 

CINCHONA.  Notwithstanding  the  great 
consumption  of  Peruvian  bark  in  the  prepara- 
tion of  Quinin  and  Cinchonin,  we  possess  but 
few  good  analyses  of  the  bark.  It  appears  that 
there  are  numerous  species,  the  bark  of  some 
yielding  cinchonin,  others  quinin,  and  others 
again  both  alkaloids.  The  substances  found 
in  Peruvian  bark  are  volatile  oil,  tannic  acid, 
cinchona-red,  quinic,  and  quinovic  acids,  qui- 
nin, cinchonin,  aricin.  Several  other  sub- 
stances have  been  described,  but  too  little  is 
known  with  certainty  to  include  them  in  the 
present  work,  such  as  chinoidin,  quinova- 
bitter,  blanquinin,  &c.  Chinoidin  is  said  to  be 
a  mixture  of  quinin  and  cinchonin,  and  qui- 
nova-bitter  is  identical  with  smilacin.  See 
Quinin,  &c,  Aricin  and  Cinchonin. 

Volatile  oil  of  Cinchona.  Procured  first  by 
Fabbroni,  afterwards  by  Trommsdorff.  Ob- 
tained by  submitting  bark  with  water  to  distil- 
lation. The  distilled  water  had  the  peculiar 
odor  of  the  bark,  and  a  bitterish  acrid  taste. 
The  oil  which  floated  on  the  water  was  thick 
and  butyraceous,  and  had  the  peculiar  odor  of 
the  bark,  and  an  acrid  taste. 

Tannic,  acid.  Soluble  red  coloring  matter. 
This  is  a  constituent  of  the  most  valuable 
kinds  of  cinchona.  Its  presence  in  an  infusion 
of  bark  is  detected  by  the  ferruginous  salts,  by 
tartar  emetic,  and  by  gelatin  :  the  first  pro- 
duces a  green  color  or  precipitate  (tannate  of 
iron),  the  second  a  whitish  precipitate  (tan- 
nate of  antimony),  the  third  also  a  whitish  pre- 
cipitate (tannate  of  gelatin).  According  to 
Pfaff,  there  is  another  principle  in  cinchona 
barks  (resin,  Bucholz),  which  forms  a  precipi- 
tate with  tartar  emetic;  for  the  quantity  of  pre- 
cipitate produced  by  this  salt  bears  no  ratio  to 
that  occasioned  by  the  solution  of  gelatin;  in 
some  barks  being  more,  in  others  less.  Cin- 
chona tannin  is  remarkable  for  the  extreme 
facility  with  which  its  solution  absorbs  oxygen, 
and  becomes  colored  when  exposed  to  the  air, 
especially  under  the  influence  of  alkalies.  The 
red  insoluble  matter  which  is  formed  is,  ac- 
cording to  Berzelius,  cinchona  red.  The  com- 
binations of  cinchona  tannin  with  acids  are 
more  soluble  than  those  of  gutgall  tannin. 

Cinchona  red.  Insoluble  red  coloring  matter. 
This  substance  is  considered  by  Berzelius  to 
be  a  product  of  tannin  altered  by  the  air,  and 
to  consist  of  tannin  and  apotheme.  It  is  inodo- 
rous, insipid,  and  of  a  reddish-brown  color; 
insoluble,  or  nearly  so,  in  cold  water,  but  some- 
what more  soluble  in  boiling  water;  acids 
favor  its  solution  in  water;  soluble  in  alcohol 
(especially  when  hot),  but  scarcely  so  in  ether; 
its  aqueous  solution  has  not,  either  with  or 
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without  an  acid,  the  power  of  forming  a  pre- 
cipitate with  a  solution  of  gelatin,  but  it  has 
with  emetic  tartar.  If,  however,  cinchona  red 
be  dissolved  in  an  alkaline  solution,  and  then 
precipitated  by  an  acid,  it  acquires  the  power 
of  precipitating  gelatin;  but  if  heated  with  a 
solution  of  potassa  or  soda,  it  loses  this  power. 
Pereira. 

CINCHONIN.  Prep.  For  the  general  method 
of  obtaining  the  organic  alkalies,  see  Alkaloid. 
It  is  separated  from  quinin  by  its  different  solu- 
bility, and  may  be  obtained  from  a  hot  satu- 
rated, alcoholic  solution  in  oblique  4-sided 
prisms, or  in  fine  needles;  is  anhydrous,  color- 
less, inodorous,  and  bitter.  When  heated  this 
salt  does  not  fuse  until  it  begins  to  decompose: 
it  then  fuses,  furnishes  a  crystalline  sublimate 
(cinchonin  ?)  gives  out  ammonia,  and  leaves  a 
carbonaceous  residuum.  It  is  almost  insoluble 
in  cold,  soluble  in  2500  pts.  of  hot  water;  the 
hot  solution  becomes  opake  as  it  cools ;  solu- 
ble in  alcohol,  especially  when  hot,  but  less 
than  that  of  quinin  in  this  fluid ;  soluble  in 
ether,  but  much  less  so  than  in  alcohol ;  it  dis- 
solves slightly  in  fixed  oils,  somewhat  more  so 
in  oil  of  terpentine,  and  readily  in  diluted  acids. 

Form.  C20H12NO.     Sym.  Cin. 

Salts.  The  salts  of  cinchonin  are  neutral 
and  basic,  the  former  having  usually  an  acid 
reaction,  crystallizable,  bitter  ;  generally  more 
soluble  in  alcohol  and  water  than  the  corre- 
sponding salts  of  quinin,  nearly  insoluble  in 
ether;  their  aqueous  solutions  are  precipitated 
white  by  caustic  and  carbonated  alkali,  oxalic, 
tartaric,  and  tannic  acids  and  their  salts,  yel- 
low by  gold  and  platinum  solutions  ;  they  are 
colored  brown  by  iodine,  green  by  permanga- 
nate of  potassa;  they  are  distinguished  from 
salts  of  quinin,  by  the  precipitate  with  alkali 
not  softening  like  resin  when  the  liquid  is 
warmed,  and  not  dissolving  in  ether,  and  by 
their  solutions  not  clouding  with  nitrate  of 
silver  or  of  red  oxide  mercury. 

Basic  Muriate  of  Cinchonin.  Transparent, 
shining,  oblique  4-sided  prisms,  with  3  or  4 
end-planes,  or  branching  needles,  fusible  below 
212°,  very  soluble  in  alcohol  and  water,  scarcely 
in  ether,  precipitable  by  chloride  of  mercury. 
Form.  2  Cin,  HC1.  The  double  salt  with  bi- 
chloride of  platinum  is  yellow,  crystalline, 
soluble  in  500  pts.  boiling  water.  Form.  Cin, 
HCl-f  PtCl2. 

Basic  Iodohydratc  of  Cin.  Transparent,  pearly 
needles,  difficultly  soluble  in  water.  Formula, 
2  Cin,  HI  +  2  HO. 

1.  Neutral  Sulphate  of  Cin.  Rhombic  octa- 
hedra,  slightly  efflorescent ;  soluble  at  57°  in 
0-46  pts.  water,  0-9  pts.  alcohol  (of  085),  and 
1  pt.  absolute  alcohol,  insoluble  in  ether.  Form. 
Cin,  S03+4HO.  2. Basic.  Syn.  Disulphate 
of  Cinchonin,  Subsulphate  of  Cinchonin.  Its 
crystals  are  short,  oblique  prisms,  terminated 
by  dihedral  summits;  taste  bitter;  when  heated 
to  212°  it  becomes  phosphorescent,  and  above 
212°  fuses  ;  at  248°  loses  2  eq.  water  of  crys- 
tallization; soluble  in  6  pts.  of  alcohol  of  0-85, 
and  in  1 1  pts.  of  absolute  alcohol ;  in  54  pts.  of 
cold  water.  Form.  2  Cin,  S03  -f-  3  HO.  3.  Hy- 
jiosulphate  of  Cin.  is  crystallizable. 

The  phosphate  and  arseniate  are  very  soluble, 
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difficult  to  crystallize.  The  nitrate,  at  first 
amorphous, becomes  crystallized  in  rectangular 
prism,  very  soluble.  Form.  2  Cin,  NO.  -f  3  HO. 
The  chlorate  forms  fine,  shining  needles,  explo- 
sive by  heat.  The  iodate  forms  fine,  silky 
needles,  soluble  in  alcohol  and  water,  exploding 
at  248°. 

Oxalate  of  Cin.  is  a  white  powder,  slightly 
soluble  in  water,  readily  in  alcohol  and  free 
oxalic  acid.  The  tartrate  is  white,  nearly  in- 
soluble in  water.  The  acetate  is  either  neutral, 
and  difficultly  soluble,  or  acid.  The  tannate  is 
yellowish  white,  somewhat  soluble  in  hot  water, 
from  which  it  separates  in  crystalline  grains. 
Quinate  of  Cin.  is  granular,  or  in  silky  needles, 
soluble  at  59°  in  0-5  pts.  water,  less  in  alcohol ; 
from  the  boiling  saturated  tincture  a  basic  salt 
separates  and  an  acid  salt  remains  in  solution ; 
it  contains  4  eq.  water. 

CINNABAR.  Min.  Syn.  Peritomous  Ruby 
Blende,  M. ;  Sulphuret  of  Mercury.  Ger.  Zin- 
nober,  Quecksilber-Lebererz,  W.  ,•  Stinkzinno- 
ber  Lebererz,  Haus.  Kmufiuyc,  Thcoph.  c.  103; 
AjufjMv,  Dioscor.  v.  c.  109,  110;  Minium.  Vitruv. 
Plin.  Descrip.  Cryst.  system,  Hexagonal,  con- 
sisting of  combinations  of  rhombs  with  a 
6-sided  prism  and  terminal  plane ;  cleaves 
parallel  with  the  prism.  Imperfect  crystalli- 
zations: granularly  massive,  particles  usually 
small,  and  often  impalpable;  sometimes  form- 
ing superficial  coatings.  H.  =  2 — 2-5.  G.= 
8-098,  a  cleavable  variety  from  Neurmarktel. 
Color  cochineal-red,  the  darker  varieties  in- 
clining to  brownish  red,  and  lead-gray;  sub- 
transparent,  subtranslucent ;  lustre  adaman- 
tine, inclining  to  metallic  in  dark-colored 
varieties,  and  to  dull  in  friable  varieties; 
streak  scarlet-red;  fracture  subconchoidal,  un- 
even ;  sectile. 

Behavior,  §c.  Volatile  on  charcoal  with  sul- 
phurous odor;  sublimes  unchanged  in  a  closed 
tube  ;  in  an  open  tube  it  sublimes  both  as  mer- 
cury and  cinnabar,  and  wholly  as  mercury,  if 
mixed  with  soda;  the  impure  varieties  leave 
the  earths  or  oxides  by  sublimation.  Formula, 
HgS. 

Local,  §c.  The  hepatic  cinnabar  or  liver  ore 
is  an  impure  variety  of  this  species ;  it  some- 
times affords  a  brownish  streak,  is  occasionally 
slaty,  though  commonly  granular  or  impalpa- 
ble. Cinnabar  is  usually  associated  in  beds 
with  native  mercury,  native  amalgam,  and  oc- 
casionally only  with  calcareous  spar  and 
quartz.  It  has  been  observed  in  veins,  with 
ores  of  iron.  The  finest  crystals  occur  in  the 
coal  formations  of  Moschellandsberg  and  Wolf- 
stein,  in  the  Palatinate  ;  also  in  Japan,  Mexico, 
and  Brazil.  The  most  important  beds  of  this 
ore  are  at  Almaden  in  Spain,  and  at  Idria  in 
Carniola,  where  it  is  usually  massive.  It  oc- 
curs at  Richenau,  in  Upper  Carinthia,  in  beds 
traversing  gneiss;  at  Dunbrawa,  in  Transyl- 
vania, in  graywacke;  at  Windisch  Kappel,  in 
Carinthia;  at  Neurmarktel,  in  Carniola;  in 
Chili,  South  America,  &c.  The  variety  Coralin- 
erz,  from  Idria,  has  a  curved  lamellar  struc- 
ture. This  ore  is  the  great  source  of  the  mer- 
cury of  commerce,  from  which  it  is  obtained 
by  sublimation.     Dana. 

CINNAMON-STONE.     Min.     See  Garnet. 
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Zeylanicum  and  Cin.  Cassia  yield  analogous  es- 
sential oils  by  distillation  with  water.  The  oil 
is  supposed  to  contain  a  radical  Cinnamyl,  the 
hydruret  of  which  is  the  oil  and  its  oxide  cin- 
namic  acid.  Formula  of  cinnamyl,  C18H702. 
Sym.  Cnm.     Dumas  and  Peligot. 

Oil  of  Cinnamon.  It  is  a  yellow  oil,  heavier 
than  water,  possessing  the  odor  of  cinnamon, 
solid  below  32°,  melting  at  23°;  has  a  pun- 
gent, burning, sweetish  taste;  deposits  crystals 
when  kept,  and  when  exposed  to  the  air  be- 
comes brown,  and  passes  into  cinnamic  acid; 
sparingly  soluble  in  water,  forming  cinnamon 
water.  This  solution,  mixed  with  iodine  and 
iodide  of  potassium,  yields  brilliant  reddish- 
brown  crystals  of  a  strong  metallic  lustre  ;  the 
probable  composition  of  which,  according  to 
Apjohn,  is  KI  +  I^CiH  =  KI  +  (C18H702  + 
H)  -|-  I3.  They  are  soluble  in  ether  and  alco- 
hol without  alteration,  but  are  decomposed  by 
water.     Apjohn. 

Aqua  potassae  dissolves  oil  of  cinnamon 
easily  and  completely,  and  diluted  acids  sepa- 
rate it  again  unchanged  from  the  solution.  If 
the  solution  of  the  oil  in  potassa  be  distilled,  an 
oil  passes  over  with  the  vapor  of  water,  which 
is  lighter  than  water,  has  an  odor  of  cinnamon 
and  bitter  almonds,  and  is  composed  according 
to  the  formula,  CI8H10O2;  the  residue  con- 
tains benzoate  of  potassa,  mixed  with  a  black 
matter.  {Mulder.)  Oil  of  cinnamon,  heated  with 
hydrate  of  potassa,  gives  off  hydrogen  gas. 
The  oil,  if  mixed  with  nitric  acid  in  the  cold, 
becomes  thick,  and  is  wholly  or  partially  con- 
verted into  a  crystalline  mass.  If  boiled  with 
nitric  acid,  the  smell  of  oil  of  bitter  almonds  is 
perceived,  and  benzoic  acid  is  found  in  the 
residue.  Benzoic  acid  is  also  formed  by  the 
action  of  hypochlorites  on  the  oil  of  cinnamon. 
Ammoniacal  gas  solidifies  the  oil,  producing 
undoubtedly  several  bodies ;  one  of  which  is 
soluble  in  alcohol  and  ether,  and  crystallizes 
in  fine  silky  needles  grouped  together.  With 
hydrochloric  acid  it  forms  a  green  solid  mass, 
composed  of  an  equal  number  of  equivalents 
of  the  anhydrous  oil  and  of  hydrochloric  acid. 
Chlorine  decomposes  the  oil  of  cinnamon, 
forming  a  liquid  compound,  and  another  which 
sublimes  in  long  white  needles.  The  latter 
has  the  formula  C,8H4CI402 ;  and  consequently 
it  is  oil  of  cinnamon  in  which  half  the  hydrogen 
has  been  replaced  by  its  equivalent  of  chlorine. 
It  is  termed  chlorocinnose. 

According  to  Blanchet  and  Sell,  the  oil  of 
cinnamon  consists  of  two  distinct  oils,  one 
heavier,  and  one  lighter  than  water.  The 
heavier  has  at  77°  a  spec.  grav.  of  1-008,  and 
boils  at  430°.  If  the  commercial  oil  be  treated 
with  barytic  water,  a  saline  combination  of  the 
heavy  oil  is  produced,  which  is  soluble  in 
water,  and  from  which  the  heavy  oil  is  sepa- 
rated by  acids.  The  lighter  oil  may  be  dis- 
tilled from  the  mixture  of  the  commercial  oil 
with  baryta. 

According  to  Mulder,  the  oils  of  cinnamon 
and  cassia  have  the  formula  C20HuO2,  when 
quite  fresh.  On  exposure  to  the  air,  they  ra- 
pidly absorb  oxygen  ;  and  produce  cinnamic 
acid,  two  resins,  and  water.  Mulder  has 
analyzed  both  the  resins,  which  he  calls  resin 
a.  and  resin  0.    The  former  is  soluble  in  cold 
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alcohol,  and  its  formula  is  C15H7j02.  The 
latter  is  insoluble  in  cold  alcohol,  and  has  the 
formula  C12H50.  If  we  compare  the  composi- 
tion of  these  resins  and  of  cinnamic  acid  with 
that  of  the  oil,  we  find  that  3  eq.  of  oil  of  cin- 
namon =  C60H33O6  -f-  8  eq.  oxygen  = 

""\  1  eq.  cinnamic  acid  =  C|gH7  03 

_  1  I  eq.  resin  a  =  C,2H.  O 

^60n33uu—  i  2  eq.  resin  0  =  C38H1504 

J  6  eq.  water  =       H6  06 

*-'60"33U 

The  8  equivs.  of  oxygen  are  derived  from  the 
air.  Oil  of  cinnamon  is  decomposed  by  hy- 
drochloric acid  gas,  yielding  a  volatile  oil  not 
yet  examined,  water,  and  two  resins,  one  solu- 
ble, the  other  insoluble,  in  cold  alcohol.  The 
formula  of  the  latter  is  C2nH80 ;  that  of  the 
former  C14H70.  In  like  manner,  concentrated 
sulphuric  acid  acts  on  the  oil,  producing  two 
resins,  one  soluble,  the  other  insoluble,  in  al- 
cohol.    The  composition  of  the 

former  is C30H13O2,  or 

that  of  the  latter C30H15O 

Together C60H30O3,  which  is 


3  at.  oil  of  cinnamon  —  3  at.  waler.  The  sul- 
phuric acid  removes  an  atom  of  water  from 
each  atom  of  the  oil,  and  the  oxygen  of  the 
residue  is  unequally  divided  between  the  resins. 

With  nitric  acid,  oil  of  cinnamon  forms  a 
white  crystalline  compound,  C18H0NO7.  The 
oil  C20HnO2  loses  here  C2H2,  and  takes  up 
N05,  and  the  rational  formula  of  the  resulting 
compound  is  probably  ClsHg03-|- NOj-j- HO; 
which  explains  its  decomposition  by  contact 
with  water,  and  the  formation  of  cinnamic  acid 
when  it  is  dissolved  in  sulphuric  acid.  With 
water  it  yields  an  oil  which  is  C18H802,  that  is, 
hyduret  of  cinnamyl;  while  its  solution  in  sul- 
phuric acid,  when  mixed  with  water,  deposits 
cinnamic  acid,  C18H703. 

Along  with  the  crystalline  compound,  nitric 
acid  produces  a  red  oil,  which  is  instantly  de- 
composed by  water,  although  not  by  anhydrous 
alcohol  or  ether.  With  water  the  red  oil  yields 
another  oil,  the  formula  of  which  is  C,5H702. 
Mulder  in  Liehig's  Turner. 

Kane's  view  is  that  the  oil  of  cinnamon 
(oil  a)  C20HuO2  absorbs  06  from  the  air,  and 
becomes  oil  0  together  with  the  two  resins  « 
and  0,  as  thus  shown  : 

0  ..  -_  foil  0      =  ClfiH„  0, 

2  eq.  oil  a  =0  i  n    -a    n. 

C      XT      O  C    —  j   reSm  *  =   G30H15°4 

^6o"33lj6        r  —  i  resin  0  =  C12H.  0 
-r  ue       J         I  water    =        IT  O. 


^60"33*-'l2 


Cf,nH„„0, 


Cinnamic  acid.  It  is  formed  in  hard  translu- 
cent prisms,  when  oil  of  cinnamon  is  long 
exposed  to  the  atmosphere.  It  may  also  be 
obtained  by  dissolving  in  potassa  the  oil  of 
Peru  balsam  with  a  gentle  heat,  evaporating  to 
dryness,  dissolving  the  residue  of  cinnamate 
of  potassa  in  boiling  water,  and  adding  an 
excess  of  hydrochloric  acid;  the  cinnamic°aci('. 
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crystallizes  on  cooling,  and  is  purified  by  re- 
peated crystallization.  Colorless,  transparent 
scales,  having  a  weak  aromatic  taste;  less 
soluble  in  hot  and  cold  water  than  benzoic 
acid.  It  crystallizes  from  alcohol  in  colorless 
rhombic  prisms,  which  are  hard  and  friable, 
fusible  at  240°,  boiling  at  555°,  and  distilling 
as  a  heavy  oil,  which  consolidates  on  the  neck 
of  the  retort  to  a  white  crystalline  mass.  By 
the  action  of  nitric  acid  it  is  converted  into  oil 
of  bitter  almonds,  and  then  into  benzoic  acid; 
by  farther  action  of  nitric  acid,  nitricinnolic 
acid  is  formed,  with  the  formula  CuH5NOg; 
cinnamic  acid  seems  to  form  with  sulphuric 
acid,  chlorine,  bromine,  and  iodine  of  peculiar 
acids  ;  distilled  with  lime,  cinnamic  acid  yields 
cinnamole.  The  formula  of  anhydrous  cin- 
namic acid  is  C]8H703.  Sym.  CiO.  The  salts 
of  cinnamic  acid  are  analogous  to  the  ben- 
zoates.  The  alkaline  are  soluble,  with  the 
formula,  KO  (NaO,NH3)  CiO-f  HO  ;  those  of 
the  alkaline  earths  are  difficultly  soluble,  crys- 
talline, BaO  (SrO,  CaO)  CiO-f  2  HO  ;  the  salt 
of  manganese  gold-yellow  crystals,  the  salts  of 
iron  pale  yellow,  insoluble,  those  of  lead  and 
silver,  white,  the  former  sparingly  soluble, 
AgO,  (PbO,)  CiO. 

Cinnamic  Ether.  Formed  by  distillation  of 
4  pts.  absolute  alcohol,  2  pts.  cinnamic,  and 
1  pt.  muriatic  acid,  shaking  with  water  and 
rectifying  over  litharge.  Plantamour  obtained 
it  by  distilling  a  concentrated  tincture  of  po- 
tassa with  cinnamei'n.  A  clear  liquid  of  spec, 
grav.  1-13,  boiling  at  500°.  Form.  C4H60  + 
C18H703,  or  AeO,  CiO. 

Cinnamole.  Syn.  Cinnamomin,  Cinnamen. 
Obtained  by  the  dry  distillation  of  1  pt.  cinna- 
mic acid  with  3  pts.  caustic  lime  or  4  pts. 
baryta.  It  is  a  light,  colorless,  iridescent  liquid 
with  an  odor  and  taste  both  of  bitter  almond  oil 
and  naphtha;  spec.  grav.  =  0-88,  boils  at  192° 
(at  284°,  Gcrh.  and  Cah.) ;  spec.  grav.  of  vapor 
3570;  insoluble  in  water,  soluble  in  alcohol 
and  ether;  forms  a  white  body  with  sulphuric 
acid,  sulphocinnamid,  and  crystallized  com- 
pounds with  chlorine  and  bromine.  Form,  of 
cinnamole,  C16Hg. 

Cinnamein  and  Peruvin.  The  balsams  of  Peru 
and  Tolu  contain  compounds  which  belong  to 
the  series  of  Cinnamyl. 

Cinnamein.  According  to  Stoltz  and  Wern- 
her,  2  vols,  of  balsam  of  Peru,  and  3  vols,  of 
aqua  potasfje,  spec.  grav.  1-300,  when  heated 
together,  produce  a  yellow  or  yellowish-brown 
oil,  (oil  of  Peru  balsam,)  which  swims  above 
a  dark  brown  or  black  syrupy  liquid,  soluble 
in  water,  which  contains  all  the  potassa.  The 
forme)  is  purified  by  distillation  ;  it  is  then  clear 
and  colorless.  According  to  Plantamour  and 
Fremy,  this  substance  which  is  allied  to  the 
fa'  oils,  when  boiled  with  alkalies,  produces 
cinnamic  acid,  which  combines  with  the  alkali, 
and  a  neutral  substance,  peruvine,  just  as  in 

Formula. 


the  same  saponification  of  fat  oils.  When  cin- 
namein is  exposed  to  a  cold  of  +  26°.  it  de- 
posits neutr.il  crystals,  soluble  in  alcohol  and 
ether,  the  formula  of  which  is  C]8H802,  exactly 
that  of  hydruret  of  cinnamyl.  This  substance, 
therefore,  is  isomeric  with  hydruret  of  cin- 
namyl, as  benzoin  is  with  hydruret  of  benzyl. 

Cinnamein,  mixed  with  oil  of  vitriol,  is  con- 
verted into  a  brown,  resinous  matter,  which 
appears  to  be  a  compound  of  1  eq.  cinnamein 
and  7  eq.  water.  By  the  action  of  chlorine, 
cinnamein  is  converted  into  chloride  of  benzyl, 
and  an  oily  fluid,  containing  no  chlorine,  which 
cannot  be  separated  from  it.  Formula  of  cin- 
namein, C5/,H26Og. 

Peruvin  is  a  colorless  oily  fluid,  'tighter  than 
water,  refracting  light  powerfully;  its  compo- 
sition approaches  to  C36H2504.  According  to 
this  formula,  1  eq.  cinnamein  produces  3  eq. 
cinnamic  acid,  and  1  eq.  peruvin.  Licbig's 
Turner. 

CITRIC  ACID.  Discovered  by  Scheele  in 
1784.  It  exists  ready  formed,  both  free  and 
combined,  in  the  juice  of  most  ordinary  fruits, 
lemon,  orange,  currant,  &c,  and  in  the  sap  of 
many  other  plants. 

Prep.  1.  Neutralize  lime  juice  with  chalk, 
dilute  it  with  water  to  a  paste,  add  gradually, 
while  stirring,  as  much  oil  of  vitriol  as  chalk 
employed,  previously  diluted  with  5  pts.  water, 
warm  the  mixture  to  complete  the  decomposi- 
tion, draw  off  the  clear  settled  liquid,  and 
evaporate  at  first  in  lead  vessels  over  the 
naked  fire,  then  in  a  water-bath,  to  crystalliza- 
tion ;  by  resolution,  bone-black,  and  recrystal- 
lization  it  may  be  purified.  2.  Let  the  juice  of 
currants  ferment,  distil  ofT  the  alcohol,  and 
treat  the  remainder  as  in  1.  100  pts.  currants 
yield  10  pts.  alcohol,  of  10°  Beauine,  and  1  pt. 
citric  acid. 

Prop.  Regular,  rhombic  prisms,  with  8-hedral 
terminations,  colorless,  of  intense  acid  and 
agreeable  taste,  soluble  in  1  pt.  water  to  a 
syrupy  liquid,  crystallizing  from  a  cold  satu- 
rated solution  with  5  eq.  water;  these  crystals 
lose  9-4  per  cent.  (2  eq.)  water  at  212°;  crys- 
tallizing from  a  solution  saturated  at  212°  with 
4  eq.  water,  which  loses  nothing  at  212°.  A 
solution  of  the  acid  reduces  chloride  of  gold 
without  effervescence  ;  warmed  with  binoxide 
of  manganese  it  evolves  carbonic  and  acetic 
acids  ;  1  pt.  cryst.  acid,  warmed  with  4  pts.  oil 
of  vitriol,  evolves  carbonic  oxide  (acid  alsol), 
and  by  a  higher  heat  acetic  acid,  thus  1  eq. 
citric  acid  ==  C,2H8014  =  2  C02  +  2  CO  + 
2  (C4H303,  IIO).  By  fusion  with  an  excess  of 
potassa  it  is  resolved  into  oxalic  and  acetic 
acids  ;  ClaIIg014-f  2  HO  =  2  (C4H303,  HO)-f 
2  (C203,  IIO). 

Tests.  It  is  wholly  soluble  in  alcohol ;  a  few 
drops  added  to  lime-water,  remains  clear  until 
heated,  and  the  then  precipitate  is  soluble  in 
acids  without  effervescence. 


A.  Anhydrous  acid   =  C12H3Ou  =  Ci, 

B.  D  heated  to  212°  =  C12H5On  +  3  HO  =  Ci,  3  HO, 

C.  Cryst.  from  212°  =  C12H5Ou  -f  4  HO  =  Ci,  3  HO,  aq. 

D.  Cryst.  cold  =  C12H5On  -f-  5  HO  =  Ci,  3  HO,  2  aq. 

Berzeuus  adopts  for  anhydrous  citric  acid  the  formula  C4H204,  or  CcH306. 
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Citrates.  Citric  acid  forms  with  bases  neu- 
tral and  basic  salts.  The  formula  of  the  neutral 

tribasic  salts  is  Ci  +  3  MO  +  aq-<  and  they 
correspond  to  the  acid  C,  its  basic  water  being 
replaced  by  an  eq.  of  protoxide.  They  con- 
tain, besides,  1  eq.  of  crystal-water,  which  they 
lose  when  heated,  when  their  formula  is  Ci  -f- 
3  MO,  corresponding  to  the  acid  B.  In  the 
basic  salts,  either  the  crystal-water  of  the  neu- 
tral salts  is  replaced  by  an  eq.  of  protoxide, 
Ci -(- 3  MO -f  MO,  being  thus  also  analogous 
to  C ;  or  else,  in  addition  to  this,  they  contain 

1  eq.  crystal-water,  Ci  +  3  MO  +  v!q  \  ,  cor- 
responding to  the  acid  D.  The  only  bibasic 
citrate  yet  examined  is  that  of  lead,  in  which 

2  of  the  3  at.  of  basic  water  of  the  acid  D  are 
replaced  by  oxide  of  lead.  The  citrates,  when 
heated,  froth,  blacken,  and  give  off  an  acid 
liquid.      When   an    anhydrous   citrate,   Ci  -f- 

3  MO,  is  decomposed  by  an  alcoholic  solution 
of  hydrochloric  acid,  so  that  each  eq.  of  citric 
acid  can  only  obtain  3  eq.  water,  formed  by  the 
oxygen  of  the  oxide,  and  the  hydrogen  of  the 
hydrochloric  acid,  the  citric  acid  resolves  itself 
into  hydrated  aconitic  acid,  and  the  citric  acid 
C;  thus, 

Citric  acid  B  3  (C12Hs014)  = 

Hydr.  aconitic  acid  3  (C4H03,  HO)  -f 
Citric  acid  C  2  (C12H8Ou,  HO.) 

Cit.  of  Potassa.  Three  citrates  of  polassa 
exist,  Ci,  3  KO  ;  Ci,  2  CO,  HO ;  and  "Ui,  KO, 
2  HO;  they  are  soluble  and  crystallizable. 

Cit.  of  Soda.  Formula  of  the  tribasic  salt, 
Ci,  3  NaO,  11  aq.  Berz.  It  forms  large  regular 
crystals;  at  212°  they  lose  7  eq.  water,  leaving 
Ci,  3  NaO,  4  aq.,  and  when  heated  to  from  360° 
to  380°,  the  remaining  4  eq.  water  are  expelled; 
but  a  portion  of  the  salt  is  converted  into  aconi- 
tate  of  soda.  It  is  insoluble  in  alcohol.  The 
bibasic  salt,  Ci,  2  NaO,  HO,  obtained  by  adding 
to  a  solution  of  the  last  salt  half  as  much  citric 
acid  as  it  already  contains;  forms  by  sponta- 
neous evaporation  small  prismatic  crystals. 
The  monobasic  salt,  Ci,  NaO,  2  HO,  obtained 
bya  similar  process,  adding  aquantity  of  citric 
acid  equal  to  that  already  present;  forms  a 
gummy  amorphous  mass,  but  maybe  obtained 
in  crystalline  grains  from  an  alcoholic  solution. 

Cit.  of  Baryta.  Citrate  of  soda  added  to  chlo- 
ride of  barium  causes  a  white  precipitate, 
Ci,  3  BaO,  7  aq.  Berz.  A  heat  of  300°  expels 
6  eq.)  a  higher  temperature  the  last  eq.  of 
water.  When  a  hot  solution  of  citric  acid  and 
chloride  of  barium  is  added  to  a  hot  solution 
of  citrate  of  soda  till  the  precipitate  is  dis- 
solved, and  the  mixture  allowed  to  cool,  a 
crystalline  powder  is  deposited,  which  contains 

2  Ci,  5  BaO,  HO  +  7  aq.,  and  must  be  viewed 
as  a  compound  of  the  salt  first  described  with 
a  bibasic  salt,  Ci,  2  BaO,  HO. 

Cilr.  Lime.  The  tribasic  salt,  formed  like 
that  of  baryta,  is  Ci,  3  CaO,  4  aq.  Berz.  The 
precipitate  formed  by  heating  citric  acid  with 
an  excess  of  lime-water  is  a  basic  salt,  Ci, 

3  CaO,  +  CaO,  HO ;  at  212°  it  is  converted  into 
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Ci,  3  CaO,  CaO.  The  salt  formed  by  adding 
chalk  to  lime  juice,  from  which  citric  acid  is 
obtained,  is  a  mixture  of  the  two  salts  just  de- 
scribed. 

Magnesia,  alumina,  and  protoxide  of  manga- 
nese, each  form  with  citric  acid  an  insoluble 
tribasic  and  a  soluble  acid-testing  salt.  The 
citrate  of  protoxide  of  iron,  formed  by  digesting 
iron-filings  with  a  concentrated  solution  of 
citric  acid  at  158°  to  176°,  separates  as  white 
crystals.  The  salt  of  the  peroxide  is  brown 
and  soluble.  The  double  alkaline  percitrates 
of  iron  are  now  highly  esteemed  as  chalybeates. 
Citrate  otzinc  is  sparingly  soluble. 

Citr.  of  Lead.  The  tribasic  salt,  Ci,  3  PbO, 
aq.  is  a  white  powder,  resolved,  by  washing 
with  water,  into  the  soluble  bibasic  salt,  and  an 
insoluble  salt  with  excess  of  base.  The  bibasic 
salt,  Ci,  2  PbO,  HO,  -4-  2  aq.  forms  crystalline 
grains.   The  basic  citrate  occurs  in  two  forms ; 

the  first  is  Ci,  6  PbO  :  the  second,  Ci,  3  PbO, 
PbO,  HO. 

The  only  citrate  of  copper  yet  described  is  a 
green  crystalline  powder,  Ci,  3  CuO,  CuO  = 
Ci,  4CuO;  which  becomes  blue  by  heat;  it 
contains,  therefore,  an  excess  of  base. 

Citr.  of  Silver  forms  a  brilliant  white  powder, 
which,  if  washed  and  dried  below  60°,  is 
Ci,  3  AgO,  aq. ;  when  heated  to  70°  it  gives  off 
water,  and  becomes  Ci,  3  AgO. 

Potassa-cilrate  of  Antimony  has  properties 
analogous  to  tartar  emetic,  forming  dazzling 
white  prisms;  it  is  composed  of  Ci,  Sb203  -f 
Ci,  3  KO  -f-  5  aq.,  Thauloiv ;  the  water  is  ex- 
pelled at  375°. 

Citr.  of  Oxide  of  Ethyl.  Syn.  Citric  ether. 
Obtained  by  heating  a  mixture  of  citric  acid, 
alcohol,  and  oil  of  vitriol,  till  ether  begins  to 
distil  over,  and  mixing  the  residue  in  the  retort 
with  water,  when  the  citric  ether  separates  as 
a  heavy  oily  fluid,  which  is  washed  with  water, 
dissolved  in  alcohol,  decolorized  by  charcoal, 
and  the  alcohol  dissipated  by  heat.  It  has  a 
faint  smell  of  olive  oil,  and  a  bitter  taste  ;  spec. 
°;rav.=  1-142;  boils  at  540°,  but  is  partially 
decomposed,  yielding  carbon,  pyrocitric  acid, 
and  alcohol;  converted  by  alkalies  into  citric 
acid  and  alcohol ;  but  not  altered  by  acids  in 
the  cold,  nor  by  chlorine  and  bromine. 

Action  of  heat  on  Citric  acid.  Investigated  by 
Lassaigne,  Dumas,  Baup,  Robiquet,  Dahlstrom, 
and  Berzelius,  and  recently  with  success  by 
Crasso.  According  to  Crasso,  crystallized 
citric  acid,  when  exposed  to  heat,  exhibits  four 
stages  of  decomposition.  During  the  first  the 
crystal-water  alone  is  given  off,  and  the  residue 
contains  unaltered  citric  acid.  The  second 
stage  is  characterized  by  white  vapors,  and  the 
production  of  acetone,  carbonic  oxide,  and  car- 
bonic acid,  while  the  residue  consists  of  hy- 
drated aconitic  or  pyrocitric  acid.  In  the  third 
stage,  the  aconitic  acid,  not  being  volatile,  is 
itself  decomposed,  yielding  carbonic  acjd,  and 
an  oily  liquid,  which  soon  crystallizes,  and  is 
itaconic  or  pyroaconitic  acid,  the  citricic  acid 
of  Baup.  In  the  fourth  stage  empyreumic  oil 
is  produced,  and  a  voluminous  coal  remains 
behind.  He  has  further  shown  that  the  aconitic 
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acid,  heated  by  itself,  is  converted  into  itaconic 
acid  and  carbonic  acid;  and  that  the  itaconic 
acid,  when  heated, yields  a  volatile  acid  isomeric 
with  itself,  citraconic  acid,  which  is  identical 
with  the  citribic  acid  of  Baup,  and  which  is 
always  more  or  less  formed  along  wnh  the 
itaconic  acid,  owing  to  the  easy  decomposition 
of  the  latter.  The  action  of  heat  on  citric  acid, 
therefore,  gives  rise  to  three  distinct  acids  in 
regular  sequence;  1st,  aconitic  or  pyrocitric 
acid;  2d,  itaconic  or  pyroaconitic  acid;  3d, 
citraconic  or  pyro-itaconic  acid.  The  changes 
by  formula  are  for  the  1st  stage  : 

5  eq.  water  5  HO 

1    "    aconitic  acid  C4  H204 

4   "    carbonic  oxide  C4       04 

1   "    acetone  C3  H30 

1   "    carbonic  acid  C        0,, 


1  eq.  cryst.  citric  acid  =  C12H5Ou  +  5  HO. 


For  the  2d  stage  : 
2  eq.  itaconic  acid   Cl0H6O8 

2  "    carbonic  acid  C2      04 

3  eq.  aconitic  acid    CI2H60,2.  Liebig's  Turner. 

See  Aconitic,  Itaconic  acid,  and  the  following 
3.rticlp 

CITRACONIC  ACID.  Chcm.  Syn.  Pyro- 
itaconic,  Citribic  acid.  Obtained  by  distilling 
aconitic  or  itaconic  acid,  the  last  portions  of 
the  distillate  being  anhydrous  oily  citraconic 
acid,  the  1st  portions  the  same  mixed  with 
water.  It  is  oily,  of  a  faint  acid  and  empyreum. 
odor,  a  sharp  acid  taste,  volatile  above  194°, 
and  distilling  without  decomposition  at  414°  ; 
spec.  grav.  at  57°=  1-247;  slowly  soluble  in 
water  in  all  proportions;  absorbs  1  eq.  water 
from  the  air,  forming  crystalline  hydrated  acid, 
which  is  more  volatile  than  the  dry  acid,  and 
soluble  in  water,  alcohol,  and  ether.  Form,  of 
the  dry  acid,  C5H203  =  Ct,  therefore  isomeric 
with  itaconic  acid. 

Citraconatcs.  The  neutral  citraconates  of 
potassa,  soda,  ammonia,  strontia,  and  lime  are 
soluble  and  difficult  to  crystallize.  Dry  am- 
monia forms  with  the  dry  acid  a  compound, 

2  (C5H203)  +  NH3,  which,  dissolved  in  water, 
crystallizes  spontaneously  as  2  (C5H203)  -j- 
NH40  f  aq. 

Ciirac.  of  Baryta.  The  neutral  salt  is  an  an- 
hydrous crystalline  powder,  BaO,  Ct.  The  acid 
salt  crystallizes  from  the  hot  solution  in  fine 
silky  needles,  BaO,  HO,  2  Ct  +  aq.  The  acid 
salt  of  strontia  has  the  formula  SrO,  HO,  2  Ct-f- 

3  aq.  The  acid  salt  of  lime  has  the  same  com- 
position ;  that  of  magnesia  is  crystalline. 

Citrac.  of  Lead,  formed  by  precipitating  in  the 
cold,  citrate  of  ammonia  with  neutral  acetate 
of  lead,  is  amorphous,  and  has  the  form.  PbO, 
Ct  +  2  aq.,  but  if  heated  in  the  liquid  it  be- 
comes crystalline,  and  is  then  PbO,  Ct;  the 
solution  filtered  from  the  last  deposits  a  volu- 
minous powder,  PbO,  Ct,  +  aq.  Besides  these 
neutral  there  is  a  basic  salt,  formed  by  basic 
acetate  of  lead,  nearly  insoluble,  crystalline, 
anhydrous.  The  salt  of  nickel  is  green,  uncrys- 
tallizable;  of  cobalt  red,  crystalline;  of  manga- 
nese opake,  tough  ;  of  protoxides  of  tin  and  mer- 
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nn-y  white,  sparingly  soluble.  The  precipitate 
formed  by  nitrate  of  ttiper  and  citrate  of  am- 
monia is  white,  voluminous,  amorphous,  solu- 
ble in  hot  water,  from  which  there  separates 
first,  fine,  shining  needles,  anhydrous,  AgO,Ct, 
and  subsequently  from  the  same  liquid  trans- 
parent,  adamantine,  6-sided  prisms  with  the 
formula  AgO,  Ct-f-  aq. ;  the  water  passes  off 
at  212°. 

CIVET.  Tech.  A  substance  analogous  to 
musk  in  odor,  and  obtained  from  two  species 
of  animals,  Viverra  Zibetha  and  V.  Civetta.  Its 
odor  is  due  to  an  essential  oil,  which  may  be 
separated  by  distillation. 

CLARIFICATION.  Tech.  A  process  for 
rendering  a  turbid  liquid  clear  by  introducing 
another  substance  into  it.  Albumen,  as  in  the 
white  of  egg  or  blood,  when  boiled  in  a  liquid 
coagulates  and  collects  the  floating  particles. 
It  is  applied  to  sugar-solutions,  coffee,  &c. 
Gelatine,  isinglass,  glue,  when  added  to  a 
cloudy  liquid  containing  tannin, combines  with 
it  to  an  insoluble  compound,  enclosing  floating 
matter  at  the  same  time;  hence  its  use  in 
fining  beer,  &c.  Turbid  river  water  may  be 
clarified  by  a  little  alum.  The  Chinese  put  a 
small  piece  of  alum  in  the  hollow  of  a  bamboo 
and  stir  the  water  a  moment  with  it,  when  the 
suspended  matter  subsides  in  a  short  time. 
The  process  of  simmering  vegetable  juices,  as 
those  of  fruits,  acts  in  part  by  the  coagulation 
of  the  albumen  contained  in  them,  which  rises 
to  the  top,  carrying  floating  matter  with  it,  and 
is  then  removed  by  skimming.  Where  the 
turbid  liquid  is  passed  through  porous  matter, 
it  is  Filtration. 

CLAUSTHALITE.  Min.  See  Selenicbet 
of  Lead. 

CLAY.  Geol.  Min.  Tech.  Syn.  Argillaceous, 
Aluminous   earth.      Ger.    Thon ;    Fr.  Argile. 

Geol.  Clay  is  extensively  distributed  over  the 
earth,  often  in  heavy  beds,  and  is  mainly  due 
to  the  decomposition  and  wearing  of  rocky 
masses,  the  finer  particles  of  which,  transported 
by  streams,  form  local  deposits  in  rivers  and 
bays,  and  more  extensive  deposits  in  the  bed 
of  the  ocean.  From  its  origin  it  necessarily 
varies  in  composition  and  character.  It  is 
pulverulent,  emits  a  peculiar  odor,  termed  ar- 
gillaceous, when  breathed  on,  forms  a  soft, 
plastic  mass  with  water,  and  is  then  usually 
unctuous  to  the  touch.  It  is  composed  mainly 
of  silica  and  hydrous  alumina,  the  silica  being 
partly  hydrous  and  partly  as  sand,  together 
with  smaller  quantities  of  potassa,  lime,  mag- 
nesia, oxide  of  iron,  &c. 

Min.  Some  local  deposits  of  clay  appear  to 
be  definitely  constituted,  and  it  is  not  improba- 
ble that  all  clays  consist  of  one  or  more  of 
clays  composed  according  to  regular  formulas. 
See  Allophane,  Bole,  Cimolite,  LiTHOMAnoE, 
Kaolin,  Kollyrite,  &o.  Berthier  regards  the 
hydrous  silicates  of  alumina  as  compounds  of 
1  eq.  hydrate  of  alumina,  A1203,  3  HO,  with  1 
or  more  eq.  of  different  hydrous  silicates  of 
alumina,  and  divides  them  into  two  groups; 
Allophanes,  in  which  the  alumina  has  more, 
and  Halloysites,  in  which  it  has  less  oxygen 
than  the  silica. 

Tech.    The  clays  are  extensively  applied  in 
the  arts,  as  the  manufacture  of  porcelain,  fine 
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and  coarse  pottery,  stone-ware,  crucibles 
brick.    The  following  tables  of  the  com 

,  and  1  tion  of  clays  are  from  Berthier's  "  Essais  par 
posi-    la  voie  seche." 

1. 

2. 

3. 

4      1 

5. 

0. 

7. 

8. 

9. 

10. 

71-0 
19-0 

9-0 

66-7 

18-2 

0-6 

1-6 

12-0 

66-1 
19-8 

6-3 

7-5 

66-7    1 
21-6 

2-5 

90 

63-7 
20-7 

4-0 
10-3 

63-0 
230 

1-3 

12-0 

66-7 

24-0 

1-2 

1-2 

6-6 

56-9 
21-9 

0-6 
3-4 

17-4 

65-0 
24-0 

trace 
11-0 

64-4 
24-6 

trace 
10-0 

Oxide  of  iron. . 

99-0 

99-1        99-7 

99-8 

98-7    1    99-3 

99-7 

100-2 

100-0 

99-0 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

61-7 
24.7 

2-2 
10-0 

54-0 
25-0 
trace 
6-0 
14-0 

55-4 
26-4 

4-2 
120 

52-0 
27-0 

2-0 
19-0 

58-2 
28-0 

3-5 

100 

55-9 

26-8 

2-5 

1-0 

13-6 

54-0 
30-0 

15-6 

52-0 
31-6 

4-4 
12-6 

48-4 
300 

2-2 
180 

50-0 

32-7 

1-5 

16-0 

Oxide  of  iron. . 

|    98-6 

99-0 

98-0 

100-0 

99-7 

98-9 

99-6 

100-6 

98-6 

100-2 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

47-2 
32-4 

3-0 
160 

49-2 
34-0 

16-4 

49-2 
34-0 

16-4 

50-6 
35-2 

4 
13-1 

40-9 

36-4 

1-0 

14-8 

49-6 
37-4 

11-2 

46-5 
34-9 

30 

15-2 

50-5 

12-8 

4-0 

7-0 

25-7 

57-0 

10-3 

30 

6-7 

230 

Oxide  of  iron  . . 

98-6 

f    99-6 

99-6 

99-3 

99-1 

98-2 

99-6 

1000 

100-0 

No.  I,  from  Antragues,  near  Jemmapes,  in 
Belgium,  grayish  white,  somewhat  unctuous, 
excellent  for  glass-pots.  2.  Pipeclay,  from 
Strasburg,  gray,  unctuous ;  it  contains  1-5  per 
cent,  sand  in  addition  to  the  rest.  3.  From 
Hayanges,  dep.  Moselle,  yellowish,  sandy,  used 
for  fire-brick.  4.  From  St.  Amand,  dep.  Nievre, 
yellowish,  used  for  common  pottery.  5.  Stour- 
bridge, gray,  excellent  for  crucibles  for  glass 
and  steel.  6.  Cimolite,  analyzed  by  Klaproth. 
7.  Pipeclay,  near  Cologne,  white,  soft,  with 
0-3  per  cent,  sand  in  the  analysis;  accompa- 
nied by  lignite.  8.  From  Haeganas,  Sweden, 
analyzed  by  Karsten,  slaty,  very  refractory, 
from  a  coal  formation.  9.  From  Forges,  dep. 
Seine-Inferieure,  gray,  becomes  white  by  cal- 
cination, excellent  for  glass-pots,  from  a  ter- 
tiary formation.  10.  From  Colonne,  dep. 
Seine-et-Marne,  white,  mixed  with  sand,  used 
for  fine  pottery.  11.  From  Montet,  dep.  Saone- 
et-Loire,  grayish  white,  good  for  fire-brick  and 
blast  furnaces.  12.  From  Vanvres,  near  Paris, 
gray,  becoming  reddish  by  calcination,  used 
for  laboratory-furnaces,  &c.  13.  From  Bou- 
chade,  dep.  Allier,  yellowish  white,  good  for 
glass-pots  for  bottle-glass.  14.  From  Audennes, 
Belgium,  gray,  soft,  used  for  brass-crucibles. 


15.  From  Clarac,dep.  Aveyron,gray.  16.  From 
Plaignes,  dep.  Seine-et-Marne,  white.  17.  From 
Vire,  dep.  Calvados,  gray,  whitening  by  calci- 
nation, with  very  little  sand,  used  for  fulling. 
18.  From  Leyval,  dep.  Charente-Inferieure, 
white,  slightly  red-marbled,  excellent  for  glass- 
pots.  19.  From  Argentiere,  dep.  Indre,  very 
white.  20.  From  Frankfort  am  Mayn,  gray, 
used  for  alum.  21.  From  Nuzejoul,  dep.  Lot, 
pale  blond,  used  for  glass-pots.  22.  From  St.- 
Aulin-les-Foux,  dep.  Seine-Inferieure,  of  a 
chocolate  color  when  dry,  whitening  by  calci- 
nation, used   in  Sweden    for  brass-crucibles. 

23.  From  Echassieres,  dep.  Allier,  white,  used 
for   crucibles    for   fusing    ores    of    antimony. 

24.  From  Abondant,  dep.  Eure-et-Loir,  gray, 
used  for  porcelain  seggurs  at  Sevres.  25.  From 
Angleur,  Belgium,  very  white.  26.  From  De- 
vonshire, grayish  white,  whitening  by  calcina- 
tion, very  refractory.  27.  From  Gross-Alme- 
rode,  Hessia,  gray,  becoming  pale  reddish-gray 
by  calcination,  used  for  making  Hessian  cru- 
cibles. 28,  29.  Fuller's  earth  from  England, 
28  being  the  better  quality,  white  with  greenish 
tint. 

The  following  analyses  of  Kaolin  are  from 
the  same  authority. 


Silica 

Alumina 

Potassa 

Lime 

Magnesia. . . . 
Oxide  of  iron 
Water 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

46-8 

37-3 

2-5 

trace 

13-0 

43-6 
37-7 

1-5 
12-6 

52-8 

31-2 

2-2 

1-6 

100 

55-8 

25-0 

3-2 

8-5 
1-8 

7-2 

63-5 

28-0 

1-0 

8-0 

50-0 
28-0 
2-2 
5-5 
0-7 
5-5 
9-5 

4G-0 
39-0 

i 
14-5 

45-06 
32-00 

0-74 

0-90 
18-00 

99-6 

95-4 

97-8 

99-5 

100-5 

101-4 

99-5 

96-70 
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CLAY-SLATE. 

1.  From  St.  Yriex,  dep.  Haut-Vienne,  used 
in  the  porcelain  composition  at  Sevres,  and  is 
then  pure  white.  2.  From  Schneeberg,  Saxony, 
slightly  reddish,  the  loss  in  the  analysis  in- 
cludes alkali.  3.  From  Meissen,  Saxony,  very 
white.  4.  From  Garde-Fregney,  dep.  Var,  red- 
dish white,  encloses  felspar  and  mica.  5.  From 
Fourches,  dep.  Lozere,  faintly  reddish,  en- 
closing felspathic  sand.  6.  From  Norman- 
die,  much  colored  by  oxide  of  iron.  7.  From 
Ane  near  Schneeberg.  8.  From  Passau  in  Ba- 
varia. 

Brogniart  divides  clays  into  Refractory,  Fu- 
sible, Effervescing,  and  Ochrey.  1.  Refractory, 
or  Fire-clays.  They  are  infusible  at  any  fur- 
nace heat,  merely  cohering,  and  often  scarcely 
cohering,  and  contain  little  or  no  oxide  of  iron. 
They  embrace  Kaolin,  and  Plastic  or  Pipe- 
clays, together  with  Lithomarge,  Cimolite.Kol- 
lyrite,  &c.  They  are  employed  in  the  manu- 
facture of  porcelain,  pipes,  fine  pottery,  glass 
and  other  crucibles. 

2.  Fusible  clays  are  more  or  less  fusible  at 
high  furnace  heats,  and  contain  more  or  less 
oxide  of  iron,  magnesia,  and  lime,  which  are 
the  cause  of  their  fusibility.  They  include 
Fuller's  earth,  Potter's  clay,  and  clay  for  bricks, 
and  are  used  for  the  manufacture  of  common 
pottery,  brick,  &c. 

3.  Effervescing  clays  or  Marls,  are  mixtures 
of  clay  and  carbonate  of  lime;  they  effervesce 
with  acids,  are  fusible;  they  are  employed  as 
an  addition  to  other  clays  in  making  coarse 
pottery  and  brick,  as  a  manure  in  agricul- 
ture, &c. 

4.  Ochrey  clays  are  colored  by  oxide  of 
iron,  sometimes  combined  with  an  organic  acid. 
They  include  Ochres,  Bole,  and  Reddle,  which 
are  mainly  used  as  pigments  or  crayons.  See 
Brick,  Pottery,  Porcelain,  Marl,  &c. 

CLAY-SLATE.  Geo!.  A  clay  formation, 
hardened  by  lapse  of  time  and  other  causes, 
constituting  extensive  deposits.  It  is  frequently 
traversed  by  joints  so  numerous  that  the  dip 
of  the  stratum  cannot  be  accurately  determined. 

CLAY-IRON-STONE.  Min.  See  Sparry 
Iron. 

CLEAVELANDITE.     Min.     See  Albite. 

CLINTONITE.  Min.  Foliated;  the  lamina? 
inflexible;  reddish  or  brownish;  lustre  me- 
tallic, pearly ;  translucent,  opake  ;  II.  =  4 — 4-5. 
G.  =  3-07 — 3-1;  infusible  alone;  decomposed 
by  acids.  The  analyses  of  it  by  Clemson  and 
Thomson  are  too  much  at  variance  to  allow  of 
a  formula,  but  it  bears  some  analogy  to  Xari- 
thophyllite.  It  occurs  at  Amity,  Orange  county, 
New  York. 

CLOVES.     See  Caryophyllin. 

CNICIN.  Occurs  in  Cnicus  bcnedictvs,  (Nat- 
tivdlc .)  and  in  all  Cynarocephalce,  (Scribe.)  It 
crystallizes  in  transparent  white  needles,  which 
have  no  smell,  a  bitter  taste,  are  neutral,  not 
affected  by  exposure  to  air,  fuse  and  are  de- 
composed by  heat;  little  soluble  in  cold,  more 
so  in  boiling  water ;  the  solution  deposits,  on 
long  boiling,  a  tenacious  body;  alcohol  dis- 
solves it  readily,  ether  sparingly.  It  consists 
of  62-9  C,  6  9  H,  30-2  O.     Ch.  Gaz.  ii.  462. 

COAGULUM.  Ger.  Gerinnsel,  is  generally 
applied  to  a  jelly  separating  from  a  liquid. 
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Albumen  is  coagulated  by  heat.     See  Albu- 
men, Clarification-,  and  Blood. 

COAK.     See  Coke. 

COAL.  Gcd.  Vhnn.  Tali.  Syn.  Lignite, 
Pit-coal,  Stone-coal,  Anthracite.  Ger.  Stein- 
kohlen  ;  Fr.  Charbon,  Houille. 

Geol.  The  various  kinds  of  coal  constitute 
extensive  formations  in  many  parts  of  the 
globe,  but  few  of  which  have  been  extensively 
mined  and  usefully  applied.  They  are  black 
or  brownish  black,  hard  to  rather  soft,  brittle, 
burning  more  or  less  freely  with  more  or  less 
flame,  and,  together  with  the  adjacent  slates, 
abounding  with  impressions  of  leaves  and 
stems  of  fern,  &c.  From  several  points  of 
view  we  distinguish  3  kinds,  Lignite,  Pit-coal, 
and  Anthracite,  which  exhibit  a  striking  simi- 
larity in  different  localities. 

Lignite,  or  brown  coal,  belongs  to  the  Ter- 
tiary formation,  and  is  sometimes  heavy-bedded, 
in  nests,  rarely  forming  an  extensive  field,  has 
usually  a  brown  streak,  burns  with  a  dark 
smoky  flame  and  much  disagreeable  odor;  it 
appears  to  be  vegetable  matter  less  altered 
than  the  following  kinds.  Lignite  sometimes 
occurs  as  carbonized  stems  of  trees,  dissemi- 
nated in  clay,  and  is  associated  with  amber, 
retinasphalt,  &c.  In  the  United  States  the 
Richmond  coal  is  of  this  character,  besides  dis- 
seminated trunks  of  trees  in  the  Red  Clay  for- 
mation extending  from  Amboy  far  to  the  south- 
west. Lignite  is  also  found  and  mined  in  Ger- 
many, France,  England,  China,  &c. 

Pit-coal,  or  Bituminous  coal,  belongs  to  the 
secondary  formations,  and  occurs  in  beds  ex- 
tensively developed,  forming  tracts  of  many 
thousand  square  miles  in  extent.  It  has  usually 
a  black  streak,  and  is  more  shining  than  lignite ; 
burns  with  a  less  or  more  smoky,  but  usually 
more  brilliant  flame,  and  less  disagreeable  odor, 
is  more  regularly  stratified,  and  its  organic 
origin  is  less  distinctly  seen.  Several  varie- 
ties are  distinguished  in  England.  Cherry  coal 
breaks  in  cubical  masses,  is  black,  shining, 
burns  freely;  caking  coal  resembles  cherry  coal, 
but  the  fragments  cement  together  in  the  fire  by 
fusion  ;  splint  coal  breaks  readily  with  a  slaty 
fracture,  resisting  cross  fracture  more  power- 
fully, is  dull-black,  harder  than  the  preceding, 
burns  freely  with  much  smoke  ;  cannel  coal  is 
grayish  or  velvety  black,  dull  or  with  feeble 
resinous  lustre,  fracture  conchoidal,  burns  most 
freely,  with  a  brilliant  white  flame.  The  locali- 
ties of  pit-coal  are  the  United  States,  Great 
Britain,  German}^,  South  America,  China,  &c. 

Anthracite  belongs  to  the  same  formations  as 
pit-coal,  forming  thick,  continuous  beds  of 
great  extent,  is  black,  with  a  shining  lustre, 
often  submetallic  and  brilliant,  breaks  in  more 
irregular  masses  than  pit-coal,  with  a  con- 
choidal fracture,  is  the  hardest  and  toughest 
of  all  the  coals,  is  ignited  with  more  difficulty, 
but  burns  readily  in  masses  with  little  flame. 
See  Anthracite. 

Chem.  Composition.  Ammonia  is  always  a 
product  of  the  dry  distillation  of  bituminous 
and  brown  coals,  but  the  nitrogen  is  not  an 
essential  constituent,  for  analyses  of  the  pure 
coals  exhibit  only  traces  of  it,  and  we  may 
attribute  it  to  the  remains  of  animal  matter 


COAL. 

enclosed  within  them.  The  following  table 
contains  the  analyses  of  coals  and  turf  made 
by  Regnault  and  Richardson. 


Oxygen 

Carbon. 

Hydrogen 

and 
Nitrogen. 

Ashes. 

58-09 

5-93 

31-37 

4-61 

71-71 

4-85 

21-67 

1-77 

Splint  coal. . 

82-92 

6-49 

10-86 

0-13 

Cannel  coal. 

83-75 

5-66 

8-04 

2-55 

Cherry  caal. 

84-84 

5-05 

8-43 

1-68 

Caking  coal. 

87-95 

5-24 

5-41 

1-40 

Anthracite . . 

91-98 

3-92 

|      3-16 

1  0-94 

The  analysis  of  brown  coal  or  lignite,  free 
from  bitumen,  gives  the  formula  C33H21016,  of 
splint  coal  from  Newcastle,  and  cannel  coal 
from  Lancashire,  C24H130,  of  caking  coal  from 
Newcastle,  C20H9O. 

Origin.  The  presence  of  numberless  im- 
pressions of  leaves  and  stems  of  plants,  both 
in  and  adjacent  to  coals,  indicate  their  vegeta- 
ble origin,  and  we  may  trace  out  chemically 
the  changes  which  have  resulted  from  the  con- 
version of  woody  fibre  into  coal.  Woody  fibre 
is  composed  of  C36H22022,  and  by  comparing 
it  with  mouldered  oak,  it  is  found  that  an  eq. 
of  carbonic  acid  has  been  formed  for  every 

2  eq.  of  hydrogen  oxidized  by  the  air.  Com- 
paring the  formula  of  woody  fibre  with  that  of 
brown  coal,  we  find  that  for  1  eq.  of  hydrogen 
oxidized,  3  eq.  of  carbonic  acid  are  set  free ; 
thus  C36H22022  +  O  =  C,3H21016  +  HO  + 

3  C02-  But  tne  splint  and  cannel  coals  are 
formed  differently  from  brown  coal,  the  change 
taking  place  probably  without  access  of  air, 
and  consisting  in  the  removal  of  3  eq.  carbu- 
retted  hydrogen,  3  eq.  water,  and  9  eq.  carbonic 
acid;  thus : 


Woody  fibre 
3  eq.  carb.  hydrog.  C3H6 
3  eq.  water  H303 

9  eq.  carb.  acid       C9     Oj 


Splint  and  cannel  coal 


^ifirloo^a 


C,,Hn  O, 


C,.H,,0 


Caking  coal  may  be  formed  from  cannel  coal 
by  the  removal  of  olefiant  gas,  thus  C24H130 — 
C4H4  =  C20H9O.  Now  it  is  observed  that  car- 
bonic acid  is  freely  developed  near  brown  coal 
formations,  and  may  be  the  source  of  the  car- 
bonated mineral  springs,  and  of  the  choke 
damp  in  mines.  Moreover,  the  gaseous  matter 
in  coal  mines,  called  fire-damp,  consists  of 
light  and  heavy  carburetted  hydrogen,  carbonic 
acid,  nitrogen,  &c.  The  last  may  be  due  to 
the  atmosphere  or  to  the  nitrogen  in  the  coal. 
The  constant  occurrence  of  fire-damp  seems  to 
point  out  a  change  still  operating,  and  if  we 
suppose  carburetted  hydrogen  and  a  little  car- 
bonic acid  to  continue  passing  off,  the  residue 
would  be  anthracite. 

The  above  view  of  the  changes  which  have 
occurred  must  be  only  viewed  as  approximately 
correct,  and  merely  designed  as  an  illustration ; 
for  it  should  be  observed  that  some  assume 
the  composition  of  lignin  or  woody  fibre  to  be 
C36H24024,  and  not  as  above  given  ;  and  more- 
over, the  above  formulas  will  probably  not  hold 
good  for  the  same  kind  of  coal. 


COBALT. 

Tech.  All  kinds  of  coal  are  employed  as 
Fuel,  both  for  domestic  use  and  in  the  arts. 
They  are  at  the  same  time  employed  as  re- 
ducing agents,  in  which  the  carbon  seems  to 
be  the  active  agent.  The  bituminous  coals 
subjected  to  heat  in  close  vessels  give  rise 
to  gaseous  and  liquid  products,  while  Coke 
remains. 

Products  of  Dry  Distillation.  These  products 
are  somewhat  analogous  to  those  derived  from 
wood,  and  some  are  identical  with  them.  Thus 
the  gaseous  products  are  light  carburetted  hy- 
drogen, or  marsh  gas,  olefiant  gas,  and  car- 
bonic acid.  The  liquid  products  consist  of 
various  bodies  closely  analogous  to  petroleum, 
and  the  solids  consist  of  Naphthaline  and 
Paraffine.  The  relative  proportions  of  these 
products  vary  with  the  temperature.  The 
lower  the  heat  employed,  the  less  gas,  and  the 
more  solids  and  liquids  are  produced;  the 
higher  the  temperature,  the  greater  is  the  quan- 
tity of  carburetted  hydrogen  ;  but,  for  the  pur- 
poses to  which  the  practical  process  is  applied, 
the  temperature  must  not  be  raised  too  high, 
for  then  the  gas  evolved  would  be  mostly  marsh 
gas  and  pure  hydrogen,  which  possess  little 
illuminating  power,  while  a  great  deal  of  illu- 
minating power  may  be  derived  from  the 
vapors  of  some  highly  volatile  liquid  products. 
From  the  albuminous  constituents  of  the  wood, 
or  enclosed  animal  matter,  coal  always  con- 
tains a  small  quantity  of  nitrogen,  and  hence 
ammonia  is  evolved  in  its  distillation.  The 
gas  liquor  so  obtained  is  extensively  used  in  the 
manufacture  of  sal-ammoniac.  A  small  quan- 
tity of  sulphur  always  exists  in  coal,  which  is 
evolved  during  the  distillation  as  sulphuretted 
hydrogen.  The  liquid  products  have  been 
examined  byRunge  and  Laurent.  The  former 
found  Carholic  acid,  (see  also  Phenyl,)  Kya- 
nole,  Leucole,  Pyrrole,  and  Rosolic  acid. 
Refer  to  the  articles  indicated,  and  to  Illumi- 
nating Gas,  Carburetted  Hydrogen,  &c. 

COBALT.  Ger.  Kobalt,  Kobold.  Some  com- 
pounds of  this  metal,  probably  only  its  ores, 
were  known  and  employed  by  the  Romans, 
Greeks,  and,  probably,  by  the  Egyptians,  for 
analysis  has  shown  its  presence  in  some 
ancient  blue  glass.  The  ores  have  been  used 
from  the  16th  century  in  the  preparation  of 
smalt,  and  Brandt  first  obtained  the  metal  im- 
pure in  1733.  It  is  not  very  abundant,  being 
found  chiefly  as  arseniuret  in  Cobalt-glance 
and  Arsenical  Cobalt,  farther  as  Cobaltic  Man- 
ganese, Cobalt-bloom,  Cobalt  Pyrites,  &c. 

Metallurgic  Treatment  of  the  Ores. 

The  ores  containing  arsenic  are  generally 
calcined  to  expel  the  arsenic.  The  operations 
vary  according  as  the  object  is  oxide  of  cobalt, 
or  smalt,  zaffre. 

Oxide  of  Cobalt.  1.  The  roasted  ore  is  dis- 
solved in  nitric  acid,  filtered  from  arsenious 
acid,  &c,  evaporated  nearly  to  dryness,  water 
added,  again  filtered,  and  sulphuretted  hydro- 
gen passed  through  ;  the  filtered  liquid  is  boiled, 
precipitated  by  carbonate  of  soda,  filtered,  and 
the  carbonates  of  nickel,  cobalt,  and  iron  di- 
gested in  oxalic  acid,  which  removes  the  iron, 
after  washing;  the  oxalates  of  cobalt  and  nickel 
arc  dissolved  in  caustic  ammonia,  and  exposed 
2q.2  461 
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to  the  air  for  some  days,  when  oxalate  of 
cobalt  is  alone  in  solution  ;  the  solution  is 
evaporated  and  ignited.  By  repeating  the 
operation  of  solution  in  ammonia  and  expo- 
sure, the  oxalates  of  cobalt  and  nickel  may  be 
entirely  separated.  (Laugier.)  2.  The  nitric 
solution  of  the  unroasted  ore  evaporated,  di- 
luted and  filtered,  is  treated  with  carbonate  of 
potassa  until  the  color  of  the  precipitate  shows 
that  oxide  of  cobalt  is  falling  down  ;  to  the 
filtered  liquid  a  saturated  solution  of  binoxalate 
of  potassa  is  added,  when  in  a  few  hours  all 
the  cobalt  with  a  little  nickel  precipitates. 
(Quesneville.)  3.  Precipitate  the  diluted  nitric 
solution  of  the  roasted  ore  with  sulphuretted 
hydrogen,  filter,  boil,  precipitate  by  carbonate 
of  potassa,  digest  the  precip.  with  ammonia, 
filter,  dilute,  add  sal-ammoniac,  then  potassa, 
boil  until  a  filtered  test  no  longer  precipitates, 
filter,  and  evaporate,  when  the  oxide  of  cobalt 
deposits.  ( Wittstein.)  4.  Fuse  3  pts.  bisul- 
phate  of  potassa  in  cast  iron  or  earthenware, 
add  gradually  1  pt.  finely  powdered  and  roasted 
ore,  heat  more  strongly  until  the  vapors  of  sul- 
phuric acid  cease  to  rise,  pour  out  the  liquid 
mass,  dissolve  it  in  boiling  water,  filter  from 
arseniate  of  iron  and  cobalt,  precipitate  copper, 
&c,  from  the  liquid  by  sulphuretted  hydrogen, 
and  precipitate  nearly  pure  carbonate  of  cobalt 
by  carbonate  of  potassa.  The  addition  of  a 
little  green  vitriol  previous  to  fusion  prevents 
the  formation  of  arseniate  of  cobalt.  (Liebtg.) 
5.  Fuse  1  pt.  pulverized,  uncalcined  ore  with 
3  pts.  potash  and  3  pts.  sulphur  in  a  clay-cru- 
cible at  a  gentle  heat,  treat  it  with  water  re- 
peatedly, repeat  the  fusion  and  extraction  of 
sulpharseniate  of  potassium  with  water,  dis- 
solve the  residue  in  nitric,  or  dilute  sulphuric 
with  nitric  acid,  and  precipitate  with  carbonate 
of  soda.  (Wohlcr.)  6.  For  the  cobaltic  man- 
ganese ore,  treat  successively  with  muriatic 
acid,  sulphuretted  hydrogen,  acetate  of  soda, 
and  sulphuretted  hydrogen.    (Wackenroder.) 

Smalt,  Azure,  Zuffre.  Ger.  Smalte,  Blaue 
Farbe,  Safllor,  Zaffer.  The  materials  employed 
are  ore,  quartz,  potash,  and  arsenious  acid. 
1.  Ore.  From  the  expensive  character  of  co- 
balt, and  the  want  of  heavy  beds  of  it,  the  ores 
are  carefully  selected  and  assorted.  The  purest 
ores  may  be  fully  calcined,  while  the  poorer 
can  only  be  roasted  to  a  certain  point;  in  the 
latter  case  a  portion  of  the  fused  metals  re- 
mains in  a  mineralized  state,  called  Speise,  in 
making  smalt.  The  ores,  rich  in  nickel,  are 
exposed  to  slow  oxidizement  in  the  air  for  a 
year,  whereby  the  iron,  cobalt,  arsenic,  and 
sulphur  get  oxygenated  by  the  atmospheric 
moisture,  but  the  nickel  continues  in  the  me- 
tallic state.  The  ore  increases  in  weight  from 
8  to  10  per  cent.  PI.  IV.  figs.  9  and  10  are  a 
vertical  and  horizontal  section  of  the  rever- 
beratory  for  calcining  cobalt  ore.  It  is  con- 
structed for  wood  fuel,  and  the  hearth  is  com- 
posed of  fire-bricks  or  tiles.  The  vapors  and 
gases  disengaged  in  the  roasting,  pass  off 
through  the  flues  a  a  into  the  channels  6  6,  and 
thence  by  c  into  the  common  vent,  or  poison 
chamber.  See  PI.  III.  figs.  6,  7,  and  8  for  the 
condensing  chambers,  under  Arsenic.  The 
flues  are  cleared  out  by  means  of  openings 
left  in  suitable  situations. 
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The  calcination  is  carried  on  chiefly  in 
winter,  in  order  that  the  external  cold  may 
favor  the  more  complete  condensation  of  the 
arsenious  acid.  From  3  to  5  cwt.  of  Schlich 
(pasty  ore)  are  roasted  at  one  operation,  and 
its  bed  is  laid  from  5  to  6  inches  thick.  After 
two  hours,  it  must  be  turned  over;  and  the 
stirring  must  be  repeated  every  half  hour,  till 
no  more  arsenic  is  observed  to  exhale.  The 
process  being  then  finished,  the  ore  must  be 
raked  out  of  the  furnace,  and  another  charge 
introduced.  The  duration  of  the  roasting  is 
regulated  partly  by  the  proportion  of  sulphur 
and  arsenic  present,  and  partly  by  the  amount 
of  nickel;  which  must  not  be  suffered  to  be- 
come oxidized,  lest  it  should  spoil  the  color  of 
the  smalt.  The  latter  ores  should  be  but 
slightly  roasted,  so  as  to  drive  the  nickel  into 
speise.  The  roasted  ore  must  be  sifted.  The 
loss  of  weight  in  the  roasting  amounts,  upon 
the  average,  to  36  per  cent.  The  roasted  ore 
has  a  brownish  gray  hue,  is  called  iaffiqr,  and 
is  distributed  into  different  sorts,  F  F  S  being 
the  finest;  FS  fine;  OS  ordinary;  and  MS 
middling.  These  varieties  proceed  from  va- 
rious mixtures  of  the  calcined  ores.  The 
roasted  ore  is  ground  up  along  with  sand, 
elatriated,  and,  when  dry,  is  called  suffre. 

2.  The  quartz  is  ignited,  quenched,  stamped, 
washed,  ignited,  and  sifted,  by  which  it  loses 
some  30  per  cent,  of  its  weight.  3.  The  potash 
must  be  pure,  freed  from  earthy  matters,  ignited. 
Soda  cannot  be  substituted  for  it,  as  it  yields  a 
purplish  color.  4.  Arsenious  acid  is  added, 
mainly  to  peroxidize  the  iron  and  prevent 
injury  to  the  blue  color. 

The  fusion  of  the  cobalt  glass  is  performed 
in  glass-pots  in  an  ordinary  glass  furnace. 
PI.  IV.  figs.  11  and  12  represent  a  round  smalt 
furnace,  in  two  vertical  sections,  at  right 
angles  to  each  other.  The  fire-place  is  vaulted 
or  arched  ;  the  flame  orifice  a,  is  in  the  middle 
of  the  furnace;  6  is  the  feed  hole  ;  c,  a  tunnel 
which  serves  as  an  ash-pit,  and  to  supply  air; 

d,  openings  through  which  the  air  arrives  at 
the  fuel,  the  wood  being  placed  upon  the  vault; 

e,  knee  holes  for  taking  out  the  speise  from  the 
pot  bottoms ;  /,  working  orifices,  with  cast-iron 
plates,  g,  in  front  of  them.  Under  these  are 
the  additional  outlets  h.  The  smoke  and  flame 
pass  off  through  the  orifices  i,  which  terminate 
in  expanded  flues,  where  the  sand  may  be  cal- 
cined or  the  wood  may  be  baked.  Eight  hours 
are  sufficient  for  one  vitrifying  operation, 
during  which  the  glass  is  stirred  about  several 
times  in  the  earthen  melting  pots.  A  furnace 
of  8  pots  produces  from  24  cwt.  of  the  mixture 
19  cwt.  glass,  and  \  to  ^  cwt.  speise.  When 
the  glass  is  good  and  the  speise  has  settled,  the 
glass  is  taken  out  in  iron  ladles,  poured  into 
water,  stamped  dry,  or  crushed  between  rollers, 
sifted,  ground  between  stones  in  water,  and 
washed  over,  by  which  it  may  be  obtained  of 
different  degrees  of  fineness.  The  purer  the 
cobalt,  the  richer  and  purer  the  blue  tone  of 
smalt;  a  little  nickel  imparts  a  violet  tone. 
Prussia  produces  annually  about  370  tons,  and 
Saxony  about  500  tons  of  smalt.  A  superior 
quality  is  also  produced  in  Sweden  from  the 
pure  Tunaberg  ores.  Azure  blue  and  smalt 
are  used    as   a  pigment,  being  rich  in   tone 
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and  unchangeable  by  atmospheric  and  most 
chemical  agents,  for  bluing  linen,  mixed  with 
starch  in  common  washing,  for  bluing  paper, 
&c,  for  which  last  purpose  it  should  be  re- 
jected, as  its  hardness  wears  a  pen  too  rapidly. 

Cobalt  and  Metalloids. 

Cobalt.  Oxide  of  cobalt  may  be  reduced  to 
metal  by  igniting  the  oxide  in  hydrogen,  by 
powerful  ignition  in  a  charcoal  crucible  with 
a  pure  leadless  glass  as  flux,  by  igniting  oxalate 
of  cobalt  in  a  crucible  under  pure  glass.  It  is 
reddish  gray,  with  feeble  lustre,  magnetic  (not 
magnetic,  when  pure,  Faraday),  as  malleable 
as  cast  iron,  with  a  little  arsenic,  it  is  brittle; 
spec.  grav.  =  8-49  to  8-53.  Sym.  Co.  Eq.  = 
29-5  (29-57  or  368-99  0  =  100). 

1.  Protoxide  of  Cobalt.  Syn.  Oxide  of  Cobalt. 
Ger.  Kobaltoxydul.  It  is  formed  by  igniting 
the  carbonate  in  a  tube  filled  with  it  and  drawn 
out;  it  has  a  greenish  color;  by  heating  1  pt. 
of  the  oxide  with  4 — 6  pts.  potassa  in  a  silver 
crucible  for  a  few  minutes  to  commencing  red- 
ness, the  protoxide  remains,  after  washing,  in 
the  form  of  square  plates.  Hydrate.  The  oxide 
is  precipitated  in  a  vessel  apart  from  the  air 
by  caustic  potassa  of  a  blue  color,  probably  a 
basic  salt,  which  passes  soon,  especially  by 
boiling,  into  the  rose-red  hydrate ;  or  it  may  be 
formed  by  boiling  the  carbonate  with  potassa. 
It  is  apt  to  become  brownish  in  drying,  and 
loses  its  water  above  212°.  Form.  CoO,  HO, 
Eq.  46-5. 

Salts.  They  are  readily  formed  by  dissolving 
the  metal  or  carbonate  in  acids,  or  by  precipi- 
tation;  the  soluble  are  carmine-red,  the  insolu- 
ble peach-red  or  violet.  The  metal  is  precipi- 
tated from  most  neutral  solutions  by  zinc  and 
cadmium  ;  the  black  sulphuret  is  not  precipi- 
tated from  acidulated  solutions  in  strong  acids 
by  sulphuretted  hydrogen,  but  more  or  less 
perfectly  from  neutral  solutions  of  feebler 
acids  ;  the  salts  are  perfectly  precipitated  by 
alkaline  sulphurets  except  the  persulphurets, 
in  excess  of  which  sulphuret  of  cobalt  redis- 
solves;  ammonia  precipitates  them  at  first, 
soluble  in  an  excess ;  carbonated  alkali  pre- 
cipitates them  peach-red, soluble  in  an  excess; 
they  are  farther  precipitated  by  phosphate  of 
soda  in  the  cold,  by  hydrates  of  protoxide  of 
tin,  of  oxides  of  lead  and  mercury,  when  boiled ; 
oxalic  acid  and  alkaline  oxalates  throw  down 
rose-red  oxalate  after  some  time ;  tincture  of 
galls  precipitates  the  acetate  reddish  brown, 
not  the  salts  of  stronger  acids;  yellow  prussiate 
produces  a  green,  red  prussiate  a  brownish  red 
precipitate,  insoluble  in  muriatic  acid. 

Analysis.  Besides  the  above  behavior  of  the 
oxide  in  salts,  it  may  be  recognised  by  the 
blowpipe,  and  with  more  certainty  and  ease, 
from  its  imparting  a  blue  color  to  borax  and 
mic.  salt  in  both  flames, and  when  the  quantity 
of  oxide  is  considerable,  the  bead  appears 
black:  it  is  reduced  with  soda  on  charcoal  to 
the  metallic  state.  It  may  be  separated  by 
sulphuretted  hydrogen  when  combined  with  a 
strong  acid,  and  the  solution  is  acidulated,  from 
cadmium,  lead,  tin,  bismuth,  copper,  silver 
mercury,  gold,  antimony,  and  arsenic;  by 
sulphydrate  of  ammonia  from  the  alkaline 
bodies;   from  manganese  by  alkaline  persul- 


phuret,  which  dissolves  sulphuret  of  cobalt 
when  the  solution  is  neutral,  or  by  adding  ace- 
tate of  soda  to  the  mixed  neutral  solution,  and 
precipitating  sulphuret  of  cobalt  by  sulphu- 
retted hydrogen;  from  zinc  by  converting  them 
into  acetates,  adding  an  excess  of  acetic  acid, 
and  throwing  down  sulphuret  of  zinc  by  sul- 
phuretted hydrogen ;  from  peroxide  of  iron  in 
the  same  way  as  manganese  is  separated  by 
alkaline  succinate,  or  by  adding  acetate  of 
soda  to  the  neutral  solution  and  boiling,  by 
which  the  iron  salt  separates  ;  from  nickel  by 
the  process  No.  1  for  preparing  oxide  of  cobalt 
(see  above).  The  oxide  of  cobalt  ignited  may 
be  a  mixed  oxide;  it  is  therefore  weighed,  a 
portion  of  it  introduced  into  a  bulb  blown  on 
the  middle  of  a  tube,  dry  hydrogen  passed  over 
it  while  ignited,  and  weighed  as  metal,  from 
which  the  whole  quantity  of  metal  is  cal- 
culated. 

Use.  Oxide  of  cobalt  is  employed  to  impart 
a  blue  color  to  glass,  smalt,  &c,  most  abun- 
dantly for  the  blue  color  on  pottery  and  porce- 
lain, where  it  combines  with  the  alumina  of 
the  glazing  or  body,  and  is  so  fixed  that  it  may 
be  employed  under  the  glazing  of  porcelain. 
Smalt,  phosphate  of  cobalt,  &c,  are  employed 
as  blue  pigments. 

2.  -*■  Oxide  of  Cobalt.  When  protoxide  of  cobalt, 
its  nitrate, carbonate, or  oxalate,  is  gently  ignited 
in  the  air,  the  oxide  then  obtained  is  a  com- 
pound of  proto  and  peroxide;  the  peroxide  is 
converted  into  it,  with  loss  of  oxygen,  by  a  full 
red  heat,  whether  exposed  to  the  air  or  not. 
Probably  the  same  compound  is  obtained  as  a 
dirty  green  hydrate  by  the  action  of  the  air  on 
the  hydrated  protoxide.  It  is  of  a  dark  brown 
color,  and  does  not  unite  with  acids  or  alkalies. 
Form.  CoO  +  Co203  =  Co304. 

3.  Peroxide  of  Co.  Sesquioxide.  It  is  ob- 
tained anhydrous  by  gently  igniting  nitrate  of 
cobalt,  or  by  decomposing  the  chloride  by  car- 
bonate of  soda;  a  brown  powder  with  the 
formula  C203.  The  hydrate  is  obtained  when 
chloride  or  nitrate  of  cobalt  in  solution  is  de- 
composed by  hypochlorite  of  lime,  or  chlorine 
is  transmitted  into  water  in  which  proto-car- 
bonate  or  hydrate  is  suspended,  3  CoO  -f-  Cl  = 
Co203+CoCl.  It  is  black,  yields  the  anhy- 
drous peroxide  by  exposure  to  600°  or  700°; 
but  it  is  difficult  to  drive  off  all  the  water,  with- 
out also  losing  oxygen, and  becoming  C0203;  it 
combines  with  no  acid  permanently,  and  when 
digested  with  hydrochloric  emits  chlorine,  and 
chloride  of  cobalt  is  generated;  other  acids 
form  with  it  salts  of  the  protoxide.  Formula, 
Co203-f  2  or  3  HO. 

4.  Cobaltic  arid.  When  a  salt  of  cobalt  is 
treated  with  ammonia  in  close  vessels,  part  is 
dissolved,  and  part  subsides  in  form  of  a  blue 
powder.  On  admitting  atmospheric  air,  this 
substance  passes  to  a  higher  state  of  oxidation, 
and  is  gradually  dissolved.  If  nitrate  of  cobalt 
is  used,  a  double  salt  may  be  obtained  in  crys- 
tals, which  appear  to  consist  of  nitrate  and 
cobaltate  of  ammonia.     Gmelin. 

Two  other  mixed  oxides  are  described  by 
Winckler  with  the  formulas  Co607  and  Co809. 

1.  Protosnlphurct  of  Co.  Formed  in  the  dry 
way  by  throwing  fragments  of  sulphur  on  the 
ignited  metal,  or  by  igniting  the  protoxide  with 
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sulphur;  and  it  is  thrown  down  as  a  black  pre- 
cipitate from  the  salts  of  cobalt  by  alkaline 
sulphohydrates,  or  even  by  sulphohydric  acid, 
if  the  salt  is  neutral,  or  the  oxide  united  with  a 
feebler  acid.  Prepared  in  the  dry  vvan  it  has 
a  gray  color,  metallic  lustre,  and  crystalline 
texture.    Form.  CoS. 

2.  Oxy sulphur et  of  Co.  When  hydrogen  is 
transmitted  over  sulphate  of  cobalt  heated  to 
redness,  water  and  sulphurous  acid  are  evolved, 
and  a  compound  remains,  called  an  oxysul- 
phuret,  consisting  of  oxide  of  cobalt  united, 
with  sulphuret  of  cobalt.     Form.  CoO-f-  CoS. 

3.  Sesquisulphuret  of  Co.  Formed  by  heating 
2  to  ignition  in  sulphuretted  hydrogen,  or  oxide 
of  cobalt  in  the  same  gas  not  to  ignition,  or  by 
igniting  oxide  of  cobalt,  2  or  3,  with  sulphur 
and  potassa  and  extracting  with  water.  See 
Cobalt  Pthites.     Form.  Co2S3. 

4.  Bisulphuret  of  Co.  Prepared  by  heating 
2  pts.  carbonate  of  cobalt  mixed  with  3  pts.  of 
sulphur  in  a  glass  retort  to  below  redness,  and 
continuing  the  heat  as  long  as  sulphur  is  ex- 
pelled.    Form.  CoS2.     Setterberg. 

^Phosphuret.  A  very  basic  compound  is  pre- 
pared by  igniting  1  pt.  cobalt,  1  pt.  glacial  phos- 
phoric acid,  and  T'^  pt.  charcoal  powder,  or  7 
pts.  metal  or  oxide,  10  pts.  bone-ash,  5  quartz, 
and  1  charcoal  for  1  hour  in  a  blast-furnace. 
Shining,  white,  metallic,  brittle,  fusible  with  a 
fibrous  structure.  Another  phosphuret  is  ob- 
tained by  passing  hydrogen  over  heated  phos- 
phate of  cobalt;  3  CoO,  PO.+ H8  =  Co3P  + 
8  HO;  or  by  the  action  of  phosphuretted  hy- 
drogen on  chloride  of  cobalt.     Form.  Co3P. 

Mloys.  Cobalt  alloys  readily  with  arsenic, 
forming  white  compounds.  An  alloy  is  found 
at  the  smalt-works  of  Modum,  Norway,  in 
needles  tables  with  metallic  lustre,  composed 
of  5  Co  (Fe,  Cu)  +  As.  It  also  combines  with 
antimony,  gold,  mercury,  copper,  tin,  zinc,  nickel, 
and  iron. 

Haloid  Salts. 

Chloride  of  Co.  1.  Formed  by  igniting  the 
metal  in  chlorine;  2,  by  solution  of  the  oxide 
or  carbonate  in  chlorohydric  acid.  It  may  be 
sublimed  in  crystalline  scales.  Blue  or  green- 
ish blue,  deliquescent,  becoming  rose-red  by 
combination  with  water;  the  solution  duly 
concentrated  yields  oblique  rhombic  crystals, 
carmine  red,  deliquescent,  becoming  blue  by 
concentrated  sulphuric  or  chlorohydric  acid. 
Form,  of  the  anhydrous  chloride,  CoCl.  It 
absorb?  ammoniacal  gas,  becoming  CoCl, 
2  NH3.  Chloride  of  cobalt  forms  a  beautiful 
sympathetic  ink,  which  is  employed  when 
moderately  diluted,  so  that  on  drying  in  the 
air,  the  letters  are  scarcely  perceptible,  but 
when  gently  warmed  the  salt  becoming  anhy- 
drous appears  of  a  rich  blue  color. 

Iodide  of  Co.  Formed  by  heating  the  metal 
and  iodine,  is  greenish,  fusible,  forming  with 
a  little  water  a  brown,  with  more  water  a  red 
solution,  soluble  in  alcohol.    Form.  Col. 

Bromide  of  Co.  Formed  in  the  dry  or  moist 
way,  is  green  when  dry,  violet  when  moist, red 
in  solution, deliquescent,decomposed  by  fusion; 
precipitable  by  ammonia,  but  redissolved  in 
the  excess. 

1.  Fluoride  of  Co.  Obtained  by  solution  of 
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the  oxide  in  fluohydric  acid,  and  evaporation, 
in  small,  irregular,  rose-red  crystals,  soluble  in 
a  little  water.  Form.CoF,  2  HO.  Decomposed 
by  much  water,  leaving  an  ozyfluoride  of  a  pale 
red  color  with  the  formula  2  (CoO,  CoF)-f  HO. 

2.  Cobaltofluorides  of  potassium  and  am- 
monium are  pale  red,  crystalline,  granular, 
sparingly  soluble. 

3.  Sdicofluoride  of  Co.  Formed  by  solution 
of  the  carbonate  in  silicofiuoric  acid,  forms 
pale  red  rhombohedra  and  0-sided  prisms,  very 
soluble  in  water.   Form.  3  CoF,  2  SiF3  -f-  7  HO. 

Oxysalts. 

1.  Sulphate  of  Co.  a.  Neutral.  Obtained  by 
dissolving  the  carbonate  or  oxide  in  dilute  sul- 
phuric acid,  and  concentrating  the  solution. 
Deep  carmine  red,  oblique  rhombic  prisms, 
isomorphous  with  sulphate  of  iron  ;  taste  some- 
what sharp,  bitter,  and  metallic;  when  heated 
they  become  opake  without  melting,  and  may 
be  exposed  to  a  red  heat  without  losing  their 
acid,  soluble  in  24  pts.  cold  water,  insoluble  in 
alcohol.  Glacial  acetic  acid  precipitates  the 
sulphate  totally  from  its  solution.  Form. CoO, 
S03+7HO. 

b.  Basic.  Precipitate  a  with  an  insuffi- 
cient quantity  of  alkali;  flesh-red,  insoluble  in 
water. 

2.  Sulphate  of  Co.  forms  with  sulphates  of 
potassa  and  ammonia  red  crystals,  oblique 
rhombic,  like  the  corresponding  salts  of  mag- 
nesia ;  formula,  KO  (NH40)  S03+  CoO,  SO.-f 
6  HO. 

3.  Hyposulphate  of  Co.  Obtained  by  decom- 
posing the  sulphate  by  hyposulphate  of  baryta 
and  evaporating;  indistinct  crystals  of  a  rose- 
red  color,  very  soluble  in  water,  not  deliques- 
cent.    Form.  CoO,  S205  +  8  HO. 

4.  Sulphite  of  Co.  A  basic  salt  is  precipitated 
by  boiling  a  salt  of  cobalt  with  sulphite  of 
potassa. 

5.  Hyposulphite  of  Co.  Precipitate  the  sul- 
phate by  hyposulphite  of  strontia,  and  evapo- 
rate the  filtrate  gently ;  it  becomes  bluish, 
deposits  sulphur,  and  leaves  a  dark  red  crys- 
talline mass,  which  by  heat  gives  off  water, 
sulphurous  acid,  and  sulphur,  leaving  sul- 
phuret of  cobalt.     Form.  CoO,  S„02  -f  6  HO. 

1.  Nitrate  of  Co.  Obtained  by  dissolving  co- 
balt, its  oxide  or  carbonate  in  nitric  acid;  the 
solution  deposits  red  crystals ;  taste  acrid, 
bitter ;  dissolve  readily  in  water  ;  deliquesce  in 
the  air;  when  heated,  they  melt  below  212°, 
give  off  water,  and  when  the  heat  is  increased 
nitrous  fumes  are  given  off,  and  peroxide  of 
cobalt  remains.     Form.  CoO,  NO.  -f  6  HO. 

2.  Nitrate  of  Co.  and  Ammonia.  Rose-red 
cubical  crystals,  permanent  in  the  air. 

3.  Nitrate  and  Cobalt  ate  of  Amm.  Neutral 
nitrate  of  cobalt  gives  with  ammonia  a  blue 
precipitate  changing  to  green;  the  liquid 
browns  in  the  air,  and  by  continued  agitation 
absorbs  oxygen,  the  green  precipitate  redis- 
solves,  and  the  dark  brown  solution  deposits 
brown  4-sided  prisms,  which  evolve  oxygen  by 
sulphuric  or  nitric  acid.     Gmelin. 

1.  Phosphate  of  Co.  precipitates  by  double 
decomposition  as  violet  flocks,  soluble  in 
phosphoric  acid,  ammonia,  and  slightly  in 
ammoniacal  salts.     A  pyrophosphate  is  also 
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precipitated  by  pyroposphate  of  soda,  soluble 
in  excess  of  the  latter.  Oxide  of  cobalt  dis- 
solves readily  in  mic.  salt  with  a  deep  blue 
color. 

2.  Phosphite  of  Co.  is  thrown  down  bright  red 
from  a  cobalt-salt  by  a  solution  of  terchloride 
of  phosphorus  neutralized  by  ammonia. 

3.  Hypophosphite  of  Co.  The  acid  saturated 
with  hydrated  oxide  of  cobalt,  filtered  and  eva- 
porated in  vacuo,  yields  red  efflorescent  8-  and 
6-hedra,  isomorphous  with  the  salt  of  magne- 
sia. Formula,  CoO,  PO  +  8  HO.  A  double 
salt  is  formed  by  boiling  hyposulphite  of  lime 
with  an  excess  of  oxalate  of  cobalt ;  the  filtrate 
yields  red  efflorescent  8-hedra,  composed  of 
2  (CaO,  PO)  +  CoO,  PO  +  8  HO. 

Iodate  of  Co.  Formed  directly,  is  violet  red, 
crystalline,  soluble  in  148  pts.  water  at  59°.  in 
90  pts.  boiling  water.  Formula,  CoO,  10.  -j- 
HO.  When  dissolved  in  ammonia,  alcohol 
precipitates  a  rose-red  compound  with  am- 
monia. 

Bromate  of  Co.  Formed  from  sulphate  of  co- 
balt and  bromate  of  baryta  by  evaporation; 
transparent  hyacinth-red  8-hedra,  isomorphous 
with  bromates  of  magnesia,  zinc  and  nickel, 
soluble  in  2-2  pts.  cold  water.  Formula,  CoO, 
Br05  -(-  6  HO.    It  combines  with  ammonia. 

Borate  of  Co.  Formed  by  double  decompo- 
sition, is  reddish  white,  scarcely  soluble  in 
water,  fusible  to  a  dark  blue  glass.  Borax 
fuses  with  the  oxide  to  a  similar  glass. 

Carbonate  of  Co.  Precipitate  a  cobalt-salt 
boiling,  by  an  excess  of  neutral  or  bicarbonate 
of  potassa;  peach-blossom  red,  insoluble  in 
water,  soluble  in  carbonated  alkali,  separating 
as  crystals  from  carbonate  of  ammonia.  For- 
mula, 5  CoO,  2  C02  +  4  HO. 

Silicate  of  Co.  A  solution  of  water  precipi- 
tates cobalt-salts  blue.  Smalt  and  blue  glass 
is  a  compound  of  silicate  of  cobalt,  &c. 

Oxide  of  Cobalt  with  other  Oxides. 
Oxide  of  cobalt  dissolves  in  fused  potassa 
or  soda  to  a  blue  liquid,  which  congeals  to  a 
brown  (according  to  Gmelin  to  a  blue)  mass. 
Rinman's  Green  is  prepared  by  precipitating 
a  mixed  solution  of  cobalt  and  zinc  free  from 
iron  by  carbonated  alkali,  washing,  drying  and 
igniting  the  precipitate  strongly.  The  shade 
of  green  may  be  varied  according  to  the  pro- 
portion of  the  zinc  salt. 

Leaner' s  Blue  is  prepared  by  precipitating 
mixed  alum,  free  from  iron,  and  nitrate  of  co- 
balt by  carbonated  alkali,  or  by  moistening 
pure  clay  with  the  nitrate  and  igniting  strong- 
ly. In  intensity,  brilliancy,  and  durability,  it  is 
but  little  inferior  to  ultramarine. 

Thenard's  Blue  is  nearly  the  same  as  the  pre- 
ceding, but  is  made  by  mixing  1  pt.  phosphate 
of  cobalt  with  8  pts.  hydrated  alumina,  and  ig- 
niting. Arseniate  may  be  used  instead  of  the 
phosphate.  Or  it  may  be  made  by  evaporating 
nitrate  of  cobalt  and  ammoniacal  alum  to  dry- 
ness and  igniting.  Magnesia  or  a  magnesian 
mineral,  unless  alumina  be  present,  ignited 
with  nitrate  of  cobalt  becomes  pale  rose-red. 
See  Blowpipe,  tests  for  bases. 

COBALT  BLOOM.    Min,    Syn.    Prismatic 
cobalt-mica;  Arseniate  of  cobalt;  Ger.  Kobalt- 
bliithe.    Cryst.  system.    Oblique  Rhombic;  the 
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crystals  usually  minute,  often  stellated  needles. 
It  occurs  also  earthy.  H.  =  1-5  —  2.  G.  = 
2-948.  Color  red ;  lustre  pearly,  dull.  It 
yields  water  in  a  closed  tube;  reduces  to  ar- 
seniuret  on  charcoal,  giving  ofF  arsenical  va- 
pors, and  gives  the  reaction  of  cobalt  with 
the  fluxes.  Its  formula  is  3  CoO,  As05  -4- 
6  HO,  (or  5  HO).  Laurent's  analysis  gives 
9  HO.  It  occurs  associated  with  other  cobalt 
ores. 

COBALT  GLANCE.  Min.  Syn.  Hexahe- 
dral  cobalt-pyrites;  silver  or  bright  white  co- 
balt; cobaltine.  Cryst.  system,  Regular;  usu- 
ally as  the  I  4  x  6-hedron,  combined  with  the 
8-hedron,  24-hedron  and  cube.  H.  =  5-5.  G.  = 
6-298.  Silver-white,  with  reddish  tint  and  me- 
tallic lustre ;  brittle.  In  an  open  tube  it  evolves 
sulphurous  acid,  and  sublimes  arsenious  acid; 
on  charcoal  gives  off  arsenical  fumes,  fusing 
to  a  gray  globule ;  shows  cobalt  with  the  fluxes. 
Analysis  of  a  specimen  from  Skutterud,  Nor- 
way, by  Stromeyer: 

Sulphur 20-084 

Arsenic 43.465 

Cobalt 33-101 

Iron 3-232 


99-882 

Its  formula  is  Co  As  +  Co  S2.  It  occurs  at 
Tunaberg,  ,  Sweden ;  Modum,  Norway,  &c. 
This  and  arsenical  cobalt  are  the  two  princi- 
pal ores  of  cobalt. 

COBALTIC  MANGANESE.  Min.  Syn. 
Earthy  cobalt.  Botryoidal,  earthy;  bluish 
black;  streak  shining;  H.=  l  —  4;  G.  =  2-24. 
This  mineral  can  scarcely  be  regarded  as  pure, 
its  composition  being  variable.  It  appears  to 
consist  mainly  of  peroxides  of  cobalt  and 
manganese,  although  the  latter  may  be  want- 
ing. The  oxide  of  cobalt  varies  from  20  to  60 
per  cent.  It  occurs  at  several  cobalt  localities 
in  Europe ;  a  similar  mineral  is  found  at  mine 
La  Molte  in  Missouri,  and  is  probably  derived 
from  the  decomposition  of  cobalt  pyrites. 

COBALT  PYRITES.  Min.  Cryst.  system, 
Regular;  as  the  cube  combined  with  8-hedron, 
&c.  Steel-gray,  metallic,  with  red  tarnish. 
H  =  5-5.  G.  =  6-3  —  6-4.  It  gives  off  sul- 
phurous acid  on  charcoal,  fusing  to  yellow 
magnetic  globule ;  and  shows  the  presence  of 
cobalt  with  the  fluxes.  It  contains  43 — 53  per 
cent,  cobalt,  39 — 43  sulphur,  &c.  Formula, 
Co2  S3  or  CoS  -4-  Co2  S3.  It  occurs  at  Bast- 
niis,  Sweden;  Mine  La  Motte,  Missouri;  &c. 

COCCOLITE.     Min.     See  Au gite. 

COCCULUS  INDICUS.  Tech.  Chem.  Syn. 
Cocculm  menispermum,  Cocculus  levantims  or  pis- 
catorins.  The  fruit  of  a  tree  growing  upon  the , 
coasts  of  Ceylon,  and  imported  from  the  East 
Indies  in  bags,  and  hence  also  called  Indian 
berry.  It  is  similar  in  appearance  to  the  bay 
berry,  but  slightly  smaller,  and  is  distinguished 
therefrom  by  the  semi-lunar  form  of  the  olea- 
ginous yellow  seed,  which  seldom  entirely  fills 
the  cavity  of  its  shell.  It  is  sometimes  em- 
ployed as  a  dangerous  and  fraudulent  sophis- 
tication of  malt  liquors,  in  order  to  increase 
their  exhilarating  influence ;  a  most  repre- 
hensible practice,  for  the  berries  owe  their 
active  properties  to  a  narcotic,  poisonous, 
crystallizable  principle,  picrotoxin  or  cocculm. 
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which  is  bitter  to  the  taste  and  of  neutral 
reaction.  Besides  this,  there  is  left  in  the 
alcoholic  extract  of  the  fruit,  from  which  the 
cocculin  has  been  dissolved  hy  means  of 
acidulated  water,  a  brown  resinous  arnl, 
called  the  picrotoxic  acid.  Menispermin  and 
Paramenispermin  are  also  constituents  of  the 
fruit,  alike  in  composition,  but  dissimilar  in 
certain  properties,  the  former  being  crystalli- 
zable  and  capable  of  forming  salts,  while  the 
latter,  though  crystalline,  is  unable  to  saturate 
acids,  and  is  moreover  less  fusible  and  more 
insoluble  in  ether.  The  above-named,  together 
with  yellow  alkaline,  resinous  and  fatty  mat- 
ters, wax,  gum,  starch,  chlorophylle,  lignin, 
mucus,  malic  acid,  odorous  and  inorganic 
matter,  represent  the  composition  of  the  berry. 
According  to  Meissner,  crystals  of  picrotoxin 
are  readily  obtained  by  the  evaporation  of  a 
decoction  of  the  berries. 

COCHINEAL.  Tech.  Chem.  A  dried  in- 
sect, the  Coctus  Cacti  of  Linnaeus,  about  one  or 
two  lines  long,  wrinkled,  irregularly  shaped, 
convex  on  one  side,  and  flat  or  slightly  hollow 
on  the  other.  (Pereira.)  This  description  ap- 
plies to  the  female,  which  is  twice  as  large  as 
the  male,  and  being  free  from  the  character- 
istic cottony  covering  of  the  latter,  is  less 
bulky,  and  consequently  more  valuable  in 
coloring  material.  The  animal  is  a  native 
of  Mexico,  in  certain  provinces  of  which  it  is 
reared  extensively  with  great  care,  and  ex- 
pressly as  an  article  of  commerce,  and  forms 
one  of  the  most  important  items  of  export  from 
that  country.  It  feeds  upon  the  nopal  plant 
'Opuntia  CocMneUifera),  and  at  harvest  time 
is  brushed  from  the  leaves  with  a  feather  into 
a  vessel  of  hot  water  beneath,  then  drained 
and  dried  in  the  sun.  There  are  three  gather- 
ings annually.  In  the  first,  the  impregnated 
and  enlarged  females  exclusively  are  collect- 
ed, whereas  of  the  remaining  two,  the  former 
comprises  the  younger,  and  the  latter  a  mix- 
ture of  these  and  the  male  insect.  There  are 
two  varieties  of  cochineal  peculiar  to  both  the 
Honduras  and  Vera  Cruz  species.  The  Silver 
cochineal  (Cochinilla  jaspe.ada  of  the  Spaniards) 
has  a  purplish  gray  color,  with  a  whitish 
dust  deposited  in  all  the  furrows.  Black  cochi- 
neal {Cochinilla  renigida,  or  grananigra  of  the 
Spaniards)  is  reddish  or  purplish  black,  and 
devoid,  or  nearly  so,  of  the  silvery  character. 
(Pereira.)  The  name  of  mesleque,  applied  to 
the  granilla  species  (Cochinilla  sylveslre,  or  gra- 
na  sylvestria),  is  after  that  of  the  Mexican  pro- 
vince of  Misteca,  where  it  is  cultivated.  These 
latter  have  a  fragmentary  appearance,  but  are 
really  whole  insects,  of  a  small  and  globular 
shape.  Pure  cochineal  is  unalterable  when 
kept  in  a  dry  place,  but  it  is  not  unfrequently 
adulterated  with  dried  dough  and  sulphate  of 
baryta,  especially  that  kind  called  East  India 
cochineal.  When  freed  of  fat,  by  ether,  and 
then  extracted  by  water,  it  is,  says  Kastner,  a 
good  test  for  the  protosalts  of  iron,  which  give 
to  its  solution  a  violet  colour. 

It  is  thought  by  Wittstein,  that  the  color  is 
extracted  from  the  plant,  and  assimilated  by 
the  insect.    Its  chief  use  is  in  dyeing ;  the  bril- 
liant crimson  color  which  it  yields  in  every 
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variety  of  shade,  rendering  it  much  esteemed 
for  this  purpose. 

The  analysis  of  Caventou  shows  the  consti- 
tuents of  cochineal  to  be  cochmtllvn,  peculiar 
animal  matter,  fatly  matter,  salts  of  lime  and  pot- 
assa, and  an  organic  add. 

The  coloring  principle,  called  rochinclHn,  is 
soluble  in  water,  from  which  it  is  precipitated 
by  the  acids  in  a  reddish  yellow  powder. 
The  alkalis  color  it  violet,  without  occasion* 
ing  any  deposit,  but  the  addition  of  alum  throws 
down  a  brilliant  red  paste  called  carmine.  Co- 
chinellin  is  a  brilliant  purplish  red  crystal- 
line substance,  and  though  synonymous,  is 
not  identical  with  carmine,  the  latter  being  a 
compound  of  the  former,  animal  matter,  and 
an  acid,  together  with  a  certain  portion  of  hy- 
drate of  alumina,  for  which  it  has  a  remarkable 
affinity-  The  brilliant  scarlet  dye  which  it  im- 
parts to  stuffs  is  produced  by  the  action  of  an 
alum  mordant,  assisted  by  the  admixture  of  a 
little  tin  salt  (acid  muriate  of  protoxide  of  tin), 
and  cream  of  tartar  (bi.  tart,  potassa),  upon  a 
strained  decoction  of  the  insects. 

Notwithstanding  the  affinity  of  the  red  co- 
loring principle  for  alumina,  and  the  readi- 
ness with  which  it  leaves  its  watery  solution 
to  form  carmine  and  lake,  yet  the  alumina  is 
not  essential  to  their  formation,  for  both  tin 
salt  and  binoxalate  of  potassa  will  give  rise  to 
similar  products.  Each  owes  its  action  to  the 
excess  of  acid  which  it  contains,  both  throw- 
ing down  the  coloring  and  animal  matter  to- 
gether, and  in  the  former  instance  connected 
with  oxide  of  tin.  Alumina  serves  to  give 
bulk  and  weight  to  the  carmine  and  decrease 
its  cost ;  and  the  several  grades  of  this  article 
are  regulated  proportional  to  the  admixture 
with  this  earth  ;  the  pure  superior  article  being 
precipitated  by  an  acid  from  an  alkaline  decoc- 
tion of  cochineal,  which  contains  no  alum; 
this  latter  being  used  only  when  the  pure  car- 
mine is  to  have  a  crimson  shade. 

Carmine  is  used  as  a  water  color  for  va- 
rious purposes  in  the  arts,  and  when  dissolved 
in  vinegar  forms  the  vinaigre  de  fard  of  the 
French.  This  and  the  rouge  liquide,  in  which 
carmine  is  also  an  ingredient,  are  convenient 
but  injurious  cosmetic  pigments. 

Liquid  carmine,  the  brilliant  lustrous  color 
of  which  causes  its  preference  in  velvet  paint- 
ing and  as  a  fine  red  ink,  is  merely  a  solution 
of  carmine  in  pure  water  of  ammonia. 

Below  are  several  of  the  most  available  pro- 
cesses for  making  carmine. 

1.  German  process.  By  alum  alone.  Boil 
1  lb.  powdered  cochineal  for  15  minutes  in 
1  gallon  of  water;  then  add  1  oz.  pulverized 
alum,  and  again  boil  for  3  minutes;  after 
which  remove  the  vessel  from  the  fire,  and 
when  it  has  settled  decant  the  clear  superna- 
tant liquid  into  clean  vessels  and  set  them 
aside.  After  several  days'  repose,  there  will 
be  a  deposit  of  1£  oz.  of  carmine ;  and  by  leav- 
ing the  mother  liquor  still  longer,  an  addi- 
tional £  oz.,  of  inferior  quality,  will  be  ob- 
tained. 

2.  French  process.  To  a  decoction  of  1  lb.  of 
pulverized  cochineal  in  3  gallons  of  water,  af- 
ter having  boiled  for  15  minutes,  add  1  oz.  of 
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powdered  cream  of  tartar;  and  again,  after  10 
minutes'  ebullition,  ^  oz.  of  alum.  Two  mi- 
nutes' additional  boiling  suffice,  and  the  vessel 
being  then  removed  from  the  fire,  is  allowed 
to  settle  for  some  minutes,  and  the  clear  de- 
coction carefully  decanted  into  clean  glass 
vessels,  which  are  to  be  set  aside  until  the 
carmine  deposits.  It  is  then  to  be  drained, 
and  dried  as  usual  in  the  shade. 

3.  Madame  Cenette's  process  for  superfine  car- 
mine. Mix  2  lbs.  powdered  cochineal,  of  best 
quality,  with  15  gallons  boiling  distilled  water, 
and  after  2  hours'  ebullition,  add  thereto  3  oz. 
bruised  pure  saltpetre,  and  after  3  minutes'  ad- 
ditional boiling,  4  oz.  salts  of  sorrel,  (binoxalate 
of  potassa.)  The  whole  having  boiled  ten  mi- 
nutes longer,  and  being  then  removed  from  the 
fire,  is  allowed  to  settle  for  4  hours,  when  the 
clear  liquor  is  to  be  carefully  decanted  into 
clean  shallow  bell-glasses,  and  set  aside  for 
3  weeks.  At  the  end  of  this  time,  the  film  of 
mould  formed  on  the  surface  must  be  dexter- 
ously and  carefully  removed,  without  breaking 
or  disturbing  the  liquid  portion,  which  is  then  to 
be  drawn  off  through  a  syphon.  The  precipi- 
tated carmine  left  at  the  bottom  of  the  vessels, 
when  drained  and  dried  in  the  shade,  is  of  su- 
perior brilliancy  and  beauty. 

According  to  Pelletier,  the  more  highly  oxi- 
dized the  tin  salt  the  more  beautiful  the  car- 
mine. The  dregs,  or  partially  exhausted  co- 
chineal, as  well  as  the  mother  waters,  in  all 
these  processes,  will,  by  proper  treatment, 
yield  the  inferior  lakes ;  for  which  purpose  they 
are  usually  reserved  by  the  manufacturers. 

COCHLEARIA.  Phar.  and  Chem.  Syn.  Ra- 
dix raphani  ruslicani :  commonly  called  Horse- 
radlsh;  is  the  yellowish  white  root  of  ihc  Coch- 
learia  Armoracia,  an  indigenous  plant,  which 
flowers  in  May,  and  is  used  in  medicine  as  a 
general  stimulant.  Its  agreeable  pungent  taste 
and  odor  render  it  a  palatable  condiment  for 
the  table,  and  mixed  with  vinegar  is  in  general 
use  as  a  sauce.  When  distilled  with  water,  it 
yields  a  pale  yellow,  heavy,  volatile  oil,  which 
has  the  characteristic  odor  of  the  root,  and  is 
so  powerfully  vesicatory  that  one  drop,  when 
applied  to  the  skin,  will  produce  inflammation. 
Gutret,  who  analyzed  the  root,  found  its  con- 
stituents to  be  acrid  volatile  oil,  bitter  re  in,  ex- 
tractive, sugar,  gum,  starch,  xcocdy  fibre,  vegetable 
albumen,  acetic  acid,  and  acetate  and  sulphate  of 
lime.  (Pereira.)  The  Cochlcaria  officinalis,  or 
common  scurvy-grass,  an  indigenous  plant, 
occasionally  used  as  a  salad,  also  contains  a 
volatile  oil,  and  the  same  constituents  as  the 
above,  in  addition  to  minute  proportion1 
drochlorate  and  sulphate  of  ammonia;  the 
acetate  of  lime  also  in  the  former  being  in  the 
latter  root  substituted  by  the  nitrate. 

Oil  ff  Corhlenria,  or  Horse-radish,  is  the  vo- 
latile ingredient  of  both  species  of  the  Cochle- 
aria,  and  belongs  to  the  class  of  sulphuretted 
essential  oils;  and  though  existing  already 
formed  in  the  horse-radish  root,  nevertheless 
is  composed  almost  entirely  of  oil  of  mustard, 
and  with  which,  according  to  Hubatka,  it  is 
identical,  both  in  specific  weight  and  beha- 
viour towards  reagents.  By  his  analysis, 
0-3328  grms.  of  oil  afforded  0-5858  carbonic 
acid,  and  0-1575  water,  which  corresponds  ex- 


actly with  the  composition  of  the  oil  of  mus- 
tard. 

Calculated.  Found. 

8  equivs.  Carbon 606-83      48-60      48-41 

5       "        Hydrogen  . . .    62-40        5-00        5-26 

1  «        Nitrogen 177-04      14-18 

2  "        Sulphur 402-33      32-22 


1       «        Mustard  oil.  1248-60     100-00 

When  pure,  it  is  transparent,  of  a  light  yel- 
low color,  and  has  a  spec.  grav.  of  1-01,  a 
pungent  odor  and  biting  taste,  and  precipi- 
tates the  salts  of  lead  as  sulphurets ;  is  so- 
luble in  alcohol  and  ether,  but  only  slightly  so 
in  water.  Acted  on  by  chlorine  gas,  there  is  a 
change,  resulting  in  the  formation  of  a  thick, 
dark  mass,  hydrochloric  acid,  and  chloride  of 
sulphur. 

The  oil  in  time  becomes  entirely  crystal- 
lized, is  then  fusible,  and  volatizes  without 
residue,  but  is  less  soluble  in  alcohol  than  be- 
fore.    (JJ.ebig.) 

COCO  or  COCOA  BUTTER.  A  white  fat, 
of  the  consistence  of  lard,  obtained  by  pressure 
from  the  steamed  nuts  of  the  Cocos  nucifera  or 
bictyracea,  a  species  of  palm  tree,  which,  by  in- 
cision into  the  spathe  at  the  top  of  the  stems, 
also  yields  a  sweet  liquor,  from  which,  in  In- 
dia, is  distilled  the  well-known  intoxicating 
beverage  called  Arrack.  Coco  butter  fuses 
at  72°,  and  congeals  at  64-5°;  rancidities  by 
exposure;  and  is  saponifiable,  though  less 
easily  than  most  fats;  the  resultant  soap  re- 
quiring for  its  separation  from  alkaline  ley 
more  saline  matter  than  soap  generally.  Its 
great  solubility  in  alcohol  serves  to  distin- 
guish it  from  other  fats.  Besides  olein,  it  is 
composed  of  a  solid  constituent,  supposed  by 
some  chemists  to  be  stearin,  but  by  Pelouze 
and  Boudet  as  identical  with  ela'idin,  and  a 
izable  acid,  the  coco-stearic  or  cocinic 
acid. 

Cocinic  Acid.  Syn.  Coco-stearic,  Cocoic,  Coco- 
cinic.  When  pure,  is  a  brilliantly  white  ino- 
dorous body;  fusible  at  95°;  unalterable  by 
distillation ;  capable  of  ready  union  with  bases 
to  form  salts;  forms  an  excellent  material  for 
candles,  which  burn  and  look  equal  to  the  ada- 
mantine candles.  The  most  available  process 
of  manufacturing  it  is  given  in  Morfit's  "Ap- 
plied Chemistry."  The  butter  is  used  for 
making  marine  soap. 

COCO  SOLUBLE  ;  properly  Cacao.  Tech. 
Similar  to  Baker's  prepared  Cocoa,  which  is 
Cacao  ground  up  with  sugar,  and  thus  ren- 
dered  readily  miscible  with  hot  water. 

COOOGNIDIO  ACID.  Chem.  Forms  quad- 
rilateral colorless  prisms,  which  have  a  sour- 
ish taste,  and  are  obtained,  according  to  Goe- 
bel,  by  treating  the  alcoholic  extract  of  the 
seeds  of  the  Daphne  Gnidivm  with  water,  and 
evaporating  the  filtered  solution. 

CODEIN.  Chem.  Syn.  Codeia.  Disco- 
vered by  Robiquet,  in  1832.  A  vegetable  alka- 
loid, and  one  of  the  proximate  constituents  of 
opium,  deriving  its  name  from  the  Greek  word 
tutiu*.,  a  poppy-head.  It  is  a  crystallizable  base, 
and  with  acids  forms  salts  which  have  the  pe- 
culiar property,  when  taken  inwardly,  of  caus- 
ing a  tickling  sensation  at  the  surface  of  the 
body;  the  same  effect  produced  occasionally 
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by  muriate  of  morphia  being  due  to  the  pre- 
sence of  codein,  in  -which,  as  usually  pre- 
pared, it  is  contained  to  the  extent  of  one  or 
more  percent.  In  composition,  it  differs  from 
morphia,  with  which  it  was  at  first  confound- 
ed, in  containing  one  equivalent  less  of  oxygen. 
Unlike  morphia,  it  is  soluble  in  water  and 
ether;  and  is  distinguished  therefrom  by  its 
insolubility  in  solution  of  potassa,  and  its  non- 
precipitation  from  a  dilute  liquid  of  the  mu- 
riate by  the  addition  of  ammonia.  An  excess 
of  codein,  when  added  to  a  saturated  aqueous 
solution,  melts  and  forms  an  oleaginous  mass, 
which  on  cooling  becomes  crystalline.  It  is 
an  incidental  product  of  Gregory's  process  for 
preparing  morphia ;  it  being  separable  from 
the  mixed  muriates  of  the  two  by  the  aid  of 
aqua  ammonise,  which  precipitates  the  mor- 
phia, and  leaves  the  codein  to  be  afterwards 
thrown  down  by  caustic  potassa.  Merck  ob- 
tains codein,  by  exhausting  with  cold  alcohol 
the  rough  morphia  precipitated  by  carbonate 
of  soda ;  the  liquid  being  then  neutralized  by 
sulphuric  acid,  and  the  alcohol  dissipated  by 
evaporation,  water  is  added  until  a  turbidness 
ensues ;  after  which  the  mixture  is  filtered,  and 
the  clear  solution  running  through  evaporated 
to  a  syrupy  consistence,  and  mixed  with  its 
volume  of  moderately  strong  solution  of  caus- 
tic potassa,  and  four  times  as  much  sulphuric 
ether.  The  whole  being  well  shaken  together 
in  a  close  stoppered  bottle  several  times,  is 
then  allowed  to  settle.  The  saturated  ether 
being  drawn  off,  gives,  by  evaporation,  crys- 


ment,  with  fresh  ether,  extracts  all  the  i 

from  the  syrupy  mass.  From  an  aqueous  solu- 
tion, codein  crystallizes  in  colorless,  transpa- 
rent, regular  octahedrons,  which  by  heal  lose 
5-8  per  cent,  of  water,  (Lielrig);  the  crystals 
from  ether,  on  the  contrary,  melting  a 
without  loss  of  weight.     Form.  C35  H20  NO.. 

CODFISH  OIL.  Tech.  Is  obtained  from 
the  liver  of  the  common  cod,  (Moirrhwi  vulga- 
ris), and  from  all  of  that  genus.  The  oil  of  Je- 
coris  aselli,  sometimes  called  cod-oil,  is  from 
the  Gadus  aselli.  There  are  two  kinds  of  oil, 
the  while  and  brown;  the  latter  being  by  Jongh 
subdivided  in  two  species,  the  light  and  dark 
brown.  The  white  oil  spontaneously  exudes 
from  the  unprepared  liver,  whilst  the  two  lat- 
ter kinds  are  procured  by  pressure,  from  the 
heated  liver  and  intestines.  Their  specific 
at  64°.  Both  are  soluble  in  ether,  alcohol 
gravities  vary  but  little,  being  0-924  and  0-923 
taking  up  but  6-9  per  cent,  of  the  brown,  and 
4-5  per  cent,  of  the  white.  Its  disagreeable 
odor  is  due  to  the  presence  of  a  peculiar  vo- 
latile acid,  the  phocenic  or  delphinic ;  but  accord- 
ing to  some  chemists,  the  butyric.  Jongh's 
analyses,  given  below,  show  the  presence  of 
the  constituents  of  the  bile,  and  a  new  sub- 
stance, gaduin.  The  medicinal  virtues  of  the 
oil,  in  rheumatic  and  scrofulous  diseases,  are 
attributable  to  the  iodine  and  bromine  which 
it  contains.  In  the  arts,  its  principal  applica- 
tion is  in  the  dressing  of  leather. 

Below  are  the  quantitative  results  of  Jongh's 
analyses. 


0-29900 


tals  of  pure  codein.     A  repetition  of  this  treat- 
Brown. 

Oleic  acid,  with  gaduin  and  two  other  substances 69-78500 

Margaric  acid 16-44500 

Glycerin 9.71 100 

Butyric  acid 0-15875 

Acetic  acid 0-12506 

Fellinic  and  cholinic  acid,  with  some  margarin,  olein,  and 

bilifulvin 

Bilifulvin,  bilifillinic  acid,  and  two  peculiar  substances 0-87600 

A  peculiar  substance,  soluble  in  alcohol  of  0-968  sp.  grav.. . .  0-03800 
A  peculiar  substance,  insoluble  in  wafer,  alcohol,  and  ether. .  0-00500 

Iodine 0-02950 

Chlorine  and  traces  of  bromine 0-08400 

Phosphoric  acid 0-05365 

Sulphuric  acid 0-01010 

Phosphorus 0-00754 

Lire- 0-08170 

Magnesia 0-00380 

Soda 0-01790 

Iron traces 

L.ss 2-56900 


Bright  brown. 

White. 

71-75700 

74-03300 

15-42000 

11-75700 

9-07300 

10-17700 

— 

0-07436 

— 

0-04571 

0-06200 

0-04300 

0-44500 

0-26800 

0-01300 

0-00600 

0-00200 

0-00600 

0-04060 

0.03740 

0-15880 

0-14880 

0-07890 

0-09135 

0-08595 

0-07100 

0-01136 

0-02125 

0-16780 

0.15150 

0-01230 

0-00886 

0-06810 

0-05540 

2-60319 

3-00943 

COFFEE.     Tech.     Chem.     The  well-known  i 
dried  oval  berries  of  the  Coffea  Arabica,  a  plant  j 
indigenous  to  Arabia  Felix  and  Ethiopia,  but  j 
cultivated  in  the  East  and  West  Indies  and 
Brazil.     Adulterations  with  roasted  corn  are 
detected  by  the  blue  color  given  to  a  cold  de- 
coction by  the  solution  of  iodine.     Their  ready 
imbibition  of  exhalations  from  other  bodies 
renders  it  necessary,  as  preservative  of  the  fla- 
vor of  coffee,  to  keep  the  berries  stored  sepa- 
rately from  other  articles.     The  same  precau- 
tion applies  to  teas. 
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100-00000     100-00000    100.00000 

Paven's  analysis  of  100  pts.  raw  coffee, 

Cellulose 34-000 

Hygroscopic  water 1 2-000 

Fatty  substances 10  to  13-000 

Glucose,  dextrine,  and  veg.  acid 15-500 

Legumin,  caseine  (glutine)  \ 10-000 

Chlorogenate  of  potassa  and  caffein .  3-5  to  5-000 

Nitrogenous  substance 3-000 

Free  caffein 0-800 

Concrete  essential  oil 0-001 

Aromatic  fluid  essential  oil 0-002 

Mineral  substances 6-697 
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According  to  Payen's  analysis,  Caffein  is 
represented  by  the  formula,  C8  HI0  N2  03; 
and  a  portion  of  it  exists  in  the  coffee,  acting 
the  part  of  a  base,  in  a  natural  combination 
with  potassa,  and  an  organic  acid  called  the 
chlorogenic,  from  its  remarkable  property  of 
developing  an  intense  green  color.  This 
double  salt,  the  chlorogenate  of  potassa  and 
caffein,  is  soluble  in  alcohol,  in  a  ratio  in- 
creasing with  the  proportion  of  aqueous  dilu- 
tion ;  and  it  crystallizes  from  its  boiling  solu- 
tions in  prisms,  radiating  from  centres,  or  in 
warty  groups.  In  anhydrous  alcohol  it  is 
scarcely  soluble,  even  at  the  boiling  tempera- 
ture.    The  double  chlorogenate  contains 

Chlorogenic  acid 63-5 

Potassa 1'5 

Caffein 29-0 

This  compound  exists,  in  the  normal  state,  in 
the  perisperm  of  the  fruit. 

Chlorogenic  Acid.  C14  Hg  0,.  This  is  ob- 
tained by  precipitating  the  double  salt  with  a 
solution  of  acetate  of  lead,  and  decomposing 
the  resulting  deposit  by  a  stream  of  sulphur- 
etted hydrogen  gas.  The  solution  remaining, 
when  quickly  evaporated,  gives  a  mass  of  im- 
pure crystals  of  acid.  Purification  can  be  ef- 
fected by  recrystallization  from  alcohol  or  wa- 
ter, in  either  of  which  it  is  soluble. 

Of  the  two  essential  oils,  one  only  constitutes 
the  agreeable  aroma  of  coffee,  and  to  the  pro- 
portions of  this  component  is  owing  the  prin- 
cipal difference  between  Mocha  and  the  infe- 
rior qualities  of  coffee.  The  fatty  matter 
which  retains  both  of  them,  is  modified  in  its 
properties  even  by  slight  roasting;  and  the 
quantity  of  volatile  empyreumatic  hydrocar- 
bon simultaneously  generated  during  the  pro- 
cess, increases  as  the  roasting  of  the  coffee 
has  been  carried  beyond  the  point  when  the 
loss  in  weight  amounts  to  18  per  cent.  Pfaff 
attributed  the  aroma  of  roasted  coffee  to  the  de- 
composition and  volatilization  of  caffein,  but 
the  experiments  of  Payer,  ascribe  it  to  the  vo- 
latile oil  above  mentioned,  eliminated  during 
torrefaction.  The  pleasantness  of  the  drink-, 
therefore,  is  dependent  upon  the  nicety  with 
which  the  berry  has  been  roasted;  for  if  too 
much  heat  is  used,  empyreumatic  hydrocarbon 
will  be  generated,  in  quantity  sufficient  to  over- 
power the  flavor  of  the  natural  aroma. 

Schrader's  analysis  of  100  pts.  roasted  cof- 
fee, gave 

Coffee  principle 12-50 

Extractive 4-80 

Gum  and  mucilage 1042 

Oil  and  resin 2-08 

Solid  residue 68-75 

Loss 1-45 

Payen  (Jour,  de  Pharm.  1846)  has  given 
some  advantageous  advice  as  to  the  proper 
manner  of  roasting  coffee.  He  directs  the 
whole  mass  to  be  quickly  heated  to  about  482° 
F.  Under  the  influence  of  this  temperature, 
and  of  the  aqueous  vapor  disengaged  during 
the  operation,  the  tissues  of  the  perisperm  are 
disaggregated,  and  a  portion  of  the  caffein  com- 
bined in  the  double  chlorogenate  is  eliminated. 
There  is  also  a  slight  carmelization  of  the  cel- 
lulose and  its  allied  substances,  with  an  ac- 
comj  mying  production  of  empyreuma.    The 


fatty  oils  being  diffused  through  the  then  porous 
mass,  carry  with  them  the  slightly  modified 
essential  oils,  and  hence  become  exposed  over 
great  surfaces  to  the  action  of  water.  Thus 
far  roasted,  the  coffee  grains  are  friable  and 
of  a  light  chesnut  color,  and  their  loss  is  not 
more  than  18  per  cent.;  but  if  the  operation 
has  been  continued  until  the  berries  are  brown, 
there  will  be  a  carbonization  of  the  chlorogenic 
acid,  and  a  decomposition  of  the  soluble  prin- 
ciple of  the  coffee,  and  its  useful  products  de- 
creased 25  per  cent. 

The  greatest  advantage  is  derived  from 
slightly  roasted  coffee,  and  the  first  infusion  is 
always  the  most  redolent  of  the  delicious  aroma 
of  the  more  soluble  essential  oil.  A  second  in- 
fusion, though  equally  dark  colored,  has  the 
coarse  flavor  of  the  less  soluble  and  less  vo- 
latile essential  oil. 

There  is  no  legumin  in  roasted  coffee.  It  is 
this  constituent  that  creates  the  ultimate  fer- 
mentation of  scalded  raw  coffee.  The  blacken- 
ing of  silver  vessels  in  which  coffee  is  boiled 
with  alkalies,  may  also  be  attributed  to  this 
component.  (Rochlcder.)  Among  the  nume- 
rous substitutes  for  coffee  used  by  the  poorer 
classes,  are  roasted  rye,  rice,  and  other  grains. 
The  dried,  roasted,  and  ground  root  of  the 
Cichoriwn  Intybus  (Wild  Succory,  Chicory),  is 
used  either  as  an  adulteration  of  or  a  substitute 
for  coffee.  Pleischel  states,  from  experience, 
that  the  infusion  of  roasted  coffee  is  improved 
in  taste  and  concentration,  by  an  addition  to 
the  boiling  water,  just  before  pouring  it  over 
the  ground  coffee,  of  5  grains  carbonate  of  soda 
to  every  ounce.  (?) 

The  Essence  <>f  ('offee,  now  coming  into  use, 
is  a  concentrated  infusion  of  the  roasted  berry, 
obtained  by  displacement,  and  afterwards 
mixed  with  5f  of  alcohol,  or  better,  of  strong, 
pure  brandy. 

Blume  has  recommended  the  leaves  of  the 
Coffea  Jlrabica  as  a  substitute  for  tea.  It  has 
long  been  used  as  such  by  the  poorer  people 
of  Java  and  Sumatra.  Prepared  similarly  to 
Chinese  tea,  the  coffee  leaves  have  an  analo- 
gous appearance,  taste,  and  odor. 

COGNAC.  Tech.  A  prefix  to  the  most 
esteemed  kind  of  Brandt.  The  name  ori- 
ginates from  that  of  the  town  in  France  which 
is  celebrated  for  the  distillation  of  this  kind  of 
liquor. 

COHESION.  Phys.  Ger.  Zuzammenhalt. 
The  attraction  of  like  particles  of  matter,  Ho- 
mogeneous Attraction,  as  distinguished  from 
heterogeneous  attraction  or  Adhesion;  both 
acting,  however,  at  insensible  distances.  A 
drop  of  water  on  a  glass  plate  assumes  a  glo- 
bular form,  through  the  cohesive  force  of  the 
particles  of  water,  and  adheres  to  the  plate 
through  the  adhesive  force  between  water  and 
glass. 

It  is  opposed  by  a  repulsive  force,  probably 
identical  with  heat;  and  the  relative  quantity 
of  these  two  forces  determines  the  solid,  liquid, 
and  gaseous  states  of  bodies.  Cohesion  pre- 
dominates in  solids ;  attraction  and  repulsion 
are  nearly  balanced  in  liquids;  and  cohesion 
is  wholly  wanting  in  gases,  their  particles  be- 
ing somewhat  held  together  by  gravitation. 
The  force  of  cohesion  presents  itself  in  so- 
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lids  under  various  phenomena,  giving  rise  to 
different  physical  properties,  such  as  hardness,  J 
toughness,  softness,  brittleness.  A  body  is 
hard  when  its  particles  resist  separation,  or 
sliding  over  each  other,  without  altogether  los- 
ing cohesive  force,  as  the  diamond,  emory,  &c. 
It  is  tough  when  the  particles  admit  of  sliding, 
and  still  retain  cohesive  fordfe,  as  iron,  copper, 
&c. ;  soft  when  they  readily  slide  and  separate 
from  each  other,  as  gypsum,  fats ;  brittle  when 
they  separate  easily,  without  sliding,  as  com- 
mon salt. 

Cohesion  exerts  an  important  influence  on 
chemical  operations ;  often  diminishing  and 
preventing  the  exertion  of  chemical  forces. 
See  Affinity,  modifying  circumstances,  p.  64 ; 
Adhesion  ;  Analysis,  pulverization. 

COHOBATION.  Chem.  Tech.  A  term  ori- 
ginally applied  by  Paracelsus  to  the  repeated 
distillation  of  a  liquid  over  the  same  substance. 
For  example  ;  in  the  distillation  of  essential 
oils,  the  water  which  runs  over  with  the  olea- 
ginous portions  of  the  plant,  is  reserved  to  co- 
hobate  with  on  the  same  material,  in  order  to 
extract  a  new  quantity  of  volatile  matter.  Be- 
ing already  more  or  less  saturated,  it  is  a 
more  economical  solvent  than  fresh  water, 
and  its  use  saves  the  loss  which  would  inevi- 
tably accrue  by  a  frequent  change  of  water. 
In  the  distillation  of  plants  whose  volatile  con- 
stituent is  in  minute  per  coinage,  cohobution  is 
generally  resorted  to,  but  always  over  fresh 

COLCHICUM  AUTUMNALE.   Phar.    Syn. 
Meadow  Saffron.     The  root,  according  to  Pelle- 
tier  and  Caventou,  is  composed  of 
rOlein, 

Fatty  matter,^  Stearine, 

^Volatile  acid, 

Supergallate  of  Veratrin, 

Yellow  coloring  matter, 

Gum,  starch,  and  inulin, 

Lignin,  and  a  minute  portion  of  ashes. 

Geiger  and  Hesse  have  latterly  announced 

the  presence,  in  the  seeds,  of  a  new  powerfully 

poisonous    principle,    called    Coichicin,    of 

which  yq  of  a  grain  is  sufficient  to  kill  a  cat. 

Colchicin.  A  colorless,  crystallizable  alka- 
loid, existing  in  the  seeds,  bulb,  and  flowers  of 
the  above  plant,  and  perhaps  also  in  the  other 
species  of  the  same  genus.  It  is  obtained  by 
treating  the  pulverized  seeds  with  alcohol 
acidulated  by  sulphuric  acid,  adding  lime  to 
the  extract,  filtering,  saturating  the  clear  liquor 
with  sulphuric  acid,  and  evaporating  off  the 
alcohol,  decomposing  the  residue  with  carbon- 
ate of  potassa,  drying  the  precipitate,  and  then 
crystallizing  it  from  an  alcoholic  solution. 
(Liebig.)  It  is  in  prisms  or  needles,  of  a  bitter 
alkaline  taste,  and  its  aqueous  solution  preci- 
pitates the  solutions  of  chloride  of  platinum, 
the  infusion  of  nut-galls,  and  tincture  of  iodine. 
Its  composition  and  atomic  weight  are  un- 
known. Sulphuric  acid  colors  it  yellowish- 
brown,  unchangeable  into  violet;  and  this  test, 
together  with  its  other  characteristics,  distin- 
guishes it  from  veratrin,  with  which  it  was  at 
first  confounded.  The  salts  of  this  base  are! 
mostly  crystallizable,  and  readily  soluble  in 
water  and  alcohol. 

COLCOTHAR.    Tech.     Syn.    Rouge,  Crocus,  \ 
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Ferri   n  The    scsquioxide  of 

iron,   prepared   by  roasting    sulphate   of 
{green  vitrinl),  and  hence  its  vulgar  title  of  CoU 
cotkar  of  vitriol.     By  the  action  of  fire,  !l 
ter  of  crystallization  and   sulphuric  acii 
evolved,  the  iron  being  peroxidized  at  tl 
pense  of  a  portion  of  the  latter,  which  then 
escapes  as  sulphurous  acid. 

COLD.     Deficiency  of  Hkat. 

COLLYRITE.     Kollxbitb. 

COLOCYNTH.  Syn.  Ooloquin 
nipple,  Bitter  Cucumber.  The  peeled  fruit  of  the 
Cm  units  Colocynthis,  imported  from  Spain.  "  /  is- 
londiliec,"  supposed  to  be  true  colocynth,  is,  ac- 
cording to  Dr.  Royie,  a  distinct  species,  which 
he  terms  Cutumis  p.seudo-X'olocynthis.  The  ex- 
tractive matter  of  the  pulp  and  seeds,  com- 
bined with  other  purgatives,  is  the  compound 
cathartic  pill  of  our  pharmacopoeia.  Besides 
other  substances,  it  contains  a  peculiar  prin- 
ciple, Coloquintin,  bitter  (Cohcynthin),  as  will 
be  shown  by  the  annexed  analyses. 

Meissner's  Analysis. 

Bitter  matter  (Culocynthin) 144 

Extractive 10-0 

Bitter  fixed  oil 4-2 

Resin,  insol.  in  ether 13-2 

Gum 9-5 

Bassorin 3-0 

Gummy  extract  (obtained  from  the  lig-^  ._„ 

neous  fibre)  by  potassa 5 

Vegetable  jelly 0-fi 

Phosphate  of  lime  and  magnesia 5-7 

Ligneous  fibre 19-2 

Water 5-0 

Colocynth  pulp,  101-8 

Braccannofs  Analysis. 
Bitter  matter  (Colocyntlmi)  with  some  resin. 41-4 

Resin 4-3 

Vegetable  jelly  (pectin) 18-6 

Azotic  matter 21-4 

Acetate  of  potassa 5-7 

Deliquescent  salt  of  potassa,  not  soluble  ~)     _  , 
in  alcohol 3 

Watery  extract  of  colocynth,  98-5 

Coloryn'hin.  Syn.  Coloquintin  litter.  The 
active  principle  of  the  colocynth,  in  the  form 
of  a  yellow-brown,  bitter,  resinoid  matter,  ob- 
tained by  evaporating  an  alcoholic  tincture  of 
the  watery  extract  of  the  pulpy  part  of  the 
fruit,  and  precipitating  the  colocynthin,  free 
from  acetate  of  potassa,  by  cold  water.  It  is  so- 
luble in  water,  alcohol,  and  ether,  and  is  preci- 
pitated from  its  aqueous  solution  by  chlorine, 
and  many  of  the  metallic  salts,  (protosulphate 
of  iron  and  sulphate  of  copper,  &c.)  Potassa, 
lime,  and  barytes  water  occasion  no  precipi- 
tate. The  physiological  effects  of  limited  doses 
are  salutary  in  some  diseases,  but  in  excessive 
quantity  it  is  dangerously  poisonous. 

COLOGNE  WATER.  Syn.  Fr.  Eau  de 
Colqgne.  Gcr.  Kollnischeswasser.  Used  as 
a  perfume,  and  is  a  solution  of  odorant  essen- 
tial oils  in  alcohol.  To  improve  the  scent,  the 
disagreeable  flavor  of  the  alcohol  is  removed 
by  distilling  the  mixture  in  a  water-bath.  In 
this  way  the  unpleasant  smelling  ingredient 
of  the  alcohol,  called  fousel  oil,  is  separated, 


COLOPHONITE. 

and  remains  in  the  alembic,  its  boiling  point 
being  269°,  or  much  above  that  of  water  and 
alcohol.  Annexed  are  some  of  the  most  valu- 
able recipes  for  this  much  esteemed  perfume. 
Durockereau's  Formula. 
To  7  quarts  of  tasteless  alcohol,  add  of 

Essence  of  Portugal dr.  11 

«  Bergamot dr.  13 

«  Lemon oz.    1 

u  Neroli dr.  10 

«  Rosemary °z.    1 

»  Lavender oz-     1 

Water  of  Roses dr.  14 

«  Jessamin dr.  13 

»  Orange  flowers dr.  15 

Mix  the  whole  together,  and  after  24  hours'  de- 
lay, distil  over  a  water-bath.  This  is  of  30  to 
33°  B.  strength,  and  is  of  an  agreeable  aroma. 

Crozet's  Eau  de  Cologne  concentrie. 

Essence  of  Portugal dr.  12 

»  Bergamot dr.  12 

a  Cedrat oz.     1 

«  Lemon oz.     1 


COLUMBIUM. 

portion  already  formed  in  colophony,  it  has 
been  styled  by  Berzelius  the  gamma  resin. 

As  the  two  first-named  acids  are  colorless, 
the  dark  hue  of  resin  is  owing  to  the  action  of 
the  fire. 

Pimaric  acid,  isomeric  with  the  two  first- 
named  acids,  and  found  in  the  terpentine  of  the 
Puius  Maritimus,  crystallizes  in  small  prisms, 
which  by  fusion  become  modified,  and  soluble 
in  alcohol.     (Laurent.) 

ColophoKc  acid  is  distinguished  from  the  pink 
and  sylvic  acids  by  its  brown  color,  greater  af- 
finity for  bases,  and  lesser  solubility  in  alcohol, 
of  67  per  cent.     Its  salts  resemble  the  pinates. 

(iiC^i'n-.) 

llesincone,  C29H460,  and  Re'dnonc,  C,0H|8O, 
are  two  bodies  obtained  by  Fremy,  from  the 
distillation  of  resin  with  lime. 

A  solution  of  colophony  in  pure  potassa  ley 
is  used  as  a  substitute  for  gelatin  in  sizing  pa- 
per.    See  Rf.six. 

COLORING  MATTERS.  Tech.  They  may 
be  classed  together  with  reference  to  their  ap- 
plication in  the  arts,  but,  chemically  speaking 


Neroli dr.  12    are  of  very  different  composition  and  proper- 


«.  Rosemary oz.    2 

»  Lavender oz.    2 

«  Benzoin dr.    2 

Mix  the  whole  together,  with  ten  times  its  vo- 
lume of  good  spirits  of  wine,  and  distil.  The 
product  which  comes  over,  after  being  redis- 
tilled, is  of  an  exquisite  and  powerful  odor. 
For  other  recipes,  see  Celnart  <£  Morfit  on  Per- 
fumery. 

COLOPHONITE.  Min.  See  Gasket. 
COLOPHONY.  Chem.  Syn.  Rosin,  Ar- 
canson.  From  Ux-jprnU,  the  name  of  the  city 
where  it  originated.  When  the  resinous  juice 
of  the  Firms  Sylvcstris,  and  other  varieties  of 
pine,  is  distilled,  the  volatile  spirits  of  terpen- 
tine passes  over,  and  the  colophony  remains 
in  the  retort.  Though  differing  entirely  in 
composition  from  fats,  it  is  partially  substi- 
tuted therefor  in  the  manufacture  of  yellow 
soap.  Rosin  contains  no  glycerin,  nor  any 
equivalent  for  that  substance,  but  consists, 
says  Unverdorben,  of  two  different  resins, 
called  the  sylvic  and  pinic  acids,  separable 
from  each  other  by  cold  alcohol,  of  sp.  grav. 
0-867,  which  dissolves  the  alpha  resin  (pinic 
acid),  so  termed,  and  leaves  the  beta  resin, 
or  sylvic  acid.  The  formula  of  pinic  acid  is 
C40HS0O4,  which  is  changed  into  C40H30Og,  or 
oxypinic  acid,  when  an  alcoholic  solution  of  al- 
pha resin  is  exposed  to  the  air.  The  sylvic  acid 
is  readily  soluble  in  absolute  alcohol,  ether,  the 
fixed  and  volatile  oils;  melts  at  305-5°,  and  con- 
sists, according  to  Trommsdorff,  of  C2nH30O2. 
The  pinates  of  soda,  potassa,  and  ammonia, 
as  an  exception  to  those  of  other  bases,  are 
soluble  in  water,  whilst  the  corresponding  syl- 
vates,  slightly  deficient  in  this  property,  are 
readily  taken  up  by  anhydrous  alcohol  and 
ether.  The  formation  of  yellow  soap  from  re- 
sin is  due  to  a  direct  combination  of  its  acids 
with  the  alkali  employed.  Silvic  acid,  unlike 
the  pinic,  is  crystallizable,  and  forms  quadrila- 
teral prisms  with  a  rhombic  base,  but  in  other 
properties  the  two  are  not  dissimilar.  By  dis- 
tillation, the  pinic  acid  is  converted  into  Colo- 
photic  acid ;  and  as  there  is  usually  a  minute 


ties.     For  the  action  of  oxygen  on  some  vege- 
table colors,  see  Chem.  Gaz.  xi.,  328,  &c.     See 
Ixpiho,  Madder,  Quehcithon. 
COLORIN.     See  Maddeh. 
COLUMBIN.     See  Calu^ibtn. 
COLUMBITE.    Min.    Syn.    Prismatic  Tan- 
talum  ore;    Tantalit.     Cryst.    system,   Right 
Rhombic  in  part;  combinations   are  vertical" 
and  horizontal  prisms,  terminal  planes  of  all 
axes,    and    the    octohedron ;    cleaves    parallel 
with  lateral  terminal  planes  ;  occurs  also  mas- 
sive with  granular  structure.  H.  =  5  —  6.  G.  = 
5.9  —  6-1.     Black;  lustre  submetallic;  opake; 
streak  dark-brown ;  brittle;  fracture  subchon- 
choidal,  uneven.     The  blowpipe  reaction  of 
various    columbites    is    different;    borax    and 
mic.  salt  either  give  the  reaction  of  iron,  or  of 
the  same  with  tungsten ;  soda  may  exhibit  on 
platinum  the  presence  of  manganese,  on  char- 
coal of  tin.     It  is  easily  decomposed  by  bisul- 
phate  of  potassa.     The  per  centage  of  colum- 
bic  acid  or  oxide  varies  from  66  to  89  per  cent. 
The  discovery  by  H.  Rose  of  a  new  metal,  Ni- 
obium, as  well  as  of  a  second,  Pelopium,  in 
some    columbites,    will    reconcile    differences 
which  have  been  observed  in  their  physical 
and  chemical  characters.     The  Filmland  co- 
lumbite  contains   mainly  columbic  acid,  and 
its  formula  is  FeO,  Ta2  03.      The  columbites 
of  Bavaria  and  Connecticut  contain  columbic 
and  niobic  acids.     See  Cohtmiuum.     Colum- 
bite  occurs  at  Broddbo,  Finbo,  Kimito;  Ta- 
mela  in  Finnland;   Bodenmais,    Bavaria;    in 
the  United  States,  at  Middletown  and  Haddam, 
in    Connecticut;    Chesterfield    and    Beverly, 
Mass. ;  Acworth,  N.  H.     A  single  crystal  from 
Middletown  weighed  14  lb. 

COLUMBIUM.  Chem.  Syn.  Tantalum. 
Ger.  Tantal.  Fr.  Tantale.  First  observed  in 
1801,  by  Mr.  Hatchett,  in  a  black  mineral  in 
the  British  Museum,  supposed  to  have  come 
from  Connecticut,  U.S.,  and  hence  named  Co- 
lumbium.  Found  by  Ekeberg,  in  1802,  in  two 
Swedish  minerals,  tantalite  and  yttrotantalite. 
Tantalum  was  studied  by  Berzelius;  and  Co- 
lumbium  was  found  by  Dr.  Wollaston,  in  1809, 
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to  be  the  same  metal.  It  occurs  also  in  Eux- 
enite,  Fergusonile,  Pyrochlor,  &c.  II.  Rose 
has  since  found  two  other  metals  in  the  co- 
lumbites,  Pelopium  and  Niobium.  Some  of 
the  characters  ascribed  to  compounds  of  co- 
lumbium  are  due  to  their  presence,  although 
the  former  descriptions  by  Berzelius  ai 
correct,  being  based  on  the  columbic  acid  de- 
rived from  the  tantalite  of  Finnland,  which 
Rose  finds  to  be  nearly  free  from  the  two  new 
metals. 

Berzelius  obtained  tantalum,  by  decompos- 
ing the  double  fluoride  of  columbium  and  pot- 
assium by  potassium.  A  black  powder,  which 
may  be  washed  and  dried,  and  assumes  an 
iron-gray  metallic  lustre  under  the  burnisher. 
It  takes  fire  in  air  under  a  red  heat,  and  burns 
with  much  vivacity,  to  columbic  acid.  No 
acid  has  a  sensible  action  upon  columbium, 
except  hydrofluoric.  It  combines  with  oxygen 
in  two  proportions,  forming  columbic  oxide 
and  acid.     Eq.  184-9  or  230743  1 

1.  Columbic  oxide.  Columbous  acid.  Ob- 
tained by  exposing  the  acid  in  a  charcoal  cru- 
cible to  the  heat  of  a  blast-furnace  for  an  hour. 
The  external  film  is  metallic  columbium;  the 
mass  is  columbic  oxide.  Dark-gray  ;  so  hard 
as  to  scratch  glass ;  soluble  in  no  acid  ;  heated 
to  low  redness  in  air,  it  burns  slowly,  and  is 
partly  converted  into  columbic  acid.  Form. 
Ta02. 

2.  Columbic  acid.  Columbium,  in  this  state, 
exists  in  most  of  its  minerals,  with  oxides  of 
iron  and  manganese  in  columbite,  with  yttria  in 
yttrotantalite.  Obtained  by  fusing  the  mineral 
with  carbonate  of  potassa,  and  decomposing 
the  columbate  of  potassa  formed  by  an  acid, 
and  also  by  fusion  with  bisulphate  of  potassa. 
A  white  powder,  which  reddens  litmus;  when 
heated,  it  parts  with  its  water,  and  loses  the 
latter  property.  Sp.  gr.  of  the  ignited  acid, 
6-5;  it  is  then  attacked  by  alkalies  only.  Co- 
lumbic acid  dissolves  by  fusion  in  bisulphate 
of  potassa,  and  when  hydrated  in  binoxalate 
of  potassa  in  the  humid  way;  soluble,  in  small 
quantity,  in  concentrated  sulphuric  acid,  but 
precipitated  from  that  solution  by  water. 
Form.  Ta03. 

3.  Sulphocokvmbic  acid.  Prepared  by  exposing 
columbic  acid  to  a  bright  red  heat,  in  a  porce- 
lain tube,  and  passing  over  it  bisulphuret  of 
carbon ;  a  gray,  pulverulent  matter,  resem- 
bling plumbago.  It  is  a  good  conductor  of 
electricity.     Form.  TaS3. 

4.  Chloride  of  columbium,  TaCl3,  obtained  by 
heating  columbium  in  chlorine,  is,  in  the  state 
of  vapor,  a  yellow  gas  resembling  chlorine ; 
condensing  into  a  white  powder,  with  a  shade 
of  yellow. 

5.  Fluorides.  Hydrated  columbic  acid  dis- 
solves in  fluohydric  acid,  and  by  evaporation 
at  a  low  temperature,  yields  crystals  of  fluohy- 
drate  of  fluoride  of  columbium,  which  by  heat- 
ing becomes  fluoride  of  columbium,  TaF3. 
Double  salts,  crystalline,  are  formed  by  the 
caustic  alkalies  with  the  fluohydric  solution. 
Form,  of  the  potassa  salt,  2  KF,  TaF3. 

G.  Columbates.     Formed  by  fusing  columbic 
acid  with  caustic  or  carbonated  potassa  or  so- 
da.    Soluble  in  a  large  quantity  of  water;  the 
soda  salt  decomposing  by  boiling,  or  carbonic 
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acid,  into  an  insoluble  bicolumbate.  The  co- 
lumbateof  ammonia  produces  insoluble  colum- 
bates in  solutions  of  earths  and  other  metallic 
oxides. 

Columbium  forms  a  more  or  less  fusible  al- 
loy with  iron. 

COMBINING  WEIGHTS.  Chun.  Syn. 
Atomic  weights,  Equivalents.  Gar.  Mischungs- 
gewichte.  The  proportion  by  weight  in  which 
bodies  combine;  the  numbers  representing 
which  become  fixed,  by  reference  to  un< 
as  unity.  The  two  series  of  combining  weights 
in  use  are  those  of  the  hydrogen  and  o 
scales;  the  former  being  called  1,  and  the  lat- 
ter 100.  These  fixed  numbers  represent  what 
is  assumed  to  be  one  equivalent  of  each  ele- 
ment. They  are  variously  determined,  the 
starting  point  being  water.  See  Affinity, 
p.  52.  Since  water  is  found  to  consist  of  88-9 
per  cent,  oxygen,  and  11-1  per  cent,  hydrogen, 
these  numbers  are  in  the  ratio  of  8  to  1; 
whence,  on  the  hydrogen  scale,  the  combining 
weight  of  one  equivalent  of  oxygen  is  8,  of  hy- 
drogen 1  ;  and  on  the  oxygen  scale,  that  of  ox- 
ygen ie  100,  and  of.  hydrogen  12-5.  Where 
b<  dies  unite  in  the  gaseous  form,  it  is  easy  to 
determine  their  combining  weights,  because 
we  can  measure  the  volumes  of  each  element. 
Thus  analysis  proves  that  chlorohydric  acid 
gas  is  composed  of  equal  bulks  or  volumes  of 
each  element,  hydrogen  and  chlorine,  which 
are  assumed  to  represent  equivalents  or  atoms. 
By  weight,  it  is  composed  of  97-26  per  cent, 
chlorine,  and  2-74  per  cent,  hydrogen;  which, 
on  the  preceding  assumption j  represent  the 
proportion  by  weight  existing  between  an 
equal  number  of  the  equivalents  of  the  two 
elements.  Hence  2-74  per  ct.  hydr. :  97-26  per 
ct.  chlor.  ::  1  :  35-47  =  combining  weight  of 
chlorine  on  the  hydrogen  scale;  or  ::  12-5 
:  442-64  =  its  combining  weight  on  the  oxygen 
scale. 

In  a  similar  manner  the  combining  weight 
of  nitrogen  may  be  determined  from  an  analy- 
sis Of  the  compounds  of  nitrogen  and  oxygen, 
such  as  the  nitrous  and  nitric  oxides. 

If,  however,  one  or  both  of  the  elements  be 
solid,  the  determination  of  the  combining 
weight  is  more  dependent  on  assumption,  al- 
thc  ugh  it  is  certain  that  the  true  combining 
weight  stands  in  some  simple  ratio  to  the 
number  obtained.  Thus  there  are  three  com- 
pounds of  carbon  with  oxygen,  carbonic  ox- 
ide, oxalic  acid,  and  carbonic  acid,  in  which 
the  proportion  of  oxygen  is  1,  1£,  2,  for  the 
same  quantity  of  carbon.  Carbonic  oxide  is 
proved  to  consist  of  42-86  per  cent,  carbon  and 
57-14  per  cent,  oxygen.  Now  if  we  assume 
that  it  consists  of  one  equivalent  of  each  ele- 
ment, then  57-14  :  42-86  ::  8  =  comb,  weight 
of  oxygen  :  6  =  comb,  weight  of  one  equiv.  of 
carbon.  But  if  we  assume  that  it  consists  of 
1  equiv.  of  oxygen  and  2  equivs.  of  carbon, 
then  the  number  6  obtained  represents  the 
combining  weight  of  2  equivs.  of  carbon,  in 
which  assumption  the  combining  wei_ 
carbon  would  be  3.  But  the  former  supposition 
is  generally  taken,  so  that  one  equiv.  of  carbon 
is  represented  by  6.  It  is,  however,  certain 
that  it  is  a  multiple  or  submultiple  of  6. 

The  combining  weights  of  the  metals  are 
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deduced  from  the  relative  proportion  between 
the  oxygen  and  metal  in  the  strong  base,  thai 
is,  in  that  base  or  oxide  which  has  the  strong- 
est affinity  for  acids  to  form  salts,  in  which 
oxide  it  is  assumed  that  there  is  one  equiv. 
each  of  metal  and  oxygen.  In  the  2  oxides  of 
iron,  the  relation  between  the  oxygen  is  1  :  If, 
and  since,  by  the  analysis  of  peroxide,  there  is 
69-34  per  cent,  iron  and  30-66  per  cent,  oxygen, 
the  proportion  30-66  :  69-34  ::  12  =  J,f  equivs. 
of  oxygen  :  27-14  =  one  equiv.  of  iron. 

By  means  of  Isomorphism,  the  number  of 
equivs.  in  an  acid  or  oxide  may  be  determined, 
when  the  number  of  equivs.  of  any  one  of  the 
isornorphous  bodies  is  determined.  Having 
determined  that  the  protoxide  of  iron  or  black 
oxide  of  copper  consists  of  one  equiv.  each  of 
metal  and  oxygen,  then  we  have  oxides  iso- 
morphic with  them,  each  consisting  of  one 
equivalent  of  metal  and  oxygen,  whence  their 
combining  weights  may  be  determined  from 
an  analysis  of  their  compounds.  Thus  we 
have  the  number  of  equivs.  of  the  black  oxide, 
of  copper,  of  the  protoxides  of  iron,  manganese, 
cobalt,  nickel,  zinc,  and  cadmium,  and  dfrmag- 
nesiaandlime;  and  by  the  Dimorphism  of  lime, 
we  have  also  the  equivs.  of  baryta,  strontia, 
and  oxide  of  lead.  On  the  same  ground,  the 
equivs.  of  sulphuric,  selenic,  telluric,  chromic, 
and  manganic  acids,  may  be  determined. 
Hence,  by  determining  the  number  of  equivs. 
in  one  of  each  of  these  two  isomorphic  groups, 
we  determine  them  in  the  oxides  of  twelve 
elements ;  and  when  we  know  the  number  of 
equivalents,  their  combining  weights  are  de- 
termined from  the  per  centage  composition  of 
their  compounds.  See  Equivalents,  for  the 
combining  weights  of  all  the  elements.  See 
Combustion,  for  the  heat  resulting  from  com- 
bination. 

COMBUSTIBLE.  Chem.  Tech.  In  its  li- 
mited and  more  usual  sense,  it  is  a  body  capa- 
ble of  combining  with  the  oxygen  of  the  air, 
evolving  at  the  same  time  light  and  heat ;  and 
the  act  of  union  is  termed 

COMBUSTION.  Chem.  Tech.  Two  kinds 
may  be  adduced,  ordinary  fire,  and  low  or  slow 
combustion.  Ordinary  combustion  is  that  in 
which  a  body  unites  with  the  oxygen  of  the 
air,  and  evolves  heat  and  light.  Carbon, 
hydrogen,  sulphur,  phosphorus,  and  metals, 
are  combustible ;  and  since  the  two  first  enter 
largely  into  organic  bodies,  these  are  all  com- 
bustible. The  resulting  products  of  combus- 
tion are  oxides,  which  are  either  bases  or 
acids.  If  the  combustible  be  gaseous  or  va- 
porizable,  it  burns  with  flame,  sulphur,  hydro- 
gen, phosphorus ;  if  not  volatile,  it  burns  with- 
out flame,  pure  carbon,  anthracite,  iron,  and 
some  other  metals.  Common  combustion  is 
resorted  to  for  the  production  of  heat,  and 
hence  wood  and  coal,  containing  chiefly  car- 
bon and  hydrogen,  are  the  combustibles  em- 
ployed, under  the  common  name  of  Fuel. 
Matter  is  not  annihilated  by  combustion,  for 
the  products  resulting  from  burning  fuel  are 
carbonic  acid  and  water,  which,  when  caught 
and  weighed,  are  found  to  equal  the  weight  of 
fuel  together  with  the  oxygen  derived  from  the 
air,  less  a  small  amount  of  ashes.  &c.  If  the 
air  supplying  combustion  be  insufficient,  car- 
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bonic  oxide  is  produced  instead  of  carbonic 
acid,  and  being  itself  combustible,  burns  with 
a  blue  flame  at  the  top  of  a  fire,  if  the  air  have 
access ;  hence,  on  opening  the  upper  door  of  a 
coal-stove,  the  entrance  of  air  causes  a  burst 
of  flame  over  the  upper  surface  of  the  coal. 
Carbonic  acid  is  the  chief  product  of  combus- 
tion with  anthracite  and  charcoal,  and  hence, 
when  they  are  burned  in  a  close  room  without 
free  ventilation,  the  accumulation  of  the  invi- 
sible gas  often  produces  suffocation. 

Low  combustion  is  the  more  gradual  union  of 
oxygen  with  combustibles,  attended  with  the 
evolution  of  heat,  and  sometimes  of  light,  but 
where  the  heat  is  less  and  the  resulting  pro- 
ducts different  from  ordinary  combustion. 
Thus  nitric  oxide  combines  in  the  cold  with 
oxygen,  forming  the  red  fumes  of  peroxide  of 
nitrogen.  Phosphorus  is  luminous  in  the  dark 
at  common  temperatures,  and  emits  an  odor 
due  to  light  white  vapors,  phosphorous  acid, 
P03,  but  when  heated  in  the  air  it  burns  bril- 
liantly, giving  off  dense  white  fumes  of  phos- 
phoric acid,  PO..  In  the  former  low  combus- 
tion heat  is  evolved,  for  if  several  pieces  of 
phosphorus  be  laid  together,  the  sum  of  the 
heat,  by  their  slow  oxidation,  causes  them  to 
burst  out  into  a  flame.  The  effects  of  low 
combustion  are  striking  among  organic  bodies. 
Fats  become  rancid  in  the  air  by  oxidation, 
and  apparently  evolve  no  heat,  but  if  their 
surface  be  extended,  as  when  a  mass  of  cotton 
is  imbued  with  oil,  the  sum  of  the  heat  is  such 
as  often  to  induce  conflagration,  as  in  cotton- 
mills.  The  oxidation  of  iron  pyrites  in  coal 
has  given  rise  to  its  spontanepus  combustion. 
The  light  evolved  by  decaying  fish  and  wood 
is  probably  due  to  the  same  cause.  Carbonic 
acid  and  water  are  the  products  of  ordinary 
combustion  of  wood  or  organic  matter;  thus 
alcohol,  which  is  composed  of  C4H602,  takes 
up  0(2,  by  inflammation,  to  form  4  C02  and 
6  HO,  but  by  slow  combustion  it  first  takes  up 
02,  funning  2  eq.  water,  2  HO,  and  a  liquid 
called  aldehyde,  C4H402 ;  and  by  its  farther 
oxidation,  aldehyde  takes  up  two  more  of  oxy- 
gen, forming  acetic  acid,  C4H404.  In  the 
quick  vinegar  process,  alcoholic  liquors  are 
thus  oxidized  into  acetic  acid,  producing  heat 
sufficient  to' raise  the  temperature  of  the  apart- 
ment. For  other  applications  of  low  combus- 
tion, see  Aphlogistic  lamp,  Erkmacausis. 

"The  determination  of  the  quantity  of  heat 
produced  during  the  combustion  of  a  given 
quantity  of  combustible  substance  is  a  pro- 
blem of  great  importance  in  the  arts,  as  on  it 
depends  the  economic  value  of  all  varieties  of 
fuel.  The  plan  generally  followed  has  been 
to  burn  the  substances  by  means  of  the  small- 
est quantity  of  air  which  is  sufficient,  in  a  ves- 
sel surrounded,  as  far  as  possible,  with  water. 
If  it  be  found  that  the  burning  of  a  pound  of 
wood  heats  37  pounds  of  water  from  32°  to 
212°,  no  idea  can  be  thereby  formed  of  the 
quantity  of  heat  evolved;  but  if,  on  another 
trial,  it  be  found  that  the  burning  of  a  pound 
of  charcoal  raises  the  temperature  of  74 
pounds  of  water  through  the  same  range,  it 
follows  that  the  charcoal  had  double  the  calo- 
rific power  of  the  wood.  True  relative  num- 
bers can  thus  be  obtained,  although  they  have 
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independently  no  positive  signification.  The 
results  obtained  in  this  manner  have  been 
exceedingly  discordant;  but,  by  the  1  a t --  re- 
searches of  Despretz  and  of  Bull,  which  ap- 
pear to  have  been  conducted  with  more  atten- 
tion to   accuracy  than   former   ones,   a  very  j 

1  lb.  of  oxygen,  uniting  with  hydrogen,  heats  from  32°  to  212° 
"  "  "  charcoal,  "  " 

»  «  "  alcohol,  "  " 

"  «  "  ether,  "  " 


interesting  rule  has  been  obtained:  it  is,  that 
in  all  cases  of  combustion,  the  quantity  of  heat 
evolved  is  proportional  to  the  quantity  ol 
gen  which   enters    into   combination.     Tims 
Despretz  found 


294 

lbs 

of 

water 

29 

" 

28 

" 

28£ 

M 

"This  rule,  however,  must  be  liable  to  some 
very  curious  changes ;  for  one  pound  of  oxy- 
gen, in  combining  with  iron,  could  heat,  by 
Despretz's  experiments,  53  pounds  of  water,  or 
almost  exactly  twice  as  much  as  in  the  former 
list;  and  with  tin  and  zinc  the  same  double 
proportion  held.  With  phosphorus  a  singular 
peculiarity  was  observed,  which,  when  the 
subject  comes  to  be  more  fully  studied,  may 
throw  some  light  upon  the  former  differences. 
When  phosphorus  burns  slowly,  so  as  to  form 
phosphorous  acid,  it  heats,  in  combining  with 
a  pound  of  oxygen,  28  pounds  of  water ;  but 
when  it  burns  brilliantly  and  forms  phosphoric 
acid,  the  heat  evolved  is  doubled,  and  becomes 
the  same  as  that  produced  with  iron,  tin,  or 
zinc.  As  a  suggestion,  I  would  remark,  that 
in  the  cases  where  the  smaller  proportion  of 
heat  is  evolved,  the  products  of  combustion 
are  all  volatile,  and  where  the  larger  proportion 
is  produced,  the  products  are  fixed  and  solid; 
even  in  the  case  of  phosphorus,  when  it  com- 
bines, producing  least  heat,  it  forms  a  volatile 
product,  but  one  which  resists  a  full  red  heat 

With  Ammonia 
Oil  of  vitriol 595-8... 


in  the  case  where  the  combination  has  been 
complete. 

"  Hess  has  lately  pointed  out  a  relation  be- 
tween the  amount  of  chemical  action  and  the 
quantity  of  heat  evolved,  which  may,  when  ex- 
amined in  a  greater  number  of  cases,  lead  to 
very  important  conclusions.  He  has  found 
that,  sulphuric  acid,  in  combining  with  any 
base,  generates  in  all  cases  the  same  quantity 
of  heat;  the  rise  of  temperature  is,  of  course, 
greatest  when  the  acid  and  base  are  both  in 
an  uncombined  condition,  as  where  vapor  of 
anhydrous  sulphuric  acid  produces,  by  contact 
with  dry  barytes,  brilliant  ignition;  but,  al- 
though the  barytes  generates,  by  contact  with 
dilute  sulphuric  acid,  much  less  heat,  yet,  if 
the  two  quantities  evolved,  first  by  mixing  the 
strong  acid  with  water,  and  then  the  dilute 
acid  with  the  base,  be  added  together,  the  sum 
appears,  from  a  great  number  of  experiments, 
to  be  constant ;  thus,  diluting  oil  of  vitriol  with 
water,  and  neutralizing  it  so  diluted,  with  am- 
monia, Hess  found  the  heat  in  each  case 
to  be, 

With  Water.  Sum. 
595-8 


First  dilution 518-9 77-8. 

Second  dilution 480-5 116-7. 


.596-7 
.597-2 


Connecting  these  results  with  those  of  Des- 
pretz, just  given,  for  the  bodies  which  unite 
with  oxygen,  it  would  appear  likely  that  the 
quantity  of  heat  evolved  in  chemical  combina- 
tion may  be  connected  with  the  equivalent 
number  and  the  electrical  condition  of  the  sub- 
stances by  a  definite  law,  which  farther  inves- 
tigation may  disclose."     (Kane.) 

See  Heat,  Flame. 

COMMON  SALT.  Min.  Syn.  Hexahedral 
Rock-salt;  Rock-salt.  Ger.  Steinsalz.  (See 
also  Chloride  of  Sodium.)  Cryst.  system,  Re- 
gular; combinations  are  cube,  8,  12,  and  4  x 
6-hedron.  It  also  occurs  massive  with  fibrous 
or  granular  structure.  H.  =  2 ;  G.  =  2-257. 
White,  sometimes  yellowish,  reddish,  rarely 
blue;  lustre  vitreous;  transparent,  translu- 
cent; taste  pure  saline.     Form.  NaCl. 

Localities,  ^c— Common  salt  usually  occurs 
in  extensive  but  irregular  beds,  in  rocks  of 
various  ages,  associated  with  gypsum,  poly- 
halite,  clay,  sand-stone,  and  calcareous  spar; 
also  dissolved,  and  forming  salt  springs. 

In  Europe  it  usually  occurs  in  the  new  red 
sandstone,  or  associated  with  red  marl,  but 
it  is  not  confined  to  these  rocks.  At  Durham, 
Northumberland,  and  Leicestershire,  Eng- 
land, salt  springs  arise  from  the  carbonifer- 
ous series  ;  in  the  Alps,  some  salt  works  are 
supplied  from  oolitic  rocks  ;  the  famous  mines 
of  Carbona  and  Wieliczka,  are  referred,  the 
former  to  the  green  sand  formation,  and  the 
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latter  to  tertiary  rocks.  Salt  springs  also 
occur  in  volcanic  regions.  In  the  United 
States  the  salt  brines  mostly  come  from  the 
sandstones  below  the  coal.  It  also  occurs 
as  efflorescences  over  the  dry  prairies  of  the 
Rocky  Mountains  and  California;  and  in  most 
desert  or  semi-desert  regions  there  are  frequent 
salt  lakes. 

The  principal  mines  of  Europe  are  at  Wie- 
liczka, in  Poland;  those  of  the  Salzkammer- 
gat,  in  Upper  Austria;  Ischil,  Hallein,  in  Salz- 
burg; Hall,  in  the  Tyrol;  Bex,  in  Switzer- 
land; and  Northwich,  in  Cheshire.  At  the 
latter  place  it  occurs  in  a  basin-shaped  depo- 
sit, and  is  arranged  in  spheroidal  masses,  from 
5  to  8  feet  in  diameter,  which  are  composed 
of  concentric  coats,  and  present  polygonal 
figures.  It  is  but  little  contaminated  with  im- 
purities, and  is  prepared  for  use  by  merely 
crushing  it  between  iron  rollers. 

It  also  occurs  in  the  sandy  regions  of  Africa 
and  Persia,  where  it  has  resulted  from  the  eva- 
poration of  salt  water.  A  beautiful  pure  white 
variety  now  fills  Lake  Mareotis,  near  Alexan- 
dria, Egypt;  at  a  distance  it  resembles  a  bank 
of  snow. 

In  the  United  States  it  has  been  found  form- 
ing large  beds  with  gypsum,  in  Virginia, 
Washington  county,  18  miles  from  Abingdon, 
and  in  the  Salmon  river  mountains  of  Oregon. 
Brine  springs  are  very  numerous  in  the  Middle 
and  Western   States.     The  most  famous  of 
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these  springs  are  at  Salina,  in  N.  Y.,  and  in 
the  Kenawha  and  Muskingum  Valleys,  Ohio, 
and  in  Kentucky. 

COMPOUND  RADICAL.  Chem.  A  name 
given  to  a  supposed  body,  composed  of  two  or 
more  elements,  which  acts  as  a  simple  body  or 
element  in  many  of  its  combinations.  Thus 
ammonia,  NH3,  with  one  equivalent  of  water, 
HO,  acts  precisely  like  potassa  and  soda,  com- 
bining with  acids  to  salts  of  the  same  crystal- 
line form  with  the  corresponding  salts  of  pot- 
assa., in  which  case  its  formula  is  NH40. 
Now  since  it  thus  acts  like  the  oxide  of  a  me- 
tal, it  may  be  viewed  as  such,  and  the  metallic 
base  or  radical  of  the  oxide  has  the  composition 
NH4,  called  ammonium.  Whether  viewed  as 
a  metal  or  not,  there  is  present  a  compound 
body,  capable  of  combining  with  oxygen,  sul- 
phur, aud  chlorine,  and  of  forming  a  large 
class  of  salts.  Again,  from  prussian  blue,  a 
salt  containing  potassa  may  be  prepared,  from 
which  various  other  salts  may  be  produced  by 
single  or  double  decomposition,  in  all  which 
some  analogy  is  observed  with  the  correspond- 
ing chlorides.  In  most  of  these  we  find  the 
composition  M,  C2N,  like  a  metallic  chloride, 
MCI ;  and  even  an  acid,  the  prussic,  H,  C2N, 
like  the  chlorohydric,  HC1 ;  the  compound 
body  C2N  acting  precisely  like  chlorine.  This 
compound  body,  or  radical,  obtained  in  a  sepa- 
rate state,  is  called  cyanogen,  and  its  com- 
pounds cyanides. 

Ether  obtained  from  alcohol,  by  oil  of  vitriol, 
has  the  composition  C4H50,  in  which  the  O 
may  be  replaced  by  sulphur,  chlorine,  &c,  or 
the  oxide  unites  with  acids  to  form  a  large 
class  of  salts.  C4H.,  called  ethyl,  is  the  com- 
pound radical  of  this  series. 

A  large  number  of  such  compound  radicals 
are  assumed  to  form  compounds  like  simple 
bodies,  such  as  Benzil,  Salycil,  Methyl,  Formyl, 
Acetyl,  Margaryl,  &c,  but  it  is  to  be  feared  that 
the  doctrine,  however  plausible,  may  be  car- 
ried too  far.  The  attempt  to  subject  the  com- 
plex bodies  of  organic  nature  to  the  apparently 
more  simple  laws  of  union  of  inorganic  bodies, 
first  led  to  the  theory  of  compound  radicals, 
and,  by  a  natural  reaction,  the  peculiarities 
thus  developed  in  organic  bodies  have  been 
transferred  to  some  of  the  inorganic  combina- 
tions.    See  Salts. 

CONCENTRATION.  Chem.  Tech.  A  pro- 
cess producing  an  increase  of  the  densitv  of 
liquids.  In  a  wider  signification,  it  is  a  de- 
crease of  the  compass  of  bodies  or  particles  of 
liquids.  Thus  in  the  strengthening  of  solutions 
whose  substance  is  less  volatile  than  the  men- 
strua in  which  it  is  dissolved,  the  more  fluid 
portion  is  entirely  or  partially  dissipated  by 
evaporation.  Hence  the  term  concentrated 
extract  applies  to  the  inspissated  juice  of  any 
substance,  and  that  of  concentrated  solution  to 
a  liquid  saturated,  or  nearly  so,  with  soluble 
material.  The  concentration  of  alcoholic  and 
ethereal  solutions  is  effected  by  distillation, 
because  the  worth  of  the  volatile  solvent  more 
than  compensates  for  the  cost  of  saving  it. 
Concentration  of  liquids  in  open  pans  is  prac- 
tised only  iM  those  instances  where  the  fixed 
ingredient  of  a  solution  is  the  sole  product 
of  value.     Thus  the  dilute  sulphuric  acid  from 


the  lead  chambers  is  first  concentrated  in  open 
leaden  pans,  and  then  farther  concentrated  in 
a  platinum  still.  Some  aqueous  liquids  may 
likewise  be  concentrated  by  freezing,  in  which 
water  chiefly  separates  as  ice;  for  example, 
solutions  of  salt,  vinegar. 

CONCRETIONS.  Chem.  Solid  matters, 
earthy  and  organic,  are  found  in  various  parts 
of  the  animal  system,  the  results  of  deranged 
action.  Geiger's  analysis  of  one  from  the 
nose,  gave  23-3  animal  matter,  mucus,  albu- 
men, &c,  -(-  46-7  phosphate  of  lime,  -f-  21-7 
carbonate  of  lime,  -f-  8-0  carbonate  of  mag- 
nesia, =  99-7.  Petroz  and  Robinet  found  one 
from  the  pericardium,  composed  of  24-3  gela- 
tinous and  albuminous  matter,  -f-  65-3  basic 
phosphate  of  lime,  -f-  6-5  carbonate  of  magne- 
sia,-^ 4-0  sulphates  of  soda  and  lime,  =  100-1. 
Wurzer's  analysis  of  one  from  the  eye  of  a 
blind  person,  gave  11-9  fat,-f-  5-9  common  salt, 
&c,  -j-  mucus  20-3,  -f-  phosphate  of  lime  47.3, 
-j-  carbonate  of  lime  8-4,  -f-  carbonate  of  mag- 
nesia M,  -f-  oxide  of  iron  0-9,  -4-  water  3-0, 
=  98-8.  Brandes  found  in  one  from  a  woman 
of  75  years  of  age,  animal  matter  4-52,  -f-  phos- 
phate of  lime  79-56,  -4-  carbonate  of  lime  6.41, 
common  salt  0-58,  -f-  water  8-93,  =  100. 
(Berzelius,  ix.  721.)  See  Bile,  Bezoar,  Li- 
TiioFi;LLiNic  acih,  Urinary  Concretions. 

CONDENSATION.  Chem.  Phys.  The 
closer  proximity  of  the  particles  of  any  body 
produced  by  compression  or  cooling,  thereby 
increasing  its  specific  gravity.  As  heat  ex- 
pands bodies,  so  its  abstraction  condenses 
them,  and  makes  them  occupy  a  smaller  space. 
Solids,  liquids,  and  gases  may  be  condensed 
by  compression,  although  liquids  and  solids 
are  far  less  compressible  than  gases,  and  often 
in  such  a  trifling  degree  as  to  render  it  difficult 
of  determination.  See  Water.  The  differ- 
ence in  the  sp.  gr.  of  solids  and  liquids  at 
lower,  compared  with  ordinary  temperatures, 
renders  their  condensation  evident.  Gases  are 
frequently  so  far  condensed,  by  the  union  of 
pressure  and  cold,  as  to  bring  them  into  a 
liquid  state  (chlorine,  sulphurous  and  carbonic 
acids,  &c),  when,  by  their  rapid  evaporation 
and  the  consequent  absorption  of  heat,  the  re- 
maining portion  may  be  rendered  solid,  as  car- 
bonic acid.  Faraday's  method  is  to  introduce 
the  materials  for  generating  a  gas  into  one  end 
of  a  syphon  tube,  and  after  sealing  it  hermeti- 
cally, to  apply  heat  to  the  same  end  and  artifi- 
cial cold  to  the  other,  in  the  latter  of  which 
the  gas  condenses. 

Condensation  is  also  applied  to  the  passage 
of  a  vapor  into  the  liquid  or  solid  state  in  the 
process  of  distillation  or  sublimation.  Thus 
mercury  passes  over  in  a  retort  as  a  vapor, 
and  condenses  as  a  liquid  in  the  recipient; 
sulphur  collects  or  condenses  as  a  crystalline 
powder,  called  flowers  of  sulphur. 

For  various  forms  of  condensers  see  under 
Refrigerant,  Alcohol,  referring  to  PL  II., 
figs.  5,  6,  7,  8. 

CONDIMENTS,  tech.  Under  this  head  is 
comprised  a  class  of  articles  used  as  season- 
ing for  food,  and  in  some  few  instances  to 
assist  its  digestion.  The  saurcs,  such  as  ket- 
chup and  the  like,  are  compounded  of  two  or 
more  condiments  so  as  to  improve  the  tast" 
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and  flavor  of  one  or  both  or  all  by  the  mixture. 
Salt  is  the  only  saline  condiment,  and  being 
an  essential  ingredient  of  blood,  it  serves  the 
double  purpose  of  gratifying  the  palate  and 
repairing  the  daily  loss  of  saline  products 
secreted  by  the  tears  and  bile.  Of  the  acid- 
ulated condiments,  vinegar  is  the  most  grateful. 
The  aromatic  condiments,  consisting  of  the 
spices  and  savory  herbs,  are  useful  only  for 
flavoring.  The  oily  condiments  (butter  and 
oil),  and  the  saccharine  (sugar,  honey,  and 
molasses),  are  nutritive  as  well  as  pleasant  to 
the  taste. 

CONDURRITE.  Min.  Massive,  compact, 
earthy;  soft;  G.  =  5-2;  brownish  black ;  frac- 
ture flat  conchoidal.  In  a  closed  tube  it  yields 
water  and  arsenious  acid;  on  charcoal  it  gives 
the  reaction  of  copper  and  arsenic.  Form. 
6CuO,  As03+4HO  (?).  Loral.  Condurra 
Mine,  Cornwall. 

CONGELATION.     The  freezing  of  water. 

CONGLOMERATE.  Geol.  A  formation  con- 
sisting of  fragments  of  rocks,  either  rolled  or 
angular,  cemented  by  carbonate  of  lime,  silica, 
oxide  of  iron,  or  clay.  When  the  fragments 
are  rolled,  it  is  often  termed  Pudding-stone; 
when  angular,  Breccia. 

Conglomerates  are  variously  named,  accord- 
ing to  the  predominating  character  of  their 
composing  fragments;  as  the  siliceous,  cal- 
careous, &c. 

CONICIN,  CONIIN.     See  Cosuum. 

CONITE.     See  Bittejr  Spar. 

CONIUM  MACULATUM.  Syn.  Spotted 
hemlock  (Cicuta). 

The  analysis  of  Schradcr  proves  its  striking 
similarity  in  composition  to  white  cabbage, 
(Brassica  oleracea.') 

Extractive 2-73, 

Gummy  extractive 3-82 

Resin 0-15 

Vegetable  albumen 0.31 

Green  fecula 0-80 

Water,  salts  of  lime,  potash,  iron,  man- 
ganese with  sulphuric,  nitric,  hydro- 
chloric, and  phosphoric  acids 92-49 


100-00 


A  subsequent  examination  by  Brandes  de- 
velopes  two  additional  ingredients,  an  acrid 
volatile  oil,  and  a  peculiar  basic  principle 
Conicin,  and  also  a  problematical  acid,  the 
conic. 

Conicin.  Syn.  Conia,  Cicutine,  Conein. 
A  poisonous  liquid  alkaloid  of  spec.  grav.  0-89, 
procured  by  distilling  the  seeds  of  hemlock 
with  potassa  solution.  Its  equiv.  is  108-7,  and 
its  formula  C12H14NO.  It  is  more  soluble  in 
cold  than  in  hot  water  and  the  alkaline  solu- 
tions, and  with  alcohol  mixes  in  all  propor- 
tions, forming  a  compound  more  soluble  in 
water  than  the  pure  conicin.  It  distils  unaltered 
at  370°,  and  when  anhydrous  loses  its  alkaline 
properties.  Nitric  acid  colors  it  blood  red, 
and  exposure  to  air  decomposes  it  into  am- 
monia and  resinous  matter  devoid  of  poison- 
ous properties.  The  salts  which  it  forms  with 
the  acids  are  soluble  in  water  and  alcohol,  but 
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insoluble    in   ether,  and  difficultly  crystalliz- 
able. 

CONTACT.     Chen.     Another  name  for  the 
phenomena  called  elsewhere 

Catalysis  and  Presence.  Although  many 
such  phenomena  are  thrown  together,  plati- 
num seems  to  act  in  the  most  surprising  man- 
ners especially  in  its  finely  divided  or  spongy 
state.  "  It  is  an  action  of  the  metallic  surface, 
which  must  be  perfectly  clean,  and  is  retarded 
or  altogether  prevented  by  the  presence  of  oily 
vapors  and  many  other  combustible  gases, 
which  soil  the  metallic  surface.  Faraday  is 
disposed  to  refer  the  action  to  an  adhesive 
attraction  of  the  gases  for  the  metal,  under  the 
influence  of  which  they  are  condensed  and 
their  particles  approximated  within  the  sphere 
of  their  mutual  attraction,  so  as  to  combine. 
This  opinion  is  favoured  by  the  circumstance 
that  the  property  is  not  peculiar  to  platinum, 
but  appears  also  in  other  metals,  in  charcoal, 
pounded  glass,  and  all  other  solid  bodies; 
although  all  of  them,  except  the  metals,  act 
only  when  their  temperature  is  above  the  boil- 
ing point  of  mercury.  But  on  the  other  hand, 
at  low  temperatures,  the  property  appears  to 
be  confined  to  a  few  metals  only  which  resem- 
ble platinum  in  their  chemical  characters, 
namely  in  having  little  or  no  disposition  to 
combine  with  oxygen  gas,  and  in  not  under- 
going oxidation  in  the  air.  The  action  of  pla- 
tinum may,  therefore,  be  connected  with  its 
chemical  properties,  though  in  a  way  which  is 
quite  unknown  to  us.  The  same  metal  dis- 
poses carbonic  oxide  gas  to  combine  with 
oxygen,  but  much  more  slowly  than  hydrogen; 
and  it  is  remarkable  that  if  the  most  minute 
quantity  of  carbonic  oxide  be  mixed  with  hy- 
drogen, the  oxidation  of  the  latter  under  the 
influence  of  the  platinum  is  arrested,  and  not 
resumed  till  after  the  carbonic  oxide  has  been 
slowly  oxidated  and  consumed,  which  thus 
takes  the  precedence  of  the  hydrogen  in  com- 
bining with  oxygen.  This  extraordinary  inter- 
ference of  a  minute  quantity  of  carbonic  oxide 
gas,  which  cannot  from  its  nature  be  supposed 
to  soil  the  surface  of  the  platinum  like  a  lique- 
fiable  vapour,  seems  to  point  to  a  chemical, 
perhaps  to  an  electrical  explanation  of  the 
action  of  the  platinum,  rather  than  to  the  ad- 
hesive attraction  of  the  metal.  The  oxidation 
of  alcohol  at  the  temperature  of  the  air,  and 
also  at  a  low  red  heat,  is  promoted  in  the 
same  manner  by  contact  with  platinum." 
Graham. 

CONVOLVULIN.  Chan.  An  alkaloid  found 
by  Marquant  in  the  root  of  the  Com- 
Scammonia,  and  supposed  to  exist  also  in  jalap. 
It  crystallizes  in  groups  of  needles,  is  slightly 
alkaline,  neutralizes  the  acids,  and  is  precipi- 
tated from  its  aqueous  solution  by  tincture  of 
nut-galls. 

COPAIVA  BALSAM.  Phar.  and  Ch.  Syn. 
Copaiba.  The  clear  liquid  resinous  exudation 
of  the  different  species  of  Copaifera.  Spec. 
grav.  from  0-95  to  0-96.  Thickens  on  expo- 
sure. Insoluble  in  water,  but  soluble  in  alco- 
hol, ether,  and  the  oils.  The  action  of  alkalies 
converts  it  into  a  kind  of  soap,  which  is  insolu- 
ble in  water. 
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COPPER. 


Gerber's  analysis  of  copaiva 

balsam 

gave 

Fresh 
Balsam. 

Old 
Balsam. 

41-00 

51-38 

2-18 

5-44 

31-70 

Yellow  hard  resin,  copaivk  acid. 

53-68 
11-15 

4-10 

100-00 

100-63 

Oil  of  Copaiva  (C,0HS)  obtained  by  distilla- 
tion, is  aromatic  and  colorless,  and  polarizes  a 
little  to  the  left.  Its  spec.  grav.  when  free  from 
water  is  0-878,  and  boiling  point  473°  F. 
Absolute  alcohol  dissolves  2-5ths  of  its  weight, 
but  21  parts  of  that  of  ordinary  strength  are 
required  to  take  up  one  part.  The  crystalliz- 
able camphor  which  it  forms  with  HCl  acid  is 
isomeric  with  the  same  compound  from  oil  of 
lemon,  and  the  action  of  this  acid  allows  the 
supposition  that  it  consists  of  two  isomeric 
oils,  as  there  is  also  an  oily  compound  simul- 
taneously produced.  Ether  free  of  alcohol 
mixes  with  balsam  in  all  proportions.  Iodine 
dissolves  in  it,  and  imparts  a  red  color  to  the 
solution.  Chlorine  and  sulphuric  acid  act 
similarly  as  upon  essence  of  terpentine.  Fu- 
ming nitric  acid  after  violent  action  transforms 
it  into  a  crystalline  body,  which  passes  through 
the  shades  of  yellow  and  blue  finally  to  green. 
Potassium  kept  in  this  oil  remains  unaltered. 
The  residue  remaining  in  the  retort  after  the 
separation  of  the  oil,  and  called  copaiva  resin, 
C45H3504  (Rose),  is  found  sometimes  in  crys- 
tals upon  the  sides  of  the  vessels  in  which  the 
balsam  is  packed.  Schmetzer  obtains  it  in 
crystals  directly  from  a  solution  of  9  parts  of 
balsam  in  2  parts  of  ammonia.  It  consists  of 
two  resins,  the  amber  colored  copaivic  arid, 
(Syn.  Copahuvic  and  Copaibic),  and  a  viscid  re- 
sinous brown  matter,  separable  by  alcohol  in 
which  the  latter  is  insoluble.  Copaivic  and  is 
brittle,  crystallizable,  soluble  in  ether,  alcohol, 
and  the  oils,  and  decomposed  by  sulphuric  and 
nitric  acids,  the  latter  transforming  it  into  an 
azotized  insoluble  and  a  non-azotized  soluble 
matter.  It  forms  salts  with  the  bases,  and  is 
isomeric  (C40H32O4)  with  pinic  acid.  The 
copaivate  of  silver  is  crystallizable.  The 
viscid  resin  is  doubtless  the  acid  resin  in  an 
altered  state,  but  has  scarcely  any  affinity  for 
the  bases.  Anhydrous  alcohol  and  ether,  as 
well  as  the  volatile  and  fixed  oils,  dissolve  it 
readily. 

Ammonia  is  no  longer  a  sufficient  test  of  the 
genuineness  of  balsam,  for  the  clear  solution 
which  it  forms  in  union  with  it  is  not  at  all 
affected  by  the  presence  of  even  one-sixth  of 
oil  of  juniper;  and  again,  moreover,  according 
to  J.  E.  Simon,  there  are  some  perfectly  pure 
balsams  which  will  not  bear  this  test.  A  drop 
of  true  balsam  on  white  paper,  should,  upon 
being  heated,  appear  transparent,  for  if  it  is 
surrounded  by  an  oily  areola,  Chevallier  says, 
it  is  adulterated  with  some  fat  oil. 

COPAL.  Tech.  and  Chem.  Syn.  Gum  Copal. 
A  resin  of  spec.  grav.  1-04  to  1-13  which  spon- 
taneously exudes  from  the  Rhus  Copallinum 
and  the  Eleocarpus  capaliferus  of  the  East  Indies. 
Unverdorben  and  Filhol  (Ch.  Gaz.  vol.  i.  p. 


285)  have  constituted  it  of  five  distinct  resins 
slightly  variable  in  properties.  Alcohol  of 
0-895  only  dissolves  a  portion,  but  it  is  readily 
taken  up  by  a  mixture  of  equal  parts  of  Ca- 
outchicine  and  alcohol  of  0-825.  Boiling  alco- 
hol or  any  hot  spirits  of  terpentine  when 
poured  upon  fused  copal  effects  its  complete 
solution,  but  treated  at  once  with  too  large  a 
quantity  coagulates  instead  of  dissolving.  Oils 
of  terpentine,  lavender,  rosemary,  and  ether 
transform  the  resin  into  a  swollen  gelatinous 
mass,  but  do  not  dissolve  it.  Neither  ammonia 
nor  potassa  cause  its  solution.  Nitric  acid  in 
excess,  by  heat,  decomposes  the  copal  and 
converts  it  into  a  clear  solution.  Filhol  asserts 
that  those  resins,  richer  in  oxygen,  are  the 
most  soluble,  and  that  a  transition  of  the  inso- 
luble resins  into  soluble  ones  may  occur  by 
oxidation  in  the  atmosphere,  and  hence  the 
complex  nature  of  copal,  which  consists  of 
several  minor  resins  of  differing  solubility. 
Calcutta  yellow  copal  is  composed  of  carbon 
80-29,  hydrogen  10-57,  oxygen  8-77.  The 
soluble  copal  of  Durosier,  which  alcohol  and 
ether  dissolve  without  residue,  is  Indian  co- 
pal, which  has  been  triturated  with  hot  water 
to  an  impalpable  powder,  and  kept  exposed  to 
the  atmosphere.  The  finely  comminuted  copal, 
by  oxidation  at  the  usual  temperature,  becomes 
not  only  soluble  but  changed  in  constitution 
to  carbon  71-34,  hydrogen  9-22,  oxygen  19-44. 
When  acted  upon  by  alcohol  of  various 
strengths,  it  is  found  to  consist  also  of  several 
resins,  but  one  or  two  present  in  the  original 
copal  have  been  transformed  by  the  change. 
The  compound  of  soluble  copal  and  potassa 
is  immediately  precipitated  from  its  aqueous 
solution  by  an  excess  of  alkali.  The  epsilon 
resin  (C40H31O2)  forms  no  union  with  bases. 
The  formula  of  the  alpha  resin  is  (C40H32O., 
probably)  similar  to  that  of  the  beta  resin. 
The  gamma  resin  (C40H3!O3),  which  is  the  most 
abundant  component  of  copal,  contains  less 
oxygen  than  the  last  two.  The  delta  resin  is  a 
white  powder,  but  we  are  ignorant  of  its  com- 
position. A  solution  of  copal  in  a  hot  mix- 
ture of  linseed  oil  and  the  spirits  of  terpentine, 
is  the  varnish  so  largely  used  in  the  arts. 

COPALITE.  Min.  Syn.  Fossil  copal,  High- 
gate  resin.  One  of  the  native  resinous  sub- 
stances, resembling  copal  in  its  external  cha- 
racters, and  found  in  the  blue  clay  of  High- 
gate  Hill,  near  London.     Form.  C40H32O. 

Another  resin  resembling  copalite  in  appear- 
ance, from  the  walls  of  a  trap-dyke  in  North- 
umberland, had  the  formula  C4H3.     See  Be- 

REXGELITK. 

COPPER.  Chem.  Tech.  Syn.  Lat.  Cuprum. 
Ger.  Kupfer.  Ft:  Cuivre.  Alchem.  Venus. 
Copper  has  been  known  and  used  from  the 
earliest  times,  both  alone  and  alloyed  with 
zinc  and  tin.  Its  name  is  derived  from  the 
island  of  Cyprus,  whence  it  was  largely  ob- 
tained at  an  early  period  of  Grecian  history. 
It  occurs  abundantly  in  nature,  as  metal,  sul- 
phuret,  arstniuret,  oxide,  carbonate,  arseniate, 
phosphate,  silicate,  &c. ;  but  it  is  chiefly  ob- 
tained from  sulphuret  of  iron  and  copper  (cop- 
per pyrites),  red  oxide  and  carbonate,  of  which 
the  pyritous  copper  furnishes  X  of  all  the 
metal  used  in  the  arts.    The  whole  quantity 
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of  copper  produced  in  the  world  is  about  25,000 
tons;  of  which  Europe  produces  18,000,  and 
Cornwall,  in  England,  10,000  of  the  latter 
annually. 

Metalltjhgic  Treatment  of  Copper  ores. 

1.  The  carbonate  and  red  oxide  of  copper 
found  at  Chessy,  France,  is  prepared  to  a 
schliech  of  27  pr.  ct.  richness,  and  smelted  in  a 
low  blast-furnace,  with  the  addition  of  20  pr. 
ct.  limestone,  and  50  pr.  ct.  of  the  weight  of 
ore  of  slag.  The  slags  are  chielly  silicate  of 
alumina,  lime,  and  protoxide  of  iron,  and  when 
they  contain  a  little  copper  are  again  passed 
through  the  furnace  with  ore.  The  black- 
copper  obtained  is  then  refined  in  a  reverbe- 
ratory  or  flame-furnace  with  a  blast  of  air. 

2.  Process  at  Swansea,  England.  It  con- 
sists of  several  successive  roastings  and  fu- 
sions, terminating  in  the  refining  process,  all 
performed  in  reverberatories.  PI.  VI.  fig.  9, 
is  a  vertical  section  of  the  roasting  furnace; 
fig.  10  the  ground  plan.  The  hearth  has  an 
oval  shape,  and  is  covered  with  a  flat  arch. 
Its  length  is  17  feet,  breadth  14,  mean  height 
2  feet,  a  is  the  fire-door;  6  the  grate;  c  the 
fire-bridge;  d  the  chimney;  ee  working  aper- 
tures on  each  side  of  the  furnace ;  //  cast-iron 
hoppers ;  and  gg  openings  in  the  arch,  through 
which  the  ore  is  introduced;  h  the  hearth-sole; 
and  ii  holes  in  it;  k  a  vaulted  space  under  the 
hearth. 

Fig.  11  is  a  vertical  section  of  the  fusing 
furnace  ;  Fig.  12,  the  ground  plan,  a  is  the 
fire-door;  b  the  grate;  c  the  fire-bridge;  d  the 
chimney;  e  the  side  openings  ;  /the  working- 
doors;  g  the  running  out  hole;  h  iron  spouts, 
to  conduct  the  melted  metal  into  pits  filled 
with  water.  The  melting  furnace  is  much 
smaller  (11  ft.  by  8),  but  its  firing  hearth  is 
considerably  larger  than  in  the  roasting  furnace. 

a.  The  sorted,  stamped,  and  washed  ore,  so 
mixed  as  to  average  7£  pr.  ct.  copper,  is  roast- 
ed in  the  furnace,  figs.  9  and  10,  until  a  con- 
siderable quantity  of  sulphur  is  expelled  and 
much  iron,  &c,  oxidized,  when  it  is  raked  out 
through  i  into  the  arch  k.  It  is  then  fused  in  the 
furnace,  figs.  11  and  12,  with  the  addition  of 
rich  slags  of  limestone,  sand,  fluor  spar,  ac- 
cording to  the  nature  of  the  ore,  and  when  a 
sufficient  quantity  has  collected,  it  is  run  off 
by  the  tap  g,  through  h,  fig.  12,  into  water, 
which  granulates  it,  and  it  is  termed  coarse  metal 
or  matt.  The  scoria,  previously  drawn  out 
through  the  door,  should  not  contain  copper. 
Coarse  metal  contains  about  33  pr.  ct.  copper, 
together  with  iron,  sulphur,  &c. 

b.  The  copper-stone,  or  matt,  is  next  roasted 
in  the  calciner,  and  again  fused  in  the  fusing 
furnace,  refining  slag  being  added.  The  fine 
or  blue  metal  thus  obtained  contains  60  pr.  ct. 
copper.  The  slag  is  chiefly  silicate  of  pro- 
toxide of  iron,  but  if  it  contain  copper,  is  added 
to  the  first  fusion  of  ore,  or  separated  and 
smelted  with  coal. 

c.  The  fine  metal  is  roasted  and  melted  as  be- 
fore, the  coarse  copper  being  run  into  pigs.  The 
metal  now  contains  70 — 80  pr.  ct.  copper,  and 
the  scoria  containing  copper  are  added  to  the 
fusion  under  b.  The  coarse  copper  is  then 
roasted   and   fused   again.     Latterly  the  last 
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operations  have  been  condensed  by  running 
the  fine  metal  into  pigs,  called  blue  metal, 
roasting  these  in  a  flame-furnace,  where  access 
oi'  air  is  facilitated  by  openings  in  the  fire- 
bridge, and  fusing  in  the  same  furnace.  Ii  is 
covered  with  blisters,  and  hence  termnl 
tered  copper. 

d.  Refining  or  toughening.     The  metal 
c  being  rather  brittle,  is  toughened  by  hi 
the  pigs  in  a  refining  furnace,  slightly  at  first, 
tu  oxidize   partially;  then   highly  to  fuse 
metal.     When  fused,  the  slag  is  removed  and 
charcoal    strewed   over    the    metal,  which  is 
stirred  with   a  birch  pole,  during  which  the 
melted  mass  effervesces.     Samples  taken  out 
from  time  to  time  indicate  the  finishing  point 
of  refining,  by  their  lighter  red  color,  silky 
appearance,  and  malleability.    It  is  then  ladled 
out,  and  cast  into  bars. 

3.  Swedish  Process.  The  ores  in  a  gangueof 
quartz  or  iron  pyrites  are  mingled  in  due  pro- 
portion, so  as  to  average  2g  pr.  ct.  copper,  and 
after  roasting,  are  fused  in  a  low  blast-furnace 
7 — 10  ft.  high  (Suluschmelzen),  yielding  a 
copper  stone  containing  about  iron  60  -j-  copper 
10-)-  25  sulphur,  together  with  zinc,  silica,  &c. 
The  slag  contains  about  45  silica  and  55  bases, 
chiefly  protoxide  of  iron.  The  copper  stone  is 
roasted  4  or  5  times  in  stalls,  the  heat  of  each 
roasting  being  increased,  and  then  fused  in  a 
small  blast-furnace,  siliceous  ore  being  added, 
its  silica  combining  with  the  protoxide  of  iron 
and  its  sulphur  facilitating  the  fusion  of  the 
metal,  called  raw  copper,  which  contains  70 — 
90  pr.  ct.  copper,  with  iron,  and  a  little  sulphur, 
zinc,  &c.  It  is  then  refined  on  a  hearth,  a 
blast  being  urged  over  the  surface  of  the  metal. 
The  whole  loss  of  copper  in  the  operations 
was  found  by  trial  to  be  23-3  pr.  ct. 

4.  Somewhat  analogous  to  3  is  the  process 
followed  with  the  Mannsfeld  copper-slate;  a 
black  slate  containing  copper  pyrites,  bitumen, 
cobalt,  nickel,  silver,  &c,  from  which  copper 
is  first  extracted,  and  silver  from  it. 

a.  Extraction  of  Copper.  About  100  tons  of 
the  assorted  slate,  containing  1  to  3  pr.  ct.  cop- 
per, are  calcined  in  a  large  heap,  the  bitumen 
and  sulphur  present  assisting  the  combustion, 
and  then  fused  in  a  blast-furnace,  represented 
on  PI.  VII.  figs.  1  and  2,  from  13  to  17  ft.  high. 
Fig.  1  is  a  vertical  section  in  the  line  AB,  fig. 
2.  a  is  the  shaft;  6  the  bosh;  c  the  twyer; 
d  the  hearth-stone  ;  ee  the  lining  of  firebrick; 
//and  g  the  filling  and  casing;  hh  the  taps 
for  alternately  running  off  slag  and  stone  into 
the  basins,  i  i.  Fig.  2  is  a  horizontal  section 
in  the  line  E  F,  fig.  1.  Fluor  spar  and  rich 
slag  are  added  to  promote  fusion  and  regain 
copper.  The  copper-stone  run  out  contains 
30 — 40  pr.  ct.  copper,  and  1 — 2  ounces  silver. 
It  is  roasted  3  times  (Spurrost)  in  stalls,  and 
again  fused  with  the  addition  of  slags,  yield- 
ing fine  metal  (Spurstein)  containing  50 — 60 
pr.  ct.  copper,  besides  iron,  sulphur,  &c.  The 
fine  metal  and  thin-stone,  roasted  6  times 
(Gaarrost),  are  smelted  and  run  out  as  black 
copper  (Schwarzkupfer).  The  latter  is  at  the 
bottom,  thin-stone  (Diinnstein)  above  it,  and 
copper-slag  at  the  top.  The  black  copper 
contains  96  pr.  ct.  copper,  or  in  114  lbs.,  110 
lbs.   copper   and  6 — 9  ounces   silver.     Thin- 
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stone  has  the  same  composition  as  variegated- 
copper-ore. 

6.  When  black  copper  contains  4  orunc.es  or 
less  of  silver  ia  1 14  lbs.,  it  is  refined  as  copper, 
but  if  as  much  as  4^  ounces,  the  silver  is  ex- 
tracted by  lead  or  mercury. 

By  lead.  The  black  copper  is  stamped,  and 
passed  through  a  low  blast-furnace  with  lead, 
in  the  proportion  of  3  copper  to  10  or  11  lead, 
a  process  termed  Frischen.  The  frisch  pieces 
(24  inches  diameter  and  3  inches  thick)  are 
subjected  to  liquation  (Saigern)  on  a  frisch- 
hearth  (Saigerheerd),  PI.  VII.  fig.  3.  It  consists 
of  2  parallel  walls,  with  ^  to  1  ft.  space  be- 
tween, on  which  are  laid  2  iron  plates,  dd, 
with  an  open  slit  between  them.  There  are 
two  walls  at  the  sides,  and  a  long  wall,  />,  at 
the  back,  rising  2  ft.  higher,  c  is  an  iron  door, 
which  may  be  raised  or  depressed  by  a  pulley; 
e  e  an  iron  trough  or  channel  into  which  the 
lead  liquates  and  runs  towards  one  end  into 
a  crucible.  Six  or  eight  frisch  pieces  are 
placed  on  the  hearth,  a,  6  inches  apart,  the 
interstices  being  filled  with  live  coals,  and 
black  coal  piled  on  above,  when  the  door  is 
let  down.  The  lead  flows  down  into  the  chan- 
nel below,  carrying  the  silver  with  it,  and 
leaves  a  porous  mass  (Kiehnstock)  on  the 
hearth,  consisting  of  70  copper  and  30  lead, 
with  a  little  silver.  The  kiehnstocks  are  then 
heated  in  a  furnace,  resembling  the  frisch- 
hearth,  to  a  higher  heat  (Darren),  when  more 
lead  liquates  and  leaves  the  darrlings  on  the 
hearth,  containing  70  to  90  pr.  ct.  copper,  and 
30  to  10  lead.  The  darrlings  are  then  smelted 
on  a  low  hearth,  a  blast  of  air  urged  over  the 
surface  to  oxidize  the  lead,  iron,  and  more  or 
less  copper,  which  flow  off  as  slag.  The  cop- 
per thus  made  still  contains  lead,  which  unfits 
it  for  many  operations,  by  injuring  its  mallea- 
bility. 

By  mercury.  The  copper-stone  is  stall- 
roasted  3  times,  stamped,  and  sifted,  and  roast- 
ed in  a  furnace  to  complete  oxidation  and 
partly  form  sulphates.  It  is  then  mixed  with 
powdered  limestone  and  salt  moistened  with 
water,  dried,  powdered,  and  heated,  during 
which  sulphuric  acid  expels  muriatic  acid, 
leaving  sulphates  of  lime  and  soda,  while  the 
chloro-hydric  acid  unites  with  metallic  oxides, 
forming  chlorides,  among  others  that  of  silver. 
Mercury  is  then  added  to  the  above,  and  black 
copper,  made  into  a  paste  with  water,  the 
whole  stirred  for  18  hours,  and  after  thinning 
with  more  water  stirred  again  to  collect  the 
amalgam.  The  mercury  amalgamates  with 
silver,  whose  chlorine  passes  over  to  the  cop- 
per. After  removing  all  the  amalgam,  the 
residue  is  made  into  cakes  with  clay,  and 
smelted  for  copper  by  admixture  with  slags 
and  fluor  spar. 

By  amalgamation  more  silver  is  obtained, 
and  less  copper,  but  the  copper  is  of  better 
quality  than  in  the  eliquation  process.  For  the 
traces  of  lead  remaining  in  the  latter  render 
the  copper  more  brittle  under  the  hammer. 

Theory  of  the  Copper  Process.  The  ores  con- 
tain iron  and  copper  pyrites  (the  latter  a  com- 
pound of  sulphuret  of  iron  and  copper).  If 
they  were  now  to  be  subjected  to  fusion,  the 
consequence  would  be  an  imperfect  slag,  from 


the  want  of  oxides  to  unite  with  silica;  hence 
the  roasting  of  the  ore,  which  expels  a  portion 
of  sulphur  as  sulphurous  acid,  and  leaves  an- 
other portion  as  sulphuric  to  unite  with  the 
generated  metallic  oxides,  chiefly  as  protosul- 
phate  of  iron.  But  all  the  sulphur  is  not  ox- 
idized, in  order  to  promote  the  fusibility  of 
copper  and  iron  in  the  next  operation  of 
smelting,  and  to  afford  the  means  of  farther 
separating  iron  from  copper.  The  roasted  ore 
is  next  fused,  during  which  silica  unites  with 
protoxide  of  iron  (lime,  alumina,  &c),  while 
a  portion  of  sulphuric  acid  is  reduced  to  sul- 
phur, which,  with  the  remaining  sulphur,  form 
with  iron  and  copper  a  copper  pyrite,  contain- 
ing in  the  Swedish  process  an  excess  of  iron, 
but  in  the  English  and  Mannsfeld  processes 
resembling  the  native  mineral.  The  second 
roasting  and  fusion  produces  a  similar  slag  of 
protosilicate  of  iron,  and  a  copper-stone,  fine 
metal  in  the  English  process,  spur-stone  of  the 
Mannsfeld,  analogous  to  variegated  copper 
ore.  The  thin-stone  of  the  latter  process  has 
the  same  composition.  The  third  roasting 
and  smelting  act  similarly  but  produce  a  me- 
tal consisting  of  copper  enclosing  a  small 
quantity  of  iron,  sulphuret  of  iron,  &c. 

From  these  principles  there  is  evidently 
required  a  quantity  of  sulphuret  of  iron  and 
silex  in  an  ore.  Hence  due  attention  must  be 
paid  to  the  proper  admixture  of  siliceous  and 
pyritous  ores,  and  where  either  silex  or  iron 
pyrites  are  wanting  they  must  be  added.  If 
limestone  abound  in  an  ore,  the  tendency  to 
form  infusible  sulphuret  of  calcium,  and  the 
consequent  sluggish  flowing  of  slag  is  obviated 
by  adding  fluor  spar,  or  where  that  is  not  at 
hand,  by  thoroughly  washing  the  ores.  The 
roasting  process  in  heaps,  as  practised  at 
Mannsfeld,  on  the  Harz,  &c,  is  more  econom- 
ical and  superior  to  the  English  method  of 
calcination  in  a  flame-furnace.  The  smelting 
process  in  a  blast-furnace  resembling  that, 
PI.  VII.,  figs.  1  and  2,  is  far  superior  to  the  Eng- 
lish method  in  a  flame-furnace. 

Copter  asd  Metalloids. 

1.  Metal.  Copper,  except  titanium,  is  the 
only  metal  with  a  red  color,  and  is  capable  of 
receiving  a  high  lustre.  Its  crystals,  native  and 
artificial,  belong  exclusively  to  the  regular 
system,  6-,  8-,  12-,  24-,  and  4x  6-hedra,  with 
combinations  6-,  8-,  and  12-hedra.  It  is  some- 
what sectile,  very  malleable,  laminable,  and 
ductile,  (see  Tenacity,)  elastic,  sonorous,  with 
a  hackly  fracture,  and  after  hammering,  some- 
what silky.  H  =  1\  —  3.  Spec.  grav.  of  the 
fused  8-91 — 8-921,  of  the  unignited  wire 
8-939  —  8-949,  of  ignited  wire  8-93,  of  flattened 
wire  and  sheet  8-95 ;  by  fusion  in  air  oxygen 
is  absorbed,  pores  produced,  and  its  spec, 
grav.  reduced  to  8-7  —  8-8.  It  fuses  at  1996°, 
is  less  fusible  than  silver,  more  than  gold. 
Its  powder,  pressed  and  heated,  is  welded  like 
platinum,  if  oxidation  be  prevented.  Sym. 
Cu.     Eq.  31-71  or  395-7. 

Oxidation.  By  fusion,  copper  absorbs  ox- 
ygen, passing  through  yellow  and  violet,  and 
becomes  covered  by  a  black  crust,  externally 
oxide,  internally  suboxide ;  by  a  strong  muffel- 
heat  it  may  be  almost  wholly  converted  into 
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suboxide ;  heated  to  a  strong  white  heat  it 
burns  with  a  light  green  color.  Unchangeable 
in  dry  air  at  common  temperatures,  but  in 
moist  air,  with  carbonic  acid,  becomes  dark 
olive-green  (bronze)  from  carbonate,  hydrate 
of  oxide,  and  suboxide.  It  oxidizes  under  strong 
alkaline  and  in  saline  solutions.  It  decom- 
poses steam  slightly  at  a  white  heat.  It  de- 
composes heated  oil  of  vitriol  and  nitric  acids, 
evolving  sulphurous  acid  and  nitric  oxide 
respectively.  With  any  solution  of  acid  in 
contact  with  air  it  gradually  forms  salts,  and 
hence  the  danger  of  acid  food  standing  in 
copper  vessels. 

Analysis.  Its  presence  is  known  in  solution 
by  excess  of  ammonia  producing  a  blue  solu- 
tion, by  a  precipitate  of  metallic  copper  by 
iron  or  zinc.  Before  the  blowpipe,  it  gives  a 
green  color  in  the  exterior  flame  to  borax  and 
mic.  salt;  in  the  inner-flame,  it  is  reduced  to 
suboxide,  giving  a  ruby-red  glass  or  enamel, 
especially  upon  the  addition  of  tin,  where  the 
amount  of  copper  is  too  small  to  give  a  green- 
ish glass;  if  the  heat  be  continued  it  is  re- 
duced to  a  globule  of  metal,  especially  in  the 
salt  of  phosphorus;  it  is  easily  reduced  by 
soda  on  charcoal,  distinguished  by  its  red 
color,  and  where  iron  occurs,  the  iron  and 
copper  are  in  separate  globules.  It  is  sepa- 
rated from  alkalies,  earths,  iron,  manganese, 
zinc,  nickel,  cobalt,  chrome,  uranium,  &c,  by 
sulphohydric  acid  gas ;  from  lead  by  evaporat- 
ing sulphates  to  dryness  and  dissolving  in 
water,  from  gold,  arsenic,  antimony,  &c,  by 
sulphhydrate  of  ammonium.  It  is  precipitated 
from  its  sulphate  solution,  where  organic  sub- 
stances are  not  present,  by  boiling  and  adding 
caustic  potassa,  when  it  is  obtained  and 
weighed  as  black  oxide  of  copper,  from  which 
the  metal  is  calculated.  See  Analysis  and 
Tables. 

2.  Oxygen,  a.  Red  or  Suboxide  of  Copper.  It 
occurs  native.  See  Red  Copper  Ohk.  Prep.  1. 
Calcine  the  metal  by  a    strong   muffel-heat. 

2.  Heat  5  pts.  black  oxide  with  4  pis.  copper 
filings,  or  24  pts.  anhydrous  blue  vitriol,  and 
29    pts.   copper   filings    in    a   close    crucible. 

3.  100  pts.  blue  vitriol  and  57  pts.  cryst.  car- 
bonate of  soda  are  mixed  and  dehydrated, 
powdered,  mixed  with  25  pts.  copper  filings, 
stamped  into  a  crucible,  kept  20  minutes  at 
a  white  heat,  and  washed  when  cold  with 
water.  4.  Heat  gently  5  pts.  fused  subchloride 
of  copper  with  3  pts.  dry  carbonate  of  soda  in 
a  close  crucible,  and  wash  out.  5.  A  blue 
solution  of  oxide  of  copper  in  sugar  and  soda, 
or  potassa,  precipitates  red  oxide  by  heating. 

Prop.  Cryst.  Syst.  Regular;  spec.  grav. 
5.3  —  5-7;  brownish  red,  in  fine  powder,  and 
pure  carmine-red ;  reducible  to  metal  by  gentle 
ignition  with  carbon  or  hydrogen.  Comp. 
Cu20  =  71-42  or  891-4,  containing  88-78  pr. 
ct.  copper.  By  heating  fresh  hydrated  oxide 
with  a  solution  of  milk-sugar  and  a  little  car- 
bonate of  soda,  a  yellow  hydrated  suboxide  is 
obtained.  Suboxide  decomposes  with  most 
acids  into  metal  and  a  salt  of  oxide ;  a  few,  as 
muriatic,  dissolve  it  unchanged,  forming  red 
or  colorless  solutions,  from  which  the  fixed 
alkalies,  caustic  and  carbonated,  separate  an 
orange,  yellow,  and  red;  prussiate  and  hydrio 
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date  of  potassa,  a  white,  brownish-red,  and 
brownish-white  precipitate  respectively ;  its 
compounds  oxidize  readily  and  spontaneously 
in  the  air. 

Use.  It  imparts  a  deep,  rich,  ruby-red  color 
to  glass,  and  from  its  oxidizing  tendency,  some 
care  is  requisite  in  the  manufacture;  the 
melted  glass  should  not  be  exposed  much  to 
the  air,  and  a  little  metallic  tin  assists  and 
maintains  the  reduction.  Its  coloring  power 
is  so  intense  that  it  is  usual  to  blow  out  color- 
less glass  coated  by  a  film  of  the  red  glass. 
Pastes  colored  by  it  imitate  the  ruby  and 
garnet. 

6.  Black  Oxide  of  Copper.  The  native  oxide 
is  termed  Copper  Black.  Prep.  By  igniting 
the  carbonate,  hydrate,  or  nitrate  gently,  the 
sulphate  strongly,  or  the  metahstrongly,  for 
some  time  in  the  air;  by  precipitating  a  boiling 
solution  with  caustic  potassa;  by  heating  the 
oxide  with  4  to  6  times  as  much  caustic  po- 
tassa, and  washing  over,  it  remains  in  crystals. 

Prop.  A  brownish  black  powder,  fusing  at 
a  very  high  temperature,  easily  reduced  at  a 
low  red  heat  by  carbon  and  hydrogen  to  me- 
tal, by  deoxidizing  agents,  protoxide  of  iron, 
protochloride  of  tin,  fermentation,  or  boiling 
with  many  organic  matters,  to  suboxide. 
Comp.  CuO  =  39-71  or  495-7,  containing  79-83 
pr.  ct.  copper.  Its  hydrate,  obtained  by  pre- 
cipitating a  cold  solution  by  dilute  caustic 
alkali  or  lime,  is  greenish  blue,  changing 
easily  into  black  oxide.  Verdi  ter  is  a  mixed 
hydrate  and  carbonate.  It  is  this  oxide  which 
forms  the  nsual  salts  of  copper,  acids  readily 
uniting  with  it. 

Salts.  Anhydrous  salts  are  generally  white, 
the  hydrous  blue  or  green,  generally  soluble 
in  water,  reddening  litmus.  They  are  reduced 
by  the  metals,  zinc,  cadmium,  tin,  lead,  iron, 
cobalt,  nickel,  bismuth,  and  by  many  organic 
substances,  to  metal  or  suboxide;  precipitated 
by  sulphuretted  hydrogen  and  alkaline  sulph 
hydrates,  as  brownish  black  sulphuret,  insolu- 
ble  in  excess  of  precipitant,  by  fixed  alkalies, 
caustic  and  carbonated,  as  bluish  or  greenish 
hydrate  and  carbonate,  by  ammonia,  an  excess 
of  which  redissolves  the  salt  with  violet-blue 
color;  by  iodide  of  potassium,  white;  chromate 
of  potassa,  reddish  brown  ;  phosphate  of  soda 
and  oxalic  acid,  greenish  white ;  yellow  prus- 
siate of  potassa,  dark-brown,  dilute  if  reddish; 
red  prussiate,  brownish  yellow.  Guaiacum 
tincture  is  colored  first  blue  and  then  green, 
when  dilute  by  adding  a  little  prussic  acid. 
Some  of  these  tests  are  extremely  sensitive: 
1  copper  to  150,000  water  is  barely  precipi- 
tated by  iron  if  a  drop  of  nitric  acid  be  added; 
1  Cu  to  100,000  water  is  browned  by  sulphur- 
etted hydrogen ;  1  Cu  to  2  or  500,000  water  is 
reddened  by  yellow  prussiate  of  potassa; 
1  copper-salt  to  450,000  colors  guaiacum 
tincture. 

c.  Cupric  Acid.  Add  nitrate  of  copper  and  a 
solution  of  bleaching  salt  with  excess  of  lime, 
previously  cooled  below  32°;  the  bluish  green 
precipitate  becomes  purplish  red,  and  is 
washed  with  cold  lime-water.  It  appears  to 
be  Cu203. 

3.  Sulphur,  a.  Subsulphuret.  Found  native 
as    Copper-glance.      Prep.     By   rubbing   to* 
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gether  4  pts.  fine  copper  filings  and  1  pt.  flowers 
of  sulphur;  by  heating  the  same;  by  intro- 
ducing copper-foil  into  vapor  of  sulphur ;  by 
igniting  oxide  of  copper  with  sulphur;  anhy- 
drous blue  vitriol  in  a  charcoal  crucible  at  a 
white  heat  yields  47-6  pr.  ct.  of  the  sulphuret 
with  a  few  granules  of  the  metal. 

Prop.  Grayish  black,  rather  soft  and  sectile, 
with  shining  lustre,  much  more  fusible  than 
metallic  copper,  oxidizes  by  ignition  in  air  to 
sulphurous  acid,  sulphate,  and  oxide  of  cop- 
per; soluble  with  difficulty  in  strong  boiling 
muriatic  acid,  easily  and  perfectly  in  hot 
nitric,  partially  in  cold  nitric  acid ;  decom- 
posed partially  by  fusion  with  caustic  and  car- 
bonated alkali,  entirely  with  saltpetre;  by 
ignition  with  oxide  of  copper  into  sulphurous 
acid  and  metal  or  suboxide  (Cu2S+  2CuO  = 
4Cu4-  S02,  or  Cu2S-f  6CuO  =  4Cu20+  S02). 
Comp.  Cu2S,  containing  79-73  pr.  ct.  copper. 

b.  Sulphuret  of  Copper.  See  Copper  Indigo. 
Formed  by  precipitating  a  solution  of  copper 
by  sulphuretted  hydrogen;  it  is  brownish 
black,  changing  by  exposure  in  a  moist  state 
to  the  air,  by  careful  roasting,  or  in  hot  nitric 
acid,  into  more  or  less  sulphate  of  copper. 
Comp.  CuS,  containing  66-3  pr.  ct.  metal. 

c.  Pentasulphuret  of  C.  Bi-,  tri-,  tetra-,  and 
pentasulphuret  of  potassium  give  black  pre- 
cipitates, which  may  be  regarded  as  corre- 
sponding compounds  of  copper,  or  as  mixtures 
of  sulphuret  and  pentasulphuret.  The  5-sul- 
phuret  is  unchangeable  in  air,  soluble  in  car- 
bonated alkali. 

Pelouze  finds  that  the  sulphuret  produced 
by  pouring  a  soluble  sulphuret  into  a  solution 
of  a  copper  salt  is  an  oxysulphuret,  composed 
of  5CuS4-CuO. 

d.  Sulphocarbonate  of  C.  Formed  by  adding 
sulphocarbonate  of  calcium  to  a  salt  of  copper 
is  black,  soluble  in  excess  of  the  precipitant. 

4.  Phosphorus,  a.  Phosphuret  of  C.  By  ignit- 
ing copper  with  phosphorus,  or  with  phospho- 
ric acid  and  charcoal,  phosphate  of  copper 
with  charcoal,  a  mixed  phosphuret  of  copper 
may  be  obtained,  more  fusible  than  copper, 
nearly  as  hard  as  steel,  brittle,  of  a  color  pass- 
ing from  copper-red  to  steel-gray,  in  proportion 
to  the  per  centage  of  phosphorus.  A  definite 
compound,  Cu2P,  is  obtained  by  passing  hy- 
drogen over  phosphate  of  copper  at  a  strong 
heat ;  a  #  phosphuret,  Cu3P,  by  passing  phos- 
phuretted  hydrogen  over  heated  chloride  of 
copper,  and  a  3  phosphuret,  Cu6P,  by  passing 
the  same  over  heated  subchloride. 

b.  Subsulphophosphite  of  C.  Bisulphuret  of 
copper,  obtained  by  precipitating  a  solution 
of  blue  vitriol  in  ammonia  by  soda  liver  of 
sulphur,  is  dried  in  vacuo,  treated  in  a  bulb 
cautiously  with  sulphuret  of  phosphorus,  and 
gently  warmed  in  a  current  of  hydrogen.  A 
yellow  powder  =  2  Cu2S,  PSS.  By  heating  to 
ignition  in  a  retort,  2  eq.  sulphur  pass  off, 
leaving  brown  subsulphophosphite,  2  Cu2S,  PS. 

c.  Hyposulphophosphite  of  C.  Sulphuret  of 
copper  is  dried  in  vacuo,  and  treated  as  under 
b;  brown;  CuS,  PS.  By  gentle  ignition  in  a 
retort  there  remains  Cu2S,  PS.  By  warming 
2  eq.  of  it  with  4  eq.  sulphur,  there  is  formed 
a  sulphophosphate,  2  CuS,  PS5,  and  by  gently 
heating  the  last,  8  CuS,  PS.. 
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5.  Nitruret  of  C.  If  dry  ammoniacal  gas  be 
passed  over  black  oxide  of  copper  heated  in  a 
glass  tube  by  an  oil  bath  to  482°,  heat  is  evolved, 
nitrogen  and  water  produced,  and  the  oxide 
transformed  into  a  greenish  powder,  Cu6N, 
which  decomposes  in  the  air  at  a  heat  of  572° 
into  nitrogen  and  metallic  copper. 

6.  Hydruret  of  C.  Dissolve  10  pts.  hypo- 
phosphite  of  baryta  in  water,  and  the  bary ta  be- 
ing exactly  thrown  down  by  sulphuric  acid,  add 
8  pts.  blue  vitriol  in  strongest  solution,  heat 
the  mixture  not  above  158°,  to  form  a  preci- 
pitate, first  yellow,  then  orange ;  if  bubbles  of 
hydrogen  escape,  cool  the  vessel ;  the  filtered 
deposit  is  washed  in  an  atmosphere  of  car- 
bonic acid  by  water  free  from  air  and  dried 
between  paper.  The  probable  formula  is 
Cu2H.     Wurz,  Comptes  Rendus,  1844. 

dlloys.  Copper  combines  readily  with  many 
metals,  forming  useful  alloys.  With  zinc  it 
forms  Brass;  with  zinc  and  nickel,  Argentan 
or  German  silver;  with  tin,  Bronze,  cannon-, 
bell-metal,  and  Speculum  Metal  ;  with  Gold 
and  Silver  for  coinage  and  plate.  It  forms 
reddish  white,  somewhat  malleable  alloys  with 
manganese,  molybdenum,  tungsten  and  iron  ; 
brittle  with  arsenic,  antimony,  and  bismuth. 
A  small  quantity  of  arsenic  whitens  copper, 
like  silver,  but  renders  it  brittle.  Copper  fuses 
with  silicium  to  a  malleable  bead;  and  copper 
heated  powerfully  with  silica  and  charcoal, 
forms  a  compound  containing  carbon  and 
silicium.  Farther  alloys  see  under  Iridium, 
Palladium,  Platinum. 

Haloid  Salts. 

1.  Chlorine,  a.  Subchloride  of  Copper.  Sym. 
Cu2Cl.  Chloride  of  mercury  heated  with  cop- 
per yields  metallic  mercury  and  subchloride 
of  copper.  It  is  also  formed  by  igniting  chlo- 
ride of  copper  apart  from  the  air,  or  by  re- 
ducing it  by  sugar,  &c.  (see  Suboxide).  A 
copper  plate  immersed  in  muriatic  acid  be- 
comes covered  with  white  tetrahedra  of  this 
salt.  It  is  white,  becoming  bluish  by  light, 
fusible,  gradually  changing  in  the  air  to  basic 
chloride  if  dry,  rapidly  if  moist,  is  insoluble 
in  water  and  dilute  sulphuric  acid,  soluble  in 
muriatic  acid,  in  a  solution  of  ammonia  or 
common  salt.  A  basic  subchloride  is  formed 
by  heating  the  basic  chloride. 

6.  Chloride  of  C.  Prep.  1.  By  dissolving 
oxide  or  carbonate  of  copper  in  muriatic  acid; 
the  metal  in  nitro-muriatic  acid  ;  exposing  the 
metal  in  muriatic  acid  to  the  air;  from  the 
subchloride  by  gradual  oxidation  in  the  air,  or 
by  its  rapid  oxidation  with  nitric  acid.  2.  Mix 
equal  pts.  of  blue  vitriol  and  common  salt 
with  a  little  water  at  122°  to  140°,  and  when 
sulphate  of  soda  separates  on  cooling,  and  by 
slow  evaporation,  or  at  68°,  the  rest  of  this  salt 
and  the  excess  of  common  salt  separate,  the 
chloride  separates  in  crystals  from  the  decant- 
ed liquid.     Rieckher,  Ch.  Gaz.  iii.  394. 

Prop.  CuCl  =  67-18  or  838-35,  with  47-2  pr. 
ct.  copper.  The  solution  evaporated  yields 
4-sided  prisms,  CuCl,  2  HO,  green,  deliques- 
cent, soluble  in  water,  alcohol,  and  ether, 
losing  most  water  at  212°,  losing  water  by 
cold  oil  of  vitriol,  and  becoming  brown,  dry 
chloride,  which  is  fusible  and  sublimable. 
2S  481 


COPPER. 


COPPER. 


c.  Basic  Chloride  of  C.  See  Atacajhte. 
Formed  by  digesting  hydrated  oxide  of  copper 
in  a  solution  of  chloride,  or  exposing  copper 
moistened  with  salammoniac  to  the  air,  and 
washing  the  powder  (Brunswick  green").  A 
green  powder,  soluble  in  acids,  not  in  water; 
Comp.  CuCl,  3  CuO  -f  4  HO.  Loses  water  by 
heat  and  becomes  brownish  black.  By  pre- 
cipitating chloride  of  copper  with  an  insuffi- 
cient quantity  of  potassa,  a  pale  green  powder 
falls,  CuCl,  2  CuO  -f  4  HO,  which  becomes 
black  by  heating  strongly,  CuCl,  2  CuO,  but 
kept  at  208°  is  brown,  CuCl,  2  CuO  +  HO  ; 
the  black  compound  moistened  becomes  CuCl, 
2  CuO  4-  3  HO. 

d.  Chloride  of  C.  and  Jhnmonid.  The  ammo- 
nium-chloride is  formed  by  mingling  saturated 
solutions  of  salammoniac  and  chloride  of  cop- 
per. Blue  rhombs,  soluble  in  water.  Form. 
CuCl,  NH4C1+2H0. 

According  to  Heumann  this  salt  forms 
rhomboidal  tablets  and  has  the  formula  CuOl-j- 
NH^Cl-f-  4  HO.  When  concentrated  chloride 
of  copper  is  redissolved  in  ammonia,  the  blue 
octahedra  separating  from  the  solution  are 
CuCl-f  6  OuO-f-  6  HO.     Heumann. 

By  saturating  warm  chloride  of  copper  with 
ammonia-gas,  ammonia-chloride  of  copper  is 
formed,  CuCl,  NH3,  decomposable  by  Avater, 
which  dissolves  a  biammonia-chloride,  CuCl, 

2  NH3.  The  last  is  blue,  crystallizable.  When 
dry  chloride  is  saturated  with  ammonia  gas, 
a  blue  triammonia-chloride  is  formed,  CuCl, 

3  NH  . 

c.  By  cooling  strong  solutions  of  chloride  or 
subchloride  of  copper  and  potassium,  double 
salts  are  obtained,  the  former  quadratic  octa- 
hedra, KC1,  CuCl  -f  2  HO,  the  latter  regular 
8-hedra,  anhydrous,  2  KC1,  Cu2Cl. 

2.  Bromide  of  C.  Formed  by  dissolving 
oxide  of  copper  in  bromohydric  acid,  or  the 
metal  in  nitrobromohydric  acid,  and  evapo- 
rating. The  solution  browns  and  yields  green 
crystals,  CuBr,  +  5  HO,  which  by  heat  sepa- 
rate into  bromine  and  subbromide  of  copper, 
Cu2Br.  There  is  also  a  basic  salt  similar  to 
the  chloride.  The  dry  bromide  absorbs  am- 
monia, forming  2  CuBr,  5  NH3.  Alcohol  pre- 
cipitates another,  2  CuBr,  3NH3,  from  a  satu- 
rated solution  of  bromide  in  ammonia. 

3.  Subiodide  of  C.  Precipitate  a  copper-salt 
by  iodide  of  potassium,  in  which  £  the  iodine 
is  set  free  and  must  be  washed  off'  with  alco- 
hol; or  dissolve  blue  vitriol  in  aqueous  sul- 
phurous acid,  and  precip.  by  iodide  of  potas- 
sium. A  brownish  white  powder,  fusible, 
decomposed  by  nitric  and  sulphuric  acids,  by 
alkali.  It  absorbs  ammonia,  forming  a  white 
powder,  Cu2I,  2  NH3.  By  adding  a  saturated 
solution  of  iodide  of  potassium  in  excess,  to  a 
saturated  solution  of  blue  vitriol  or  verdigris 
in  ammonia,  a  blue  powder  falls  which  may 
be  crystallized.     Cul,  2  NH3  -f  HO. 

4.  Fluorine,  a.  Subfluonde  of  C.  Hydrated 
suboxide  in  contact  with  fluohydric  acid  im- 
mediately becomes  red,  fusible,  insoluble  sub- 
fluoride,  Cu2F.  A  silico-subfluoride,  3  Cu2F, 
2  SiF3,  resembles  it  in  color  and  other  pro- 
perties. 

h.  Fluoride  of  C.    Dissolve  oxide  or  carbon- 
ate of  copper  in  an  excess  of  fluoric  acid,  and 
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evaporate  the  blue  solution  as  it  crystallizes 
CuF3  -)-  2  HO.  It  for  ins  green,  soluble,  double 
salts,  with  the  alkalies  and  alumina.  If  car- 
bonate of  copper  be  in  excess,  or  the  blue 
fluoride  be  treated  with  hot  water,  a  pale 
green,  insoluble,  basic  fluoride  is  formed, 
CuF,  CuO  4-  HO. 

r.  A  borofluoride  is  formed  by  double  decom- 
position with  borofluoride  of  barium  and  sul- 
phate  of  copper;  blue,  crystalline  nei 
deliquescent,  CuF,  BF3.  The  sUicofluoride  forms 
blue  prisms,  with  21  eq.  water,  2  eq.  of  which 
are  lost  by  efflorescence. 

OxYSALTS. 

Salts  of  Red  or  Suboxide. 

1.  Sulphite  of  Suboxide  of  C.  By  the  action 
pf  sulphurous  acid  on  hydrate  or  carbonate  of 
copper,  sulphate  of  oxide  dissolves  and  sul- 
phite of  suboxide  remains,  or  by  an  alkaline 
sulphite  a  similar  result  is  obtained;  if  a 
caustic  potassa  solution  be  saturated  with 
sulphurous  acid,  and  added  to  a  solution  of 
blue  iritriol,  the  filtered  solution  by  warming 
yields  it  in  crystals.  Brilliant  red,  unchange- 
able when  dry,  yielding  water  and  sulphurous 
acid  by  distillation  in  a  retort,  easily  decom- 
posed by  boiling;  and,  by  sulphuric  acid;  in- 
soluble in  water,  soluble  in  muriatic  and 
sulphurous  acids,  and  ammonia.  There  is  a 
double  insoluble  salt  of  sulphite  of  copper  and 
potassa. 

2.  The  hyposulphite,  formed  from  blue 
vitriol  and  hyposulphite  of  lime  is  a  colorless 
solution.  The  double  salt,  with  potassa,  is  a 
yellow  powder,  difficultly  soluble,  easily  de- 
composed; form.  KO,S2Oa-(-Cu2O,S2024-2H0. 
Another  compound  is  formed  by  precipitating 
the  solution  of  the  above  by  alcohol;  form. 
3  (KO,  S202)4-Cu20,  S202-f-'3  HO.  A  yellow 
salt  of  soda  has  the  form.  2  (NaO,  S202)  + 
3  (Cu20,  S  02)  4-  5  HO,  and  another  white 
salt,  3  (NaO,  «202)  +  Cu20,  S202+  2  HO. 

3.  Red  copper-glass  contains  a  silicate  of 
red  oxide,  the  cause  of  the  red  color,  and  an- 
other  silicate  appears    to  exist  in  some  tile 

'ores,  and  in  some  of  the  copper  ores  from 
Lake  Superior. 

Suits  of  Blark  Oxide. 

Sulphur.  1.  Sulphate  of  Copper.  Syn.  Blue 
vitriol.  Ger.  Kupfcrvitriol.  Fr.  Vitriol  bleu, 
V.  de  Cuivre.  Found  native,  but  made  largely 
for  use  in  the  arts,  chiefly  from  sulphuret  of 
copper  by  roasting,  more  rarely  from  the  metal 
and  sulphuric  acid. 

Prep.  1.  By  a  careful  calcination  of  cop- 
per-stone (see  above  the  processes  for  metal- 
lurgy treatment  of  copper  ores)  in  a  rever- 
beratory,  a  sulphate  of  copper  is  formed,  which 
is  extracted  by  lixiviation,  and  more  maybe 
obtained  by  adding  oil  of  vitriol  previous  to 
lixiviation.  If  the  heat  be  pushed  far  enough, 
much  iron  will  be  rendered  insoluble.  2.  Cop- 
per, 3  pts.,  is  ignited  in  a  close  reverberatory, 
and  1  pt.  sulphur  being  then  thrown  on,  the 
two  unite  by  combustion  to  sulphuret  of  cop- 
per, which  by  calcination  is  converted  into 
sulphate  of  oxide  and  suboxide.  It  is  thrown 
into  vats  for  solution,  sulphuric  acid  being 
often  added,  and  the  insoluble  residue  again 
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treated  in  the  furnace  by  sulphur  and  air. 
3.  Sulphuretted  copper  ore  is  rarely  pure 
enough  to  be  subjected  immediately  to  roast- 
ing, nor  oxidized  copper  ore  for  direct  treat- 
ment with  sulphuric  acid. 

The  solutions  of  blue  vitriol  when  duly  con- 
centrated crystallize  without  difficulty.  As  a 
mixture  of  copper  and  iron  vitriol  is  often  em- 
ployed in  the  arts,  it  is  not  always  necessary 
to  obtain  blue  vitriol  free  from  iron ;  but  if  it 
be  desired  thus  to  free  it,  the  sulphates  heated 
to  beginning  redness  in  an  iron  vessel  or  a 
reverberatory,  will  leave  nearly  all  the  iron 
salt  insoluble,  together  with  a  little  of  the  cop- 
per, the  rest  of  which  may  be  extracted  with 
boiling  water,  or  more  slowly  by  cold  water. 
The  insoluble  residue  treated  with  sulphuric 
acid,  yields  the  residue  of  the  copper  and 
much  iron,  which  may  be  added  to  a  fresh 
portion  of  mixed  vitriol,  or  the  copper  thrown 
down  by  cementation  with  iron. 

Prop.  Azure-blue,  (greenish  blue,  if  im- 
pure from  iron,)  transparent  crystals  of  the 
doubly  oblique  rhombic  or  triclmate  system, 
presenting  elongated  rhombs;  spec.  gray. 
2-274;  composition: 

eq.        H=l        0=100  inlOOpts. 
CuO         1         40-00         495-70         32 
S03  1         40-00         501-16         32 

HO  5         45-00         562-40         36 


125-00       1559-26        100 


Form.  CuO,  S03-|-5HO.     The   anhydrous 

Dry  sulphate 

Cryst.  sulphate 

Trisulphate 

1  st  tetrasulphate 

2d  tetrasulphate 

3d  tetrasulphate 

1st  pentasulphate 

2d  pentasulphate 


3.  Sulphate  of  C.  and  Ammonia  is  formed  by 
crystallizing  a  mixed  solution  of  the  two  salts. 
Light-blue,  very  soluble  in  water,  composed  of 
NH40,  S03+CuO,  S03-f  6  HO.  By  supersa- 
turating concentrated  blue  vitriol  solution 
with  ammonia  to  perfect  solution,  and  by 
gentle  evaporation,  or  by  strong  cooling,  or 
by  adding  alcohol,  there  are  formed  deep-blue 
prisms  (in  the  last  case  a  powder)  of  ammo- 
nia sulphate  of  copper,  composed  of  2  NH34- 
CuO,  S03-f-HO,  soluble  in  l£  pts.  water,  and 
decomposing  in  the  air.  If  this  salt  be  heated 
to  300°,  it  becomes  apple-green,  forming 
NH3-|-CuO,  S03,  which  readily  assumes  3  eq. 
water,  and  by  heating  to  400°  it  becomes 
NH34-2(CuO,  S03).  Dry  sulphate  of  copper 
absorbs  53-97  pr.  ct.  dry  ammoniacal  gas, 
evolving  heat  and  swelling  up  to  a  blue  pow- 
der, soluble  in  water  with  a  deep  azure-blue 
color  ;  form.  5  NH3+2(CuO,  S03). 

4.  Sulphate  of  C.  and  Potussa.  Formed  by 
crystallizing  a  mixture  of  the  two  salts;  is 
light-blue,  very  soluble,  composed  of  KO,  S03 
+CuO,  S03-f6HO,  loses  2  eq.  water  at  212°, 
and  deposits  a  green  basic  double  salt  by 
boiling,  and  at  a  higher  heat  fuses  with  loss 
of  some  acid.     The  double  salt  with  soda  is 
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salt  contains  32  pr.  ct.  oxide  of  copper.  1  pt. 
of  the  cryst.  salt  is  soluble  in  3-32  at  39-2° ; 
2-71  at  66-2°;  1-84  at  87-8°;  1-7  at  100°; 
M4  at  122°;  1-07  at  167°;  0-75  at  190°;  0-55 
at  212°.  (Brandes  and  Firnhaber.)  Soluble  in 
2-412  at  64°,  with  a  spec.  grav.  of  1.182.  (Kar- 
eten.)  It  is  therefore  soluble  in  3  pts.  cold  and 
I  pt.  boiling  water.  By  heating  it  at  100°  in 
vacuo  it  loses  4  eq.  water,  becoming  white, 
and  requires  from  430°  to  467°  to  expel  the 
last  eq.  water.  The  anhydrous  salt  is  obtain- 
ed in  colorless  crystals  by  the  action  of  cold 
oil  of  vitriol  on  copper  in  close  vessels.  Blue 
vitriol,  rendered  anhydrous  by  heat,  is  white 
and  opake,  attracts  water  again  from  the  air, 
requires  strong  ignition  to  expel  its  acid,  which 
passes  off  partially  decomposed,  and  if  char- 
coal be  present,  mixed  sulphuret  and  metallic 
copper  remain  at  a  high  heat,  while  a  lower 
heat  leaves  the  metal  alone. 

2.  A  basic  sulphate,  the  mineral  Biiochantite, 
is  formed  by  partially  precipitating  blue  vitriol 
with  caustic  alkali,  by  digesting  fresh  carbon- 
ate or  hydrate  of  copper  in  blue  vitriol  solu- 
tion, by  exposing  ammonia-sulphate  solution 
to  the  air.  It  is  pale-green,  insoluble,  easily 
decomposed  by  heat  into  water,  sulphate  and 
oxide  of  copper.  It  is  probably  a  mixture  of 
two  basic  salts,  and  is  between  4  CuO,  S03  -j- 
4  HO  and  3  CuO,  S03  -f-  3  HO.  According  to 
Kane,  another  basic  salt,  8  CuO,  S03-f  12  HO 
is  formed  by  exactly  precipitating  biue  vitriol 
with  caustic  potassa. 

J.  D.  Smith,  in  Trans.  Chem.  Soc.  1843,  on 
the  subsulphates  gives  the  following  table : 

.CuO,  S03 
.CuO,  S03+5HO 
.CuO,  S03+  2(CuO,  HO) 
.CuO,  S03+3(CuO,  HO) 
.CuO,  S03-f  3(CuO,  HO)+HO 
•  CuO,  S03+3(CuO,  HO)-j-2HO 
.CuO,  S03+4(CuO,  HO) 
.CuO,  S03-f4(CuO,  HO)-f  2  HO 

obtained  by  mixing  blue  vitriol  and  bisulphate 
of  soda,  Glauber's  salt  and  blue  vitriol  first 
crystallizing,  then  the  double  salt.  Oxide  of 
copper  and  magnesia  being  isomorphic,  a 
double  salt  of  sulphate  of  copper,  magnesia, 
and  ammonia  may  be  formed  direct. 

5.  Hyposulphate  of  C.  Obtained  by  exact 
double  decomposition  of  blue  vitriol  and  hy- 
posulphate of  baryta,  forms  rhombic  prisms, 
very  soluble  in  water,  not  in  alcohol.  Form. 
CuO,  S205_|-4  HO.  By  adding  insufficient  am- 
monia, a  basic  salt  precipitates,  composed  of 
4  CuO,  S205-f-4  HO 

6.  Ammo nia-hyposul phot e  of  C.  Formed  by 
supersaturating  dilute  hyposulphate  of  copper 
with  ammonia,  crystallizes  in  azure  square 
tables,  difficultly  soluble,  permanent  in  air; 
composed  of  2  NH3+CuO,  S20.. 

Use.  Blue  vitriol  meets  with  extensive  em- 
ployment in  the  arts,  as  in  the  preparation  of 
Verditkii,  and  various  blue  and  green  pig- 
ments, in  galvano-plastics,  as  a  reserve  in  the 
cold  indigo-vat,  and  together  with  green  vitriol 
for  black  dyes  on  woollen  yarn  and  cloth,  furs, 
&c.  Runge  recommends  the  ammoniacal 
solution  for  permanent  light-blue.  Farben- 
chemie. 
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Phosphorus.  1.  Phosphate  of  C.  2  CuO,  P05. 
Formed  by  double  decomposition  with  blue 
vitriol  and  phosphate  of  soda;  is  a  greenish 
powder,  insoluble  in  water,  soluble  in  mu- 
riatic, phosphoric,  acetic,  and  other  acids, 
scarcely  in  ammoniacal  salts;  becomes  brown 
by  heating. 

2.  Basic  Phosphates.  A  variety  of  these  have 
been  found  native,  for  a  tabular  view  of  which, 
see  Arsf.niophosphates. 

3.  Phosphite  of  C.  Formed  by  chloride  of 
copper  and  phosphite  of  ammonia;  is  a  blue 
precipitate,  decomposed  by  heat  into  metal 
and  phosphate  of  copper. 

4.  Hypophosphite  of  C.  is  only  known  in  the 
solution  of  hydrate  of  copper  in  cold  hypo- 
phosphorous  acid,  and  is  reduced  by  concen- 
tration. 

1.  Nitrate  of  C.  Easily  obtained  by  solution 
of  copper,  its  oxides,  hydrate  or  carbonate  in 
nitric  acid.  Thus  where  the  metal  is  used, 
Cu3+4  N05  =  3  (CuO,  N05)  -f  N02,  the  last 
absorbing  oxygen  as  it  rises  in  the  air,  and 
forming  the  red  fumes  N04.  The  neutral  salt 
requires  at  least  3  eq.  water,  and  hence  if  too 
strong  acid  be  employed,  green,  basic  salt 
remains,  insoluble  in  water.  The  greenish 
solution  becomes  blue  and  deposits  at  very 
low  temperatures  crystals  containing  6  eq. 
water,  at  higher  temperatures  prisms  with 
3  eq.  water.  Form.  CuO,  N05+  3  HO,  with 
33  pr.  ct.  oxide  of  copper.  The  crystals  de- 
flagrate on  ignited  coals,  with  phosphorus  un- 
der the  hammer;  when  powdered  and  rolled 
up  in  tin-foil  spontaneous  ignition  results  after 
a  short  time.  Paper  dipped  into  its  solution 
and  dried,  takes  fire  readily  below  a  red  heat, 
and  burns  with  a  green  flame.  The  basic 
salt,  3  CuO,  NO.+  HO  (Graham),  is  also 
formed  by  gently  heating  the  neutral  salt  in 
solution  with  a  little  alkali,  oxide,  hydrate,  or 
carbonate  of  copper;  it  is  a  green  powder, 
soluble  in  acids,  not  in  water,  easily  reduced 
by  ignition  to  black  oxide.  Gerhardt's  analyses 
of  the  subnitrate  gave  4  CuO,  NO0+  3  HO,  or 
CuO,  N054-  3  (CuO,  HO),  which  is  the  more 
probable  composition. 

2.  Jlmmonia  Nitrate  of  C.  Obtained  in  deep 
blue  crystals  by  supersaturating  a  strong  so- 
lution of  the  nitrate  with  ammonia,  or  by 
passing  ammoniacal  gas  into  the  hot  saturated 
solution  of  the  nitrate  until  resolution  takes 
place ;  easily  decomposed  by  heat  with  defla- 
gration ;  form.  2  NH,  +  CuO,  N05. 

Halogens.  1.  Chlorate  of  copper  obtained  by 
direct  process,  forms  greenish  deliquescent 
crystals.  The  perchlorale  similarly  formed, 
yields  blue  deliquescent  crystals.  Both  defla- 
grate on  ignited  coals.  Iodate  of  copper  may 
be  obtained  by  double  decomposition,  but  bet- 
ter by  direct  action;  soluble  in  302  pts.  water 
at  59°,  in  154  pts.  at  212°,  in  ammonia  with  a 
dark  blue  color,  decomposed  by  heat,  leaving 
oxide  of  copper.  The  periodate  is  green.  A 
solution  of  carbonate  of  copper  in  bromic  acid 
yields  bluish  green  crystals  of  bromale,  com- 
posed of  CuO,  Br05+5HO.  Both  bromate 
and  iodate  form  blue  ammonia  salts,  the  former 
with  the  form.  2  NH3-f  CuO,  BrOs. 

Carbonate  of  C.  For  the  native  compounds 
see  Malachite,  Blue  Malachite.  Copper 
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has  a  feeble  affinity  for  carbonic  acid,  for 
when  a  salt  of  copper  is  precipitated  by  car- 
bonate of  soda,  carbonic  acid  escapes,  and 
the  voluminous  bluish  green  precipitate  is  a 
mixed  hydrate  and  carbonate,  from  which  long 
washing  or  warming  in  water  seems  inn 
the  greater  part  of  or  all  the  carbonic  acid. 
Some  few  green  pigments  of  this  nature  are 
employed  in  the  arts,  as  Mineral  Green,  Vra- 
diter.  They  are,  however,  objectionable  from 
their  liability  to  change  alone  or  in  contact 
with  other  substances.  Favre's  examination 
of  the  carbonates  obtained  from  the  solution 
of  carbonate  of  copper  in  sesquicarbonate  of 
ammonia,  gave 

2  (CuO,  C02)4-CuO,  HO 
CuO,  C02-f  2(CuO,  HO) 

Borate  ofC.  Formed  by  double  decomposition 
is  a  pale  green  powder,  slightly  soluble  in  water, 
fusing  to  a  green,  opake  glass. 

Silicate  of  C.  Oxide  of  copper  imparts  a 
green  tint  to  glass.  A  solution  of  waterglass 
gives  a  greenish  blue  precipitate  with  salts  of 
copper.    Native  compounds  are  Chkysocolla, 

DlOPTASE. 

COPPER.  Mm.  Syn.  Native  Copper; 
Octahedral  Copper.  Cryst.  system,  Regular, 
comb.  6-,  8-,  12-,  24-,  4  x  6-hedron;  also 
aborescent,  filiform,  amorphous.  H.  =  2-5 —  3, 
G.  =  8-584.  It  has  the  usual  characters  of 
metallic  copper.  It  has  numerous  localities, 
being  rarely  absent  from  a  copper-mine 
Some  of  the  most  remarkable  specimens  are 
a  mass  in  the  museum  at  Lisbon,  from  a  val- 
ley near  Bahia,  weighing  2616  lb.;  the  mass, 
lately  removed  to  Washington,  from  the  On- 
tanawgaw  river,  near  Lake  Superior,  and  sup- 
posed by  Schoolcraft  to  weigh  2200  lb. ;  many 
other  large  masses  have  been  observed  near 
the  same  lake ;  near  New  Brunswick,  New 
Jersey,  a  vein  or  sheet  of  copper  -fa  to  g  inch 
thick  was  traced  for  several  rods. 

COPPERAS.  Mm.  Syn.  Hemiprismatic 
Vitriol-Salt;  Green  Vitriol.  Cryst.  system 
Oblique  Rhombic ;  rarely  well  crystallized. 
Resembles  green  vitriol  in  external  and  che- 
mical characters  (see  Protosulphate  of  Iron); 
taste,  sweetish,  astringent,  metallic.  Form. 
FeO,  S034-7  HO.  It  arises  from  the  decom- 
position of  Iron  Pyrites,  and  is  most  frequently 
found  in  old  mines. 

COPPER  BISMUTH.  Min.  Pale  lead  gray, 
passing  into  tin-white,  with  black  streak. 
Neither  the  sulphur  nor  the  bismuth  were 
determined  correctly  in  Klaproth's  analysis, 
but  the  formula  may  be  2  Cu2S-f-BiS3.  Found 
at  Wittichen  in  Fiirstenberg. 

COPPER-FROTH.  Min.  Syn.  Prismatic 
Euchloro-Malachite;  Pharmacosiderite;  Ku- 
paphrite;  Cupriferous  Calamine.  Descnji 
Cryst.  system,  Right  Rhombic.  H.  =  1  — 1-5 
G.  =  3-098.  Pale  apple-green,  and  verdigris- 
green  with  bluish  tint;  lustre  of  P,  pearly,  of 
other  faces  vitreous;  translucent;  sectile; 
thin  lamina  flexible. 

Chem.  relations.  Decrepitates  before  the  blow- 
pipe, fusing  to  an  amorphous  pearl ;  gives  off 
arsenical  fumes,  and  reduces  to  a  white  re- 
guline  mass.  Formula,  5  CuO,  As05-(- 10  HO 
(or  9  HO).  If  the  carbonate  of  lime  is  essen- 
tial, one  eq.  CaO,  C02  must  be  added. 


COPPER-GLANCE. 

Local.  It  occurs  with  other  ores  of  copper 
generally  in  divergent  fibrous  groups.  In  the 
Bannat;  Liebethen,  Hungary;  Nerzschinsk, 
Siberia;  Schwartz,  in  Tyrol;  Saalfeld,  Thu- 
ringen ;  Matlock,  Derbyshire. 

COPPER-GLANCE.  Min.  Syn.  Vitreous 
Copper;  Prismatic  Copper-glance.  Descrip. 
Cryst.  system,  Right  Rhombic;  frequently 
compounded  like  Arragonite;   also  granular. 

jr.  _  2.5 3.     G.  =  5-5  —  5-8.     Color  and 

streak,  blackish  lead-gray;  often  tarnished 
blue  and  green ;  lustre  metallic ;  sectile ; 
fracture  conchoidal. 

Chcm.  relations.  Colors  flame  bluish,  fuses 
on  charcoal  in  the  outer  flame,  evolving  sul- 
phurous acid;  congeals  in  the  inner  flame; 
gives  the  reactions  of  copper,  and  with  soda  a 
globule  of  the  metal;  soluble  in  nitric  acid. 
Form.  Cu2S,  containing  Cu80-f-  S  20=  100. 

Local.  Some  of  the  finest  specimens  are 
from  Cornwall ;  it  also  occurs  at  other  places 
in  Europe,  massive  and  crystallized.  In  the 
U.  S.,  at  Sunsbury,  Bristol,  Cheshire,  Conn. ; 
Schuyler's  mines,  New  York;  in  Blue  Ridge, 
Orange  Co.,  Virginia;  near  New  Market,  east 
of  the  Monocacey,  Maryland,  &c. 

COPPER    GREEN.      Min.     See    Chryso- 

COLLA. 

COPPER  INDIGO.  Min.  Massive,  sphe- 
roidal; G.  =  3-8;  deep  indigo-blue;  lustre 
feeble,  resinous;  opake;  streak  lead-gray, 
shining;  sectile.  Behaves  like  the  preceding, 
but  remains  fluid  in  the  inner  flame.  Form. 
CuS,  containing  Cu  66-3  -f  S  33-7  =  100.  It 
occurs  at  a  copper  mine  near  Badenweiler, 
and  at  Vesuvius. 

COPPER-MICA.  Min.  Syn.  Rhombohe- 
dral  Euchlore-malachite.  Cryst.  system,  Hex- 
agonal ;  hemiedric ;  an  acute  rhomb,  with 
terminal  planes,  c;  cleaves  perfectly,  parallel 
to  c.  H.  =  2.  G.  =  2-549.  Grass-green,  with 
paler  streak ;  lustre  vitreous,  of  c  pearly ;  sec- 
tile. It  behaves  before  the  blowpipe  like  cop- 
per-froth; perfectly  soluble  in  acids  and  am- 
monia. Form.  8  CuO,  As05  +  12  HO;  con- 
taining CuO  58-7+ As05  21-3+ HO  20=  100. 
It  occurs  in  copper  mines  in  Cornwall. 

COPPER  NICKEL.  Min.  Syn.  Prismatic 
Nickel-Pyrites.  Ger.  Kupfernickel ;  Nickel- 
kies ;  Rothnickelkies.  Cryst.  Hexagonal ; 
massive,  granular,  columnar,  H.  =  5  —  5-5. 
G.  =  7-33  —  7-655.  Orange-red ;  metallic  ; 
opake  ;  streak  brownish  ;  brittle ;  fracture 
uneven.  In  a  closed  tube  it  sublimes  no 
arsenic,  but  a  little  arsenious  acid;  on  char- 
coal fuses  to  a  white,  brittle,  metallic  globule, 
giving  off  arsenical  fumes ;  after  calcination 
fluxes  show  the  presence  of  nickel,  and  some- 
times of  cobalt;  soluble  in  nitric  and  nitro- 
muriatic  acids,  with  a  green  color.  Form. 
Ni2As,  containing  Ni  44 -f-  As  56  =  100.  It 
usually  contains  also  cobalt,  iron,  lead,  and 
sulphur  in  small  quantities,  and  Berthier  has 
shown  that  a  portion  of  arsenic  is  sometimes 
replaced  by  antimony.  It  occurs  accompany- 
ing cobalt  at  Annaberg,  Schneeberg,  Saxony ; 
Thuringen ;  Riechelsdorf,  Hessen ;  Styria  ; 
Dauphiny;  Cornwall.  In  the  U.  S.,  Chatham, 
Conn.;  on  the  Schuylkill,  10  to  15  miles 
from  Philadelphia,  Penn.  See  Arsenical 
Nickel. 


COPPER  PYRITES. 

COPPER  PYRITES.  Min.  Syn.  Pyra- 
midal Copper  Pyrites.  Octachedral  Cop- 
per Pyrites.  Pyritous  Copper.  Yellow  Cop- 
per Ore.  Ger.  Kupferkies.  Fr.  Cuivre  Py- 
riteux.  Descrip.  Cryst.  system,  Quadratic. 
It  also  occurs  globular,  botryoidal,  stalactitic, 
and  other  shapes — texture  impalpable;  gra- 
nular, often  impalpable — particles  strongly 
coherent.  H.  =  3-5  — 4.  G.  =  4-159  — 4-169. 
Color  brass-yellow ;  subject  to  tarnish  ;  opake; 
fracture  conchoidal,  uneven;  rather  sectile; 
lustre  metallic ;  streak  greenish  black,  a  little 
shining. 

Behavior.  Fuses  on  charcoal  to  a  steel-gray 
globule,  brittle,  with  reddish  fracture,  and  after 
long  blowing  magnetic ;  with  borax  and  soda 
it  gives  a  globule  of  metallic  copper;  in  a  closed 
or  open  tube  it  gives  no  sublimate,  in  an  open 
tube  evolves  sulphurous  acid ;  with  borax  and 
mic.  salt,  it  gives,  after  roasting,  the  reactions 
of  iron  and  copper;  soluble  in  muriatic  acid, 
leaving  the  greater  part  of  the  sulphur. 

Analysis.  1.  By  H.  Rose;  2.  by  Phillips; 
3.  by  Berthier;  4.  by  Thomson. 


1.  2. 

S 35-87  34-46 

Cu....  34-40  31-20 

Fe 30-47  30-80 


0-27 


101-01 


1-10 


97-56 


3.      4. 

36-3  34-655 

32-1  33-640 

31-5  31-535 

—     0-555 


99-9   100-385 


The  last  line  consists  of  gangue.  Form. 
Cu2S  +  Fe2S3. 

Local.  Copper  pyrites  is  the  principal  ore  of 
copper  at  the  Cornish  mines.  It  is  there  as- 
sociated with  tin,  galena,  blende,  and  other 
ores  of  copper.  The  copper  beds  of  Fahlun, 
in  Sweden,  are  composed  principally  of  this 
ore,  which  occurs  in  large  masses,  surrounded 
by  a  coating  of  serpentine,  and  imbedded  in 
gneiss.  At  Rammelsberg,  near  Goslar  in  the 
Hartz,  it  forms  a  bed  in  graywacke  slate,  and 
is  associated  with  iron  pyrites,  galena,  blende, 
and  minute  portions  of  silver  and  gold.  The 
Kurprinz  mine  at  Freiberg  affords  well  defined 
crystals.  It  occurs  also  in  the  Bannat,  Hun- 
gary, Thuringia,  &c. 

In  the  U.  S.  it  has  been  found  in  marry 
places,  but  generally  in  small  quantities.  It 
occurs  at  the  Southampton  Lead  Mines,  Mass., 
at  Turner's  Falls  on  the  Connecticut,  near 
Deerfiekl,  and  at  Hatfield  and  Sterling,  Mass.: 
at  Strafford  and  Shrewsbury  in  Vermont,  with 
magnetic  pyrites :  in  New  Hampshire,  at 
Franconia,  in  gneiss;  at  Unity,  Warren,  Ea- 
ton, Lyme,  Haverhill,  and  elsewhere :  in  Maine, 
at  the  Lubec  lead  mines,  and  at  Dexter:  in 
New  York,  at  the  Ancram  lead  mine;  five 
miles  from  Rossie ;  at  the  Rossie  lead  mine  in 
crystals  ;  and  in  crystals  and  massive  at  the 
mine  near  Wurtzborough,  Sullivan  Co.:  in 
Virginia,  at  the  Phenix  copper  mines,  Fauquier 
Co.,  and  the  Walton  gold  mine,  Luzerne  Co.: 
in  the  Catoctin  Mts.,  Maryland,  and  between 
Newmarket  and  Taneytown.     Dana. 

It  has  been  latterly  found  near  Princeton, 
N.  J. ;  in  the  Coal  Region,  Penn.,  and  on  the 
Schuylkill  not  far  from  Philadelphia;  in  Ma- 
dison and  Wayne  Cos.,  Missouri,  in  sufficient 
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COPPER  URANITE. 


CORK. 


quantities  to  be  worked.  For  the  reduction  of 
this  ore  see  Metallurgic  treatment  of  Copper. 

COPPER  URANITE.     See  Uhanite. 

COPPER-VELVET.  Min.  Ger.  Kupfer- 
sammterz.  It  occurs  in  globules  or  druses, 
composed  of  delicate  velvety  fibres,  of  a  rich 
blue  color  and  pearly  lustre,  containing  ox- 
ides of  copper  and  zinc,  with  sulphuric  and 
silicic  acids.     Local.     Moldawa  in  the  Bannat. 

COQUIMBITE.  Min.  Syn.  White  Cop- 
peras, Neutral  persulphate  of  iron.  It  occurs 
granular,  and  crystallized  in  hexagonal  prisms ; 
white  or  pale  violet ;  soluble  in  water ;  evolves 
water  in  a  closed  tube  ;  leaves  peroxide  of 
iron  by  ignition.  Rose's  analysis  gives  43-5 
sulphuric  acid,  -f-  26  peroxide  of  iron,  -+-  30 
water,  leading  to  the  formula  Fe203,  3  S03-f- 
9  HO. 

1.  The  foliated  coating  of  coquimbite,  called 
yellow  copperas,  behaves  like  it,  and  is  composed, 
according  to  Rose,  of  sulphuric  acid  39-G,  -f- 
peroxide  of  iron  28,  -f-  water  29-6  correspond- 
ing with  2  Fe203,  5  S03  +  18  HO. 

2.  The  radiated  associate  of  coquimbite,  ac- 
cording to  Rose,  contains  sulphuric  acid  31-7, 
-|-  peroxide  of  iron  28,  -f-  water  36-5,  with  a 
formula  2(Fe203,  2  S03)-f  21  HO.    The  above 

3  species  also  contain  small  quantities  of  lime, 
magnesia,  and  silica,  with  a  little  alumina 
included  with  the  iron. 

3.  The  Vilriolochre  of  Fahlun  is,  according 
to  Berzelius,  2  Fe203,  S03-4-  6  HO. 

4.  Prideaux's  Fibroferrite  appears  to  be 
3Fe203,  5S03+27HO. 

5.  Another  yellow  copperas  from  the  brown 
coal  of  Kolosoruk,  near  Bilin,  Bohemia,  was 
found  by  Rammelsberg  to  consist  of  4(Fe20  , 
S03) -f  KO,  S03  +  9  HO. 

6.  Scheerer's  analysis  of  one  from  the  alum- 
slate  of  Modum,  Norway,  led  to  the  formula 

4  (Fe203,  S03)+  NaO,  S03+9  HO,  a  remark- 
able agreement  Avith  the  preceding,  with  soda 
instead  of  potassa. 

The  above  1  to  6  basic  sulphates  of  iron 
cannot  yet  be  properly  classed  as  species, 
until  their  relation  to  others  is  better  deter- 
mined. 

CORAL.  Tech.  Red  and  White.  The  red 
coral  used  in  jewelry  is  the  internal  skeleton 
of  the  Corallium  rubrum;  a  species  of  the 
Corollina  genus  of  marine  organized  arbores- 
cent bodies.  It  consists  chiefly  of  carbonate 
of  lime  and  oxide  of  iron,  the  red  coral  being 
due  to  the  latter  ingredient. 

CORDIERITE.  Min.  Syn.  Prismatic  quartz, 
Mohs.  Dichroite,  Iolite,  Peliom,  Steinheilite, 
Hard  Fahlunite.  Descrip.  Cryst.  Right  Rhom- 
bic, consisting  of  vertical  and  horizontal  prisms 
and  terminal  planes;  also  granular  but  cohe- 
rent. H.=  7to7-5.  G.  =  2-6  to  2-66.  Color 
blue,  generally  blackish,  deep  blue  in  the  di- 
rection of  the  vertical  axis,  yellowish  perpen- 
dicular to  it,  whence  Dichroite;  vitreous; 
transparent,  translucent;  fracture  subconchoi- 
dal. 

Behav.  and  Compos.  All  but  the  Hard  Fah- 
lunite fuse  with  difficulty  on  the  edges,  dis- 
solve slowly  and  entirely  in  borax  and  mic. 
salt,  leaving  silica  in  the  latter;  do  not  dis- 
solve with  soda,  forming  with  a  little  a  vitreous 
slag;  cobalt  solution  renders  them  black;  not 
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soluble  in  acids.  The  Hani  Fahlunite  diners 
in  fusing  alone  or  with  some  soda  to  a  color- 
less, semitransparent  glass,  and  giving  a  Mho 
glass  with   cobalt   solution.     Formula  of  the 

former  2  [||  Mp"°  £  2  Si03]  +  5(A1203.  S  0  ,) ; 

of    Hard    Fahlunite    2  (3  MgO,   2  SiO,)   -f 

Local.  Bodenmais ;  Capo  de  Gata,  Spain; 
Orrijervi,  Finnland ;  Tunaberg,  Sweden ;  Aran- 
dal,  Norway ;  Ujordlevsoak,  Greenland;  Cey- 
lon, &c.  In  U.  S.  Haddam.  Conn;  Brimfield, 
Mass.;  Richmond,  N.  H.  From  its  dichroism, 
it  is  sometimes  employed  as  a  gem. 

CORIANDER.     The  seeds  of  the  0 
drum  Sativum,  Trommsdorff's  analysis  gave 

Volatile  oil 0-47 

Stearin 6.00 

Olein 7-00 

Colored  extract   and  malate  of  potassa, 
mucilage,  azotized  extractive,  salts  of 

vegetable  acid  and  tannin 7-50 

Vegetable  fibre 65-20 

Water 9-73 

Volatile  oil  is  of  spec.  grav.  0*759.  Alcohol 
and  ether  both  dissolve  it,  and  nitric  acid 
transforms  it  into  a  green  resinoid  mass.  Sul- 
phuric acid  dissolves  it  and  changes  its  color 
to  a  brownish  yellow.  With  iodine  it  explodes. 
(Liebig.)  It  belongs  to  the  oxygen  class  of 
volatile  oils. 

CORK.  Tech.  Title  corrupted  from  Cortex 
(Lat.).  The  bark  of  the  Quercus  Suber,  a  spe- 
cies of  oak,  native  to  the  southern  parts  of 
Europe.  The  action  of  ether  and  alcohol  upon 
finely  comminuted  particles  developes  yellow 
acicular  crystals  of  Cerin,  so  called  from  its 
waxlike  properties  :  the  residual  mother  liquid, 
consisting  chiefly  of  tannin  and  extractive 
matter.  The  reddish  gray  portion  of  the  corlc 
Suberin,  left  undissolved  by  the  alcohol  and 
ether,  when  treated  with  nine  times  its  weight 
of  nitric  acid  of  spec.  grav.  1-30  and  heated, 
is  transformed  into  new  products.  On  the 
surface  of  the  hot  liquid  a  fluid  waxy  mass 
Ceric  acid,  collects  and  can  be  removed :  the 
subjacent  solution  diluted  with  water,  drops 
white  flocculoe,  which  are  separable  by  filtra- 
tion. This  precipitate  is  the  cork-celhihae, 
(C22H5Ol0),  analogous  to  the  lignin  of  Chev- 
reul  and  Payen.  From  the  filtered  liquor 
crystals  of  suberic  and  oxalic  acids  are  ob- 
tained, the  two  being  easily  separable  by  cold 
water,  in  which  the  former  is  but  slightly 
soluble. 

Cerin  or  cork  wax  (Cz.H]0O3),  is  changed 
in  color,  but  not  dissolved  by  potassa  of  1-27 
spec,  grav.,  though  the  addition  of  an  acid  to 
the  ley  precipitates  a  minute  portion  of  brown 
matter.  Nitric  acid  converts  it  into  ccric  acid, 
a  brownish  yellow,  transparent,  waxy  mass, 
insoluble  in  hot  and  cold  water,  but  soluble 
in  alcohol,  ammonia,  and  potassa,  from  the 
two  latter  of  which  it  is  separable  by  the 
acids.  In  chemical  properties  it  is  related  to 
the  fat  acids,  and  consists  of  C.2H170,3. 

The  formation  of  this  acid  from  Cerin, 
therefore,  is  easily  explained  by  taking  4  eq. 


COKNEOUS  LEAD. 


COTTON. 


of  that  substance  and  comparing  its  relative :  compact,   exceedingly   tough,   breaking   with 
number  of  equiv.  with  the  formula  of  anhy-,  uneven,  conchoidal  fracture 


drous    eerie  "acid.      Carbon    and    hydrogen 

remain  after  the  deduction  of  the  eerie  acid. 

Bopping. 

4  eq.  of  cerin =  l009 


1  eq.  of  eerie  acid. 


.=    42  C 


40  H     12  0 
16$  H   12  0 


58  C     23$  H 


Chan.  Relat.  Unchanged  alone,  but  dissolves 
slowly  to  a  clear  glass  in  borax  and  mic.  salt, 
most  easily  dissolved  by  fusion  with  bisulphate 
of  potassa.     It  is  pure  alumina  A1203. 

Local.  The  blue  or  sapphires  are  found  in 
Ceylon  and  other  places  in  East  Indies ;  St. 
Gothard,  &c,  in  Europe;  in  U.  S.  Newton,  IV 
J.,  Warwick  and  Amity,  N.  Y.,  West  Farms, 
Conn. ;  of  a  fine  hue  from  Delaware  and 
But  as  the  oxidation  of  cerin  by  nitric  acid  Chester  Cos.  Penn.  The  red  or  rubies  occur 
demonstrates  the  formation  of  carbonic  acid,  in  the  Capelan  Mtns.,  Ava.;  Bilin  and  Mero- 
oxalic  acid,  and  water,  these  together  with  witz,  Bohemia.  More  common  varieties  are 
eerie  acid  may  be  considered  as  the  result  of  rather  abundant  in  various  localities, 
its  decomposition  by  that  reagent.  An.  der  Use.  From  its  beauty  of  color,  hardness, 
Ch  und  Ph.  1843.     See  Suberic  Acid.  high  polish,  and  variety,  it  is  one  of  the  most 

CORNEOUS  LEAD.     Mm.     Syn.  Orthoto-    highly  valued  gems,  a  single  specimen  of  the 
mous  Lead-Baryte,  M. ;  Bleihornerz.     Descrip.  i  ruby  having  been  sold  for  $15,000.     The  com- 
Cryst.     Quadratic,  1st  and  2d  vertical  prisms  |  mon  emery  sand,  powdered  and  washed  over, 
and  end-planes  predominating,  cleavine  bright-    is  employed  for  cutting  and  polishing  gems, 
ly  parallel  to  prism.     Color  white,  gray,  and       CORYDALIS  TUBEROSA.  Fumaria  bulbosa. 


yellow;  adamantine;  transparent,  translucent; 
rather  sectile,  with  white  streak.  Bekav.  Fuses 
in  the  exterior  flame  to  an  opake,  yellow  glo- 
bule, white  when  cold,  and  with  crystalline 
surface ;  in  the  inner  flame  is  reduced ;  soluble 
in  nitric  acid  with  effervescence.  Form.  PbCI 
4-  PbO,  C02.  Local.  Matlock,  Derbyshire  : 
Hausbaden,  Badenweiller,  Germany;  in  U.  S. 
at  Southampton,  Mass. 

CORNUS  FLORIDA.  Phar.  Chan.  Syn. 
Dogwood.  The  bark,  analyzed  by  Walker  and 
Cockburn,  yielded  gum-resin,  tannin,  gallic  acid, 
fatty  matter,  oil,  a  crystalline  substance,  bitter  ex- 
tractive, wax,  coloring  matter,  lignin,  and  earthy 
salts.  There  are  two  subspecies  of  the  cornus, 
the  C.  Circinata,  and  C.  Scricea. 

Carpenter  mistook  the  above-mentioned 
crystalline  matter  for  a  new  alkaloid,  and  some 
years  since  announced  it  under  the  name  of 
Cornin,  but  the  subsequent  researches  of  Bla- 
ney  refuted  this  idea,  and  his  position  still 
more  latterly  has  been  confirmed  by  Geiger, 
who  declares  cornin  to  be  a  crystallizable  resin, 
and  that  besides  it  there  is  also  present  in  the 
plant  a  bitter  principle,  soluble  in  water  and 
alcohol,  and  endowed  with  acid  properties. 
CORROSIVE  SUBLIMATE.  See  Mercury. 
CORTICIN.  An  inodorous,  tasteless  sub- 
stance, existing  in  the  bark  of  the  Aspen  tree. 
(Braconnot.)  It  softens  in  boiling  water;  is 
soluble  in  alcohol  and  acetic  acid,  and  pre- 
cipitable  from  the  last  by  water  and  sulphuric 
acid.  The  resinous  extract  of  the  Sulix  alba 
is  said  to  be  identical  with  Braconnot's 
corticin. 

CORUNDUM.  Min.  Syn.  Oriental  Ame- 
thyst, Topaz,  Ruby ;  Sapphire ;  Emery,  Ger. 
Schmergel ;  Adamantine  Spar,  Ger.  Demant- 
spath.  Descrip.  Cryst.  Hexagonal,  usually  the 
6-sided  prism  with  large  terminal  plane,  with 
6  and  12-sided  pyramids  on  the  intermediate 
edges,  cleavage  indistinct,  parallel  to  terminal 
plane.  Also  granular,  laminated.  H.  =  9. 
G.  =  3-6  —  4-1,  being  greatest  in  the  blue,  least 
in  the  red.  Color  blue,  red,  yellow,  brown, 
gray,  white,  the  blue,  often  intense  and  pure  ; 
lustre  vitreous;  transparent,  translucent;  se- 
veral varieties  cut  perpendicular  to  the  axis 


Analysis  of  the  dry  root  by  Wackenroder. 

Albumen  I'8* 

Malate  of  corydalin,  syrup  and  chloride 

of  potassium 17-78 

Starch 21-10 

Green  resin  and  fatty  matter 0-81 

Gum,  malate  of  lime,  and  sulphate  of 

potassa 9'21 

Woody  fibre 49-20 

99-84 


Corydalin.  From  the  Corydalis  tubcrosa, 
Fumaria  cava,  and  Corydalis  fabacea.  Symb. 
C34H22NO,p.  (1)  Is  without  odor  and  taste. 
Dissolves  in  strong  alcohol,  from  which,  by 
spontaneous  evaporation,  it  falls  in  crystallized 
plates.  It  is  soluble  in  ether  and  partially  so 
in  hot  water,  and  with  the  acetic  and  sulphuric 
acids  forms  crystallizable  salts.  The  hydro- 
chlorate  uniting  with  the  bichloride  of  mer- 
cury, gives  rise  to  an  insoluble  double  salt. 
Winkler. 

COSMETICS.  Tech.  Preparations  used  for 
beautifying  and  preserving  the  skin,  hair,  and 
teeth;  are  so  called  from  the  Greek  word 
Koa-fjLiee,  I  ddorn.  Pomades,  dentifrices,  depilatories, 
and  hair  dyes,  all  comprised  under  this  head, 
are  fully  treated  of  in  Celnart  and  Morfu's  Man- 
ual of  Perfumery.  See  also  Pereira,  vol.  i.  p.  210. 

COTARNIN.     See  Narcotin. 

COTTON.  Syn.  Cotton  Wool.  Ger.  Baum- 
wolle.  The  filamentous  down  enveloping  the 
seeds  of  the  several  species  of  Gossypium,  be- 
longing to  the  natural  order  of  the  Mahacece. 
In  its  natural  state,  after  having  been  sepa- 
rated from  the  seeds  by  a  gin,  it  is  called 
raw  cotton.  Of  this  there  are  different  va- 
rieties, each  deriving  its  name  from  the  locality 
of  cultivation,  and  one  of  them,  the  Nankeen, 
having  a  dark  yellow  shade.  In  commerce 
the  length  and  strength  of  the  fibre  regulates 
the  classification  into  the  long  and  short  stapled. 
Cotton  is  largely  cultivated  in  our  Southern 
States  and  in  the  East  and  West  Indies,  but  is 
indigenous  to  Asia  and  Africa. 


Prop.     Its  formula  is  C6H505.  (Payen.)     It 
exhibit  an   opalescent   6-ranged   star,   when!  is   tasteless   and  inodorous,  insoluble  in  wa- 
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ter,  alcohol,  ether,  oils,  and  the  vegetable  acids, 
but  is  decomposed  by  the  mineral  acids,  the 
nitric  transforming  it  into  oxalic  acid  by  the 
aid  of  heat.  Weak  alkaline  solutions  do  not 
affect  it,  but  when  boiled  with  those  which  are 
concentrated  it  is  dissolved.  Chlorine  bleaches 
it,  but  slightly  weakens  the  fibre.  By  distilla- 
tion, a  large  amount  of  acidulous  water  and  a 
little  oil  passes  over,  but  no  ammonia  is  formed. 
Its  general  and  essential  characteristics  prove 
it  to  be  identical  with  lignin  (C12H8Og),  slightly 
modified. 

Its  affinity  for  alumina  and  other  earthy  and 
metallic  oxides  gives  great  facility  in  impart- 
ing color  to  it.  (See  Dyeing.)  Its  almost  ex- 
clusive use  is  for  domestic  purposes,  as  mate- 
rial, when  woven,  for  dress ;  and  in  the  arts, 
as  the  basis  of  paper. 

As  a  means  of  detecting  its  admixture  in 
white  linen  fabrics,  Biittger  proposes  the  use  of 
a  solution  of  equal  parts  of  caustic  potassa 
and  water,  which  produces  at  212°  F.  a  very 
decisive  yellow  coloring  of  the  linen  fibre, 
while  the  cotton  remains  nearly  colorless,  or 
so  slightly  tinged  that  the  difference  is  uner- 
ringly perceptible.  The  tested  sample  must 
be  unravelled  after  the  process,  and  examined 
by  threads,  instead  of  in  the  piece. 

Cotton  seed,  when  expressed,  yields  an  unc- 
tuous oil,  which  is  said  to  be  an  advantageous 
substitute  for  whale  and  linseed  oils,  but  no 
accurate  examination  of  its  properties  has  yet 
been  made. 

Gun  Cotton.  This  fulminating  substance,  of 
which,  by  reason  of  its  filamentous  structure 
and  ready  combustibility,  cotton  is  the  basis, 
was  first  practically  applied  by  Schonbein. 
The  priority  of  discovery  is  contested  by  other 
chemists,  but  as  the  identity  of  their  fulminates 
with  that  of  the  former  chemist  is  by  him  dis- 
puted, the  contest  is  still  open  for  decision. 
One  thing  is  certain,  Schonbein  is  the  first  who 
proposed  it  as  a  substitute  for  gunpowder. 

Prep.  Cotton  cleansed  and  free  of  grease 
is  immersed  in  a  mixture  of  equal  parts  of 
concentrated  nitric  (spec.  grav.  1-50),  and  sul- 
phuric acids  (spec.  grav.  1-80).  To  prevent 
any  danger  of  accident,  none  of  the  cotton 
should  protrude  above  the  level  of  the  liquid. 
Whilst  drying,  and  especially  when  still  moist, 
care  must  be  taken  that  the  temperature  does 
not  exceed  212°  F.  After  being  saturated,  and 
after  it  has  assumed  an  opake,  white  appear- 
ance and  lost  its  elasticity,  which  it  does  in  a 
few  minutes,  it  is  to  be  taken  out  and  placed 
upon  a  stone  cullender,  and  washed  under  a 
tap  with  running  water  until  all  trace  of  acid 
is  removed.  (Washing  with  a  saturated  solu- 
tion of  nitre,  it  is  said  increases  its  explosive 
energy,  and  lessens  the  product  of  nitrous  va- 
por on  explosion.)  Finally,  press  the  cotton 
in  a  linen  cloth,  spread  it  upon  frames,  and 
dry  it  in  a  warm  apartment.  If  the  nitric  acid 
be  as  weak  as  1-36,  the  cotton  is  transformed 
into  a  gelatinous  mass  and  failure  ensues. 
Highly  concentrated  nitric  acid  will  alone 
produce  a  highly  explosive  cotton,  but  the 
sulphuric  assists  by  its  presence  in  abstracting 
the  water  of  the  nitric  acid.  In  appearance 
gun  cotton  differs  nothing  from  ordinary  raw 
cotton,  out  it  is  a  little  harsher  to  the  touch. 
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Prop.  Its  explosive  force  is,  by  Prelat's  ex- 
periments, 4  to  1  of  gunpowder,  weight  for 
weight.  According  to  Arago,  the  relation  is 
as  1  to  3.  Prelat's  results  have  been  partially 
confirmed  by  those  of  Capt.  Mordecai,  U.S.A. 
The  chief  disadvantage  to  its  prevalent 
its  bulk,  and  the  difficulty  and  danger  of  ma- 
nufacturing and  transporting  it.  The  large 
quantity  of  water,  too,  and  the  gases  elimi- 
nated on  deflagration,  are  more  or  less  corro- 
sive of  the  guns.  The  mode  of  charging  is  as 
with  gunpowder,  but  its  compressibility  being 
greater,  it  occupies  a  smaller  space.  Friction 
which  produces  a  temperature  less  than  its 
point  of  ignition,  does  not  inflame  it.  Con- 
cussion ignites  the  part  immediately  struck, 
but  scatters  the  surrounding  portions  un- 
changed. These  are  the  declarations  of  Capt. 
Susans  of  the  French  artillery,  and  Mr.  Taylor 
adds,  that  it  is  inflammable  at  a  heat  much 
lower  than  is  required  for  gunpowder. 

In  regard  to  the  differences  which  have 
been  noted  by  various  chemists,  as  to  the  ex- 
plosive force  of  gun  cotton  in  fire-arms,  and 
also  to  the  temperature  at  which  the  explosion 
occurs,  Vanckerknoff  attributes  it  to  the  mode 
of  drying,  and  especially  to  the  greater  or  less 
rapidity  with  which  the  heat  is  raised  during 
the  process.  For  example,  some  gun  cotton, 
when  heated  quickly  in  a  glass  tube  over  an 
oil  bath,  exploded  just  at  270°;  whereas, 
by  raising  the  temperature  gradually,  356°,  and 
even  392°  were  attained  without  explosion. 
The  reason  is  a  modification  of  the  original 
substances,  by  a  continued  heat  of  302°.  It 
is  converted  into  tinder,  with  the  loss  of  either 
nitrous  or  nitric  acid  or  deutoxide  of  nitrogen; 
perhaps,  says  that  chemist,  it  may  be  trans- 
formed into  Xyloulinc.  At  356°  the  substance 
becomes  yellow,  and  leaves  a  considerable 
carbonaceous  residue  on  combustion. 

The  opinion  advanced  by  Crum  as  to  a  me- 
chanical union  of  the  nitric  acid  with  cotton, 
has  been  controverted  by  Tesschermacher  and 
Porret,  whose  experiments  prove  it  to  be  a 
strictly  chemical  compound  of  nitric  acid  and 
lignin,  and  as  deduced  from  snythetical  expe- 
riments, thus  formed. 

39-25  of  cotton  deprived  of  its  constitutional 
60-75  of  nitric  acid.  [water. 

100-00    and  agreeing  closely  with  the  formula 

3  C  -f  2  O  -f-  2  H-f  N-f-  5  0  =  nitrated  cotton. 
The  analytical  results  of  these  chemists  have 
confirmed  the  above,  which,  in  centesimal  pro- 
portions, may  be  expressed  as  follows: 

Lignin  dried. 

Carbon 20-00)        (at  350°. .  ..40  pts. 

r,              (  17-78 )  eo  ot>f  or  (nitric  acid.  60  pts. 
0xygen    J  44.44  f  62-22)  r 

Hydrogen 2-22  100  pts. 

Nitrogen 15-56  

100-00 


The  near  agreement  with  the  synthetical 
results  establishes  this  as  the  composition  of 
nitrated  lignin. 
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In  reverting  to  the  gaseous  products  of  gun 
cotton  obtained  by  heat,  they  give  as  their  com- 
position when  collected 

Tin  the  gases 15-03 j""! 

[_in  the  residue 5-000J 

fin  the  gases 31-68(T| 

Oxygen^  in  the  water 17-780  V=  54-876 

\_in  the  oxalic  acid.   5-41 6  J 

Hydrogen,  in  the  water 2-220 

Nitrogen,  in  the  gases 17-840 


97-674 


There  is  a  deficiency  of  2-326,  arising  from 
unavoidable  errors  and  difficulties  in  experi- 
menting necessarily  upon  very  small  portions 
and  in  multiplying,  when  brought  out  by  cal- 
culation as  100  grains.  The  ultimate  elements, 
compared  with  those  of  nitrated  lignin,  show 
the  following  near  approximation. 

From  the    From  the  Composition 

Analysis.      of  Nitrated  Lignin. 

Carbon 22-738  20-000 

Oxygen 54-876  62-220 

Hydrogen 2-220  2-220 

Nitrogen 17-840  15-560 


97-674 


100-000 


Among  the  gaseous  products  there  is  doubt- 
less a  cyanogen  compound,  for  this  fact,  first 
presented  by  Porret,  has  been  sustained  by  the 
experiments  of  Dumas,  Fordos,  and  Gelis. 
Viewing  the  composition  of  gun  cotton  in  ac- 
cordance with  the  ultimate  results,  by  arrang- 
ing the  elements  differently,  and  subtracting 
1  atom  of  oxygen  from  the  nitric  acid,  and 
adding  it  to  the  lignin,  it  would  then  be  formed 
of  nitrous  acid  and  oxide  of  lignin.  Upon 
this  rationale  Mr.  Porret  based  the  supposition 
of  the  presence  of  a  new  oxide  with  alkaline 
properties,  and  the  idea  being  confirmed  by  the 
non-acidity  of  gun  cotton,  experiments  were 
instituted  with  a  view  to  the  elucidation  of  the 
matter.  Galvanic  action  of  48  hours'  duration, 
eliminated  from  gun  cotton,  moistened  with 
acetic  acid,  and  placed  between  a  plate  of  sil- 
ver and  zinc,  a  starchy  looking  substance, 
with  an  eminent  power  of  blueing  reddened 
litmus  paper;  and  which,  when  heated  to 
redness,  left  a  black  carbonaceous  residue. 
Having  succeeded  in  procuring  it  in  a  larger 
quantity  by  chemical  means,  he  has  announced 
it  under  the  title  of  Lignea,  which,  when  neu- 
tralized by  hyponitric  acid,  precipitates  from 
solution  as  hyponitrite  of  oxide  of  lignin,  iden- 
tical with  gun  cotton.  Lignea,  therefore,  must 
be  lignin  and  2  atoms  of  oxygen,  given  by 
the  nitric  acid  in  becoming  hyponitrous. 

Porret  suggests  the  probable  origin  of  this 
alkali  from  the  natural  decay  of  woody  fibre ; 
and  considering  it  in  combination  with  acetic 
acid,  so  formed,  also  infers  its  existence  in 
vegetable  sap,  where,  by  deoxidation  and  de- 
composition by  light  acting  on  the  bark  and 
leaves  of  plants,  it  is  transformed  into  lignin 
by  assimilation  for  the  growth  of  the  plant. 
Schonbein  undoubtedly,  as  Dumas  admits, 
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deserves  the  honor  of  having  been  the  first  to 
show  that  the  products  of  the  action  of  nitric 
acid  upon  lignin  are  superior  in  explosive 
energy  to  gunpowder;  but  it  must  be  recorded, 
that  as  far  back  as  1832,  Robiquet  produced 
an  insoluble  powder,  explosive  when  heated, 
by  the  addition  of  water  to  a  solution  of  saw 
dust  in  strong  nitric  acid.  A  year  following, 
Braconnot  discovered  a  similar  amorphous 
pulverulent  body,  which  he  called  Xyloidin. 
Water  precipitates  it  from  a  solution  of  starch 
made  in  the  cold,  or  from  one  of  cellulose, 
effected  at  a  higher  temperature.  Pelouze,  in 
1838,  following  out  the  investigation  of  the 
above  two  chemists,  after  describing  the  xyloi- 
din of  Braconnot  as  combustible  and  ignitible 
at  356°  F.,  and  as  burning  with  vivacity  and 
without  residuum,  announced  that  lignin, 
linen,  or  paper,  when  saturated  with  nitric 
acid,  of  spec.  grav.  1-5,  became  extremely  com- 
bustible ;  and  now  declares  that  as  all  kinds 
of  cellulose  produce  like  results  with  nitric 
acid,  they  are  identical  with  gun  cotton. 
Azotic  paper,  according  to  Pelouze,  when  well 
prepared,  has  an  equally  effective  projectile 
power,  and,  in  combustion,  diffuses  no  nitrous 
(corrosive)  vapor,  and  leaves  no  residue. 
Schonbein  refutes  this  claim  of  priority,  by 
asserting  that  his  gun  cotton  is  different  from 
Braconnot's  and  Pelouze's  xyloidin,  in  being 
insoluble  in  acetic  acid.  Without  adopting 
the  hypothesis  of  either,  we  will  merely  say, 
that  the  identity  of  xyloidin  with  pyroxylin,  is 
denied  by  the  discoverer  of  the  latter  sub- 
stance. 

According  to  Pelouze  the  xyloidin  of  Bra- 
connot contains  less  oxygen,  and  consequently 
less  nitric  acid,  than  his  product  of  1838,  and 
which  he  calls  Pyroxylin,  and  he  makes  a  dis- 
tinction between  it  as  the  product  of  monohy- 
drated  nitric  acid  upon  ligneous  substances, 
without  occasioning  their  solution,  or  rather 
that  of  the  cellulose  and  the  xyloidin,  as  a 
precipitate  from  the  nitric  solution  of  starch 
and  lignin.  He  cites,  in  proof  of  his  position, 
the  insolubility  of  the  former  in  nitric  acid, 
whilst  the  latter  is  not  only  solved  by  it,  but  is 
subsequently  decomposed  and  transformed  into 
a  deliquescent  acid  which  he  described  many 
years  ago. 

Assuming,  then,  for  convenience  of  expla- 
nation, the  identity  of  gun  cotton  with  pyro- 
xylin, there  are  175  parts  produced  by  every 
100  parts  of  pure  cellulose  dried  at  300°  to 
320°  F.,  and  immersed  in  a  mixture  of  mono- 
hydraled  nitric,  and  sulphuric  acids.  A  se- 
cond immersion  does  not  give  an  increase  of 
weight,  for  the  cotton  is  converted  into  pyro- 
xylin instantaneously,  and  the  only  products 
of  this  action  are  water  and  pyroxylin,  and 
the  latter,  when  dried  between  104°  and  130°,  is 
unaltered;  but  near  to  212°  gradual  decompo- 
sition ensues  with  the  disengagement  of  nitric 
acid  odors,  there  being  produced  by  an  hour's 
continuance  of  the  temperature  between  212° 
and  220°,  a  loss  of  10  pr.  ct.  in  weight  of  the 
original  body,  which  becomes  yellow,  friable, 
and  prone  to  frequent  and  sudden  ignition. 

Pelouze,  with  full  confidence  in  the  accuracy 
and  uniformity  of  his  analyses,  confirmed  by 
frequent  repetition,  opposes  the  formula  as- 
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signed  to  pyroxylin  by  Pelijot,  who  asserts  that 
in  the  transformation  cotton  loses  1  eq.  of  wa- 
ter, and  combines  with  3  eqs.  nitric,  acid,  and 
on  its  decomposition  yields  9  CO,  3  CO.,,  3  N, 
and  9  HO. 

To  sustain  himself,  he  gives  as  the  accurate 
composition  of  nitrate  of  cellulose : 

Minimum.  Maximum. 

Carbon 25-2         25-8  24  25-40 

Hydrogen 2-9           3-2  17  2-99 

Nitrogen 12-6         13-0  5  12-31 

Oxygen —            —  42  59-27 

This  composition  supposes  that  100  parts 
of  pure,  dry  cotton  should  yield  174-9  pyro- 
xylin; Pelouze  found  from  174  to  170,  and  in 
order  to  check  the  preceding  analysis  taking 
Payen's  formula  of  cellulose,  C,2H10O]0,  which 
he  found  correct  by  actual  analysis  of  a  por- 
tion of  that  to  be  converted,  and  doubling  it  in 
order  to  represent  one  equivalent  of  cellulose, 
he  shows,  as  follows,  the  equation  by  which 
the  conversion  into  pyroxyline  would  take 
place. 
C24H20O23+5(NO3,HO) 

1  eq.  cellulose.  =  8  HO  +  C24H]7On,  5  NO. 

1  eq.  pyroxylin. 

Five  eqs.  of  nitric  acid  in  acting  upon  one 
eq.  of  cellulose  would  give  rise  to  8  eq.  of  wa- 
ter and  1  eq.  of  pyroxylin ;  of  these  8  eqs.  of 
water,  3  would  be  furnished  by  the  organic 
substance,  and  5  from  the  monohydrated  nitric 
acid.  The  rapid  weakening  of  the  concen- 
trated acids  is  thus  accounted  for  in  the  elim- 
ination of  so  large  a  quantity  of  water. 

The  formula  for  pyroxylin,  C24H,70)7, 5  NO&, 
explains  why  this  explosive  substance  leaves 
no  carbonaceous  residue  upon  combustion. 
Indeed  its  complete  transformation  into  elastic 
fluids  and  aqueous  vapor  is  possible,  for,  in- 
dependent of  nitrogen  and  the  elements  of 
water,  it  contains  24  eqs.  carbon  to  25  eqs.  of 
oxygen, — more  than  sufficient  to  oxidize  the 
whole  of  the  carbon  into  CO. 

The  products  of  the  detonation  of  pyro- 
xylin are  given  in  the  table  below.  The  sum 
equals  one  equivalent  of  pyroxylin,  as  repre- 
sented by  Pelouze's  formula,  but  the  numbers 
are  purely  theoretical,  and  must  necessarily  be 
modified  by  a  number  of  circumstances,  the 
most  important  of  which  are  the  greater  or 
less  temperature,  and  the  degree  of  pressure 
at  which  the  inflammation  occurs. 

46  vols,  of  carbonic  oxide C2„023 

2       "  "  acid C& 

10       "        nitrogen 5N 

34       "        aqueous  vapor 17  HO. 

Ransom,  who  has  also  investigated  the  sub- 
ject, gives  C12H8O20N2,  as  the  formula  of  gun 
cotton.  Now  if  this  be  correct,  the  transform- 
ation of  the  raw  cotton  is  effected  by  the  ab- 
straction of  2  equivs.  of  hydrogen,  and  the  ad- 
dition of  3  equivs.  of  nitric  acid,  and  conse- 
quently its  explosion  would  generate  12  equivs. 
carbonic  oxide,  8  equivs.  of  water,  and  2  equivs. 
of  nitrogen. 

Pelouze  and  Ransom's  products  of  detona- 
tion would  create  an  inevitable  corrosion  of 
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the  metal  of  the  guns,  but  Dumas  says  that 
the  gaseous  results  produced  under  the  pres- 
sure of  the  projectile  in  a  narrow  space,  where 
me  time  the  inflammable  gases  and 
nitrous  vapor,  strongly  heated,  may  react 
together,  diflfe'r  fr<  m  ihe  acijd  products  elimin- 
ated by  ignition  in  the  open  air.  So,  ai 
ingly,  the  inferred  injury  to  fire-arms  .should 
not  result,  yet  it  does  take  place,  as  Capt. 
Susans1  practical  experience  has  proved, 

Vanckerknoflf  proposes  to  distinguish  cot- 
ton from  pure  pyroxylin  of  any  ligneous  sub- 
stancerby  treating  each  with  sulphuric  acid 
of  1-80  to  1-70,  and  subsequently  heating  them 
over  a  water-bath.  A  more  or  less  decided 
coloring  indicates  the  presence  of  cotton  even 
before  the  bath  has  acquired  a  temperature  of 
196°  F.,  whereas,  pyroxylin  merely  disengages 
gas  without  tinging  the  solution.  During  the 
reaction  of  sulphuric  acid  upon  the  pyroxylin, 
carbonic  acid  and  deutoxide  of  nitrogen  are 
generated  among  other  gases,  and  an  organic 
substance,  apparently  with  but  little  carbon, 
and  which  is  not  cellulose,  remains  in  so- 
lution. 

As  a  substitute  for  the  detonating  compound 
used  in  percussion  caps,  the  filamentous 
pyroxylin  does  not  answer  so  well,  without  an 
addition  of  small  portions  of  powder  to  per- 
fect its  combustion,  but  made  of  compact  tis- 
sues of  cotton  or  linen,  according  to  Pelouze, 
it  detonates  when  struck  as  violently  as  ful- 
minating mercury. 

Bizard's  chlorated  lignin,  made  by  impregnat- 
ing raw  cotton  or  sawdust  with  chlorate  of 
potassa,  is  equal,  if  not  superior,  in  fulminat- 
ing power  to  gun  cotton.  Forty  to  fifty  mille- 
grammes  produce  an  effect,  in  its  discharge 
from  a  pistol,  which  would  endanger  its  burst- 
ing if  the  quantity  be  increased.  Paper  py- 
roxylin moistened  with  solutions  of  nitrate  of 
strontia,  sulphate  of  copper,  and  nitrate  of 
baryta,  yield  beautiful  red,  green,  and  white 
fires.  The  impediment  to  rapid  combustion, 
produced  by  solutions  of  metallic  salts,  favors 
the  duration  of  its  effects,  and  renders  paper, 
thus  prepared,  a  useful  material  in  pyro- 
techny. 

COTUNNITE.  Min.  It  occurs  in  soft, 
white,  acicular  crystals,  of  an  adamantine 
lustre,  which  on  charcoal  readily  fuse,  burn 
with  a  blue  flame,  evolving  much  white  vapor, 
which  condenses  on  the  charcoal,  and  leaving 
a  little  metallic  lead  (much  more  with  soda) ; 
in  a  closed  tube  it  fuses,  becoming  yellow,  and 
sublimes ;  soluble  in  hot  water.  It  is  chloride 
of  lead,  PbCl,  and  was  found  in  the  crater  of 
Vesuvius. 

COUMARINE.     Chan.     See  Tokka  Beait. 

COURT-PLASTER.  Tech.  Syn.  Emp.  Jd- 
hesivum  Jlnglicum.  Is  made  by  stretching  silk 
upon  a  frame,  and  brushing  it  over  several 
times  successively  with  a  warm  mixture  of 
tincture  of  gum  benzoin  and  a  thick  solution 
of  isinglass.  When  perfectly  dry,  a  finishing 
coat  of  6  oz.  chian  terpentine,  dissolved  in 
tincture  of  benzoin,  must  be  applied  in  order 
to  prevent  its  cracking. 

COUZERANITE.  Min.  Rhombic  prisms, 
of  a  grayish  or  black  color,  vitreous  lustre. 
H.  =  6  —  6-5.     G.  =  2-69.     It  fuses  to  a  white 


CRAJURU. 

enamel  with  mic.  salt  to  a  white  glass.  Form. 
CaO,  Si03-f-2(Al203,  Si03).  The  lime  con- 
tains also  magnesia,  potassa,  and  soda.  V. 
Kobell  thinks  it  belongs  to  Labradorite.  It 
occurs  at  Couzeran,  in  the  Pyrenees. 

CRAJURU.  Tech.  Syn.  Carajuru,Carucuru. 
A  new,  red,  tinctorial  substance,  imported  from 
Para,  in  Brazil,  analogous  to  Chica,  but  of  a 
more  brilliant  vermilion-like  hue.  According 
to  Boussingault  and  Rivero,  it  is  useful  as 
affording  a  rich,  beautiful  dye.  It  is  in  light 
inodorous,  slightly  bitter  pieces,  of  an  intense 
violet,  coppery  lustre,  when  rubbed  against  a 
hard  body.  Though  insoluble  in  water,  it  is 
readily  taken  up  by  alcohol,  ether,  and  the  oils, 
and  from  its  alkaline  solutions  is  precipitated 
by  dilute  acids,  nearly  unaltered  in  color.  It 
is  a  product  of  the  Bignonia  Chica  and  other 
species  of  the  Bignoniacese,  from  Equinoctial 
America.     J.  /.  Virey. 

CRAMERIA.  Syn.  Rhatany ;  Krameria  trian- 
dra.  A  South  American  plant,  the  root  of 
which  is  a  powerful  tonic  astringent,  and  com- 
posed, according  to  Peschier,  of 

Dried  watery  extract 31-25 

Insoluble  matters 68-75 

Rhatany  root 100-00 

The  dried  watery  extract  contained 

Tannin 42-6 

Gallic  acid 0-3 

Gum,  extractive  and  coloring  matter  ....  56-7 
Krameric  acid 0-4 


100-0 


Its  styptic  properties  are  attributable  to  the 
krameric  acid,  (C)0H8O5),  which  is  not  volatile, 
crystallizable,  and  forms  crystalline  salts  by 
union  with  bases  ;  of  these  the  kramerate  of 
baryta  is  most  characteristic,  being  soluble  in 
600  parts  boiling  water,  not  precipitable  by 
sulphuric  acid  nor  a  sulphate,  but  by  a  car- 
bonate. The  acid  even  separates  sulphuric 
acid  from  the  sulphate  of  baryta. 

CREAM.  Tech.  A  term  given  in  several 
instances  to  articles  of  the  toilet,  in  conse- 
quence of  their  cream-like  consistence  and 
appearance,  but  properly  belonging  to  and 
almost  exclusively  applied  to  the  oleaginous 
yellowish  white  stratum  which  collects  upon 
Milk  that  has  stood  for  some  hours.  The  chief 
constituent  of  cream  is  Butter,  but  as  there  is 
always  more  or  less  of  milk  admixed  with  it,  a 
particular  action  is  requisite  for  its  separation, 
and  this  is  agitation,  or  churning,  which  by 
transforming  the  saccharine  components  of  the 
latter  into  lactic  acid,  coagulates  its  limited 
portion  of  casein,  and  eliminates  the  butter  in 
flocculas,  which,  rising  to  the  surface,  conglo- 
merate, and  leave  the  other  components  either 
solved  or  suspended  in  the  buttermilk.  The 
incipient  acidity,  generated  in  cream  by  expo- 
sure, renders  sour  cream  more  favourable  for 
churning  than  that  which  is  recently  formed. 

CREAM  OF  TARTAR.  See  Tartaric 
Acid. 

CREASOTE.  Chem.  Syn.  Creosote,  Kreo- 
sote.    Obtained  by  Reichenbach  as  a  product 


CREASOTE. 

of  the  destructive  distillation  of  wood ;  and  so 
called  from  k^c,  flesh,  and  rZ£uv,  to  preserve,  by 
reason  of  its  antiseptic  properties,  due  to  its 
power  of  coagulating  albumen,  and  rendering 
rlesh  insusceptible  of  putrefaction.  It  is  a 
highly  refractive,  colorless  liquid,  of  spec 
grav.  1-037  to  1-060.  Boils  at  397°,  and  re- 
mains fluid  even  to  16-6°.  Applied  to  the 
skin,  causes  a  white  spot,  and  disorganizes  the 
cuticle  without  producing  inflammation. 

Properties  and  behaviour.  Form.  CJ4H1602. 
Is  soluble  in  alcohol,  ether,  eupione,  oil  of  pe- 
troleum, and  acetic  acid.  Eighty  pounds  of 
water,  at  a  medium  temperature,  dissolve  one 
part  of  creasote ;— the  resulting  liquid  being 
perfectly  neutral,  and  from  its  property  of  pre- 
cipitating albuminous  solutions,  has  been  sold 
under  the  names  of  Eau  de  Brochieri  and  Aqua 
Binelli.  Potassa  transforms  it  into  two  com- 
pounds ;— an  oily,  anhydrous  liquid,  and  a 
white,  hydrated  body,  in  crystallized  deliques- 
cent pearly  plates,  both  of  which  are  readily 
decomposable  by  the  acids.  (Graham.)  Soda 
operates  similarly  to  potassa.  With  lime  and 
baryta,  by  the  intervention  of  water,  creasote 
forms  unctuous  compounds  which  become, 
by  exposure,  hard,  pulverulent,  and  insoluble 
in  water ;  sulphuric  acid  added  to  a  concen- 
trated solution  of  creasote  in  potassa,  creates 
the  double  salt,  sulphate  of  potassa  and  creasote. 
United  with  chlor-calcium  the  compound  re- 
sists the  decomposing  power  of  heat.  Nitric 
acid,  after  a  lively  action,  resinifies  creasote, 
and  when  concentrated  produces  an  explosion. 

Chlorine  developes  hydrochloric  acid  and 
thickens  the  creasote.  Bromine  acts  energe- 
tically, and  iodine  forms  a  red,  brown  liquid. 
Sulphuric  acid  in  the  cold  changes  it  to  red, 
purple,  and  finally  to  deep  red.  Water  added 
to  the  red  liquid  dissolves  out  an  acid,  which, 
with  baryta  and  oxide  of  lead,  forms  soluble, 
non-crystallizable  salts.  (Gerhardt.)  If  the 
sulphuric  acid  is  hot,  the  mixture  becomes 
black,  and  sulphurous  acid  is  disengaged. 
Potassium  is  converted  into  potassa,  with 
effervescence.  Binoxide  of  mercury,  when 
heated  with  creasote,  is  reduced  to  metal. 

Among  the  many  organic  substances  which 
creasote  dissolves,  are  indigo,  camphor,  and 
resins. 

Passed  in  vapor  through  a  hot  tube,  it  is 
decomposed  into  naphthalin,  a  sebaceous  sub- 
stance, and  an  inflammable,  non-fuliginous  gas, 
and  plates  of  graphite-looking  carbon,  which 
are  deposited  in  the  tube. 

According  to  Deville,  the  hydruret  of  guiaia- 
cyle,  (CuHlg04),  formed  by  the  distillation  of 
guiacum  resin,  so  nearly  resembles  creasote 
(C14H]602)  that  it  may  be  considered  as  its  ox- 
ide. The  same  chemist  regards  creasote  as  the 
alcohol  of  the  benzyl  series,  and  as  ranging 
in  the  class  of  essential  oils  regenerated  by 
distillation.  Ann.  der  Chim.  und  der  Phys.,  xii., 
p.  228. 

Laurent  calls  the  products  of  the  oxidation 
of  creasote,  creasotic  acid.  When  creasote  is 
treated  with  chlorate  of  potassa  and  hydro- 
chloric acid,  chloranil  is  formed  in  yellow 
lamina; ;  and  the  action  of  nitric  acid,  and  sub- 
sequently of  ammonia  and  alcohol,  produces 
nitrophenissic  acid,  in  six-sided  prisms,  and  two 
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other  acids,  one  of  which  is  in  long,  yellow 
laminae,  and  the  other  in  minute  needles. 
Comptes  Rendus,  xix.,  p.  574. 

The  great  similarity  of  creasole  to  carbolic 
acid  or  hydrate  of  phenyl,  (C12H5OHO),  in 
many  respects  renders  it  probable  that  it  is 
either  that  body  contaminated  with  foreign 
matter,  or  that  the  two  are  closely  connected 
and  belong  to  the  same  series,  which  is  that 
of  benzyl  or  that  of  phenyl.     Turner. 

CREATIN.  Chcm.  When  crystallized  its 
formula  is  C8N3Hn06.  (Licbig.)  A  neutral 
body,  discovered  by  Chevreul,  and  supposed 
to  exist  in  the  flesh  of  all  classes  of  animals. 
Dissolved  in  weak  alkaline  or  acid  liquids,  no 
alteration  ensues,  but  when  concentrated,  these 
reagents  alter  its  properties, — the  strong  acids 
converting  it  into  a  remarkable  organic  base, 
which  Liebig  terms  Creatinin,  (C3N3H702). 
This  base  is  more  soluble  in  water  and  alcohol 
than  creatin,  and  with  the  acids  it  forms  salts 
of  great  beauty.  The  crystals  of  creatin  are 
bulkly,  colorless,  and  lustrous.  By  long  con- 
tinued boiling  with  very  concentrated  barytic 
water,  creatin  is  decomposed  into  urea  and  a 
new  organic  base  and  acid,  which  is  crystal- 
line.    Comptes  Rendus,  1847. 

CRENIC  ACID.     See  Humus  and  Mould. 

CRICHTONITE.     See  Titanic  Ikon. 

CRISPITE.     See  Rutile. 

CROCALITE.     See  Mesotype. 

CROCIDOLITE.     See  Krokidolite. 

CROCOISITE.     See  Chromate  of  Lead. 

CROCONIC  ACID.    See  Rhodizonic  Acid. 

CROCUS  OF  ANTIMONY.  See  Antimony 
(oxysulphuret). 

CROCUS  MARTIS.  See  Iron,  Oxide,  and 
Colcothar. 

CROCUS  Sativus,  or  Orientalis.  See 
Saffron. 

CRONSTEDTITE.  Min.  Syn.  Rhomb.  Me- 
lane-mica.  M. ;  Chloromelan.  Descrip.  Cryst. 
Hexagonal  prisms,  cleaving  perfectly  parallel 
to  terminal  plane;  also  diverging,  reniform, 
amorphous.  H.  =  2-5.  G.  =  3-348.  Brown- 
ish black,  opake,  brilliantly  vitreous,  thin 
laminae,  elastic,  not  brittle,  with  dark  green 
streak.  Chem.  Relat.  In  a  closed  tube  gives 
water  and  traces  of  fluoric  acid;  alone  it  froths 
and  fuses  partially  to  a  dull,  black  glass ;  with 
the  fluxes  gives  the  reactions  of  iron  and  man- 
ganese, with  soda  a  black  glass,  with  more 
soda  still  fusible  and  entering  the  charcoal, 
soluble  in  chlorohydric  acid  and  gelatinizes. 
Formula  3  FeO,  Si03+  Fe203,  3  HO,  the  FeO 
being  partly  replaced  by  magnesia  and  man- 
ganese. Local.  Przibram,  Bohemia;  Wheal 
Maudlin,  Cornwall;  mines  of  Conghonas  do 
Campo,  Brazil. 

CROSS-STONE.  See  Staurotide  and  Har- 

JIOTOME. 

CROTON  OIL.  Phar.  Chem.  Syn.  TigUi 
Oleum  (Lat.).  Is  expressed  from  the  seeds  of 
the  Croton  tiglium  tree,  native  to  Ceylon  and 
the  Molucca  Islands,  and  hence  their  other 
name  of  Molucca  grains.  Is  of  an  amber  color, 
acrid  taste,  and  unpleasant  odor,  and  soluble 
in  alcohol.  The  oil  of  the  Croton  pavana  is 
darker,  thicker,  and  less  energetic  than  the 
above.  (Pereira.)  The  acrid  matter,  separable 
from  the  oil  by  alcohol,  consists  of  resin  (1) 
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Crotonk  arid,  and  a  peculiar  alkaline  prin- 
ciple, crotonin,  which  is  insoluble  in  water,  but 
crystallizes  from  its  solution  in  alcohol.  With 
sulphuric  and  other  acids  it  forms  crystalliz- 
able  salts. 

Crotouic  .'hid.  Syn.  Iatrophic  acid.  An  acrid, 
highly  poisonous,  volatile  acid,  obtained  by 
saponifying  the  croton  oil,  decomposing  the 
resultant  soap,  and  distilling  the  product.  As 
thus  procured  is  a  nauseous  smelling  liquid, 
capable  of  uniting  with  bases  to  form  crystal- 
lizable  salts. 

CROTON  ELEUTHERIA.  See Cascarilla. 

CRUCIBLE.  Chem.  Tech.  A  vessel  in 
which  bodies  are  exposed  to  high  tempera- 
tures, usually  in  the  form  of  an  inverted  and 
truncated  cone.  In  the  laboratory  of  the  che- 
mist they  are  made  of  various  materials,  pla- 
tinum, porcelain,  clay,  graphite,  or  charcoal, 
according  to  the  object  in  view. 

For  analytic  research  the  platinum  crucible 
is  almost  indispensable,  since  that  metal  is 
tough,  bears  the  highest  temperatures  without 
fusion,  and  is  not  injured  by  a  large  number 
of  chemical  agents.  The  form  of  these  is 
given  in  figs.  21,  22,  pp.  172,  173,  under 
Analysis,  where  the  mode  of  employing  them 
for  burning  off  filters,  &c,  is  given  in  some 
detail. 

For  fusion,  and  higher  or  more  rapid  heats, 
the  Table  Blowpipe  is  more  convenient,  the 
jet  of  which  passes  through  an  argand  burner 
for  gas,  or  for  a  solution  of  spts.  terpentine  in 
alcohol.  For  convenience  in  evaporating, 
Berzelius  employs  a  crucible  with  a  wider 
opening,  but  it  is  better  to  have  a  shallow 
dish  of  platinum  for  this  purpose,  in  addition 
to  the  crucible,  similar  to  fig.  11,  p.  169. 

la  Analysis.  Much  care  is  requisite  in  the  use 
of  a  platinum  crucible.  Caustic  fixed  alkali, 
nitrates  of  alkali,  or  alkaline  earths,  when 
fused  in  it,  always  attack  the  platinum.  Alka- 
line sulphurets,  or  sulphates  with  charcoal, 
injure  it  still  more.  Phosphorus,  or  phospho- 
ric acid  and  carbon  readily  attack  it.  Metals 
alloy  readily  with  platinum,  when  heated  in 
it  near  to  their  fusing  points,  and  hence  the 
great  danger  of  lead,  tin,  antimony,  &c,  being 
heated  even  moderately  in  it.  Even  their 
oxides,  especially  those  of  lead,  bismuth,  cop- 
per, and  nickel,  reduce  at  a  high  heat  by  con- 
tact with  platinum,  the  two  former  at  a  lower 
temperature  than  the  latter;  much  more  rea- 
dily does  reduction  follow  if  charcoal  be  pre- 
sent. Sulphate  of  lead  may  be  burned  off  in 
it  with  care.  Although  silica  may  be  ignited 
to  a  full,  red  heat  in  platinum,  yet  it  combines 
at  a  higher  heat  with  silicium,  even  abstract- 
ing it  from  coals  ;  it  should  therefore  never 
be  placed  in  immediate  contact  with  ignited 
coals,  but  put  into  a  clay  crucible  on  a  bed 
of  calcined  magnesia.  In  general,  all  liquids 
may  be  evaporated  in  platinum,  except  they 
contain  chlorine  or  bromine.  When  it 
becomes  internally  stained,  it  may  be  clean- 
sed by  sand  or  fine  pumice  and  water,  or 
by  fusing  borax  in  it.  When  it  becomes 
cracked  or  alloyed  with  any  of  the  above  sub- 
stances, except  a  noble  metal,  it  may  be  re- 
paired by  welding  on  a  layer  of  platinum 
sponge,  but  it  is  far  better  to  fuse  it  by  the 
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hydroxygen  blowpipe  and  remodel  the  cru- 
cible. 

Porcelain  crucibles,  when  small  and  very 
thin,  like  those  made  in  Berlin,  may  often,  and 
must  sometimes,  be  substituted  for  platinum, 
although  they  are  liable  to  crack  by  too  rapid 
cooling.  Berzelius  inserts  them  in  a  platinum 
crucible,  whereby  their  frangibility  is  dimin- 
ished. Where  bodies  are  to  be  heated  in  fur- 
naces, coarser  crucibles  are  employed.  Among 
the  most  celebrated  are  the  Hessian,  made  from 
clays  of  Hirschberg,  Grossalmerode,  Hessia, 
which  have  not  been  equalled  for  cheapness 
and  other  qualities  combined.  But  each  che- 
mist may  make  refractory  crucibles  of  a  fire- 
clay, by  burning  a  portion  of  the  same,  pul- 
verizing it,  and  mixing  it  with  the  unburned 
clay  and  a  little  water  to  a  very  stiff  mass. 
A  thorough  beating  of  the  mixture  is  requisite 
to  render  it  homogeneous  and  remove  all  air- 
pores,  and  its  quality  improves  by  keeping 
weeks  or  months.  This  mass  is  then  driven 
by  a  steel  pestle,  the  lower  part  of  which  has 
the  exact  form  of  the  interior  of  the  crucible, 
into  a  steel  or  cast-iron  mould  of  the  form  of 
the  outside  of  the  crucible.  The  pestle  and 
mould  having  been  oiled  to  prevent  adhesion, 
the  crucible  is  removed  from  the  mould,  air- 
dried,  then  warmed,  and  may  or  may  not  be 
ignited  previous  to  use.  Such  Hessian  or 
clay  crucibles  are  now  less  employed  by  the 
theoretic  chemist  than  formerly,  but  are  still 
indispensable  in  metallurgic  operations,  and 
in  alkaline  fusions.  It  is  usual,  and  in  gene- 
ral better,  to  employ  a  new  crucible  for  each 
operation.  For  larger  crucibles  of  this  kind 
see  Glass,  Pottery. 

A  very  serviceable  crucible  for  metallic 
reduction  on  a  small  scale  is  afforded  by  the 
charcoal  or  brasqued  crucible,  which  is  made 
by  stamping  powdered  and  sifted  charcoal, 
scarcely  moistened  with  water,  layer  by  layer, 
into  a  Hessian  or  other  clay  crucible,  until  the 
whole  is  filled,  and  then  boring  out  of  the  solid 
bed  a  cylindrical  or  conical  opening,  into  the 
bottom  of  which  the  metallic  compound  with 
its  flux  is  introduced,  and  the  remainder  filled 
up  with  the  charcoal  slightly  pressed  down. 

Black-lead  crucibles,  largely  employed  in  the 
arts  for  metallic  fusion,  are  made  of  a  mixture 
of  graphite  (plumbago)  and  clay,  in  the  vary- 
ing proportion  of  2,  3,  4  pts.  of  the  former  to 
1  pt.  clay.  They  bear  a  very  high  heat,  com- 
paratively sudden  changes  of  temperature,  and 
have  a  smooth  surface,  but  salts  attack  them, 
and  hence  their  exclusive  use  for  melting 
metals. 

CRUCITE.     See  Andalcsite. 

CRYOLITE.  Min,  Cryst.  Right  Rhombic, 
prismatic,withperfectbasalcleavage.  H.=2-25 
—  2-5.  G.=2-949.  White,  sometimes  reddish 
or  brownish ;  vitreous ;  subtransparent,  trans- 
lucent ;  brittle,  with  white  streak.  Very  fusible 
into  a  white  enamel, fusing  in  a  candle-flame; 
gives  the  reaction  of  fluorine  in  an  open  tube; 
very  soluble  in  the  fluxes,  almost  wholly  solu- 
ble in  oil  of  vitriol,  less  so  in  muriatic  acid. 
Form.  3  NaFl  -f  A12F13.  It  occurs  at  Arksut- 
fiord,  Greenland. 

CRYOPHORUS.  Phys.  kSi»j,  frost,  and 
p«§«,  I  bear.    Invented  by  Wollaston.    A  glass 


tube  freed  from  air,  with  a  bulb  at  each  end, 
for  illustrating  the  freezing  of  water  by  its 
own  evaporation.  One  of  these  bulbs  contains 
pure  water,  and  the  rest  of  the  apparatus 
aqueous  vapor.  The  resistance  or  presence 
of  the  latter  being  removed,  when  condensed, 
by  immersing  the  bulb  which  holds  it  in  a 
freezing  mixture,  a  rapid  evaporation  from  the 
surface  of  the  water  in  the  other  bulb  imme- 
diately ensues,  and  results  in  an  intensity  of 
cold,  Avhich  causes  the  freezing  of  the  residual 
water  in  a  few  minutes. 

CRYSTALLIN.  The  same  as  Ktanole 
and  Anilin.     See  Indigo  and  Tobacco. 

CRYSTALLIZATION.  The  formation  of 
crystals,  for  which  purpose  it  is  essential  that 
the  particles  of  the  crystallizing  substance 
have  more  or  less  freedom  of  motion,  when 
they  arrange  themselves  in  determinate  posi- 
tions by  the  influence  of  a  variety  of  cohesive 
force.  Bodies  usually  crystallize  from  solu- 
tion, sometimes  after  fusion,  by  sublimation, 
and  rarely  while  in  the  solid  state.  It  is  not 
material  what  the  solvent  may  be,  although  it 
probably  influences  the  external  form,  whether 
water,  acids,  alcohol,  ether,  sulphuret  of  car- 
bon, &c,  provided  the  substance  dissolve  in  it. 
To  obtain  crystals  the  usual  method  is  to  dis- 
solve in  the  hot  solvent,  which  holds  more  in 
solution  than  the  cold,  and  to  let  the  excess 
crystallize  out  on  cooling,  Saltpeter,  Alum ;  or, 
during  evaporation,  Common  Salt.  A  solution 
is  sometimes  evaporated  nearly  to  a  syrupy 
consistence  before  the  substance  separates 
from  it,  as  Sugar,  Epsom  Salt.  As  solutions 
are  usually  made  in  smooth-surfaced  vessels, 
which  retard  crystallization,  the  introduction 
of  twine,  or  a  rough-surfaced  body,  will  deter- 
mine a  more  rapid  separation  of  crystals.  To 
obtain  them  with  more  perfect  faces,  the  crys- 
tallizing solution  should  not  be  disturbed,  and 
the  evaporation  should  be  carried  on  slowly. 
Spontaneous  evaporation  generally  produces 
the  best  results.  Small-sized  crystals  may  be 
often  enlarged  by  introducing  them  into  an- 
other solution  of  the  same  body  ready  to  crys- 
tallize. The  mother-liquor,  often  impure,  is 
enclosed  in  larger  crystals  in  a  greater  or  less 
degree,  and  in  order  to  obtain  purer  crystals 
from  such  a  solution,  it  should  be  stirred  or 
agitated  during  crystallization,  whereby  the 
substance  separates  in  a  fine  fibrous  or  gra- 
nular powder.  Where  a  body  is  precipitated 
from  a  solution  by  reason  of  its  insolubility, 
the  precipitate  is  usually  crystalline,  when 
viewed  by  a  microscope ;  and  hence  such 
substances,  when  found  in  the  mineral  king- 
dom, are  usually  more  perfectly  crystallized, 
having  been  elaborated  by  time,  so  important 
an  element  in  the  construction  of  regular 
forms;  as  Carbonate  of  Lead  or  of  Lime, 
White  Lead,  or  Calcareous  Spar. 

Some  metals  separate  in  crystals  from  solu 
tion  by  the  introduction  of  another  metal, 
which  replaces  the  former  in  the  solution  ;  as 
lead  or  silver  separated  from  their  solutions  by 
zinc.  In  like  manner  the  native  crystals  of 
Copper,  Gold,  and  Silver  have  been  produced. 
A  galvanic  current  often  separates  bodies  in 
a  crystallized  form  from  solution,  and  pro- 
bably by  a  similar  action,  or  by  one  like  the 
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preceding,  large  formations  of  metallic  sul- 
phurets  have  been  produced,  as  Galena, 
Pyrites. 

Some  bodies  are  obtained  in  a  crystalline 
form  by  fusion.  If  sulphur  or  bismuth  be 
fused,  then  allowed  to  cool  until  the  surface 
congeals,  this  crust  broken  through,  and  the 
interior  still  fused  mass  be  poured  out,  the 
interior  cavity  will  be  found  coated  with 
crystals.  Some  salts  also  undergo  fusion, 
whether  water  be  present  or  not,  and  exhibit 
on  cooling,  crystallized  forms  or  crystalline 
structure;  as  Saltpeter,  Glauber's  salt;  but  in 
the  latter  case  a  portion  of  water  is  lost  and  a 
new  hydrate  formed. 

Bodies,  which  sublime  with  little  or  no  de- 
composition, condense  in  crystals  from  their 
vapor,  as  Sulphur,  Galena,  Arsenic,  and  many 
organic  bodies.  Some  bodies  are  capable  of 
crystallizing  by  several  methods,  as  Common 
Salt,  which  crystallizes  from  solution,  by  fu- 
sion and  by  sublimation. 

A  few  instances  have  been  observed,  where 
a  body  still  retaining  the  solid  state,  assumes 
a  crystalline  structure  by  the  effect  of  heat  and 
agitation,  whereby  the  particles  of  the  body 
have  received  sufficient  motion  to  allow  them 
to  obey  the  crystalline  forces.  The  wrought- 
iron  axles  of  railroad  cars,  after  long  use,  are 
sometimes  found  to  present  a  decided  crystal- 
line structure.  When  some  kinds  of  glass  are 
maintained  at  a  high  heat,  they  assume  a 
crystalline  structure  ;  Reaumur's  porcelain. 

Water  of  Crystallization.  Bodies  separating 
in  crystals  from  an  aqueous  solution,  often 
assume  a  portion  of  water  essential  to  their 
constitution;  but  the  quantity  of  crystal-water 
varies  with  different  salts  ;  thus  while  saltpeter 
has  none,  Glauber's  salt  has  56  pr.  ct.,  or 
10  equivs.  of  crystal-water. 

Some  bodies  crystallize  in  more  than  one 
form,  and  are  called  dimorphic.  See  Dimor- 
phism. Different  bodies  may  replace  each 
other  in  the  same  form  of  crystal.  See 
Isomorphism.  See  also  Deliquescence,  Ef- 
florescence. 

CRYSTALLOGRAPHY.  Chem.  Min.  Phy- 
sics. A  crystal  (from  kpuo-tawoc,  ice),  is  a  solid, 
bounded  by  plane  surfaces,  symmetrically 
arranged,  with  an  internal  symmetric  struc- 
ture. It  may  be  an  element  or  a  compound 
body,  and  in  the  latter  case  the  elements  are 


always  combined  in  definite  chemical  propor- 
tions. The  measurement  of  correspo 
surfaces  is  always  the  same  in  the  same  sub- 
stance, and  all  the  varieties  of  form  in  the 
same  substance  may  be  reduced  to  one 
elementary  forms,  by  calculation  or  by  cleav- 
age. Cleavage  is  the  property  possessed  by 
most  crystals  of  being  broken  in  determinate 
directions,  presenting  new  plane  surfaces, 
usually  polished,  whereby  a  more  simple  form 
is  often  obtained,  denominated  the  / 
form,  Thus  a  cube  of  fluor-spar  may  be 
cleaved  into  an  octohedron  by  cutting  off  its 
solid  angles.  This  primary  form  was  formerly 
laid  at  the  basis  of  descriptions  of  crystals, 
but  as  more  than  one  simple  geometric  solid 
may  sometimes  be  obtained  from  the  same 
substance,  as  there  is  frequent  difficulty  in  ob- 
taining cleavage  at  all,  or  only  in  one  or  two 
directions,  and  as  there  are  usually  assumed 
thirteen  primary  forms,  we  prefer  at  the  pre- 
sent time  the  more  simple  reduction  of  all 
crystallized  forms  to  six  distinct  systems  of 
crystallization.  The  propriety  of  this  division 
has  been  confirmed  by  their  optical  relations. 
We  here  offer  a  few  remarks  on  these  systems, 
and  on  their  combination  of  simple  forms 
under  each. 

Under  each  of  five  systems  there  are  three 
axes,  the  relative  lengths  and  position  of  which 
determine  the  system;  under  the  sixth,  four 
axes.  Under  the  former,  an  octohedron  is 
viewed  as  the  basis,  with  the  axes  terminating 
in  its  tetrahedral  angles ;  under  the  latter,  an 
analogous  figure,  consisting  as  it  were  of  two 
six-sided  pyramids,  united  at  their  bases.  Un- 
der each  system  there  are  a  few  simple  forms, 
related  by  simple  laws  to  the  basis,  by  the 
combination  of  two  or  more  of  which,  even 
the  most  complex  forms  of  crystals  may  be 
explained. 

Where  one-half  of  the  planes  of  a  simple 
form  disappear,  a  hemihedral  or  hemiform  is 
produced,  giving  rise  to  two  classes  of  forms, 
holohedral  and  hemihedral  forms.  A  simple 
law  of  combination  is,  that  all  the  simple 
forms  of  one  system  may  combine  in  crystals 
belonging  to  that  system,  but  the  simple  forms 
of  diverse  systems  cannot  combine. 

The  following  table  presents  the  Systems  of 
Crystallization,  with  the  names  given  by  differ- 
ent authorities. 


Mohs. 


Naumann  and  others. 


Regular 

Quadratic 

Right  Rhombic 

Oblique  Rhombic 

Doubly  Oblique  Rhombic 

Hexagonal 

I.  Regular  System.  Three  axes,  equal,  and 
at  right  angles  to  each  other.  A  section  at 
right  angles  to  any  axis  is  a  square.  There 
are  7  simple  holohedral,  and  6  simple  hemi- 
hedral forms.  Holohedral  forms.  1.  The  regu- 
lar octohedron,  or  8-hedron;  PI.  VIII.,  fig.  1,  with 
8  triangular  surfaces,  o,  and  a  square  section 
at  right  angles  to  any  axis,  as  Spinel,  Magnetic 
iron  ore.  2.  Regular  or  Rhombic  dodecahedron, 
or  12-hedron,  fig.  2,  with  12  rhombic  faces,  d, 
as  Garnet     If  each  edge  of  the  8-hedron  be 
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Tessular 

Pyramidal 

Orthotype 

Hemiorthotype 

Anorthotype 

Rhombohedric 


Isometric 

Dimetric 

Trimetric 

Monoclinate 

Triclinate 

Hexagonal 

supposed  to  be  replaced  evenly  by  a  plane,  it 
becomes  a  combination  of  the  8-  and  12-he- 
dron, fig.  3 ;  as  Garnet,  Magnetic  iron.  Where 
the  8-hedron  predominates,  d  forms  a  long, 
narrow  plane  on  the  edges  of  the  8-hedron; 
where  the  12-hedron  predominates,  o  forms  a 
small  triangular  plane,  fig.  3,  on  the  trihedral 
angle.  3.  The  ikosiletrahedron,  24-hedron,  fig. 4, 
has  24  trapezoidal  planes.  There  are  two  of 
these  forms,  one  where  any  plane  meets  2  axes 
at  twice  the  distance  from  the  centre  that  it 
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meets  the  3d  axis,  f ,  fig.  4,  as  Leucite,  (hence 
called  Leucitoeder);  Analcime,  Garnet;  the 
other  meets  2  axes  at  3  times  the  distance,  |; 
as  Gold,  Silver.  Fig.  5  represents  a  combina- 
tion of  the  12-hedron,  d,  and  24-hedron,  |,  as 
in  Garnet;  fig.  6,  a  combination  of  8-,  12-."and 
24-hedron  i,  Magnetic  Iron.  4.  The  hexakisoc- 
tohedron,  0  x  8-hedron,  fig.  7,  is  rarely  found 
alone,  Diamond  (1),  but  fig.  8  represents  a 
combination  of  it  with  the  12-hedron,  d,  and 
24-hedron,  £,  Garnet.  The  name  6  X  8-hedron 
evident!}'  denotes  the  resemblance  of  the  figure 
to  an  8-hedron,  with  6  planes  on  each  of  its 
surfaces,  but  it  may  also  be  viewed  as  a  hexa- 
hedron, with  8  planes  on  each  of  its  sur- 
faces, when  it  becomes  an  octakishexahedron, 
8  X  6-hedron.  5.  The  hexahedron,  or  cube,  a  a, 
fig.  8,  has  6  faces,  its  opposite  ones  parallel, 
with  the  axes  striking  the  centre  of  each  face, 
as  Fluor  spar,  Galena,  Common  Salt.  Hence, 
when  combined,  the  8-hedron,  o,  appears  on 
its  solid  angles,  o,  fig.  8,  as  Galena,  Fluor  Spar; 
and  the  dodecahedron  replaces  its  edges,  d, 
fig.  9,  which  is  a  combination  of  all  three,  as 
Speisscobalt.  By  comparing  figs.  4  and  8,  the 
24-hedron,  %,  would  appear  as  3  small  planes 
on  the  solid  angles  of  the  cube,  in  place  of  the 
8-hedral  planes,  o,  as  in  Analcime ;  and,  in 
like  manuer,  the  6  x  8-hedron  would  form  6 
small  planes  in  the  same  place  on  the  cube, 
as  Fluor  Spar.  6.  The  tetrakishexahedron,  4x6- 
hedron,  fig.  10,  may  be  viewed  as  a  cube, 
(6-hedron),  with  a  4-sided  pyramid  on  each 
surface;  Gold,  Copper;  and  in  combination 
with  the  cube,  bevels  the  edges  of  the  latter; 
frequent  in  Fluor  spar.  7.  The  triakisoctohe- 
dron,  3  x  8-hedron,  fig.  11,  may  be  viewed  as 
a  triangular  pyramid  on  each  surface  of  the 
octohedron,  and,  in  its  combination,  bevels  the 
edges  of  the  latter,  as  in  Fluor  spar. 

Hemihidral  Forms.  1.  The  hemioctohedron, 
$  8-hedron,  fig.  12,  is  formed  by  supposing 
every  alternate  face  of  the  regular  8-hedron 
to  disappear  by  the  increase  of  the  other  alter- 
nate faces  until  they  meet,  and  may  be  termed 
the  tetrahedron.  When  held  by  the  observer 
so  that  the  upper  right  face  remains,  it  is  the 
right  |  8-hedron,  or;  if  the  left  remain,  and  the 
right  disappear,  it  is  the  left  J  8-hedron,  ol,  as 
Gray  Copper,  Blende.  The  distinction  be- 
tween right  and  left  is  often  convenient  in 
describing  combinations,  where  a  right  |  8-he- 
dron may  be  combined  with  a  right  or  left 
£  24-hedron,  or  some  other  hemiform.  2. 
When  every  alternate  set  of  3  planes  in 
the  24-hedron,  fig.  6,  forming  the  low,  3-sided 
pyramid,  remains,  and  the  others  disappear, 
the  hcm-ikosiletrahedron,  %  24-hedron,  %,  is  form- 
ed, fig.  13,  of  which  there  is  a  right  or  left,  as 
Gray  Copper.  Fig.  14  is  a  combination  of 
the  12-hedron,  d,  with  the  right  £  8-hedron,  or, 
and  £  24-hedron,  §r;  Gray  Copper.  3.  Fig. 
15  is  the  right  hemirtriakisoctohedron,  %  3x 8-he- 
dron, 2  or,  formed  by  every  alternate  set  of  3 
faces  remaining  in  fig.  11.  4.  There  is  like- 
wise a  hemi-hexakisoctohedron,  formed  by  the  dis- 
appearance of  every  alternate  set  of  6  planes, 
and  found  in  combinations.  5.  When  every 
alternate  set  of  2  planes  in  fig.  7  remains,  the 
hemi-octakishexahedron,  |8x  6-hedron,  is  form- 
ed, fig.  16,  of  which  there  is  a  right  and  left; 


Iron  Pyrites.  6.  The  hemi-tetrakishexahedron, 
§  4  x  6-hedron,  is  formed  by  the  disappear- 
ance of  every  alternate  plane  in  fig.  10,  and 
constitutes  the  pentagonal  dodecahedron,  or 
pyritohedron,  fig.  17;  Iron  Pyrites,  Cobalt 
Glance.  Speisscobalt,  Garnet,  Magnetic  Iron, 
and  Fluor  spar  illustrate  most  of  the  holohe- 
dral  forms  ;  Cobalt  Glance,  Iron  Pyrites,  and 
Blende  illustrate  the  hemiforms.  Alum  pro- 
duces artificially  a  variety  of  combinations. 

II.  Quadratic  or  Dimetric  System.  Three  axes, 
two  equal,  one  unequal,  and  at  right  angles  to 
the  two  equal  axes.  A  section  at  right  angles 
to  the  main  axis  is  a  square,  to  a  lateral  axis 
is  a  rhomb.  Having  one  unequal  or  main 
axis,  crystals  belonging  to  this  system  are 
always  viewed  with  their  main  axis  vertical, 
and  a  lateral  axis  pointing  towards  the  ob- 
server. A  quadratic  8-hcdron,  fig.  18,  is  the 
basis,  of  which  there  may  be  several  more 
obtuse  or  more  acute  than  the  radical  8-hedron 
peculiar  to  each  substance.  The  main  axis 
may  be  longer  or  shorter  than  the  lateral  axis, 
the  latter  being  the  case  in  fig.  18,  and  the 
former  in  fig.  24.  Another  simple  form  is  the 
4-sided  prism,  which,  when  replacing  an  edge 
of  the  S-hedron,  is  said  to  be  of  the  first  order, 
as  in  fig.  19;  but  if  the  solid  angles,  as  in  fig. 
20,  it  is  of  the  second  order.  Fig.  18  repre- 
sents the  radical  8-hedron,  o,  of  Zircon,  in 
which  the  main  axis  is  shorter  than  the  other 
two.  Fig.  19  shows  the  same  8-hedron,  o,  of 
Zircon  combined  with  the  4-sided  prism,  g,  of 
the  first  order,  i.  e.  exactly  on  the  lateral  edges 
of  the  8-hedron,  and  fig.  20  the  same  8-hedron 
with  a  prism,  a,  of  the  second  order.  Where 
the  edges  of  an  8-hedron  are  evenly  replaced 
by  planes,  these  form  its  first  obfuser  8-hedron, 
as  in  fig.  21,  where  o  is  the  radical  8-hedron 
of  Anatase,  and  d  its  first  obtuser  8-hedron. 
Inversely  if  d  were  the  radical,  o  would  be  the 
first  acuter  8-hedron.  Where  a  more  acute  or 
obtuse  8-hedron  has  its  lateral  edges  parallel 
with  those  of  the  radical,  it  is  of  the  1st  order, 
if  it  cleave  the  pyramidal  edges,  it  is  of  the 
2d  order.  Thus  in  fig.  22,  Molybdic  Lead,  o 
is  the  radical  8-hedron  combined  with  one  ob- 
tuser, I,  of  the  first  order,  with  its  first  obtuser, 
d,  and  with  the  first  acuter  one,  §  d,  of  |. 
There  is  a  dioctohedron  found  in  combination, 
differing  from  a  combination  of  two  8-hedra 
of  the  1st  and  2d  orders,  by  each  alternate 
angle  being  more  acute  or  obtuse  than  the 
intermediate  angle.  It  has  also  a  correspond- 
ing or  dioctohedral  prism,  and  both  prism  and 
dioctohedron  may  be  of  two  orders.  Thus  in 
fig.  23,  o  is  the  radical  8-hedron  of  Zircon, 
with  a  4-sided  prism,  a,  of  the  2d  order,  and 
the  dioctahedron,  3,  3,  3.  In  fig.  24,  o  is  the 
main  8-hedron  of  Apophyllite,  a  the  2d  4-sided 
prism,  and  2g  the  dioctohedral  prism.  There 
is  also  a  terminal  or  end-plane  at  right  angles 
to  the  main  axis,  as  c,  fig.  21.  A  combination 
of  a  4-sided  prism  and  end-plane  would  form 
a  parallelopipedon.  Hemihedral  forms  are 
rare.  The  hemi-octohedron  is  sometimes 
noticed  in  Copper  Pyrites.  The  £  dioctohe- 
dron is  very  rare. 

III.  Right  Rhombic  or  Trimetric  System.  Three 
axes,  all  unequal,  but  at  right  angles  to  each 
other.    A  section  at  right  angles  to  any  axis 
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is  a  rhomb.  It  is  immaterial  which  axis  is 
held  vertically,  but  the  prevailing  character 
of  a  substance  is  sometimes  allowed  to  deter- 
mine the  vertical  or  main  axis,  relative  to 
which  the  others  are  called  lateral  axes,  the 
one  pointing  to  the  observer  the  1st  lateral 
axis,  the  other  the  2d  lateral  axis.  There  are 
severa  18-hedra,  horizontal  and  vertical  prisms, 
and  terminal  planes  at  right  angles  to  each 
axis.  If  a  horizontal  prism  meet  the  main  and 
1st  lateral  axis,  it  is  called  a  1st  horizontal 
prism,  if  the  main  and  2d  axis,  a  2d  horizontal 
prism.  The  terminating  plane  of  the  main 
axis  is  termed  the  end-plane,  of  the  first  lateral 
axis  the  1st  side-plane,  of  the  2d  lateral  axis, 
the  2d  side-plane.  Fig.  25  represents  the 
radical  8-hedron,  o,  of  sulphur,  with  an  obtuser 
8-hedron,  i,  the  end-plane,  c,  and  the  2d  hori- 
zontal prism,/,  of  the  main  8-hedron.  Fig.  26 
shows  the  vertical  prism,  g,  of  the  radical  of 
White  Lead  with  the  1st  and  2d  horizontal 
prisms,  2,  and  -j,  and  with  the  2d  side-plane,  6. 
Fig.  27  shows  the  same  as  fig.  26,  but  with  a 
different  2d  prism,  2/,  and  the  radical  8-he- 
dron, o;  Saltpeter.  Fig.  28  exhibits  the  2d 
prism,/,  of  the  radical  of  Heavy  Spar,  with  a 
1st  prism,  %■>  and  the  end  plane,  c.  Heavy 
Spar  and  White  Lead  present  many  varieties 
in  the  combinations  of  the  prisms  and  ter- 
minal planes.  Saltpeter  exhibits  forms  like 
figs.  27,  28.  Topaz  often  exhibits  several 
vertical  prisms.  Fig.  29  shows  a  more  com- 
plex combination  in  Chrysolite,  consisting  of 
the  main  8-hedron,  o,  its  vertical  prism,  g,  and 
end-plane,  c,  its  1st  horizontal  prism,  d,  and  a 
2d  horizontal  prism,  2/  and  the  1st  and  2d 
side  planes,  a  and  b.  Sulphate  of  potassa 
presents  a  similar  form.  Hemihedral  forms 
are  very  rare  in  this  system. 

IV.  Oblique  Rhombic  or  Monoclinate  System. 
Three  axes,  unequal,  two  oblique  to  each 
other,  the  third  at  right  angles  to  the  other 
two.  A  section,  parallel  to  the  oblique  axes, 
is  a  rhomboid,  to  the  right-angled  axis  is  a 
rhomb.  Either  one  of  the  oblique  axes  being 
held  vertically  is  oblique  to  the  plane  of  the 
two  others,  which  are  at  right  angles  to  each 
other,  and  the  longer  upper  edge  of  the  8-he- 
dron is  held  towards  the  observer.  As  in  the 
preceding  system,  therefore,  there  is  a  main 
axis  and  a  first  and  second  side  axis.  Vertical 
prisms,  parallel  to  the  assumed  main  axis, 
form  rhombic  sections,  those  of  the  radical  ex- 
actly cleaving  the  lateral  edges  of  the  8-hedron. 
4-sided  prisms,  whose  planes  are  parallel 
to  the  2d  side  axis,  corresponding  to  the  1st 
horizontal  prisms  of  System  III.,  form  rhom- 
boidal  sections,  and  when  belonging  to  the 
radical  8-hedron,  cut  its  upper  and  lower 
edges  evenly.  4-sided  prisms,  parallel  to  1st 
side-axis,  form  rhombic  sections,  and  are  ob- 
lique in  position.  There  are  three  terminal 
planes  of  the  axes,  each  of  which  cuts  one 
axis,  and  is  parallel  to  the  other  two ;  those  of 
the  main  and  1st  side  axis  cut  them  obliquely; 
that  of  the  2d  side  axis  cuts  it  at  right  angles. 
The  main  oblique  end-plane  is  a  rhomb,  and 
may  be  called  the  base.  In  this  system  it  is 
common  to  find  only  a  part  of  the  planes  of 
the  8-hedra,  and  of  the  prisms  in  combination, 
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and  hence  certain  letters  are  exclusively  ap- 
propriated to  particular  planes  of  a  crystal, 
which  is  often  described  by  those  letters  alone; 
or  the  planes  and  prism  on  the  end  of  a  crys- 
tal may  be  distinguished  by  the  terms  back 
and  front.  PI.  IX.,  fig.  30,  represents  the  main 
8-hedron  of  Gypsum,  o,  o',  with  the  vertical 
prism,  g,  and  2d  side-plane,  b ;  fig.  31  the  same 
with  the  front  oblique  prism,  o.  Fig.  32  shows 
the  1st  and  2d  side-planes  of  Felspar,  a  and  b, 
with  the  base,  c ;  fig.  33,  Felspar,  the  base,  c,  2d 
side-plane,  b,  back  oblique  end-plane,  2d',  main 
vertical  prism,  g,  and  a  vertical  prism,  f;  fig. 

34,  the  same  without  §,  but  with  the  back 
oblique  end-plane,  d',  and  the  back  oblique 
end-prism,  o',  of  the  main  8-hedron.  Fig.  35, 
Augite,  is  a  combination  of  the  main  8-hedron, 
o,  o,  with  the  back  oblique  prism,  2  </,  the  base, 
c,  the  main  vertical  prism,  g,  and  the  1st  and 
2d  side-planes,  a,  b.  A  more  convenient  and 
clearer  mode  of  representing  such  complex 
forms  is  in  horizontal  projection,  as  in  fig.  36, 
which  contains  the  planes  enumerated  in  fig. 

35.  Glauber's  salt  resembles  fig.  35.  Felspar, 
Augite,  Epidote,  Copperas,  Gypsum,  Epsom 
Salt,  especially  characterize  this  system. 

V.  Triclinate  or  Doubly  Oblique  Rhombic  Sys- 
tem. Three  axes,  unequal,  and  oblique  to  each 
other.  This  system  is  characterized  by  a  total 
want  of  symmetry,  except  in  some  parallel 
planes,  and  is  therefore  diametrically  opposite 
to  the  regular  system ;  hence  the  determina- 
tion of  a  main  axis  is  altogether  arbitrary,  and 
the  planes  are  best  noted  by  letters  alone. 
There  are  various  8-hedra,  vertical  and  hori- 
zontal prisms,  and  end  and  side-planes,  which 
may  be  named  as  in  the  preceding  system 
Axinite  often  exhibits  a  very  complex  combi- 
nation ;  one  of  the  simpler  forms  of  this 
mineral  is  given  in  fig.  37,  which  contains  the 
base,  c ;  the  left  plane  of  the  main  8-hedron,  o; 
the  oblique  end-plane,  2  d',  the  right  and  left 
planes  of  the  main  vertical  prism,  g,  g',  and 
the  1st  side-plane,  a.  The  substances  crystal- 
lizing agreeably  to  this  system  are  not  nume- 
rous ;  artificial  Blue  Vitriol  illustrates  its 
forms. 

VI.  Hexagonal  System.  Four  axes,  three 
equal,  one  unequal,  and  at  right  angles  to  the 
plane  of  the  other  three.  The  three  lateral 
axes  cut  each  other  at  an  angle  of  60°.  The 
4th  axis  being  held  vertically,  a  section  at 
right  angles  to  it  is  a  regular  hexagon.  The 
radical  form  of  this  system  is  the  triangular  or 
hexagonal  dodecahedron,  fig.  38,  which  may  be 
viewed  as  two  6-sided  pyramids,  joined  base 
to  base.  These  forms  are  of  the  1st  order 
when  a  face  is  held  towards  the  observer,  of 
the  2d  order  when  an  edge  is  so  held,  and 
several  of  them  occur  in  the  same  substance, 
either  acuter  or  obtuser  than  the  radical  or 
main  12-hedron  of  that  substance.  In  these 
and  many  other  relations  the  hexagonal  bears 
a  striking  analogy  to  the  quadratic  system,  II. 
Holohedral  Forms.  Besides  the  12-hedron,  the 
other  forms  are,  6-sided  or  hexagonal  prisms,  g, 
fig.  39,  didodecahedron,  or  24-hedra,  fig.  40,  cor- 
responding 24-hedral  prisms,  all  of  which  may 
be  of  1st  and  2d  orders,  and  the  end-plane  at 
right  angles  to  the  main  axis.    The  24-hedron, 
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fig.  40,  and  its  prism  differs  from  a  combina- 
tion of  two  12-hedra  or  prisms,  by  every  alter- 
nate angle  being  equal,  but  more  acute  or 
obtuse  than  the  intermediate  angle. 

Hemihedral  Forms.  There  are  two  important 
hemiforms  in  this  system,  the  rhombohedron  and 
scalenohedron.  The  "hemi-dodecahedron,  ^12- 
hedron,  or  rhombohedron,  is  derived  from  the 
12-hedron,  by  the  disappearance  of  every 
alternate  plane,  and  when  the  upper  front- 
plane  and  its  alternates  remain,  as  r,  fig.  38, 
the  rhombohedron  is  of  the  1st  order,  as  r,  fig. 
42;  when  the  lower,  r,  and  its  alternates  re- 
main, it  is  of  the  second  order.  When  de- 
rived from  the  radical  12-hedron  of  any  sub- 
stance it  is  the  radical  rhomb.  When  the 
planes  of  a  rhomb  of  the  second  order  appear, 
exactly  replacing  the  terminal  edges  of  the 
radical  rhomb,  it  is  the  1st  obtuser  rhomb; 
and  when  the  edges  of  this  last  are  evenly 
replaced,  it  is  the  2d  obtuser  rhomb,  and  is  of 
the  1st  order.  In  like  manner,  when  the  lateral 
solid  angles  of  the  radical  rhomb  are  replaced 
by  planes,  so  that  the  edges  of  these  planes 
are  parallel  on  the  same  face  of  the  radical 
rhomb,  the  latter  is  then  evenly  cleaving  the 
terminal  edges  of  the  new  rhomb,  which  is 
therefore  the  first  acuter  rhomb.  The  planes 
of  the  1st  acuter  rhomb  appear  evenly  on  the 
edges  of  the  2d  acuter  rhomb.  The  scakno- 
hedron  is  derived  from  the  didodecahedron,  fig. 
40,  by  the  disappearance  of  every  alternate 
pair  of  faces,  constituting  a  12-planed  solid, 
fig.  46,  the  planes  of  which  are  equal  scalene 
triangles.  As  of  rhombs,  there  are  also  acuter 
and  obtuser  scalenohedra,  and  of  two  orders. 

Fig.  38  is  the  12-hedron  of  Quartz,  and  fig. 
39  the  same,  with  the  1st  hexagonal  prism. 
Fig.  40  is  the  didodecahedron  of  Beryl,  and  fig. 

41  a  combination  in  Beryl  of  the  radical  12- 
hedron,  r,  with  an  acuter  12-hedron  of  the  1st. 
order  2r,  the  1st  obtuser  12-hedron,  2d,  of  the 
12-hedron,  2  r,  the  didodecahedron,  5,  the  1st 
6-sided  prism,  g,  and  the  end-plane,  c.     Fig. 

42  is  the  main  rhombohedron  of  Quartz  of  the 
1st  order.  Fig.  43,  Calcareous  Spar,  is  the 
radical  rhombohedron,  r,  with  the  1st  obtuser, 
£ ;  and  fig.  44  the  radical  rhomb,  r,  with  the 
2d  acuter,  4  r.  Fig.  45  is  the  radical  rhomb,  r, 
of  Dioptase,  with  the  2d  hexagonal  prism. 
Figs.  46 — 51  represent  Calcareous  Spar;  fig. 
46  is  the  scalenohedron,  3  z;  fig.  47  the  scale- 
nohedron 3  z,  with  the  rhomb,  of  its  acuter 
terminal  edges,  the  2d  acuter  rhombohedron, 
4  r ;  fig.  48  the  scalenohedron,  3  z,  with  the 
rhomb,  of  its  lateral  edges,  the  radical  rhomb,  r; 
fig.  49  the  lateral-edged  scalenohedron,  3  z, 
with  the  terminal-edged  scalenohedron,  2  x,  of 
the  radical  rhombohedron,  and  the  1st  hex- 
agonal prism ;  fig.  50  the  radical  rhomb.,  r, 
with  its  side-edged  scalenohedra,  3  z,  bz,  the 
2d  acuter  rhomb.,  4  r,  and  the  first  hexagonal 
prism;  fig.  51  the  radical  rhomb,  r,  with  its 
side-edged  scalenohedron,  3  2,  its  1st  acuter 
rhomb.,  2  /,  and  the  side-edged  scalenohedron, 
£,  of  the  latter.  Beryl  and  Quartz  illustrate 
the  holohedral  forms,  and  Calcareous  Spar  is 
especially  abundant  in  the  hemihedral  forms 
of  this  system. 

Compound  or  Twin  Crystals.    Two  parts 
of   the  same   crystal   are   sometimes    found 
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united  together,  as  if  the  perfect  crystal  had 
been  halved  by  a  section  through  it,  one  half 
turned  round  60°  or  180°,  and  the  two  parts 
again  united  into  a  perfect  whole.  In  the  regu- 
lar system,  the  8-hedron,  PI.  VIII.,  fig.  1,  thus- 
cleaved  by  a  central  plane,  parallel  to  a  face, 
presents  the  twinned  form,  PL  IX.,  fig.  52.  The 
regular  12-hedron,  PL  VIII.,  fig.  2,  similarly 
cleaved  and  revolved,  appears  like  a  hexa- 
gonal prism  terminated  by  rhomb,  faces.  Iron 
pyrites  is  sometimes  met  with,  presenting  the 
appearance  of  one  pentagonal  12-hedron,  PL 
VIII.,  fig.  17,  within  another,  the  solid  angles 
of  one  projecting  from  the  planes  of  the  other. 
In  the  quadratic  system,  the  compounding 
plane,  parallel  to  an  edge  of  the  8-hedron,  is 
frequently  observed,  as  in  fig.  53,  Tin  Ore,  and 
in  Rutilc,  where  the  prism  makes  several  suc- 
cessive angles,  or  geniculations,  of  a  zigzag 
form.  In  the  right  rhombic  system  compound 
crystals  are  more  frequently  composed  of  more 
than  two  individuals.  In  the  oblique  rhombic 
or  monoclinate  system,  several  compounds  are 
observed.  Crystals  of  felspar  are  found  pre- 
senting one  half  of  fig.  33,  cleaved  by  a  verti- 
cal plane  passing  through  r,  and  the  common 
edge  of  g,  g,  joined  to  the  same  half  of  another 
similar  crystal.  Thus,  if  fig.  31  were  cleaved 
by  a  vertical  plane  passing  through  o  and 
the  centre  of  b  (through  the  main  and  2d 
side-axis),  and  one  half  were  turned  180°, 
there  would  be  formed  a  reentrant  angle  on 
one  end,  and  a  salient  angle  on  the  other,  as 
indeed  frequently  occurs  with  Gypsum.  In 
the  triclinate  system,  a  similar  mode  of  union 
present  the  oblique  main  terminal  plane  of  the 
two  halves  forming  a  reentrant  angle.  In  the 
hexagonal  system,  there  are  different  com- 
pounding planes.  Fig.  46  is  sometimes  found 
twinned  by  a  cleavage  through  the  centre,  at 
right  angles  to  the  main  axis,  as  Calc.  Spar  in 
fig.  54.  Composition  also  occurs  parallel  to  a 
plane  of  a  rhomb,  radical  and  derivative,  as 
Calc.  Spar  in  figs.  55,  56,  57.  Where  parts  of 
several  crystals  are  united  by  two  planes  more 
complex  compounds  occur,  sometimes  giving 
rise  to  symmetric  figures;  thus  Staurotide,  in 
the  right  rhombic  system,  occurs  in  form  of  a 
cross,  fig.  58,  composed  of  4  individuals  united 
on  planes  parallel  to  a  plane  on  two  terminal 
edges  of  the  8-hedron,  fig.  59,  and  on  planes  par- 
allel to  those  of  the  8-hedron.  White  Lead  in 
the  same  system,  presents  combinations  of 
several  individuals  parallel  to  the  planes  of  a 
vertical  prism,  as  in  fig.  60,  and  when  the 
interstices  are  wholly  filled  up,  it  seems  to 
belong  to  the  hexagonal  system,  resembling 
fig.  27.  Arragonite,  also  in  the  same  system, 
is  frequently  composed  of  several  individuals) 
consisting  only  of  a  vertical  and  horizontal 
prism  (or  terminal  plane),  and  presenting  the 
appearance  of  fig.  61,  where  the  edges  of  two 
of  the  individuals  not  meeting,  form  a  long 
reentrant  angle. 

In  general,  the  composition  of  crystals  may 
be  detected  by  a  reentrant  angle,  or  when  a 
surface  is  level,  by  the  angle  formed  by  strias 
along  a  certain  line. 

Imperfect  crystallizations  produce  the  differ- 
ent kinds  of  crystalline  structure,  which  con- 
sist of  individuals  aggregated  together,  and  so 
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disturbed  by  other  forces  during  their  forma- 
tion, that  the  regular  external  form  could  not 
be  fully  developed.  This  gives  rise  to  the 
three  kinds  of  structure,  columnar,  lamellar, 
and  granular.  The  columnar  may  be  fibrous, 
Asbestus,  radiated,  Gypsum,  or  reticulated,  As- 
bestus,  the  ends  of  the  fibres  often  presenting 
regular  facets,  and  sometimes  terminating  in 
a  smooth  curve  surface,  which  is  named  from 
its  appearance,  globular,  mammillary,  Brown 
Hematite,  or  stalactitic,  Calcareous  Spar.  A 
body  is  termed  lamellar  when  the  crystalline 
mass  is  composed  of  lamina?  or  leaves,  whether 
plane  or  curve,  as  Gypsum.  The  Granular 
structure  is  sometimes  coarse,  as  Colophonite; 
fine,  as  Magnetic  Iron,  Fluor  Spar;  and  impal- 
pable or  compact,  as  Chalcedony,  Flint. 
These  terms  are  rather  used  as  convenient  in 
description,  as  some  substances  are  only  found 
in  a  crystalline  or  imperfectly  crystallized 
state. 

CUBAN.  See  Copper  Pyrites. 
'  CUBE  ORE.  Min.  Syn.  Hexahedral  Liro- 
cone-malachite,  M. ;  Pharmacosiderite  ;  Wiir- 
felerz,  Siderite.  Descrip.  Cryst.  Regular,  the 
cube  with  \  8-hedron,  and  \  24-hedron,  and 
12-hedron,  with  cleavage  imperfect,  parallel  to 
cube.  H.  =  2-5.  G.  =  3.  Olive-green,  pass- 
ing into  yellowish  brown  and  grass  green ; 
lustre  adamantine;  subtranslucent;  rather 
sectile,  with  an  olive-green  brown  streak, 
usually  pale. 

Chcm.  Relat.  In  a  closed  tube  gives  off  water 
becoming  red ;  yields  arsenical  fumes  on 
charcoal,  and  fuses  to  a  gray,  metallic,  mag- 
netic slag,  which  gives  an  iron  reaction  with 
the  fluxes.  Soluble  in  chlorohydric  acid,  and 
the  greater  part  decomposed  by  solution  of 
potassa.  Form.  3  FeO,  As  O.  +  3  Fe203, 
2  As205  -f  18  HO.  Local.  Wheal  Goolan, 
Wheal  Unity,  Carharrak,  Cornwall;  St.  Leon- 
hard,  France;  Schneeberg,  Schwarzenberg, 
Saxony. 

CUBE  SPAR.     See  Anhydrite. 

CUBEBS,  Oil  of.  Phar.  and  Chem.  Dis- 
tilled from  the  fruit  of  the  Piper  Cubeba,  or 
Java  pepper.  An  aromatic,  colorless,  essen- 
tial oil,  of  spec.  grav.  0-929,  which  thickens 
on  exposure,  without  losing  its  odor,  and  suf- 
fers partial  decomposition  when  distilled  with- 
out water;  boils  betw.  482°  and  500°  F.  Its 
circular  polarizing  power  is — 40°  1'.  and,  ac- 
cording to  Soubeiran  and  Capitaine,  C13H12, 
represents  its  composition,  which  is  in  per 
cent,  the  same  as  that  of  oil  of  terpentine,  the 
formula  however  of  the  atoms  of  the  latter, 
(C20H16),  being  different.  The  hydrate  of  this 
oil  is  stearopten,  which  passes  over  with  the 
last  portions  of  the  distilled  essence  and  drops 
therefrom,  after  long  standing,  in  rhombic 
octohedral  crystals.  These  crystals  melt  at 
156°  F.,  and  consist  of  C16H140.  The  action 
of  gaseous  hydrochloric  acid  upon  the  oil 
generates  a  crystallized  camphor,  which  is 
soluble  in  cold  water,  and  melts  at  268° ;  its 
composition  according  to  Soubeiran  and  Capi- 
taine, is  C,5H13C1. 

Cubebin.    A  name  first  given  to  a  partially 
volatile,  greenish  yellow  mixture  of  several 
ingredients,  announced  by  Monheim  as  a  pe- 
culiar principle   of  cubebs.      The   later  re- 
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searches  of  Soubeiran  and  Capitaine  have 
developed  the  true  cubebin,  which  is  a  non- 
volatile body,  insoluble  in  water  and  ether, 
but  crystalling  in  needles  (in  groups)  from  its 
solution  in  boiling  alcohol,  by  which  it  is  rea- 
dily taken  up.  Acetic  acid,  and  the  oils 
generally,  also  dissolve  it.  As  far  as  known, 
it  is  a  neutral  body,  but  its  equivalent  has  nut 
been  determined.  An  analysis  of  the  crystals, 
however,    shows    their    composition     to    be 

C34H17O10- 

It  is  obtained  by  evaporating  a  strong  alco- 
holic tincture  of  cubebs  (which  have  been 
exhausted  of  their  oil  by  distillation)  to  one- 
fourth  its  bulk,  then  filtering,  and  afterwards 
continuing  the  evaporation  nearly  to  dryness. 
By  exposure  to  cold  the  residuum  becomes 
semi-crystalline,  and  must  then  be  strained 
through  a  cloth  to  separate  the  liquid  cubebin 
of  Cassola.  The  solid  portion  on  the  filter 
having  been  pressed,  is  then  dissolved  in  four 
times  its  weight  of  alcohol  of  0-90.  and  then 
boiled.  The  whole  having  stood  sufficiently 
long  for  the  deposition  of  the  undissolved 
resin  and  impurities,  the  clear  supernatant 
liquor  is  decanted  and  set  aside.  The  crystals 
which  drop  are  true  cubebin,  and  can  be  fur- 
ther purified  by  resolution  in  boiling  concen- 
trated alcohol.  Several  chemists  assert  the 
identity  of  cubebin  with  piperin.  A  distin- 
guishing test  is  in  the  fine  crimson  color  im- 
parted to  the  former  by  sulphuric  acid,  and 
which  remains  unchanged  for  many  hours. 

CUBIZITE.     See  Analcime. 

CUCUMBER,  Wild.  Phar.  Syn.  Squirting 
Cucumber;  Momordica  Elaterium.  Grows  in 
the  south  of  Europe,  and  yields  E  later  mm. 
Annexed  are  two  analyses  of  the  expressed 
and  evaporated  juice  of  the  plant. 

Dr.  Paris's  Analysis.  Mr.  HenneVs  Analysis. 
Elatin              ~)        .  „  Crystallizable  sub- 
Bitter  matter  y  "  '  stance  (Elaterin).44 

Extractive 2-6      Green  resin 17 

Fecula 2-8      Starch 6 

Gluten 0-5      Woody  fibre 27 

Woody  matter 2-5      Saline  matters 7 

Water 0-4  — 
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10-0  — 

CUCUMIS.     See  Colocynth. 

CUDBEAR.  Tech.  Syn.  Ger.  Persio.  Is 
prepared  by  the  action  of  air  and  ammonia 
upon  the  expressed  decoctions  of  the  Leconora 
tartarea,  Parmelia  omphalodes,  and  probably 
other  lichens.  Found  in  commerce  as  a  dried 
paste  and  a  powder,  both  being  used  for  dye- 
ing; the  title  Archil,  sometimes  applied  to  it, 
properly  belongs  to  its  infusion  or  liquid 
violet  paste,  used  for  staining  wood.  The 
color,  though  beautiful,  is  fugitive. 

Cudbear  is  soluble  in  acidulated  water, 
urine,  and  alkaline  leys :  the  latter  changing 
it  to  a  blue,  and  the  acids  to  a  red.  See  Lit- 
mus and  Lichens. 

CUMIN,  Oil  of.  Chem.  Phar.  Exists  ready 
formed  in  the  seeds  of  the  Cwminum  Cymiaum, 
and  consists  of  two  oils,  a  minute  quantity  of 
cuminic  acid,  and  some  resin.  One  of  the  two 
oils  contains  oxygen.     (Gerhardt  and  Cahmirs.) 
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They  are  termed  Cwnvnole  and  Cymen;  the 
former  (C20HI2O2)  a  yellowish,  sharp  tasting 
and  smelling  liquid,  of  spec.  grav.  0-969  at  57°, 
which  boils  at  437°,  and  on  exposure  to  air  is 
converted  into  aminic  and,  a  similar  transfor- 
mation being  produced  by  liquid  chlorine  and 
a  mixture  of  the  bichromate  of  potassa  and 
sulphuric  acid.  Fused  potassa  converts  it 
instantaneously  into  eliminate  of  potassa,  with 
the  disengagement  of  hydrogen. 

The  analogy  of  the  derivatives  of  this  oil 
with  those  originating  from  the  essence  of 
bitter  almonds,  allows  the  supposition  of  a 
common  radical  in  the  cuminole,  cuminic  acid, 
&c.  This  radical,  styled  by  Gerhardt  and 
Cahours  Cumyl,  has  for  its  formula,  C2nHn02 
-(-  H.  Cymen  (C20H24),  the  more  volatile  por- 
tion of  the  oil  of  cumin,  is  a  colorless  liquid,  of 
the  odor  of  lemons.  It  has  a  spec.  grav.  of 
0-861,  boils  at  347°,  and  is  unalterable  in  the 
air  and  by  distillation.  Fuming  sulphuric  acid 
changes  it  into  sulpho-cymenic  acid,  and  nitric 
acid  transforms  it  into  a  crystalline  acid,  which 
has  not  yet  been  examined.  This  hydro- 
carbon (Gerhardt  and  Cahours)  is  identical  in 
density  and  other  properties  with  campkogen. 

The  oil  of  cumin  itself  boils  at  418°  F.,  has 
a  spec.  grav.  of  0-860,  and  is  represented  by 
formula  as  C2(1H1202. 

Cuminic  Acid.  Formed  by  the  action  of  po- 
tassa upon  the  oil  distilled  from  the  seeds  of 
the  Cuminum  Cyminum.  When  hydrated  its 
formula  is  C20HnO3-f-  Aq.  It  is  in  beautiful 
white  tabular  prisms  when  obtained  from 
solution,  but  in  long  needles  when  procured 
by  sublimation;  fuses  at  197-6°,  dissolves 
readily  in  ether  and  alcohol,  and  is  insoluble 
in  water.  With  the  bases  it  forms  salts,  some 
of  which  are  deliquescent,  and  one  or  more 
crystallizable.  By  distillation  with  four  times 
its  weight  of  baryta  (Gerhardt  and  Cahours), 
it  is  changed  into  an  agreeable  smelling,  color- 
less liquid,  called  Cumcn,  which  boils  at  291°, 
and  is  strongly  refractive  of  light.  Its  formula 
is  C,8H12,  and  as  cuminic  acid  yields  it  by  the 
loss  of  2  eq.  of  carbonic  acid,  exactly  as  ben- 
zole is  formed  from  benzoic  acid,  it  is  closely 
analogous  to  that  body,  and  furthermore  is 
isomeric  with  retinylen,  obtained  by  the  distil- 
lation of  resins,  and  also  with  mcsitylen.  C  it- 
men  is  insoluble  in  water,  but  dissolves 
readily  in  ether,  alcohol,  and  the  essential  oils, 
and  is  unchangeable  by  potassa.  The  pecu- 
liar crystalline  matter,  formed  by  the  action 
of  nitric  acid,  is  called  Nitrocumide,  and  the 
acid  produced  by  union  with  strong  sulphuric 
acid,  sulpho-cumenic,  (C,8H12,  S206),  which  is 
analogous  to  the  sulpho-benzidic,  and  forms 
with  the  bases  well-characterized  salts,  mostly 
soluble  in  ether,  alcohol,  and  water. 

CUMMINGTONITE.  Mm.  Thin  colum- 
nar, divergent;  ash-gray;  silky;  translucent, 
opake;  brittle.  H.  =  6  —  6-5.  G.  =  3-2.  In- 
fusible except  on  thin  edges;  forms  a  black 
glass  with  borax;  fuses  with  soda,  with  effer- 
vescence to  a  dark  glass.  According  to  Muir's 
analysis,  silica,  soda,  protoxides  of  iron,  and 
manganese,  with  3  pr.  ct.  water.  The  ratio 
of  the  oxygen  in  the  silica  and  bases  is  10:3, 
from  which  the  analysis  may  be  deemed  in- 
correct, or  the  mineral  a  mixture. 


CUPEL.  Tech.  A  flat,  porous  crucible,  on 
which  cupellation  is  performed. 

Cupellation.  Tech.  The  precious  metals, 
gold  and  silver,  are  heated  on  a  cupel  to  sepa- 
rate impurities  from  them.  On  a  small  scale 
the  operation  is  performed  with  great  care  on 
small  cupels,  to  determine  the  quantity  of  the 
precious  metal.  See  Assay.  On  a  large  scale 
silver  is  obtained  from  argentiferous  lead  on 
the  same  principle.  Such  a  large  cupel,  se- 
veral feet  in  diameter,  is  made  of  bone-ash,  or 
a  mixture  of  it  with  loam,  ashes,  &c,  in  a  cir- 
cular or  oval  form,  hollowed  into  a  basin,  in 
which  the  lead  is  melted  by  a  reverberating 
flame.  A  current  of  air  from  a  bellows, 
driven  at  an  angle  upon  the  surface,  oxidizes 
the  lead  and  other  metals,  and  at  the  same 
time  drives  the  fused  litharge  across  to  a 
channel,  through  which  it  flows  out  of  the 
furnace,  carrying  a  mere  trace  of  silver  with 
it.  Towards  the  close  of  the  operation  the 
remainder  of  the  litharge  is  absorbed  by  the 
cupel,  together  with  the  other  oxides,  and 
nearly  pure  metallic  silver  remains. 

CUPRANGLESITE.  Min.  DiplogenicLead- 
Baryte,  Raid.  Kupferbleivitriol  oder  spath, 
Bleilasur,  Linarit.  Descrip.  Cryst.  Right 
Rhombic,  consisting  of  horizontal  prisms  and 
two  terminal  planes,  to  which  latter  its  cleav- 
age is  perfect.  H.  2-5  —  3.  G.  5-3  —  5-5.  Deep 
azure-blue ;  vitreous  or  adamantine ;  trans- 
lucent; with  pale-blue  streak.  It  gives  the 
reactions  of  lead,  copper,  and  sulphuric  acid, 
and  is  composed  of  PbO,  S03-f  CuO,  HO. 
It  is  only  found  at  Leadhills,  Scotland. 

CUPRANTIMONY  GLANCE.  Min.  Syn. 
Antimonial  Copper.  Ger.  Kupferantimonglanz. 
It  occurs  at  Wolfsberg,  Hartz,  in  small,  ag- 
gregated prisms.  H.  =  3  —  4.  G.  =  4-47. 
Lead-gray  to  iron-gray  ;  metallic  ;  opake ;  with 
conchoidal  fracture  and  black  streak.  Fusible, 
giving  off  antimonial  vapors,  and  leaving  a 
metallic  globule  which  gives  the  reaction  of 
copper.     Form.  Cu2S,  Sb2S„. 

CUPROMANGANESE.  Min.  H.  =  1-5. 
G.  =  3-15  —  3-25.  Reniform  and  botryoidal, 
bluish  black,  opake,  with  resinous  lustre. 
Gives  much  water,  and  decrepitates  in  a 
closed  tube;  gives  the  reaction  of  manganese, 
copper,  and  sometimes  of  iron  and  cobalt;  is 
soluble  in  muriatic  acid  with  evolution  of 
chlorine.  Form.  RO,  2  Mn02-(-2  HO,  in  which 
RO  is  oxide  of  copper,  protoxides  of  manga- 
nese and  cobalt,  magnesia,  lime,  baryta,  and 
potassa. 

Local.  Kammsdorff,  and  near  Saalfeld;  Ma- 
dison Co.,  Missouri,  U.  S.,  in  which  latter  lo- 
cality it  is  due  to  the  decomposition  of  cupro- 
coba.lt  pyrites. 

CURARA.  The  poisonous  extract  of  a 
plant  called  Mavaaire,  used  by  the  South  Ame- 
rican Indians  for  envenoming  the  barbs  of 
their  arrows.  Alcohol  extracts  an  alkaline 
yellowish  mass,  of  horny  aspect,  called  Cura- 
rin.  (BoussingauU  and  Ratlin.)  It  is  intensely 
virulent  and  bitter.  It  is  very  soluble  in  water 
and  alcohol,  but  insoluble  in  ether  and  alcohol. 
Heated,  it  carbonizes.  Combined  with  acids,' 
it  forms  bitter,  uncrystallizable  neutral  salts 
CURCUMIN.  See  Tumeric. 
CURD.    Tech.   A  component  of  milk,  similar 
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in  its  chemical  characteristics  to  albumen, 
and  by  its  susceptibility  of  fermentation  when 
moist,  also  resembling  vegetable  gluten.  When 
on  exposure  to  air  or  by  boiling,  the  saccharine 
constituent  of  milk  acquires  an  acid  (lactic) 
property,  its  curd  portion,  owing  its  liquidity 
to  the  presence  of  potassa,  coagulates  and 
separates  from  the  whey  in  white,  tremulous, 
gelatinous  masses.  The  curd  formed  by  rennet 
is  called  Casein,  and  mixed  with  butter  is  the 
basis  of  common  cheese.  The  coaguh 
initiated  by  acetic  acid  from  the  liquid,  after 
rennet  ceases  to  have  actionals  termed  Zcigcr, 
or  Serai.     See  Milk. 

CURRY.  Tech.  A  renowned  sauce,  much 
used  in  many  articles  of  Indian  cookery,  and 
derives  its  name  from  the  curry-powder  (Tcn- 
meiuc)  with  which  it  is  colored  and  partially 
seasoned.  Of  the  many  modifications  of  this 
condiment,  the  following  is  the  most  generally 
approved. 

King  of  Oude's  Sauce.  To  a  sufficient  quan- 
tity of  very  finely  minced  meat  add  2  lb.  fresh 
butter,  2  large  onions,  1  gill  of  good  veal-gravy, 
a  table  spoonful  of  curry-powder,  and  simmer 
the  whole  in  a  covered  pan  for  two  hours. 
When  ready  to  be  served  up,  squeeze  in  as 
much  lemon-juice  as  is  necessary  to  give  it  an 
acid  flavor.  {Murray.)  To  suit  some  tastes  a 
garlic  is  occasionally  added. 

CUSPARIN.     See  Angostura. 

CYAMELIDE.  See  Cyanogen  and  Oxy- 
gen. 

CYANITE.     See  Kyanite. 

CYANOGEN.  Chan.  Kuacsoc,  Hue,  ywzu,  I 
generate,  from  its  earliest  known  compound, 
Prussian  blue.  Discovered  in  1815,  by  Gay- 
Lussac,  and  since  then  studied  by  many  che- 
mists. 

H=l       0=100 

C2 12.02  150-24         45-90 

N 14-18  177-04         54-10 


20-20 


327-28        100-00 


Form.  C2N.     Sym.  Cy. 

Formation.  It  is  formed  when  one  or  both 
of  its  elements  are  in  their  incipient  state, 
with  the  presence  of  another  body  with  which 
the  cyanogen  may  unite.  Thus,  when  ammo- 
niacal  gas  is  passed  over  charcoal  at  a  white 
heat,  cyanide  of  ammonium  and  free  hydrogen 
result ;  2  NH3  +  C2  =  NH4,  C2N  -f  H2.  It- 
carbonate  of  potassa  be  present,  cyanide  of 
potassium,  water,  hydrogen,  and  carbonic  acid 
result;  NH3  +  C2+  KO,  C02  =  K.C2N-f-  HO 
_j_H2-f-C02.  When  mingled,  ammonia-gas 
and  carbonic  oxide ;  or  when  the  gaseous  ox- 
ides of  nitrogen,  with  carburetted  hydrogen  or 
vapor  of  alcohol,  are  heated  in  presence  of 
platinum  sponge,  cyanide  of  ammonium  is 
formed.  It  is  also  formed  by  the  metamorpho- 
sis of  various  organic  bodies,  as  by  heating 
formiate  of  ammonia,  by  the  action  of  emulsin 
on  amygdalin  with  water,  &c. 

Prep.  By  heating  in  a  small  retort  neutral, 
dry  cyanide  of  mercury,  below  redness,  it  be- 
comes black,  semi-fuses,  and  evolves  cyan- 
ogen and  mercury,  the  former  of  which  is 
caught  over  mercury,  or  may  be  burned  at  the 
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exit  tube,  finely  drawn  out  to  exhibit  its  flame. 
Moisture,  or  too  high  a  temperature,  render 
the  gas  impure.    Paracyanogen  remains. 

Prop.  A  colorless  gas,  with  a  strong,  pecu- 
liar odor,  irritating  the  eyes  and  nose  power- 
fully, burning  with  purplish  name;  spec. gray. 
=  1-8004;  compressible  by  3 or 4  atmosph 
or  by  cold, into  a  thin,  colorless  liquid,) 
grav.  0-9  (by  Faraday's  apparatus).  Water 
dissolves  4|  volls.  cyanogen,  receiving  its 
characteristic  odor  and  a  sharp  taste.  The 
solution  decomposes,  depositing  a  brown  sub- 
stance with  the  composition,  C2N-)-H(),  ami 
then  containing  prussic  and  carbonic  acids, 
ammonia,  urea,  and  oxalate  of  ammonia.  The 
brown  substance,  at  a  red  heat,  forms  para- 
cyanogen. A  trace  of  acid  in  the  water  pro- 
tects the  cyanogen.  Alcohol  dissolves  23, 
ether  5  volls.  cyanogen,  and  the  solutions  de- 
compose similarly  to  that  of  water.  Cyanogen 
supports  a  very  high  temperature  without  de- 
composition, but  by  passing  over  white-hot 
iron,  it  is  resolved  into  carbon  and  nitrogen, 
and  heated  with  oxygen  or  oxide  of  copper  into 
2  volls.  carbonic  acid  and  1  vol.  nitrogen. 

Cyanogen  combines  directly  with  potassium 
and  sodium ;  with  the  fixed  alkalies  it  forms 
a  cyanide  and  cyanate ;  other  cyanides  are 
formed  by  double  decomposition.  In  nearly 
all  its  relations  it  exhibits  a  great  degree  of 
fixedness,  and  the  closest  analogy  with  the 
halogens,  with  a  peculiar  difference  due  to  its 
compound  nature,  and  other  peculiarities,  such 
as  the  formation  of  Sulphocyanides,  &c. 

Cyanogen  may  be  determined  in  its  com- 
pounds by  ultimate  organic  Analysis,  or  by 
precipitating  it  with  nitrate  of  silver,  weighing, 
igniting,  and  again  weighing,  to  ascertain  the 
loss  of  cyanogen ;  if  chlorine  be  present  at 
the  same  time,  the  mixed  chloride  and  cyanide 
of  silver  is  weighed,  converted  into  chloride 
by  muriatic  acid,  and  the  cyanogen  calculated 
by  the  difference. 

Paracyanogen  remains  as  a  coal-like  body 
when  cyanogen  is  prepared  from  cyanide  of 
mercury  or  silver;  or  it  is  obtained  by  igniting 
the  brown  precipitate  from  a  saturated  solu- 
tion of  cyanogen  in  alcohol,  or  from  aqueous 
prussic  acid.  It  is  brown,  amorphous,  infu- 
sible. Probable  formula  NC2 ;  isomeric,  with 
cyanogen.  (Johnston.)  The  decomposition  of 
cyanide  of  silver  is  attended  by  the  evolu- 
tion of  light  and  heat,  when  one  half  of  the 
cyanogen  has  passed  off  and  paracyanogen 
remains,  but  the  gas  appears  to  be  another 
isomeric  form  of  cyanogen,  metaajaiiogen. 
These  bodies  have  not  been  thoroughly  inves- 
tigated. 

Cyanohydric  Arid.  Chem.  Phar.  Syn.  Hy- 
drocyanic, Prussic  acid.  Oer.  Blausaure, 
Cyanwasserstofisaure.  Form.  C2NII  =  HCy. 
Eq.  =  27-2  or  339-78. 

Prep.  It  is  obtained  like  the  halogen  hy- 
dracids,  by  the  action  of  acids  on  cyanides. 

To  prepare  the  anhydrous  acid:  1.  Pour 
concentrated  muriatic  acid  over  finely  powder- 
ed cyanide  of  mercury  in  a  tubulated  retort, 
the  neck  of  which  passes  into  a  tube  several 
feet  long,  the  first  third  containing  marble,  the 
remaining  #  fused  chloride  of  calcium.  By 
gently  warming   the   retort,  the   acid  passes 
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over  and  condenses  first  in  the  tube,  where 
the  marble  and  chloride  of  calcium  retain 
muriatic  acid  and  water,  and  from  which  the 
cyanohydric  is  driven  by  warmth  into  a  re- 
ceiver cooled  by  ice.  By  theory,  HgCy-j-HCl 
=  HgCl  -4-  HCy,  but  a  portion  of  formiate  of  am- 
monia is  also  produced.  (Gay-Lu?sac.)  2.  Pass 
dry,  sulphuretted  hydrogen  over  the  cyanide 
of  mercury  in  a  long,  glass  tube,  contain- 
ing white  lead  at  the  end,  to  catch  sulphur- 
etted hydrogen;  HgCy-f  HS  =  HgS -f  HCy. 
(Vauqudin.)  3.  Distil  15  pts.  yellow  prussiate 
of  potash  with  9  pts.  sulphuric  acid,  and  9 
pts.  water,  and  into  the  cooled  receiving  flask 
throw  chloride  of  calcium,  which  forms  a  heavy 
solution  from  above  which  the  liquid  cyano- 
hydric acid  may  be  decanted;  by  repeated 
standing  with  the  chloride  it  may  be  obtained 
fully  anhydrous.  (Trautwein.)  4.  Dissolve  2 
pts.  of  the  crude  mass  of  cyanide  of  potassium 
(by  Liebig's  process)  in  5  to  6  pts.  water, 
introduce  it  into  a  tubulated  retort,  and  upon 
it  one  part  oil  of  vitriol,  previously  diluted 
with  one  part  water  and  cooled.  The  acid  is 
added  in  small  quantities  at  a  time  to  avoid 
too  much  heat.  From  the  beak  of  the  retort  a 
small  tube  enters  a  3  to  £  inch  tube,  3  ft.  long, 
which  is  bent  into  a  syphon-form,  filled  with 
chloride  of  calcium,  and  placed  inverted  in  a 
cylinder  filled  with  cold  water;  a  tube  passes 
from  the  other  end  of  the  syphon  into  a  flask 
surrounded  with  ice  and  salt  (or  ice  alone). 
When  all  the  acid  has  been  poured  in,  and  the 
liquid  ceases  to  boil,  the  water  in  the  cylinder 
is  drawn  oft*  by  a  syphon,  and  replaced  by 
water  at  86°  to  95°,  which  is  heat  sufficient  to 
drive  over  the  prussic  acid  from  the  chloride 
syphon-tube  into  the  condensing  flask,  and  to 
insure  more  perfect  condensation,  the  small 
tube  entering  the  flask  may  pass  through  a 
Liebig's  condenser.  The  retorj  may  then  be 
heated  to  obtain  more  acid.  (Liebig.)  The 
dangerous  nature  of  this  acid  demands  great 
care,  especially  the  use  of  ice,  or  ice  and  salt, 
in  its  preparation. 

Prop.  A  colorless,  very  thin  flowing  liquid, 
of  peculiar  taste,  and  strong  odor,  benumbing 
the  nasal  organs ;  spec.  grav.  =  0-6969  at  04° ; 
congealing  into  a  white,  fibrous  mass  at  4-  5°, 
(not  at  -56°,  Schulz);  boiling  at  79°;  spec. 
grav.  of  vapor  =0.9476;  very  combustible, 
with  a  luminous,  reddish  flame ;  miscible  in 
all  proportions  with  water,  alcohol,  and  ether, 
imparting  a  bitter-almond  taste.  It  is  one  of 
the  most  deadly  poisons,  the  more  so  from  its 
volatility.  It  is  decomposable  in  a  manner 
similar  to  cyanogen  by  iron,  oxygen,  or  oxide 
of  copper;  and  even  spontaneously  in  close 
vessels,  forming  a  brownish  black  substance 
and  ammonia,  but  traces  of  other  acids  pre- 
vent change.  Strong  acids  change  it  into  am- 
monia and  formic  acid,  chlorine  into  muriatic 
acid  and  chloride  of  cyanogen.  Potassium, 
heated  in  its  vapor,  forms  cyanide  with  evolu- 
tion of  hydrogen;  baryta  or  lime  have  the 
same  result,  but  form  both  cyanide  and  cyan- 
ate;  many  metallic  oxides  form  cyanides  and 
water. 

From  the  above  it  would  evidently  be  easy 
to  prepare  liquid,  aqueous  prussic  acid,  but 


for  medicinal  use,  its  highly  poisonous  cha- 
racter demands  great  care  in  preparing  it  of 
an  exact  strength.  The  per  centage  of  anhy- 
drous acid  in  the  aqueous  acid  varies  greatly 
in  different  Pharmacopoeias,  being  1-6  pr.  ct. 
in  the  U.  S.  Phar.,  and  12  pr.  ct.  in  the  Pa- 
risian. 

1.  Put  4  pts.  ferrocyanide  of  potassium  in  a 
glass  flask,  add  16  pts.  hot  water  to  dissolve 
it,  and,  when  cooled,  add  2  pts.  oil  of  vitriol, 
previously  mixed  with  2  pts.  water,  connect 
with  a  tall  receiver,  containing  20  pts.  water, 
and  distil  until  a  mark  on  the  receiver  shows 
38  pts.  The  liquid  contains  2£  pr.  ct.  dry- 
acid.  (Gcigcr.)  The  London  and  U.  S.  Pharm 
direct  J ij  ferrocyanide,  and^jss  sulphuric  acid. 

2.  One  part  ferrocyanide  is  distilled  with  2  pts. 
pure  phosphoric  acid  (spec.  grav.  of  the  solu- 
tion =  1-135)  and  3  pts.  alcohol  (spec.  grav. 
=0-81),  until  a  somewhat  moist  mass  remains, 
receiving  the  acid  in  1  pt.  alcohol  in  a  receiver. 

3.  Dissolve  22  grs.  cyanide  of  potassium  in 
6  fig.  water,  add  50  grs.  cryst.  tartaric  acid,  dis- 
solved in  3  fl£.  rectified  spirit,  and  after  stand- 
ing some  time  decant.  KCy-f-  2  T  -J-  HO  = 
KO,  2T-fHCy.  (Laming.)  The  small  amoun' 
of  cream  of  tartar  remaining  in  the  acid,  is 
perhaps  not  objectionable  for  medical  pur- 
poses, but  there  is  a  difficulty  in  the  uncertain 
purify  of  the  cyanide.  4.  Cyanide  of  silver  is 
exactly  decomposed  by  chlorohydric  acid 
(Eventt.)  AgCy-f-HCl  =  AgC14-HCy.  The 
U.  S.  Pharm.  employs  51  grs.  cyanide,  and  41 
grs.  muriatic  acid.  If  the  strength  of  the  lat- 
ter acid  could  be  exactly  known,  this  process 
is  a  good  one.  Cyanide  of  mercury  may  be 
substituted  for  that  of  silver.  5.  Prepare  the 
dry  acid  as  above  given  (process  4)  in  a 
cooled  and  graduated  receiver,  and  add  water 
q.  s.  cooled  to  32°.  To  make  an  acid  contain- 
ing 33  pr.  ct.  dry  acid,  to  5  measures  of  the 
dry  acid  obtained,  add  96£  measures  water. 
Liebig. 

Prop.  Like  the  dry  acid  dissolved  in  water, 
it  is  very  subject  to  decomposition,  which  may 
be  prevented  by  a  slight  acidulation  with  an- 
other acid.  The  pure  acid  should  leave  no 
residue  on  evaporation,  sulphuric  acid  and 
yellow  prussiate  are  detected  respectively  by 
a  salt  of  baryta  and  a  persalt  of  iron,  muriatic 
acid  by  nitrate  of  silver,  and  observing  if  the 
precipitate  wholly  dissolve  in  hot,  concentrated 
nitric  acid.  To  determine  the  amount  of  acid 
in  a  solution,  precipitate  a  given  weight  of  it 
entirely  with  nitrate  of  silver,  collect  on  a 
weighed  filter,  dry  it  at  300°,  and  weigh.  Every 
5  grs.  (exactly  4-88)  cyanide  correspond  to  1 
gr.  dry  acid.  Or  the  precipitate,  dried  on  an 
nnweighed  filter,  is  burned  in  a  porcelain  cru- 
cible and  the  silver  weighed,  every  4  grs. 
(3-922)  of  which  are  equivalent  to  1  gr.  of  an- 
hydrous acid.     See  also  PJydurel  of  Bunzyi.. 

Cyanides.  Those  of  potassium  and  sodium 
may  be  formed  directly,  but  they  are  all  made 
indirectly,  and  from  ferrocyanide  of  potassium, 
which  is  prepared  on  a  large  scale  for  use  in 
the  arts.  The  cyanides  are  all  solids,  often 
presenting  a  close  analogy  with  the  chlorides, 
and  like  the  latter,  forming  an  extensive  series 
of  double   salts.    The  alkaline  cyanides  are 
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soluble  in  water,  have  an  alkaline  reaction,! 
and  with  excess  of  alkali  or  prussic  acid  rea- 
dily decompose  ;  boiled  with  alkali,  they  form 
ammonia  and  formiates.  The  cyanides  of  the  | 
noble  metals  are  decomposed  into  cyanogen 
and  metal  or  a  lower  cyanide.  Cyanides  have 
a  remarkable  tendency  to  form  double  salts, 
and  some  of  these  again  unite,  forming  quad- 
ruple salts  or  twinned  double  salts.  The  fer- 
rocyanide  of  potassium  being  the  basis  of 
nearly  all  the  compounds  of  cyanogen,  the 
following  view  of  its  manufacture  is  presented, 
as  explained  by  Liebig. 

Manufacture    of    Yellow    Prussiate    of 
Potash. 

The  materials  employed  are  animal  matters, 
containing  nitrogen,  blood,  hoofs,  horns,  hides, 
cracklings,  woollen  rags,  hair,  leather,  and  all 
nitrogenous  animal  offals,  which  are  calcined 
in  their  dried  state  with  potash,  or  previously 
charred  in  retorts,  and  then  fused  with  potash. 
The  latter  process  is  desirable  where  ammoni- 
acal  products  are  to  be  obtained,  and  was  in- 
deed the  process  originally  pursued  until  within 
a  few  years.  In  this  case  the  offals  were  dis- 
tilled in  iron  retorts  to  catch  the  ammoniacal 
water  and  tarry  matters,  and  the  charcoal  re- 
maining then  thrown  into  the  fused  potash. 
It  was  found  that  the  less  the  offals  were  dis- 
tilled, the  greater  was  the  proportion  of  prus- 
siate  obtained,  and  hence  the  substitution, 
latterly,  of  the  dried  but  uncharred  offals  for 
the  animal  charcoal.  Ammoniacal  products 
may  be  obtained  from  other  sources. 


The  pear-shaped  iron  vessel  for  fusing  the 
offals  with  potash,  is  represented  in  fig.  39,  on 
a  scale  of  i  inch  to  the  foot,  in  which  a  is  the 
pot  of  cast  iron,  2  inches  or  more  thick  on  the 
bottom,  to  withstand  the  erosive  action  of  the 
mass,  built  in  brickwork,  and  sustained  at  the 
back  by  a  thick  tongue,  b,  which  enters  the 
masonry,  and  in  front  by  the  arms,  r,  c ;  d,  the 
narrow  opening  through  which  the  charge  is 
introduced  and  worked,  and  may  be  closed  by 
an  iron  plate,  e;  f,  an  iron  shelf  to  prevent 
loss  in  drawing  out  the  charge  ;  g,  the  grate ; 
h,  the  fire-door,  and  i,  the  ash-pit,  placed  at  the 
back,  as  in  the  figure,  or  at  the  side ;  k,  k,  a 
space  of  a  few  inches  left  around  the  pot  to 
allow  the  flame  to  encircle  it  more  closely; 
/,  the  flue,  whence  the  gaseous  products  of  the 
fire  pass  into  the  chimney. 

When  the  potash  is  brought  to  fusion  in  the 
pot,  the  animal  matter  is  thrown  in  gradually 
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during    several    hours,    the    mass    being    fre- 
quently stirred  by  an  iron  paddle,  until  ammo- 
niacal vapor  is  perceived;  when  the  ope 
d,  is  closed  by  the  plate,  c,  and  a  brisk 
given,  during  which  ii  is  opened  and  the  mass 
stirred  at  intervals.     When  the  flame  ce 
or  carbonaceous  matter  has  disappeared,  the 
thick  mass  is  drawn  out,  quickly  cooled,  apart 
from  the  air  if  possible,  dissolved  by  warm 
water,  filtered,  and  the  solution  evaporated  for 
crystallization.     To  meet  the  excess  of  cyan- 
ide of  potassium,  copperas  may  be  added.    A 
second   solution    and    crystallization    yield   a 
good  commercial  prussiate. 

The  proportion  of  materials  employed  varies 
in  different  establishments.  The  following 
table  shows  the  relative  proportion  of  different 
offals  and  potash  sometimes  employed. 

For  100  pts.  Potash.  Iron.  Pr.  ct.  yii-M. 

Dry  blood 28—30  2—4         8—9 

Horn 33—35  2—4        9—10 

Leather 45—48  2—4         5—6 

According  to  this  statement,  horn  yields  the 
largest  per  centage  of  prussiate,  leather  yields 
a  comparatively  small  amount,  and  yet  re- 
quires a  larger  proportion  of  potash.  Crack- 
lings, or  the  membraneous  residue  of  rough 
tallow,  suet,  and  lard,  when  rendered,  being 
highly  nitrogenous  are  the  most  economical 
material.  In  the  West  the  supply  is  unlimited, 
and  they  mostly  retain  so  much  of  fat  that  it 
pays  the  expense  of  its  separation,  together 
with  the  original  cost.  For  the  minutiae  of 
the  process  of  extracting,  see  Morfit's  Jpplied 
Chemistry,  p.  332. 

Theory  of  the  Process.  The  crystallized  salt 
is  a  hydrate,  containing  just  so  much  water 
that  its  oxygen  exactly  forms  protoxide  of  iron 
and  potassa,  and  its  hydrogen  cyanohydric  or 
prussic  acid,  2  KCy-f  FeOy+ 3HO  =  2(K0, 
CyH)-fFeO,  CyH.  By  a  moderate  heat  the 
water  is  expelled,  and  by  igniting  the  dry  salt 
in  close  vessels,  cyanide  of  potassium,  and 
carburet  of  iron  remain,  while  nitrogen  es- 
capes. If  it  be  mixed  with  potash  and  ignited, 
cyanide  of  potassium  and  protoxide  of  iron 
remain,  and  carbonic  acid  escapes;  and  if 
charcoal  were  used  with  the  potash,  metallic 
iron  remains  with  the  fused  mass.  The  double 
cyanide  cannot,  therefore,  exist  ready  formed 
in  an  ignited  mixture  of  potash  and  charcoal. 
To  prove  this,  if  the  finely  powdered  mass 
from  the  pot  be  lixiviated  with  dilute  alcohol 
instead  of  with  water,  the  clear  liquid  contains 
only  cyanide  of  potassium,  and  no  trace  of  the 
double  cyanide,  which  cannot  even  now  be 
extracted  by  hot  water,  but  by  digesting  the 
alcoholic  solution  with  the  lixiviated  residue 
at  a  gentle  warmth,  the  solution  becomes  yel- 
low. It  is  then  evident  that  the  yellow  prus- 
siate is  only  formed  while  digesting  the  fused 
mass  with  water,  and  the  manner  in  which 
the  double  cyanide  is  formed  may  be  explain- 
ed as  follows : 

Cyanide  of  potassium  has  a  twofold  origin, 
when  nitrogenous  animal  matters  are  ignited 
with  potash,  by  the  presence  of  potash,  and 
by  the  decomposition  of  ammonia  with  char- 
coal. 1.  When  potash  (carbonate  of  potassa) 
is  highly  heated  with  charcoal,  both  acid  and 
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base  are  robbed  of  oxygen,  and  potassium  and 
carbonic  oxide  are  produced.  Cyanogen 
contains  1  eq.  nitrogen  to  2  eq.  carbon,  and 
animal  matters  1  to  6 ;  hence,  when  potash  is 
heated  with  blood  charcoal,  containing  nitro- 
gen, the  excess  of  carbon  tends  to  reduce  the 
potassa  to  potassium,  which  then  induces  the 
union  of  1  eq.  nitrogen  to  2  eq.  carbon  to  form 
cyanogen,  with  which  it  combines  to  cyanide 
of  potassium.  2.  The  dry  distillation  of  blood, 
&c,  gives  rise  largely  to  ammoniacal  pro- 
ducts. By  passing  ammonia-gas  over  ignited 
wood-charcoal,  it  is  converted  into  cyanohy- 
dric  or  prussic  acid  and  hydrogen  ;  thus  NH3 
-f  C2  =  C2N,  H  +  H2.  The  prussic  acid  thus 
produced,  when  animal  matters  are  thrown 
into  fused  potash,  then  unites  with  the  ignited 
potassa  to  hydrocyanate  of  potassa  (cyanide 
of  potassium),  and  the  presence  of  the  base 
no  doubt  induced  the  more  ready  resolution  of 
ammonia  into  cyanogen. 

When  uncharred  animal  matter  is  thrown 
into  the  fused  potash,  the  first  stage  of  the 
process  is  the  evolution  of  ammoniacal  vapor, 
which  is  reduced  by  the  excess  of  carbon  and 
forms  one  portion  of  cyanide  of  potassium. 
The  second  stage  is  the  reduction  of  potassa, 
by  the  excess  of  carbon,  and  the  formation  of 
another  portion  of  cyanide.  This  was  the 
only  source  of  cyanide  in  the  older  process, 
where  the  blood,  &c,  was  previously  charred. 
Hence  the  gain  in  the  more  modern  process 
of  a  larger  amount  of  cyanide,  where  un- 
charred animal  matter  is  used. 

From  what  has  been  said,  cyanide  of  potas- 
sium, and  not  the  double  salt  with  iron,  is 
formed  by  the  fusion  in  the  manufacturing 
process,  and  the  way  in  which  iron  enters 
into  combination  will  appear  from  the  beha- 
viour of  cyanide  of  potassium  to  iron.  When 
iron  is  digested  in  a  retort,  with  a  pretty  strong 
solution  of  this  salt,  it  is  dissolved  with  the 
evolution  of  hydrogen,  the  liquid  becoming 
yellow  from  the  formation  of  yellow  prussiate 
and  being  very  alkaline.  Thus  of  3  eq.  of  the 
cyanide,  1  eq.  is  decomposed,  its  cyanogen 
uniting  with  iron,  and  its  potassium  with  ox- 
ygen from  water,  whose  hydrogen  is  set  free; 
caustic  potassa  will  therefore  be  in  solution. 
Thus  3  KCy -f  Fe -f  HO  =  2  KCy,  FeCy-f 
KO-|-H.  A  similar  solution,  exposed  to  the 
air,  absorbs  oxygen  from  it,  producing  the 
same  result,  without  evolving  hydrogen. 
When  solutions  of  protosulphate  of  iron  and 
cyanide  of  potassium  are  brought  together,  the 
reddish  yellow  precipitate  dissolves  by  diges- 
tion to  a  yellow  solution  containing  yellow 
prussiate  and  sulphate  of  potassa ;  1  eq.  po- 
tassium and  1  eq.  of  iron  mutually  replacing 
each  other.  Thus,  3  KCy -f  FeO,  S03  =  2  KCy, 
FeCy  +  KO,  S03.  But  protosulphuret  of  iron 
dissolves  more  rapidly  in  the  cyanide  than 
either  iron  or  its  protoxide;  3K(3y-f-FeS  = 
2  KCy,  FeCy-f-KS,  so  that  the  yellow  prus- 
siate and  sulphuret  of  potassium  are  formed. 
It  is  to  be  observed  that  the  presence  of  po- 
tassa or  its  carbonate  does  not  in  the  least 
impede  these  changes. 

All  these  operations  take  place  in  the  manu- 
facturing process.  By  the  fusion  cyanide  of 
potassium  is  formed ;  but  the  potash  of  com- 


merce contains  12  to  16  pr.  ct.  sulphate  of 
potassa,  which  is  reduced  to  potassa  and  bi- 
sulphuret  of  potassium.  This  bisulphuret 
takes  up  metallic  iron,  forming  a  fusible, 
mixed  sulphuret,  which  is  disseminated 
through  the  whole  mass.  Hence  the  rapid 
erosion  of  the  iron  vessels,  notwithstanding 
the  addition  of  metallic  iron  to  the  mass. 

When  the  fused  and  cooled  mass  is  digested 
with  water,  the  sulphuret  of  iron  is  decom- 
posed, (see  formula  above,)  and  yellow  prus- 
siate formed,  but  if  the  quantity  of  sulphuret 
were  insufficient  to  form  this  salt  with  all  the 
cyanide  of  potassium,  the  latter  is  decomposed 
by  the  free  alkali,  forming  ammonia  and  formic 
acid ;  KC2N  +  4  HO  =  KO  -f-  C2H03  +  NH3. 
Hence  a  frequent  and  considerable  loss  in  the 
manufacture.  To  obviate  this,  protosulphate 
of  iron  is  added  during  the  digestion,  and  is 
converted  by  the  sulphuret  of  potassium  pre- 
sent into  sulphuret  of  iron.  It  is  added  in 
solution  until  a  black  precipitate  is  formed, 
which  no  longer  dissolves  in  the  boiling  liquid. 

There  is  another  source  of  loss  arising  from 
the  decomposition  of  bisulphuret  with  cyanide 
of  potassium,  resulting  in  the  formation  of 
sulphocyanide  of  potassium.  But  the  forma- 
tion of  this  salt  may  be  prevented  by  the  addi- 
tion of  sufficient  iron  to  the  fusing  mass, 
whereby  the  sulphocyanide  is  resolved  into 
cyanide  of  potassium  and  sulphuret  of  iron. 

Another  cause  of  loss  arises  from  the  access 
of  air  during  the  fusion,  whereby  cyanate  of 
potassa  is  formed  by  the  absorption  of  oxygen. 
The  same  acid  is  also  formed  by  the  reaction 
of  sulphate  of  potassa  on  cyanide  of  potas- 
sium. 

In  consequence  of  the  views  above  given, 
some  manufacturers  free  their  potash  from 
sulphate  by  crystallization,  and  employ  sul- 
phuret of  iron,  metallic  iron,  smithy  slack 
during  the  digestion  of  the  fused  mass  with 
water.  In  this  case  the  iron  kettles  should 
scarcely  be  eroded.  By  due  attention  to  the 
above  views,  coupled  with  a  few  more  experi- 
ments, it  is  evident  that  the  manufacture  may 
be  much  improved 
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1.  Cyanide  of  Potassium.  Form.  KCy.  Prep. 
1.  By  adding  hydrocyanic  acid  in  excess  to 
a  recently  prepared  concentrated  solution  of 
caustic  potassa,  evaporating  the  solution  in 
a  retort  at  a  boiling  heat  till  crystallization 
commences,  when  it  must  be  poured  into  a 
porcelain  capsule,  and  fused  at  a  low  red 
heat.  2.  By  heating  the  ferrocyanide  of  po- 
tassium, carefully  dried  and  reduced  to  a  fine 
powder,  in  an  iron  vessel  or  well-closed  cru- 
cible to  a  strong  red  heat,  exposure  to  the  air 
being  carefully  avoided  till  quite  cold;  the 
semi-fused  and  porous  mass  reduced  to  a  fine 
powder,  is  placed  in  a  funnel,  moistened  with  a 
little  alcohol,  and  then  washed  with  cold  wa- 
ter. The  first  concentrated  colorless  solution 
which  passes  off,  is  rapidly  brought  to  dryness 
and  fused  in  a  porcelain  capsule.  The  pound- 
ed fused  mass  may  also  be  boiled  in  dilute 
alcohol  when  the  cyanide  is  deposited  pure  on 
cooling.  Alcohol  of  60  pr.  ct.  dissolves  at  the 
boiling  temperature  a  considerable  quantity  of 
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the  cyanide,  almost  the  whole  of  which  is  again 
deposited  as  the  solution  cools. 

Prop.  Colorless;  crystallizes  in  transparent 
cubes,  or  other  forms  of  the  regular  system, 
without  odor,  but  of  a  sharp  biting  alkaline 
and  bitter-almond  taste ;  fuses  readily  to  a 
clear,  transparent  liquid,  and  will  bear  a 
white  heat  without  decomposition  in  close 
vessels,  but  if  exposed  to  oxygen,  is  convened 
into  cyanate  of  potassa.  On  exposure  the 
crystals  become  opake,  deliquesce  in  a  moist 
atmosphere,  are  very  soluble  in  water,  the  so- 
lution is  decomposed  even  by  the  carbonic 
acid  of  the  air,  and  smells  of  prussic  acid; 
even  in  close  vessels  it  decomposes  after  some 
time. 

It  is  converted,  in  solution  in  water,  into 
hydrocyanate  of  potassa;  if  the  solution  be 
evaporated  with  an  excess  of  potassa,  the 
whole  of  the  nitrogen  is  evolved  as  ammonia, 
and  formiate  of  potassa  remains.  EiFerve.s- 
cence  on  the  addition  of  an  acid  proves 
the  presence  of  carbonic  acid;  a  yellow  color, 
that  of  iron ;  and  a  blackening,  when  heated, 
the  admixture  of  salts  of  formic  acid.  It  is 
a  powerful  mean  of  reducing  metallic  com- 
pounds to  the  state  of  melal,  and  is  hence  an 
invaluable  reagent  for  the  blowpipe. 

2.  Cyanide  of  Sodium,  NaCy,  prepared  in  the 
same  manner,  has  the  same  properties  as  the 
cyanide  of  potassium. 

3.  Cyanohy drate  of  jhninoiiiu,  or  Cyanide  of 
Ammoniwm.  Prepared  by  distilling  dry  ammo- 
niacal  salts  with  metallic  cyanides,  or  by  bring- 
ing anhydrous  cyanohydric  acid  into  contacl 
with  ammoniacal  gas,  when  the  compound  is 
produced  in  the  form  of  bright  crystalline 
plates.  It  is  almost  as  volatile  as  prussic  acid 
itself;  decomposes  very  rapidly  in  water,  is 
poisonous,  and  has  a  strong,  peculiar  odor. 
Form.  NH4Cy. 

Cyanogen  and  Ammonia.  If  cyanogen  gas  be 
conducted  into  liquid  ammonia,  a  large  quan- 
tity of  a  brown  substance,  which  contains  am- 
monia in  chemical  combination,  is  deposited ; 
the  soluble  products  are  like  these  when  cy- 
anogen is  dissolved  in  water.  According  to 
Johnston,  its  composition  may  be  represented 
by  the  form.  C6N4H604,  or  C6N30  +  NH3  + 
H303,  consequently  as  a  hydrated  ammoniacal 
compound  of  an  acid,  which  contains  the  same 
quantity  of  cyanogen  as  the  cyanuric  acid, 
and  may  therefore  be  considered  as  the  pro- 
toxide of  the  radical  of  the  latter  acid.  By 
heating  this  brown  precipitate  to  redness,  pa- 
racyanogen,  water,  and  carbonate  of  ammonia 
are  obtained. 

4.  Cyanide  of  Zinc.  Form.  ZnCy.  The  acid 
solution  of  acetate  of  zinc  is  treated  with  cyan- 
ohydric acid  as  long  as  a  precipitate  is  formed, 
which  is  washed  and  dried.  A  brilliant  white, 
tasteless  powder,  insoluble  in  water  and  alco- 
hol, but  perfectly  soluble  in  ammonia,  as  also 
in  dilute  chlorohydric  acid  with  the  evolution 
of  cyanohydric  acid. 

5.  Cyanide  of  Iron.  Form.  FeCy.  This  com- 
pound, remarkable  from  its  tendency  to  form 
a  very  peculiar  class  of  double  compounds  by 
uniting  with  other  cyanides,  appears  incapable 
of  existing  in  a  free  state  as  the  corresponding 
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tde.  On  adding  a  proto-salt  of  iron  to  a 
solution  of  cyanide  of  potassium,  a  yellowish 
red  precipitate  is  formed,  and  redissolved  by 

an  excess  of  the  cyanide  into  a  yellow  liquid, 
the   ferrocyanide  of  potassium.     On  heating 
dry    ferrocyanide   of   ammonium,   cyain 
ammonium  is  evolved,  and  a  gray,  insoluble 
powder  remains,  which   has   been  con- 
as  tins  compound.    It  is  also  produced,  ac- 
cording to  Robiquet,  by  pouring  a  saturated 
solution    of  sulphohydric    acid  over  re< 
prepared  Prussian  blue  contained  in  a  well- 
stoppered  vessel;  the  blue  becomes  white,  and 
the  solution  contains  cyanohydric  acid.     The 
properties    of    these    preparations    differ    too 
widely  to  allow  of  their  being  considered  as 
identical. 

6.  Scsquicyanide  of  Iron.  Fe£Cy3.  Unknown 
in  a  pure  state.  On  mixing  a  solution  of 
ferridcyanide  of  potassium  to  the  silico-fluoride 
of  iron,  the  silico-fluoride  of  potassium  is 
separated,  and  a  deep,  brown  liquid  remains, 
which  has  a  strong  astringent  taste,  becomes 
blue  on  evaporation,  and  leaves  a  residue  of 
Prussian  blue.  It  forms  a  numerous  class  of 
double  cyanides. 

7.  Fcrrofcrridc  Cyanide.  Fe3Cy4  -)-  4  HO  = 
FeCy  4-  Fe2Cv3+  4  HO.  Obtained  by  boiling 
the  green  powder,  which  falls  on  heating  or 
exposing  to  the  air  a  solution  of  ferrocyanide 
of  potassium  charged  with  an  excess  of  chlo- 
rine, with  8  to  10  times  its  weight  of  concen- 
trated hydrochloric  acid,  until  the  filtered 
solution  ceases  to  be  rendered  turbid  by  water. 
The  green  residue,  when  well  washed,  should 
be  dried  in  vacuo;  it  is  but  slightly  acted  upon 
by  concentrated  hydrochloric  acid,  or  by  chlo- 
rine, but  it  is  readily  decomposed  by  hydrate 
of  potassa  into  peroxide  of  iron  and  ferrocy- 
anide and  ferridcyanide  of  potassium.  Pc- 
louze. 

8.  Cyanide  of  Cobalt.  CoCy.  Formed  by 
mixing  a  solution  of  the  acetate  of  cobalt  with 
hydrocyanic  acid,  is  a  brownish  white  preci- 
pitate. 

9.  Cyanide  of  Nickel.  Formed  by  precipita- 
ting acetate  of  nickel  with  prussic  acid,  is  an 
apple-green  hydrate,  which  becomes  light- 
brown  anhydrous  cyanide,  NiCy,  by  heating. 
Its  double  salts  see  below. 

10.  Cyan,  of  Lead,  is  white,  insoluble,  and 
appears  to  be  a  basic  cyanide  like  those  of  the 
alkalies. 

11.  Subcyan.  of  Copper,  formed  by  the  hy- 
drated red  oxide  and  prussic  acid,  is  white, 
and  soluble  in  ammonia.  Cyanide  of  ( 
formed  from  hydrate  or  carbonate  of  copper, 
is  a  yellow  powder,  insoluble  in  water,  soluble 
in  muriatic  acid,  precipitable  with  water.  It 
forms  double  salts. 

12.  Cyanide  of  Mercury.  Form.  HgCy.  Prep. 
1.  An  aqueous  solution  of  prussic  acid  is  treated 
with  finely  powdered  red  oxide  of  mercury 
until  all  odor  of  the  former  disappears ;  the 
liquid  yields  on  evaporation  pure  crystals  of 
the  cyanide.  The  acid  prepared  by  Geiger's 
method  is  most  convenient,  and  should  be 
introduced  into  a  well-stoppered  bottle,  the 
combination  with  the  oxide  of  mercury  being 
promoted  by  frequent  agitation.     It  must  al- 
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ways  be  remembered,  that  the  compound  can 
only  be  produced  when  water  is  present  in 
sufficient  quantity  to  dissolve  the  whole  of  the 
cyanide  ;  water  must  therefore  be  added,  should 
it  be  observed  that  the  liquid  smells  of  prussic 
acid,  while  any  portion  of  the  oxide  of  mer- 
cury remains  undissolved.  2.  By  adding  to  a 
solution  of  2  pts.  of  ferrocyanide  of  potassium 
in  15  pts.  of  boiling  water,  3  pts.  of  dry  bisul- 
phate  of  mercury;  boil  the  mixture  for  }  hour, 
and  separate  the  clear  liquid  while  boiling  hot 
from  the  precipitate  by  nitration  ;  as  the  solu- 
tion cools,  the  cyanide  crystallizes.  The 
mother-liquor  yields  a  second  crop  of  crystals 
by  evaporation ;  or  it  may  be  evaporated  to 
dryness,  and  the  cyanide  obtained  from  the 
residue  by  boiling  alcohol.  The  first  crystals 
from  the  aqueous  solution  are  purified  by  a 
second  crystallization.  The  formation  of  the 
cyanide  in  tins  process  is  owing  to  the  mutual 
decomposition  between  the  2  eq.  of  cyanide  of 
potassium  of  the  fenocyanide  and  2  eq.  of 
sulphate  of  mercury  into  cyanide  of  mercury 
and  sulphate  of  potassa,  while  the  cyanide  of 
iron  is  precipitated. 

Prop.  Crystallizes  in  colorless,  transparent, 
regular  4-  or  6-sided  prisms;  they  are  anhy- 
drous, permanent  in  the  air,  of  a  very  dis- 
agreeable metallic  taste,  and  very  poisonous, 
soluble  in  8  pts.  water  at  60°,  but  more  so  in 
boiling  water,  and  in  alcohol. 

Oxide  of  mercury  decomposes  all  soluble 
metallic  cyanides  with  the  formation  of  an 
oxide  and  double  cyanides  of  mercury  and 
other  metals.  If  the  cyanide  be  boiled  with 
an  excess  of  oxide  of  mercury,  the  latter  is 
dissolved  in  large  quantity,  and  the  solution, 
on  evaporation,  deposits  a  compound  in  fine 
acicular  crystals,  HCy,  3  HO ;  they  are  more 
soluble  in  cold  water  than  the  cyanide,  and 
have  an  alkaline  reaction.  The  formation  of 
this  compound,  during  the  preparation  of  the 
cyanide,  must  be  carefully  avoided,  by  the 
careful  addition  of  cyanohydric  acid  until  its 
odor  is  perceptible. 

A  subcyanide  corresponding  to  the  suboxide 
of  mercury  is  unknown.  When  an  attempt 
is  made  to  obtain  it  by  adding  a  subsalt  of 
mercury  to  prussic  acid,  metallic  mercury  is 
instantly  separated,  and  cyanide  formed. 

13.  Cyanide  of  Silver.  AgCy.  Falls,  on  mix- 
in?  a  soluble  salt  of  silver  with  cyanohydric 
acid,  in  the  form  of  a  brilliant  white  curdy 
precipitate;  is  decomposed  by  all  hydracids, 
but  with  great  difficulty  by  other  mineral  acids, 
except  boiling  nitric  ;  sutlers  no  change  by  the 
caustic  fixed  alkalies,  is  readily  dissolved  by 
ammonia.  It  is  readily  soluble  in  a  concen- 
trated solution  of  the  nitrate  of  silver,  forming 
with  it  a  crystalline  compound,  decomposed 
by  water.  It  forms  double  cyanides  with  other 
metallic  cyanides. 

14.  Cyanide  of  Palladium.  PdCy.  The  affin- 
ity of  palladium  for  cyanogen  surpasses  that 
of  all  other  metals;  they  combine,  whenever 
cyanohydric  acid  or  any  soluble  cyanide  is 
added  to  a  salt  of  protoxide  of  palladium, 
in  the  form  of  a  light  brownish  yellow  preci- 
pitate with  a  greenish  tint  if  copper  be  pre- 
sent; forms  double  salts  with  ammonia,  cyan- 
ide of  potassium,  and  nitrate  of  palladium. 
64 


CYANOGEN. 

15.  Cyanide  of  Gold.  Form.  AuCy.  Obtained 
by  treating  aurocyanide  of  potassium  (see 
below)  with  muriatic  acid,  and  evaporating  in 
a  water-bath  to  dryness,  and  dissolving  out 
cyanide  of  potassium  with  water,  forms  a 
yellow  crystalline  powder,  insoluble  in  water, 
alcohol,  and  ether. 

16.  Cyanide  of  Gold.  Form.  AuCy3.  A  so- 
lution of  gold  in  aqua  regia,  carefully  de- 
prived of  all  free  acid  by  evaporation,  is 
treated  by  a  recently  prepared  solution  of 
cyanide  of  potassium  with  an  excess  of  hydro- 
cyanic acid,  leaving  a  small  quantity  of  the 
chloride  of  gold  in  solution.  The  yellowish 
white  gold  cyanide  is  collected,  washed,  and 
dried.  An  excess  of  cyanide  of  potassium 
dissolves  it  with  a  yellowish  red  color,  but  it 
is  re-precipitated  by  addition  of  an  acid.  It  is 
prepared  by  adding  to  16  pts.  gold  dissolved  in 
aqua  regia,  a  boiling  solution  of  24  pts.  of 
cyanide  of  mercury,  evaporating  to  dryness, 
and  washing  with  water. 

Double  Cyanides. 

All  insoluble  metallic  cyanides  (of  heavy 
metals)  combine  with  the  soluble  (of  alkaline 
metals)  to  peculiar,  generally  crystallizable, 
double  compounds,  which  are  very  similar  in 
their  general  properties  to  the  combinations 
of  the  soluble  and  insoluble  metallic  sulphu- 
rets.  Thus  the  cyanides  of  gold,  palladium, 
silver,  nickel,  zinc,  copper,  &c,  are  readily 
dissolved  by  the  cyanide  of  potassium  or  so- 
dium, forming  either  yellow  or  colorless  solu- 
tions, which  are  not  changed  or  decomposed 
by  the  caustic  or  carbonated  alkalies,  or  by 
metallic  chlorides ;  acids  precipitate  insoluble 
cyanide,  owing  to  the  decomposition  of  the  solu- 
ble cyanide.  On  mixing  a  double  cyanide  of 
potassium  or  sodium  with  a  salt  of  a  proper  me- 
tal, a  new  double  compound  is  generally  form- 
ed, in  which  the  alkaline  metal  is  replaced  by 
its  equivalent  of  the  heavy  metal.  The  double 
cyanide  of  silver  and  potassium,  KCy-(- AgCy, 
forms,  with  acetate  of  lead,  PbO.A,  the  double 
cyanide  of  silver  and  lead,  PbCy-f-AgCy,  and 
acetate  of  potassa.  The  soluble  metallic  cy- 
anides often  form  double  compounds  with  the 
insoluble  metallic  chlorides,  bromides,  and 
iodides. 

The  double  compounds  of  both  cyanides  of 
iron  and  the  cyanide  of  cobalt  with  other 
cyanides,  and  with  cyanohydric  acid,  are  pe- 
culiar; the  latter  are  soluble  in  water,  crystal- 
lizable, of  a  distinct  acid  taste,  redden  litmus, 
permanently  decompose  carbonates  with  effer- 
vescence, and  perfectly  neutralize  the  alkalies; 
properties  not  possessed  by  the  free  cyanohy- 
dric acid.  Neither  the  iron  nor  the  cobalt  in 
these  compounds  can  be  detected  by  the  alka- 
lies, by  the  soluble  metallic  sulphurets,  or,  in 
short,  by  any  of  the  ordinary  reagents. 

Theoretic  Composition.  Several  views  have 
been  proposed  for  representing  the  composi* 
tion  of  these  compounds.  According  to  Ber- 
zelius  they  are  double  salts,  similar  to  other 
double  salts,  in  which  1  eq.  of  ferrocyanide  is 
united  with  2  eq.  of  another  cyanide,  and  1 
eq.  of  ferrid-or  cobaltidcyanide,  with  3  eq.  of 
another  cyanide. 
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Cyanide  of  iron 

Ferrocyanhydric  acid 

Ferrocyanide  of  potassium . . . 

Ferrocyanide  of  pot.  and  calc. 

Ferridcyanhydric  acid 

Ferridcyanide  of  potassium  . . 

Prussian  Blue 


Basic  Prussian  BJue 

Cobaltidcyanhydric  acid 

Cobaltidcyanide  of  potassium. 


Berzeliut.  Liebig. 

=  FeCy  FeCy 

=  FeCy,  2  HCy  Cfy+Ha 

=  FoCy,  2KCy  Cfy+Kj 

=  FeCy,  2  KCy-fFeCv,  2  CaCy     Cfy-f  f%l 

Cfdy+H. 
Cfdy+K. 

C  Ci'dy,  Fe3+Cfy,  Fe 
I      or  3  Cfy-j-2  Fc 
3Cfy4-2Fe24-Fe203 
Cky+H, 
Cky+K. 


=  Fe2Cy3,3HCy 
=  Fe2Cy3,3KCy 

=  2  Fe2Cy3,  3  FeCy 

=  2  Fe2Cy3,  3  FeCy-j-Fe,0, 
=  Co,Cy3,  3  HCy  ' 
=  Co2Cy3,  3KCy 


Liebig  assumes  the  radicals  Ferrari) a mogen 
==FeCy3,  symbolized  by  Cfy,  and  Ferridcyan- 
ogen  =Fe2Cy6,  written  Cfdy.  These  views 
are  presented  in  the  above  table.  Graham 
proposed  a  radical  Prussine  =  Cy3,  whence 
the  ferrocyanhydric  or  prussic  acid  would  be 
Pr-(-H3,  or  the  acid  prussohydrate  of  iron. 
The  formulae  of  Liebig  and  Graham  have  the 
advantage  of  simplicity,  but  we  shall  at  pre- 
sent follow  the  views  of  Berzelius. 

Besides  the  double  salts  of  the  cyanides  of  iron 
there  are  other  classes  of  double  salts,  such  as 
those  of  nickel,  copper,  palladium,  &c,  which 
are  more  simply  viewed  as  double  salts,  or  as 
simple  salts,  in  which  one  cyanide  acts  the 
part  of  an  acid  to  another  cyanide  as  a  base. 
On  the  theory  of  Liebig  there  should  be  as 
many  compound  radicals  as  there  are  classes 
of  these  compounds.  See  Remarks  of  Dr. 
Hare  on  the  Compound  Radical  Theory. 

1.  Ferrocyanhydric.  Acid.  Syn.  Ferruretted 
Chyazic  acid.  Ger.  Eisenhaltige  BlausiLure. 
Form.  2  HCy,  FeCy.  Discovered  by  Porrett. 
Prep.  1.  Decompose  recently  precipitated  ferro- 
cyanide of  lead  or  copper  by  sulphuretted 
hydrogen,  filter,  to  separate  the  metallic  sul- 
phuret,  and  evaporate  over  sulphuric  acid  in 
vacuo.  (Berzelius.)  2.  Mix  pure  Prussian 
blue  with  ten  times  its  volume  of  concentrated 
hydrochloric  acid,  and  as  soon  as  the  blue  color 
has  disappeared,  wash  the  yellowish  or  brown 
insoluble  residue  with  fresh  portions  of  the  con- 
centrated acid;  spread  the  moist  mass  upon  a 
clean  tile,  placed  under  a  bell-jar  with  quick 
lime,  dissolve  in  alcohol  when  dry,  and  let  the 
solution  evaporate  spontaneously.     Robiquet. 

Prop.  A  white,  crystalline  mass,  acquiring 
a  blue  color  by  exposure  to  air.  The  aqueous 
solution  is  decomposed  by  boiling  into  cyano- 
hydric  acid,  and  a  white  precipitate  becoming 
blue  by  exposure. 

Ferrocyanides.  They  are  all  decomposed 
when  exposed  to  a  red  heat  in  close  vessels ; 
those  with  an  alkaline  metal  giving  rise  to  the 
formation  of  cyanide  of  that  metal,  carburet 
of  iron,  and  evolving  nitrogen  gas ;  all  others 
yield  mixtures  of  metals  and  metallic  carbu- 
rets, with  or  without  the  evolution  of  cyanogen. 
All  the  soluble  ferrocyanides  are  decomposed 
by  being  boiled  with  oxide  of  mercury  into 
cyanide  of  mercury,  free  alkali,  and  oxy- 
cyanide  of  iron.  The  ferrocyanides  of  potas- 
sium and  sodium  are  converted  by  being  cal- 
cined in  open  vessels  into  alkaline  cyanates, 
and  the  sesqui-oxide  or  carburet  of  iron.  Most 
of  the  ferrocyanides  contain  water  of  crystal- 
lization, which  they  lose  when  heated.  Those 
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of  zinc,  copper,  and  mercury  unite  with  am- 
monia to  crystalline  double  compounds.  (Ban- 
sen.)  Most  of  them  are  soluble  in  concentrated 
sulphuric  acid  without  decomposition;  or  they 
unite  with  it,  and  lose  their  color.  By  nitric 
acid  they  are  decomposed,  many  of  them 
evolving  cyanogen  and  forming  metallic  fer- 
ridcyanides.  When  those  which  are  soluble 
in  water  are  boiled  with  dilute  acids,  the  fer- 
rocyanohydric  acid  is  separated,  and  at  that 
temperature  decomposed  into  cyanohydric 
acid  which  escapes,  and  into  white  cyanide 
of  iron,  which  absorbs  oxygen  and  becomes 
blue  by  exposure. 

2.  Ferrocyanide  of  Potassium.  Syn.  Prussiate 
of  Potash.  Ger.  Blutlaugensalz.  Form.  2KCy, 
FeCy-f-3HO.  For  its  preparation  see  the 
manufacture  of  prussiate  of  potash,  above 
given.  Prop.  Crystallizes  in  large  quadran- 
gular tables  or  short  prisms  with  truncated 
edges  and  angles  of  the  square  prismatic  sys- 
tem, of  a  lemon-yellow  color;  spec.  grav. 
1-832;  has  at  first  a  sweetish  bitter,  but  after- 
wards saline  taste ;  permanent  in  air,  loses  at 
212°  12-82  pr.  ct.  =  3  eq.  water,  and  becomes 
white;  soluble  in  4  pts.  of  cold  and  in  2  pts.  of 
boiling  water ;  insoluble  in  alcohol,  by  which 
it  is  precipitated  from  its  aqueous  solution  in 
brilliant  yellow  flakes.  Is  converted  by  nitric 
acid,  with  the  escape  of  cyanogen,  and  by 
chlorine,  into  the  ferridcyanide  of  potassium. 
At  a  red  heat  it  is  decomposed  into  the  car- 
buret of  iron  and  cyanide  of  potassium,  but  by 
the  presence  of  air  cyanate  of  potassa  is  formed. 

It  is  largely  employed  in  the  manufacture  of 
Prussian  blue,  in  dyeing  and  color-printing, 
(farther  as  a  qualitative  analytic  test),  and  for 
making  nearly  all  the  compounds  of  cyanogen. 
The  commercial  article  is  generally  very  pure. 

3.  Ferrocyan.  of  Sodium.  2  NaCy,  FeCy  4- 
12  HO.  Prepared  by  boiling  Prussian  blue 
with  carbonate  of  soda,  crystallizes  in  yellow 
4-sided  prisms,  effloresces  in  air,  is  soluble  in 
4-5  pts.  cold  water,  insoluble  in  alcohol. 

4.  Ferrocyanide  of  Ammonium.  2  NH4Cy, 
FeCy  -f-  HO.  Formed  by  digesting  ferro- 
cyanide of  lead  with  carbonate  of  ammonia, 
and  precipitating  with  alcohol  or  evaporating. 
Yellowish  white  crystals,  isomorphous  with 
the  salt  of  potassium,  (2),  permanent  in  air, 
very  soluble  in  cold,  decomposed  by  boiling 
water  into  cyanide  of  ammonium  and  a  cyan- 
ide of  iron.  It  forms  a  double  salt  with 
salammoniac  by  boiling  equal  pts.  ferrocy.  of 
potassium  and  salammoniac  with  6  pts.  water; 
the  crystals  are  2  NH.Cy,  FeOy-fNH.Cl 
4-  3  HO. 
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5.  Ferrocy.  of  Barium.  2BaCy,  FeCy4-6HO. 
By  digesting  Prussian  blue  in  a  solution  of 
caustic  baryta,  it  deposits  from  the  boiling  hot 
solution  in  small  yellow  rhomboidal  crystals, 
effloresces,  soluble  in  100  pts.  hot,  1920  pts.  cold 
water,  also  in  sulphuric  acid.  A  quadruple 
salt  of,  (2)  and  (5),  ferrocyanide  of  barium 
and  potassium,  obtained  by  crystallizing  the 
mixed  salts,  is  2  KCy,  FeCy-f  2  BaCy,  FeCy 
-f-  6  HO.  The  stronttum-sali  is  similar  to  that 
of  barium. 

6.  The  caJciwmrSd.lt,  obtained  similarly  to 
that  of  barium,  but  with  lime  and  water,  forms 
lemon-yellow,  very  soluble  crystals  of  the 
composition  2  CaCy,  FeCy  +  12  HO.  The 
quadruple    salt    of    calcium    is    anhydrous, 

2  KCy,  FeCy -f  2  CaCy,  FeCy.  The  double 
and  quadruple  salts  of  magnesium  are  anhydrous, 
the  former  deliquescent.  The  double  salts  of 
the  earths  are  white,  otherwise  but  little  known. 

7.  The  precipitates  formed  by  ferrocyanide 
of  potassium  with  solutions  of  the  metals  pro- 
per, are,  with  silver,  mercury,  bismuth,  tin, 
lead,  zinc,  and  manganese,  white,  but  that  of 
silver  blues  in  drying,  that  of  mercury  while 
still  in  solution,  that  of  manganese  becomes 
peach-red;  with  nickel,  greenish  white; 
chrome,  grayish  green;  with  cobalt,  green, 
becoming  reddish;  with  copper  and  uranium, 
brownish  red;  molybdenum,  dark  brown. 
The  quadruple  cyanide  of  zinc,  examined  by 
Mosander,  may  be  written  2  KCy,  FeCy  -f 
3(2  ZnCy,  FeCy) -f-  12  HO. 

Ferridcyanides.  1.  Ferridcyanohydric  Acid. 
Ger.     Eothe    eisenhaltige   Blausaure.     Form. 

3  HCy,  Fe2Cy3,  (Cfdy,  H3,  Liebig.)  By  pass- 
ing sulphuretted  hydrogen  through  fresh 
ferridcyanide  of  lead,  or  by  the  careful  use  of 
dilute  sulphuric  acid,  filtration,  and  sponta- 
neous evaporation,  crystals  are  deposited  of 
an  astringent  acid  taste. 

2.  Ferridcyanide  of  Potassium.  Syn.  Bed 
Prussiate  of  Potash.  Discovered  by  L.  Gmelin. 
Form.  3  KCy,  Fe2Cy3.  Prep.  Pass  chlorine 
gas  through  a  solution  of  ferrocyanide  of  po- 
tassium, until  it  no  longer  gives  a  blue  pre- 
cipitate with  persalts  of  iron;  evaporate  the 
solution,  purify  the  crystals  from  chloride  of 
potassium  by  re-crystallization.  2  (2  KCy, 
FeCy)  +  CI  =  3  KCy,  Fe2Cy3  +  KCI. 

Prop.  Transparent  right-rhombic  prisms  of 
a  red  color  and  high  lustre,  anhydrous,  perma- 
nent in  air,  soluble  in  3-8  pts.  cold,  but  more 
in  hot  water;  the  crystals  burn  in  the  flame 
of  a  candle  with  brilliant  scintillations ;  heated 
in  close  vessels,  cyanogen  and  nitrogen  are 
evolved,  a  mixture  of  carburet  of  iron  and 
ferrocyanide  of  potassium  remains.  The  aque- 
ous solution  is  decomposed  by  hydrochloric  or 
hydrosulphuric  acid ;  in  the  last  case,  sulphur 
and  cyanide  of  iron  are  precipitated,  arid  ferro- 
cyanide of  potassium  and  prussic  acid  are 
Ferridcyanide  of  iron  (Turnbull's  or  Paris  blue) 
Biferridcyanide  of  iron  (neutral  blue) 3  FeCy,  2  Fe2Cy3 

"RS343S  }  0«*  *"» 3  ™y-  3  "e2Cy,+  Fe2Cy„  Fe,0, 

^TS^ofTonh 3FeCy,  2FesCy,+2KCy,  FeCy 

ditto.  >  (soluble  blues) 3  (3  FeCy,  2  Fe2Cy3)-f2  (2  KCy,  FeCy) 

ditto.  J.... 3  FeCy,  2  Fe2Cy3-)-2  (2  KCy,  FeCy) 

Pelouze's  ferroferridcyanide FeCv.  Fe(Cy3-f-4  HO. 
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formed.  It  is  one  of  the  most  delicate  tests 
for  the  protoxide  of  iron,  with  which  it  forms 
a  precipitate  similar  to  Prussian  blue ;  perox- 
ide of  iron  is  not  precipitated. 

Prussian  Blues.  3.  When  a  protosalt  of 
iron  is  added  to  ferrocyanide  of  potassium  in 
solution,  so  that  a  portion  of  the  latter  remains 
undissolved,  the  white  precipitate  of  ferrocy- 
anide of  potassium  is  exposed  to  the  air,  from 
which  it  absorbs  oxygen  and  becomes  blue ; 
having  the  form.  3  FeCy,  2  Fe2Cy3  +  Fe203. 
It  is  basic  Prussian  blue,  or  oxy-ferridcyanide  of 
iron  and  Prussian  blue,  3  FeCy,  Fe2Cy3-f- 
Fe2Cy3,  Fe203.  After  dissolving  out  all  other 
salts,  it  becomes  soluble  in  water,  without 
leaving  a  residue,  forming  a  deep  blue  and 
rather  permanent  solution,  precipitable  by  a 
salt,  not  by  alcohol,  and  redissolving  in  water 
for  the  greater  part.  Its  formation  is  prevent- 
ed by  the  presence  of  strong  acid.  There  is 
always  a  portion  of  sesquicyanide  of  iron 
formed  by  oxidation  in  the  air,  which  tends  to 
form  a  quadruple  salt  with  ferrocyanide  of 
potassium ;  but  the  greater  part  of  the  latter 
may  be  removed  by  washing. 

Soluble  Prussian  blue.  When  a  persalt  of 
iron  is  added  to  an  excess  of  ferrocyanide  of 
potassium,  and  the  salts  are  washed  away 
from  the  precipitate,  the  latter  dissolves  with 
a  deep  blue  color,  which,  on  evaporation, 
yields  nearly  2  KCy,  FeCy+3  FeCy,  2  Fe2Cy3, 
or  1  eq.  each  of  Prussian  blue  and  ferrocyanide 
of  potassium.  It  is  precipitable  by  salts,  acids, 
and  alcohol,  and  hence  differs  from  the  pre- 
ceding basic  compound.  Evaporated  in  the 
air,  and  treated  with  (86  pr.  ct.)  alcohol,  the 
blue  compound,  still  soluble  in  water,  is 
2  (2  KCy,  FeCy)+3  (3  FeCy,  2  Fe2Cy3).  The 
insoluble  part  remaining  in  Prussian  blue, 
prepared  with  an  excess  of  iron  persalt,  is 
2  KCy,  FeCy  +  2  (3  FeCy,  2  Fe2Cy3).  We 
have  thus  3  compounds  containing  2,  3,  and 
4  eq.  Prussian  blue  respectively  to  2  eq.  ferro- 
cyanide of  potassium. 

When  a  neutral  solution  of  pernitrate  or 
perchloride  of  iron  is  added  to  yellow  prussiate 
of  potash,  the  iron-salt  not  being  in  excess, 
Berzelius's  Neutral  Prussian  blue  is  precipi- 
tated with  the  form.  3  FeCy,  2  Fe2Cy3.  It  may 
be  termed  biferridcyanide  of  iron. 

Another  ferridcyanide  of  iron,  prepared  by 
precipitating  protosulphate  of  iron  by  ferrid- 
cyanide of  potassium,  or  by  ferrocyanide, 
hypochlorite  of  soda,  and  muriatic  acid,  has 
a  brilliant  blue  color,  is  decomposed  by  boil- 
ing with  ferrocyanide  of  potassium,  into 
ferridcyanide  of  potassium,  and  an  insoluble 
gray  residue  of  ferrocyanide  of  iron  and  of  po- 
tassium. Form.  3  FeCy,  Fe2Cy3,  correspond- 
ing to  the  salt  of  potassium. 

The  following  table  comprises  the  above 
compounds. 

3  FeCy,  Fe2Cy3 
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Prep,  of  Prussian  Blue.  From  what  has  been 
stated,  the  Prussian  blues  of  commerce  vary  in 
constitution  according  to  the  mode  of  manu- 
facture, and  most  of  them  are  mixtures  of  the 
above  described  compounds.  The  purest  is 
that  obtained  by  the  use  of  red  prussiate  of  pot- 
ash and  pure  copperas,  forming  ferridcyanide 
of  iron,  but  there  is  a  more  economical  method 
of  obtaining  an  equally  fine  blue,  which  is  a 
mixture  of  the  preceding  with  common  Prus- 
sian blue,  and  mav  have  the  form.  3  FeCv, 
Fe2Cy3+3  FeCy,  2  FeaUy,,  or  2  FeCy,  Fe2Cy"3. 
To  prepare  it,  dissolve  6  pts.  green  vitriol, 
freed  from  copper  by  metallic  iron,  and  6  pts. 
yellow  prussiate  of  potash  in  15  pts.  water 
separately,  mix  the  solutions,  add  1  pt.  oil  of 
vitriol  and  24  pts.  strong  muriatic  acid  with 
constant  stirring,  and  after  some  hours  add  a 
clear  solution  of  1  pt.  chloride  of  lime  in  80 
pts.  water  in  successive  portions,  until  the 
escape  of  chlorine  produces  effervescence. 
After  some  hours  wash  thoroughly  with  water 
or  digest  with  nitric  acid,  and  dry  the  blue 
product.  (Hophstetter.)  The  copperas  solu- 
tion may  be  divided  into  two  parts,  one  of 
which  is  peroxidized  by  chloride  of  lime  or 
soda,  then  mixed  with  the  other,  and  this 
mixed  proto-  and  persalt  treated  with  yellow 
prussiate.  By  precipitating  pernitrate  or  per- 
chloride  of  iron  by  yellow  prussiate,  not  in 
excess,  Berzelius's  neutral  blue  is  precipi- 
t  ited. 

For  the  cheaper  kinds  of  bine,  copperas 
(calcined  or  not),  yellow  prussiate  of  potash 
and  alum  are  employed.  The  yellow  prussiate 
is  sometimes  taken  after  the  first  or  second 
lixiviation  of  the  melted  mass,  a  little  sulphu- 
ric acid  being  used  at  the  same  time  to  neu- 
tralize free  potassa.  The  precipitate  is  care- 
fully drained  and  repeatedly  washed  during 
free  exposure  to  air,  and  the  excess  of  iron 
removed  by  sulphuric  acid.  This  Prussian 
blue  contains  several  of  the  blues  above  enu- 
merated together  with  alumina. 

Prop.  The  better  qualities  are  light  and 
porous,  of  an  exceedingly  rich,  velvety,  violet- 
blue  color,  with  a  glimmering  copper-red  color 
and  lustre  on  a  freshly  broken  surface.  The 
inferior  qualities  exhibit  a  less  brilliant  blue 
color,  although  often  a  higher  copper-red  lus- 
tre where  they  have  been  dried  at  a  high  tem- 
perature. It  is  insoluble  in  water  and  dilute 
acids.  It  is  decomposed  when  heated  in  close 
vessels  into  water,  prussic  asid,  carbonate  of 
ammonia,  and  carburet  of  iron;  heated  in  air 
it  burns  slowly,  leaving  oxide  of  iron  (and 
earthy  matters,  if  present).  It  is  decomposed 
by  strong  prussic  and  fuming  nitric  acids,  the 
former  liberating  ferrocyanohydric  acid.  Sul- 
phuric acid  forms  a  white  paste  with  it.  Ox- 
alic and  other  organic  acids  dissolve  it,  form- 
ing a  beautiful  deep  blue  solution,  employed 
as  blue  ink.  Alkalies  decompose  it  into  solu- 
ble ferrocyanides  and  sesquoxide  of  iron. 
Prussian  blue  is  largely  employed  as  a  pig- 
ment in  oil  and  water  colors;  for  printing 
woven  fabrics, bygrinding  it  with  muriatic  acid 
and  thickening;  or  for  spirit  colors,  by  grind- 
ing with  a  solution  of  perchlonde  of  tin  and 
thickening.  For  blue  figures,  apply  the  mor- 
dant of  proto-  or  peracetate  of  iron,  thickened 
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with  gum,  and  after  drying  pass  through  a 
solution  of  prussiate  of  potash  acidulated  with 

muriatic  acid. 

Chromo-cyanides.    A  class  of  salts,  discovered 
byBockmann.     The  chromo-cyanhydn. 
obtained  from  the  salt  of  lead  by  sulphm 
hydrogen,  forms  soluble   crystals.      Thi 
tassium  salt,  obtained  by  evaporating  caustic 
potassa  with  oxide  of  chrome  and  an  excess 
of  prussic  acid,  forms  yellow  crystals  of  the 
same  form  as  the  corresponding  ferridcyanide. 
Form.  3  KCy,  Co2Cy3. 

Cobalt  id-cyanides.  The  cobaltid-cyanhydric 
acid,  3  HCy,  Co2C3^3,  obtained  from  the  lead 
salt  by  decomposition  with  sulphuretted  hy- 
drogen, filtration,  and  evaporation,  forms  color- 
less fibres,  of  a  strong  acid  taste,  deliqm 
very  soluble.  The  salt  of  potassium,  3  KCy, 
Co2Cy3,  obtained  by  dissolving  hydrate,  car- 
bonate, or  cyanide  of  cobalt  in  cyanide  of  po- 
tassium with  excess  of  prussic  acid,  forms 
yellowish  crystals,  isomorphous  with  the  ferrid- 
cyanide, anhydrous,  fusible,  soluble,  not  de- 
composed by  nitric,  muriatic,  or  sulphuric 
acid,  does  not  precipitate  the  salts  of  iron,  but 
does  those  of  protoxide  of  cobalt  rose-red. 
The  salt  of  lead  is  obtained  by  adding  the  pre- 
ceding, and  then  ammonia,  to  acetate  of  lead, 
white,  granular.  The  silver  salt,  similarly  pro- 
duced with  nitrate  of  silver,  is  white,  crystal- 
line, soluble  in  ammonia,  and  forms  with  it 
prismatic  crystals. 

Nickel-cyanides.      The    general    formula    is 

2  MCy,  NiCy.  The  potassium  salt,  obtained 
by  solution  of  fresh  cyanide  of  nickel  in  cy- 
anide of  potassium,  or  by  igniting  metallic 
nickel  with  prussiate  of  potash,  forms  yellow 
rhombs  with  1  eq.  water.  The  sodium  salt  is 
yellow  with  5  eq.  water;  those  of  ammonium 
barium,  calcium  yellow,  with  different  quan- 
tities of  water.  By  adding  one  of  these  solu- 
ble salts  to  the  solution  of  a  metal  proper, 
double  nickel-cyanides  are  obtained.  They 
all  correspond  to  the  ferrocyanide. 

Subcyanide  of  copper  forms  a  series  of  com- 
pounds of  which  the  potassium  salt  is  obtained 
in  yellow  crystals  from  a  saturated  solution  of 
cyanide  of  copper  in  cyanide  of  potassium. 
It  precipitates  protosalts  of  iron  greenish  yel- 
low ;  salts  of  gold,  yellowish  green ;  of  lead, 
light  green ;  of  manganese,  zinc,  and  bismuth, 
light  yellow. 

Mercury-ryanides.  Cyanide  of  mercury  ex- 
hibits a  strong  tendency  to  form  double  salts. 
Besides   the   oxycyanide   of  mercury  HgCy, 

3  HgO,  above  described,  Johnston  describes 
another,  HgCy,  HgO.  The  cyanide  of  mer- 
cury also  unites  with  haloid  salts.  Cyanide 
of  mercury  and  chloride  of  potassium,  HgCy, 
KCl-j-HO,  formed  by  mixing  the  two  salts,  or 
by  dissolving  1  pt.  cyanide  of  potassium  in  3 
pts.  chloride  of  mercury,  forms  white  lamina;. 
The  bromide  double  salts  have  the  formula 
MBr,  2  HgCy+mHO,  the  salt  with  bromide 
of  potassium  having  4  eq.  water,  with  that  of 
sodium  3  eq.,  with  those  barium  and  strontium 
6  eq.  water.  The  double  salt,  with  iodide  of 
potassium,  KI,  2  HgCy,  is  formed  direct  from 
saturated  solutions.  Cyanide  of  mercury  also 
forms  a  yellow,  crystallizable  double  salt  with 
chromate  of  potassa. 
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Cyanide  of  silver  forms  a  series  of  soluble 
double  salts  with  cyanides  of  potassium,  sodi- 
um, ammonium,  barium,  strontium,  and  calci- 
um, by  direct  solution,  precipitable  by  alcohol. 
The  solutions  added  to  many  other  metallic 
salts  produce  the  insoluble  double  cyanides. 
They  are  mostly  white. 

Platino-cyanide  of  potassium,  obtained  by 
heating  nearly  to  ignition  platinum  sponge  and 
dry  prussiate  of  potash  in  a  glass  flask,  and 
extracting  with  water,  or  by  adding  concen- 
trated chloride  of  platinum  to  saturated  cyan- 
ide of  potassium,  and  boiling  to  dissolve  the 
precipitate,  forms  thin  rhombic  prisms,  yellow 
by  transmitted,  blue  by  reflected  light.  Form. 
KCy,  PtCy-f-3  HO.  Its  solution  precipitates 
solutions  of  zinc,  tin,  silver,  mercury,  white; 
copperas,  bluish  white  ;  perchloride  of  iron, 
brownish  red;  blue  vitriol,  greenish  blue.  An 
analogous  salt  is  obtained  in  a  similar  manner 
from  powdered  iridium,  but  does  not  exhibit 
the  peculiar  play  of  color.  By  passing  chlo- 
rine through  the  platino-cyanide  in  solution  a 
salt  is  formed,  according  to  Knop,  in  copper- 
red  needles  of  the  composition  2  KCy,  Pt2Cy3 
+  5  HO  ;  (1)  it  precipitates  silver  and"  mercury 
white;  copper,  greenish  white;  suboxide  of 
mercury,  blue. 

Aurocyanide  of  potassium,  obtained  by  treat- 
ing fulminating  gold  (from  7  pts.  gold)  with 
6  pts.  cyanide  of  potassium  in  solution,  forms 
crystals  with  the  formula  KCy,  AuCy.  The 
auridcyanide  is  obtained  by  dropping  a  con- 
centrated solution  of  perchloride  of  gold  into 
a  concentrated  hot  solution  of  cyanide  of  po- 
tassium. The  efflorescent,  white  crystals 
have  the  formula  2  (KCy,  AuCy3)+3  HO.  It 
forms  other  auridcyanides  by  precipitation. 

Cyanogen  and  Oxygen. 

Cyanogen  forms  three  acids  by  union  with 
oxygen,  in  each  of  which  there  is  1  eq.  of  each 
element.  They  are  only  known  in  combina- 
tion with  water  or  with  bases,  and  have  the 
formula  CyO,  Cy20„,  Cy303. 

1.  Cyanic  Acid.  C2N,  O  +  HO  =  CyO,  HO. 
Formed  by  passing  cyanogen  over  carbonate 
of  potassa  at  a  red  heat,  by  the  action  of  the 
air  on  heated  cyanogen  compounds  with  the 
presence  of  fixed  alkali.  Prepared  by  distil- 
ling cyanuric  acid,  and  collecting  in  an  ice- 
cooled  receiver.  A  clear  liquid,  of  a  strong, 
penetrating  odor,  similar  to  that  of  acetic  or 
formic  acid,  reddens  litmus,  decomposes  ra- 
pidly into  cyamelide,  mixes  readily  with  water, 
and  decomposes  rapidly  into  bicarbonate  of 
ammonia,  C2NO,  HO-f  2HO  =  NH3,  2  C02. 
Its  alkaline  salts  are  soluble,  the  rest  insoluble; 
its  fixed  alkaline  salts  decompose  by  boiling 
into  ammonia  and  carbonates.  Their  formula 
is  MO,  CyO. 

Cyanic  and  Chlorohydric  Acids.  When  dry 
muriatic  acid  gas  is  passed  over  dry  cyanate 
of  potassa  in  a  tube  or  retort,  a  colorless 
liquid  distils  over,  which  does  not  decompose 
rapidly  like  cyanic  acid,  is  converted  by  heat 
into  cyamelide  and  chlorohydric  acid.  Form. 
CyO,  HO-|-  HC1,  or  more  probably,  CyCl,  2  HO, 
hydrated  chloride  of  cyanogen.     Wohler. 

Cyamelide,  or  Insoluble  Cyanuric  Acid,  is 
the  white,  porcelain-like  body  which  forms  in 


cyanic  acid ;  it  is  insoluble  in  dilute  acids, 
water,  alcohol,  and  ether;  is  decomposed  by 
alkalies  into  cyanate  and  cyanurate,  ammonia 
being  evolved;  heated  with  strong,  sulphuric 
acid,  it  is  dissolved,  and  with  2  eq.  water  is 
resolved  into  carbonic  acid  and  ammonia;  by 
distillation  it  yields  cyanic  acid.  Form.  C202 
+  NH,  orC2N,  O+HO.  (?) 

Cyanate  of  potassa  is  formed  by  calcining 
prussiate  of  potash  in  fine  powder  exposed  to 
the  air,  or  a  mixture  of  3  pts.  of  the  same  with 

1  pt.  dry  pearlash  and  4  pts.  of  pure  binoxide 
of  manganese  in  a  crucible,  or  by  fusing  cy- 
anide of  potassium  in  a  Hessian  crucible,  add- 
ing litharge  as  long  as  the  latter  is  reduced, 
and  heating  highly  to  collect  the  lead  in  one 
mass,  or  by  kindling  the  latter  mixture  by  a 
red-hot  body,  then  by  solution  in  boiling  alco- 
hol, from  which  it  crystallizes  on  cooling  in 
transparent  plates,  which  change  by  moisture, 
spontaneously,  or  by  heat,  into  bicarbonate  of 
potassa  and  ammonia,  and  by  the  action  of 
acetic  or  dilute  mineral  acid,  cyanurate  of  po- 
tassa is  precipitated.  Cyanate  of  ammonia, 
formed  by  bringing  the  2  dry  gases  together, 
is  a  white  woolly  body,  easily  decomposed  by- 
acids  or  alkalies;  if  gently  warmed,  with  or 
without  water,  or  exposed  to  the  air,  ammonia 
is  given  off  and  Uuea  produced.  Cyanate  of 
baryta  is  formed  together  with  cyanide  by 
passing  cyanogen  into  milk  of  baryta,  and 
decomposing  the  cyanide  by  carbonic  acid. 
The  cyanates  of  lead  and  silver,  obtained  by 
precipitation  with  cyanate  of  potassa,  are 
white.  The  latter  dissolves  in  ammonia,  and 
forms  cyamelide  with  sulphuretted  hydrogen. 

2.  Fulmtiiic  Acid.  Ger.  Knallsiiure,  Paracy- 
ansilure.  Unknown  in  its  pure  or  hydrous 
state,  shown  by  Gay-Lussac  and  Liebig  to  be 
a  constituent  of  fulminating  silver  and  mer- 
cury, and  formed  when  nitrate  of  silver  or 
subnitrate  of  mercury  with  excess  of  nitric 
acid  are  boiled  with  alcohol.  If  nitrous  acid 
vapor  be  passed  into  a  solution  of  nitrate 
of  silver  in  alcohol,  fulminate  of  silver  precipi- 
tates, whence  the  change  may  be  thus  illus- 
trated, 2  N03+  C4H602  =  C4N202  +  6  HO.  It 
may  be  regarded  as  a  bibasic  acid,  with  the 
general  formula  2  MO,  Cy202,  in  which  in  the 
acid  salts  or  bifulminates  1  eq.  MO  is  replaced 
by  HO,  thus,  MO,  HO-f  Cy202,  and  in  the 
double  salts  MO,  M'0+  Cy202. 

Fulminate  of  Mercury.  Syn.  Fulminating 
Mercury.  Go:  Knallquecksilber.  Discovered 
by  Howard.  Prep.  Dissolve  1  pt.  mercury  in 
12  pts.  nitric  acid  (of  spec.  grav.  1-36),  when 
cool  add  to  the  solution  1 1  pts.  alcohol  (of  80 
to  85  pr.  ct.),  heating  in  a  water-bath  until  it 
becomes  cloudy ;  the  violent  effervescence  on 
removal  from  the  fire  is  diminished  by  adding 
alcohol  gradually;  metallic  mercury  is  pre- 
cipitated, nitric  ether  evolved,  and  crystals 
deposited,  which  may  be  purified  by  recrys- 
tallization  from  a  hot  solution.     Prop.     Form. 

2  HgO,  Cy202.  Fine,  white,  silky  crystals, 
exploding  violently  when  struck  or  rubbed 
between  hard  surfaces,  deflagrating  on  live 
coals,  with  a  slight  explosion  and  a  blue 
flame.  From  its  liability  to  explosion  by  acci- 
dental friction  or  otherwise,  great  caution 
should  be  used  in  its  preparation  and  use.    It 
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is  employed  for  filling  the  heads  of  percassion 
caps,  being  ground  to  fine  powder  with  water 
on  a  marble  surface  with  a  wooden  roller  and 
then  mixed  with  saltpeter.  Other  mixtures 
are  also  used  containing  chlorate  of  potassa 
and  sulphur.  When  digested  with  caustic 
alkali,  the  latter  replaces  one  half  of  the  sub- 
oxide of  mercury  and  double  salts  are  formed 
of  a  yellow  color,  detonating.  The  salt  of  sub- 
oxide of  mercury,  obtained  by  precipitation,  is 
less  explosive. 

Fulminate  of  Silver,  prepared  like  the  salt  of 
mercury,  with  a  little  less  nitric,  acid,  and 
twice  as  much  alcohol,  forms  fine  white 
crystals  of  a  high  lustre,  sparingly  soluble  in 
cold,  soluble  in  36  pts.  boiling  water;  it  ex- 
plodes more  violently  than  the  preceding,  by  a 
blow,  friction,  the  electric  spark,  or  oil  of 
vitriol,  and  more  readily  after  exposure  to  sun- 
light, is  not  decomposed  by  nitric  acid;  caus- 
tic and  muriated  alkalies  separate  one  half  of 
the  silver,  the  former  as  oxide,  the  latter  as 
chloride,  and  crystalline  salts  with  two  bases 
are  obtained,  from  which  nitric  acid  separates 
the  bifulminate  of  silver.  The  neutral  salt 
has  the  formula  2  AgO,  Cy202;  the  acid  salt, 
AgO,  KO-\-Cy202,  is  a  white  powder,  scarcely 
soluble  in  cold,  very  soluble  in  boiling  water, 
and  very  explosive.  The  fulminate  of  silver 
and  potassa  is  white,  crystalline,  soluble  in 
8  pts.  boiling  water,  explosive,  with  the  form- 
ula KO,  CyO  +  AgO,  CyO,  or  KO,  AgO,  -f- 
Cy202.  The  salt  of  soda  is  reddish  brown, 
more  soluble  ;  that  of  ammonia  very  explosive, 
and  by  solution  in  ammonia  a  basic  salt  sepa- 
rates, far  more  explosive  than  fulminating 
silver;  those  of  baryta  and  strontia  are  white, 
sparingly  soluble,  of  lime  yellow  soluble,  of 
magnesia  one  is  rose-red,  not  explosive,  the 
other  white,  explosive. 

Fulminates  of  copper  or  zinc  may  be  pre- 
pared by  digesting  fulminates  of  mercury  or 
silver  with  metallic  copper  or  zinc.  The 
former  forms  green  crystals,  soluble  and  ex- 
plosive ;  the  latter  treated  with  baryta  forms 
ZnO,  Ba04-Cy202,  and  this  again  decomposed 
by  sulphuric  acid  leaves  in  solution,  ZnO, 
HO,-f-Cy202,  or  the  bifulminate  of  zinc. 

3.  Cyanuric  Acid.  Cyanurensiiure,  (Berze- 
lius).  Prep.  Formed  from  the  decomposition 
of  solid  chloride  of  cyanogen  by  water,  of  the 
soluble  cyanates  by  dilute  acids,  of  urea  by 
heat,  by  the  distillation  of  uric  acid  and  of 
melam,  melamine,  ammelide,  and  ammeline 
by  acids.  1.  Dissolve  dry  melam  in  strong  sul- 
phuric acid,  by  aid  of  a  gentle  heat,  throw  the 
solution  into  20 — 30  pts.  water;  keep  the  mix- 
ture for  several  days  near  boiling,  until  upon 
trial  it  no  longer  gives  a  white  precipitate 
with  ammonia;  evaporate  to  crystallize,  and 
purify  by  a  re-crystallization.  It  first  forms 
ammelide  and  ammonia  by  taking  up  water, 
and  ammelide  then  forms  cyanuric  acid  and 
ammonia,  thus  C12N„H9-f  6HO=CI2N9H906 
+  2  NH3,  and  then  C,2N9H906=2(C6N303)4- 
3  NH3.  2.  Heat  urea  beyond  its  fusion,  until 
it  is  converted  with  the  evolution  of  ammonia 
into  a  white  or  grayish  white  dry  mass:  dis- 
solve this  in  concentrated  sulphuric,  acid, 
treat  the  solution  with  nitric  acid  added  drop 
oy  drop  until  it  becomes  colorless,  and  then 
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add  it  to  an  equal  volume  of  water;  when 
cold,  crystals  of  pure  cyanuric  acid  are  depo- 
sited. 

Prop.  Colorless,  inodorous,  a  slight  taste, 
sparingly  soluble  in  cold,  soluble  in  24  pis. 
boiling  water;  the  oblique  rhombic  prisms 
from  the  aqueous  solution  contain  4  cq.  water, 
which  they  lose  at  common  temperatures  when 
exposed  to  the  air,  but  more  rapidly  when 
heated,  and  then  the  dry  acid  contains  3  eq. 
of  water ;  it  may  be  obtained  in  crystals  free 
from  crystal,  water  from  a  hot  saturated 
solution  in  nitric  or  chlorohydric  acid.  The 
hydrate,  when  heated,  is  converted  into  3  eq.  of 
hydrated  cyanic  acid.  It  is  soluble  in  the 
strongest  acids  without  decomposition,  but  by 
long-continued  boiling  is  converted  into  am- 
monia and  carbonic  acid.  Its  salts  have  the 
general  formula  3  MO,  Cy303,  that  of  a  triba- 
sic  acid;  they  are  all  crystalline,  decomposed 
by  acids,  cyanuric  acid  crystallizing  out  of 
the  solution :  the  alkaline  salts  are  fusible  by 
heat,  and  form  then  an  alkaline  cyanate. 

Cyanurate of 'potassa,  made  by  neutralizing  a 
boiling  saturated  solution  of  the  acid  in  po- 
tassa, forms  white  cubes,  KO,  2  HO-f-  ^y303. 
By  dissolving  these  crystals  in  caustic  potassa, 
alcohol  precipitates  2  KO,  HO-|-Cy303  in 
white  acicular  crystals.  The  salt  of  ammonia 
forms  white,  lustrous  prisms,  efflorescent. 
One  salt  of  baryta,  formed  by  dropping  barytic 
water  into  a  boiling  solution  of  the  acid,  leav- 
ing the  latter  in  excess,  forms  small  prisms, 
BaO,  2  HO  +  Cy303  -f  2  HO ;  but  by  pouring 
the  acid  into  an  excess  of  barytic  water,  or  by 
mixing  chloride  of  barium  and  a  boiling  solu- 
tion of  the  acid,  there  is  formed  2  BaO,  HO-j- 
Cy303  -f-  2  HO.  The  salt  of  lead  is  obtained 
by  mixing  a  boiling  solution  of  the  acid  with 
subacetate  of  lead;  white,  pulverulent;  form. 
3  PbO,  Cy303  -f  2  HO.  The  silver-sa.h,  obtain- 
ed from  nitrate  of  silver  and  either  of  the  salts 
of  potassa,  is  white,  pulverulent,  with  the 
form.  2  AgO,  HO  +  Cy303,  but  if  a  silver 
solution  be  added  to  a  boiling  solution  of 
cyanurate  of  ammonia,  the  precipitate  is 
3  AgO,  Cy303,  or  isomeric  with  the  cyanate 
of  silver. 

4.  Hypocyanous  Acid.  Syn.  Paracyanic  acid, 
{Johnston).  Obtained  by  solution  of  paracy- 
anogen  in  nitric  acid  and  precipitation  by 
water,  is  yellow,  amorphous,  reddens  litmus, 
unites  with  bases  to  salts,  and  is  composed  of 
C8N40=Cy40. 

Cyanogen  and  Halogens.  1.  Gaseous  Chloride  of 
Cyanogen,  formed  when  chlorine  is  passed  into 
prussic  acid,  when  moist  cyanide  of  mercury 
is  placed  in  an  atmosphere  of  chlorine  in  the 
dark,  or  when  mellon  is  heated  in  dry  chlo- 
rine, is  gaseous  at  common  temperatures,  has 
a  most  powerful  penetrating  odor,  becomes 
solid  at  0°,  and  forms  long  acicular  prisms, 
which  fuse  at  5°,  and  boil  at  10°.  If  the  liquid 
be  introduced  into  glass  tubes  and  hermetically 
sealed,  it  is  gradually  converted  into  the  solid 
chloride.  It  is  decomposed  by  the  alkalies; 
protosalts  of  iron  are  made  deep  green  when 
an  alkali  is  added  to  the  mixture.  If  moisten- 
ed cyanide  of  mercury  in  chlorine  be  exposed 
to  solar  light,  a  heavy  oily  liquid  of  a  yellow 
color  is  formed,  insoluble  in  water,  and  with 
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the  same  odor  as  the  gaseous  chloride ;  the 
same  substance  appears  to  be  formed  by  chlo- 
rine and  fulminate  of  silver.  If  its  solution 
in  alcohol  be  thrown  into  water,  a  crystalline 
substance,  like  camphor,  is  precipitated;  on 
exposing  a  mixture  of  moist  chlorine  and 
chloride  of  cyanogen- gases  to  the  sun's  rays, 
two  other  solid  compounds  appear  to  be 
formed.     Form.  CyCI.  (?) 

2.  Solid  Chloride.  Formed  by  exposing  dry 
chlorine  gas  and  anhydrous  cyanohydric  acid 
to  the  sun's  light;  chlorohydric  acid  and  the 
solid  chloride  are  formed,  the  latter  in  crystals. 
When  pure,  it  is  white,  sublimes  in  crystals, 
with  a  penetrating  odor  similar  to  the  excre- 
ment of  mice,  and  a  sweet  biting  taste;  spec. 
grav.=l-32;  fuses  at  284°,  sublimes  at  374°, 
soluble  in  absolute  alcohol  and  ether.  By  di- 
gestion in  water  at  a  gentle  heat,  it  is  resolved 
into  cyan  uric  and  chlorohydric  acids,  whence 
its  probable  formula  Cy3Cl3. 

3.  Bromide  of  Cy.  CyBr.  Add  1  pt.  bromine 
to  2  pts.  cyanide  of  mercury,  and  when  the  first 
heat  of  union  has  diminished  distil  at  a  gentle 
heat.  White  cubical  crystals  condense,  which 
are  gaseous  at  60°,  soluble  in  water  and  alco- 
hol, of  a  strong  odor. 

4.  Iodide  of  Cy.  Cyl.  Distil  cyanide  of 
mercury,  iodine,  and  water.  White  fibrous 
crystals  soluble  in  water,  alcohol,  and  ether, 
of  a  strong  odor,  volatile  at  100°. 

Cyanogen  and  Sulphur.  There  are  two  com- 
pounds of  sulphuretted  hydrogen  and  cyan- 
ogen, and  a  series  of  sulphocyanides.  The 
latter  gives  rise  to  mellan,  cyanilic  acid,  me- 
lamin,  ammelide,  &c. 

1.  One  of  the  compounds  with  sulphuretted 
hydrogen  is  produced  by  bringing  together  2 
volls.  cyanogen  with  3  volls.  of  the  former  in 
the  presence  of  a  little  water,  which  absorbs 
them  and  deposits  yellow  acicular  crystals, 
the  solution  of  which  is  not  precipitated  by 
salts  of  lead.  Form.  C4N2H3S3,  which  may 
be  written  2  (C2NHS)  -f-  HS,  or  2  Cy,  3  HS, 
which  makes  it  a  lower  sulfhydrate  than  the 
following.  Viilckel  observes  it  may  be  viewed 
as  Allantoin,  with  sulphur  instead  of  oxygen. 
Gay-Lussac. 

2.  The  other  compound  is  prepared  by  con- 
ducting sulphuretted  hydrogen  into  a  saturated 
solution  of  cyanogen  in  alcohol,  deposits  on 
being  cooled  in  bright  orange-red  crystals,  in- 
soluble in  cold,  slightly  soluble  in  boiling 
water,  very  soluble  in  hot  alcohol,  soluble  by 
alkalies  in  the  cold,  and  precipitated  un- 
changed by  acids;  but  by  heat  a  mixture  of 
metallic  sulphuret  and  sulphocyanide  is  form- 
ed ;  its  solution  precipitates  salts  of  silver, 
lead,  and  copper;  the  compound,  with  silver 
is  decomposed  when  gently  heated  into  sul- 
phuret of  silver  and  free  cyanogen.  (W older.) 
Formula  Cy,  2  HS,  or  C2NHS,  HS.     Vokkel. 

Rhodunides.  Sulphocyanides.  There  is  a 
series  of  compounds  analogous  to  cyanides, 
but  containing  sulphur,  in  which  there  is  as- 
sumed a  radical  Sulphocyaaogcn,  called  by  Ber- 
zelius  Rkodanogen,  from  hStos,  red,  from  its  red 
color  with  persalts  of  iron. 

The  radical  was  supposed  to  have  been 
isolated  by  Liebig,  but  the  constitution  of  this 
body  has  been   more   accurately  studied  by 


Parnell  and  Volckel,  who  have  given  a  totally 
different  formula  for  its  composition  from  that 
of  Liebig.  The  composition  of  the  rhodan- 
hydnc  or  sulphocyanhydric  acid  might  be 
represented  by  CyS2,  H,  in  whose  compounds 
the  H  is  replaced  by  a  metal  M,  forming  a 
rhodanide,  but  it  may  also  be  written  CyS,  HS, 
corresponding  to  hydrated  cyanic  acid,  with 
sulphur  instead  of  oxygen,  forming  sulphocy- 
anates.     Thus, 

Hydrated  cyanic  acid =  CyO,  HO 

Oxycyanate  of  lead =  CyO,  PbO 

Rhodanhydric  acid =  CyS,  HS 

Rhodanide  of  lead =  CyS,  PbS 

From  the  relation  between  sulphocyanides 
and  cyanurates,  Dumas  observes  that  rhodan- 
hydric acid  might  be  tripled,  thus,  Cy303,  3  HO 
=  cyanuric,  and  Cy3S3,  3  HS  rhodanunc  acid. 
Rhodanjiydric  Jcid.  Syn.  Hydrosulphocyanic 
Acid,  Sulphuretted  Chyazic  Acid.  Ger.  Schwe- 
felblausiiure,  Rhodanwasseistoffsiure.  (l'cr- 
zelius.)  Occurs  in  the  seeds  and  blossoms  of 
Cruciferae,  and  in  the  saliva  of  man  and  sheep. 
Gmelin. 

Prep.  Nearly  decompose  rhodanide  of  lead 
by  sulphuric  acid,  and  the  balance  by  sul- 
phuretted hydrogen,  or  the  salt  of  silver  in  10 
volls.  water,  wholly  by  the  same  gas. 

Prop.  A  colorless,  very  acid  liquid  of 
strong  odor;  spec.  grav.  1-022;  boils  at  217°, 
and  crystallizes  at  14°;  it  decomposes  spon- 
taneously, forming  a  brown  liquid,  and  finally 
deposits  a  yellow  body;  30  grains  of  strong 
acid  occasions  sudden  death,  and  smaller 
quantities  produce  strong  effects,  probably 
from  the  development  of  prussic  acid. 

Rhodanidcs,  or  Sulphocyanides.  The  acid 
being  regarded  as  a  hydracid,  has  the  formula 
H,  CyS2,  and  its  metallic  compound  M,  CyS2. 
The  soluble  salts  are  formed  by  the  action  of 
the  acid  on  the  metallic  oxide,  by  passing  cy- 
anogen into  solutions  of  alkaline  persulphu- 
rets,  or  over  them  heated  to  redness,  by  heat- 
ing or  fusing  the  soluble  cyanides  with  sulphur 
and  insoluble  cyanides  with  soluble  sulphuret. 
The  soluble  salts  impart  a  deep  blood-red  color 
to  persalts  of  iron,  for  which  they  are  a  delicate 
test,  but  less  so  than  the  galls  or  ferrocyanides. 
By  the  action  of  nitric  acid  and  chlorine, 
metasulphocyanogen  is  formed.  The  salts  of 
metals  proper  are  changed  by  a  red  heat  into 
metallic  sulphurets  and  mellan,  usually  evolv- 
ing sulphur  and  sulphuret  of  carbon.  Most 
rhodanides  are  soluble  in  water,  those  of  po- 
tassium, calcium,  and  cobalt  also  in  alcohol. 

Rhodanide  of  Potassium.  Two  pts.  prussiate 
of  potash,  gently  roasted  to  expel  water,  are 
powdered,  mixed  with  1  pt.  flowers  of  sulphur, 
and  fused  in  an  iron  vessel  at  a  low  red  heat, 
until  the  bubbles  of  gas  burn  with  red  light; 
the  cold  mass  is  dissolved  in  boiling  water, 
treated  with  carbonate  of  potassa  as  long  as 
it  produces  cloudiness,  then  boiled  for  \  hour, 
filtered,  evaporated,  and  the  crystals  purified 
by  resolution  in  alcohol.  Form.  K,  CyS2,  or 
KS,  CyS.  Long,  colorless,  anhydrous  prisms, 
fusible,  deliquescent,  very  soluble  in  hot 
alcohol. 

The  salt  of  ammonium,  obtained  by  adding 
sulphuret  of  carbon  to  alcohol  saturated  with 
ammonia,  or  by  saturating  the  acid  with  am- 
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monia  and  gently  evaporating,  forms  a  deli- 
quescent white  saline  mass,  which,  when 
heated,  evolves  ammonia,  then  sulphuret  of 
carbon,  and  lastly  protosulphuret  of  ammo- 
nium ;  and  if  the  heat  be  not  carried  too  far, 
the  residue  is  melam  or  melamin  and  mellan. 
The  salt  of  lead,  obtained  from  the  preceding 
and  sugar  of  lead,  forms  yellow,  opake  crys- 
tals, of  high  lustre,  Pb,  Cy  S2.  With  subace- 
tate  of  lead,  a  basic  or  oxyrhodanide  is  pro- 
duced of  a  yellow  color,  Pb,  CyS2-f-PbO. 
The  silver  salt  from  nitrate  of  silver  is  white, 
curdy,  insoluble  in  water,  soluble  in  ammonia, 
from  which  it  crystallizes.  The  subsalt  of 
memtry,  obtained  by  dilute  solutions  of  sub- 
nitrate  of  mercury  and  the  potassium-salt,  is  a 
lemon-yellow  powder,  Hg2,  CyS2,  which  de- 
composes by  boiling  into  the  following, 
Rhodanide  of  mercury,  Hg,  CyS2.  When 
dried  and  heated  it  is  resolved  into  sulphuret 
of  mercury,  bisulphuret  of  carbon  and  mellan. 
Ammonia  produces  in  its  solution  a  yellow 
precipitate,  which,  according  to  Gundelach, 
has  the  composition  Hg2,  CyS2  -f-  3  HgO. 

3.  Xanthanhydric  Acid.  Syn.  Persulphocyan- 
hydric  Acid.  Form.  CyS2,  HS,  or  CyS3,  H. 
By  passing  dry  chlorohydric  acid  gas  over 
rhodanide  of  potassium  fused  in  a  retort,  the 
yellow  acid  sublimes;  or  to  a  saturated  solu- 
tion of  the  same  salt  add  6  or  8  times  its 
volume  of  strong  muriatic  acid,  let  it  repose 
for  24  hours,  wash  the  fine  crystals  with  a 
little  water,  and  purify  them  by  crystallization 
from  alcohol  or  ether.  Its  formation  from 
rhodanhydric  acid  is  thus  represented  by 
Volckel,  3  (H,  CyS2)=  2(H,  CyS3)+HCy.  it 
acts  like  the  preceding  and  sulphohydric  acid 
in  precipitating  metallic  salts.  The  salt  from 
sugar  of  lead  is  Pb,  CyS3,  from  subacetate  of 
lead  2  (Pb,  CyS3)  +  PbO.  The  salts  of  mer- 
cury, copper,  and  proto-tin  are  yellow,  of  bi- 
platinum  yellowish  brown. 

4.  Metasulphocyanogen.  Liebig's  Sulphocy- 
anogen.  Prepared  by  saturating  a  strong  so- 
lution of  a  metallic  rhodanide  with  chlorine, 
or  by  heating  it  with  nitric  acid,  it  falls  down 
as  a  light,  yellow  powder,  insoluble  in  water, 
alcohol,  and  ether,  soluble  in  strong  sul- 
phuric acid,  and  precipitable  by  water.  Form. 
C12N6S12H30.  (Parnell.)  CsN4H2S,0.  (Vokk- 
el.)  According  to  the  latter,  it  thus  arises 
from  rhodanhvdric  acid  by  chlorine,  4  (O, 
NHS2)  +  HO "+  Cl8  =  CgN4H2SgO  +  3  HC1. 
From  its  solution  in  causlic  potassa  acids 
precipitate  the  hydrothiocyanic  acid  of  Parnell. 

5.  Mellan.  Mellone.  (Licbig.)  Formed  when 
the  preceding  body,  melam,  ammelin,  or  am- 
melide,  is  heated  to  redness  in  a  retort,  or 
from  rhodanide  of  potassium  and  chlorine,  is 
a  lemon-yellow  powder,  insoluble  in  water, 
alcohol,  and  dilute  muriatic  and  sulphuric 
acids,  with  decomposition  in  nitric  acid  and 
caustic  fixed  alkali,  unites  directly  with  potas- 
sium, evolving  light,  with  hydrogen  to  an 
acid,  decomposes  bromide,  iodide,  and  sul- 
phocyanide  of  potassium,  eliminating  their 
negative  elements.  Formula  C6N4.  Its  ori- 
gin from  metasulphocyanogen,  may  be  thus 
symbolized  by  Vblckel's  formula,  CgN4S8H20 
=  C6N4+  2  CS2+S3  + HS  +  HO,  the  3  first  of 
which  are  among  the  products  of  distillation. 
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Melanhydric  .'hid,  (Gmclin,)  obtained  by  de- 
composition of  the  salt  of  potassium  with  mu- 
riatic acid,  forms  a  white  powder,  insoluble 
in  cold,  slightly  in  hot  water,  insoluble  in  al- 
cohol, ether,  and  oils,  decomposes  carbonates 
and  acetates.  Form.  H,  C6N4.  Mellai 
potassium,  prepared  by  fusing  the  rhodanide  in 
a  porcelain  crucible  at  a  red  heat,  and  adding 
mellan  until  sulphur,  &c,  ceases  to  ai 
by  fusing  5  pts.  butter  of  antimony  with 
rhodanide  of  potassium,  forms  white  needles, 
scarcely  soluble  in  cold,  more  so  in  hot  water, 
lose  crystal-water  by  heat,  and  fuse  to  a  cleat 
yellow  glass.  Its  solution  precipitates  earthy 
and  metallic  salts.  Form.  K,  CgN4.  Accord- 
ing to  the  recent  observations  of  Laurent  and 
Gerhardt,  mellan  does  not  play  the  part  of  a 
radical,  but  by  the  agency  of  potassa  it  forms 
mellonic  acid  (mellanhydric)  by  assuming  2 
eq.  water,  becoming  CgN4Hc>02,  that  mellonate 
of  lead  might  then  be  C6N4HO+PbO,  that 
mellan  has  the  composition  C]2N9H3,  and  by 
combining  with  potassium  ammonia  is  evolved, 
and  the  salt  is  composed  of  CgH4K.  This 
view  appears  correct  if  ammonia  be  evolved; 
for  C)2N9H3  =  NH3+C12N8,  which  is  the 
composition  of  mellan  in  the  mellanides. 

6.  Cyanilic  Arid.  When  mellan  is  long  boil- 
ed with  dilute  nitric  acid,  the  solution  yields 
colorless  crystals,  which,  from  a  resolution  in 
hot  water,  are  obtained  in  pearly  tablets  of  the 
same  composition  as  crystalline  cyanuric  acid, 
with  4  eq.  water. 

7.  Melam.  By  dry  distillation  of  rhodahy- 
drate  of  ammonia,  or  a  mixture  of  rhodanide 
of  potassium  and  salammoniac,  melam  re- 
mains, mixed  with  chloride  of  potassium  in 
the  latter  case.  It  is  a  white,  amorphous 
powder,  insoluble  in  water,  alcohol,  and  ether, 
dissolved  with  decomposition  in  potassa,  so- 
luble in  hot  and  strong  sulphuric  and  nitric 
acids,  from  which  alcohol  and  water  throw 
down  ammelide.  If  the  acid  solutions  be 
boiled  for  some  time,  it  is  converted  into  cy- 
anuric acid  and  ammonia.  By  boiling  with 
dilute  muriatic  or  nitric  acid,  or  with  potassa, 
ammelin  and  melamin  are  formed.  When 
heated,  mellan  is  formed,  and  by  potassium 
the  mellanide  of  potassium;  fused  with  po- 
tassa, ammonia  and  cyanate  of  potassa  are 
farmed.  Form.  C]2Hu09.  (LUbig.)  Its  form- 
ation from  8  eq.  of  rhodanammonium  is  thus 
given  :  8  (C2NS2,  NH4)  =  5  NH3  -J-  Sg+4  CS2 
-f-Cr,iV11N9,  (melam).  According  to  Vulckel, 
and  Laurent  and  Gerhardt,  melam  is  composed 
of  melamin  and  mellan. 

8.  Melamin.  (Licbig.)  Boil  melam  in  dilute 
potassa  to  a  clear  solution,  evaporate  until 
crystals  form,  which  increase  on  cooling,  and 
purify  by  re-crystallization.  Colorless,  or  yel- 
lowish rhombic  8-hedra,  anhydrous,  sparingly 
soluble  in  cold  water,  insoluble  in  alcohol  and 
ether,  sublimes  partly  unaltered,  decomposed 
by  hot  and  strong  nitric  or  sulphuric  acids, 
and  by  fusion  with  caustic  potassa  similarly 
to  melam.  Form.  C6N6H6.  Melamin  unites 
with  dilute  acids  to  form  salts,  of  which  the 
sulphate,  phosphate,  nitrate,  and  oxalate  are 
less  soluble  than  melamin,  the  acetate  and 
formiate  very  soluble ;  it  unites  directly  with 
anhydrous  hydracids  to  anhydrous  salts,  with 
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oxacids  only  by  assuming  1  eq.  water.  Its 
composition  and  behaviour  might  lead  to  the 
formula  C6N4,  2  NH3,  mellan  and  ammonia. 

9.  Ammelin.  (Liebig.)  After  the  melamin 
has  separated  from  the  potassic  solution  above, 
ammelin  separates  by  neutralizing  with  acetic 
acid,  and  is  recrystallized  from  a  nitric  solu- 
tion, as  nitrate,  which  is  precipitated  by  am- 
monia. White,  silky  needles,  insoluble  in 
alcohol  and  ether,  soluble  in  alkalies,  by  long 
boiling  in  dilute  acids,  or  by  solution  in  oil  of 
vitriol  it  is  decomposed  into  ammonia  and 
ammelid ;  by  fusion  with  potassa,  ammonia, 
and  cyanate  of  potassa  are  formed.  Its  form- 
ation from  melamin  is  thus  shown,  CsN6HG-(- 
2HO  =  NH3+  C6N.H502.  It  unites  with 
strong  acids  only  to  crystalline  salts,  and  these 
again  form  double  salts  with  metallic  oxides; 
the  nitrate  fuses  by  heat,  and  leaves  ammelid. 
Form.  C6N.H.02,  which,  from  its  weaker  basic 
character,  compared  with  melamin,  might  be 
written  C6N4,  NH3,  2  HO. 

10.  Ammelid.  Obtained  by  decomposing  the 
preceding,  7,  8,  9,  by  strong  acids,  and  puri- 
fied from  solution  in  nitric  acid,  is  a  white, 
amorphous  powder,  insoluble  in  water,  alco- 
hol, and  ether,  soluble  in  alkalies  and  strong 
acids,  decomposed  by  acids  into  ammonia  and 
cyanuric  acid;  its  crystalline  nitrate  decom- 
poses with  water.  Form.  Cl2N9H906,  (Liebig.) 
C6N4H404.  (Gerhardt.)  According  to  the  form- 
ula of  Liebig,  it  might  be  written  2  C6N4,  NH3, 
6  HO,  or,  by  adopting  Gerhardt's,  C6N4,  4  HO. 

The  series  from  mellan  (of  Laurent  and 
Gerhardt)  may  be  thus  represented, 

Mellan (2C6NJ,  NH3 

Melamin =  CgN4,  2  NH3 

Ammelin =  C6N4,  NH3,  2  HO 

Ammelid =  C6N4,  4  HO 

By  abstracting  NH3,  and  adding  2  HO,  cyan- 
uric  acid  is  formed  =  CgN3H306.  By  the  dis- 
tillation of  metasulphocyanogen  mellan  is  pro- 
duced, by  that  of  rhodanide  of  ammonium,  mel- 
lan is  also  generated  with  melamin,  the  latter 
arising  from  a  combination  of  mellan  with  a 
portion  of  the  ammonia  generated,  C6N  -f- 
2  NH6  =  C6N6H6.  The  presence  of  ammonia 
in  melamin  explains  its  basic  character,  the 
power  of  which  is  diminished  by  combination 
with  mellan.  The  action  of  acids  or  alkali 
on  melamin  developes  ammonia,  and  adds  2 
eq.  water,  leaving  ammelin ;  C.N.,  2  NH 
+  2  HO=C6N4,  NH3,  2  HO+NH3 ;  the  smaller 
quantity  of  ammonia  explains  its  very  feeble 
basic  character.  By  the  farther  action  of 
acids,  ammonia  is  again  developed,  2  eq. 
water  more  are  assumed,  and  ammelide  re- 
mains, C6N4,  NH3,  2  HO-(-2  HO=C6N4,  4  HO 
4-  NH3,  the  absence  of  the  latter  account- 
ing for  its  want  of  basic  properties.  By  the 
farthest  action  of  acids,  ammonia  is  again 
eliminated,  and  2  eq.  water  more  are  added  to 
form  hydrated  cyanuric  acid,  CgN4,  4  HO  4. 
2  HO=NH3+C6N3H306,  or  (C6N3,  0,+  3  HO 
=Cy30,,3HO). 

Volckel  submitted  xanthanhydric  acid  to  dis- 
tillation at  different  temperatures,  and  obtained 
a  series  of  new  compounds  possessing  much 
interest.  This  acid  decomposes  partly,  so  that 
sulphur  and  rhodanhvdric  acid  are  produced, 
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and  partly  so  that  the  sulphur  passes  off  as 
sulphuret  of  carbon,  and  melamin  remains. 
At  284°  the  former  decomposition  takes  place. 
At  293°  rhodanhydric  acid  passes  off  with  a 
little  sulphuret  of  carbon,  and  from  the  resi- 
due extracted  by  boiling  with  water,  then  by 
potassa  and  precipitated  by  acid,  a  brown 
body  is  obtained,  of  the  composition  C7H4N4S6, 
or  C,H3N4S6,  H,  and  termed  by  Vulckel  Melen- 
sulfid,  but  by  Berzelius  Melanhydric  acid.  At 
302°  the  same  bodies  are  developed,  but  from 
the  residue  is  obtained,  by  potassa  and  acid,  a 
yellow  body  (porranhydric  acid)  of  the  compo- 
sition C3H2N2S2.  It  is  formed  by  the  decom- 
position of  melanhydric  acid,  thus  C_H4N4S6 
—  2(C3H2N2S2)4-CS2,  the  latter  passing  oft'. 
It  is  insoluble  in  water,  alcohol,  and  ether,  and 
the  neutral  lead  salt  is  Pb,  C3HN2S2. 

Between  302°  and  356°  rhodanhydric  acid, 
sulphuret  of  carbon,  and  cyanhydric  acid  are 
evolved,  and  several  new  bodies  remain.  At 
320°  phaianhydric  acid  remains  after  boiling 
with  water,  &c,  composed  of  CSH5N6S4.  It 
is  dark-yellow,  insoluble  in  water,  alcohol,  and 
ether,  its  yellow  neutral  lead-salt  gives  a  cor- 
responding composition  to  the  acid.  Between 
338°  and  356°  the  same  products  as  before 
result,  while  xythanhydric  acid  remains,  C,0H7 
N9S4,  (?)  of  a  brownish  color  and  insoluble  as 
the  preceding.  From  the  solution  of  the  resi- 
due in  water,  when  the  temperature  is  be- 
tween 320°  and  356°,  several  other  bodies  are 
obtained. 

Between  356°  and  392°  the  same  products 
are  evolved,  but  the  xanthanhydric  is  now 
first  wholly  decomposed.  The  residue  boiled 
with  water  gives  a  colorless  solution,  from 
which  a  white  powder  separates,  or  a  brown 
solution,  from  which  a  brown  powder  is  ob- 
tained; after  evaporation  a  third  body  is  pro- 
duced. Cold  potassa  solution  dissolves  from 
the  residue,  insoluble  in  water,  probably 
several  bodies,  while  warm  potassa  solution 
dissolves  from  the  last  residue  a  new  body, 
obtained  in  greater  quantity  at  higher  tem- 
peratures. At  437°  the  brown  residue  yields 
to  boiling  water  several  bodies  similar  to,  but 
not  the  same  as  before;  cold  potassa  solution 
extracts  a  brownish  yellow  body,  and  the  hot 
solution  dissolves  leucanhydric  acid.  It  is 
grayish  white,  insoluble  as  before,  and  con- 
sists of  C8H3N.S2.  Between  554°  and  572° 
all  the  sulphur  passes  off  as  sulphuret  of  car- 
bon, and  melamin  remains. 

Volckel  also  submitted  rhodanide  of  ammo- 
nium to  distillation  in  a  similar  manner,  and 
obtained  a  series  of  new  products.  This  salt 
fuses,  and  begins  to  decompose  at  401°,  but 
soon  ceases  and  does  not  form  a  continuous 
decomposition  until  between  500°  and  518°. 
The  volatile  products  are  ammonia,  then  sul- 
phuret of  carbon,  then  sulphur,  sulphurets, 
and  rhodanide  of  ammonium.  The  residue 
is  washed  with  cold,  and  then  dissolved  in 
boiling  water,  leaving  a  light-brown  residue. 
The  boiling  yellow  solution  deposits  a  yellow 
body,  a ;  the  now  colorless  solution  evaporated 
$  deposits  b;  and  again  evaporated  £  depo- 
sits c,  while  the  solution  contains  d,  which 
was  at  first  dissolved  by  the  cold  water.  The 
yellow  body,  a,  consists  of  2  bodies,  a  yellow 

513' 


CYCLAMIN. 


DAGUERREOTYPE. 


and  white,  b  is  white,  crystalline,  soluble  in 
boiling  water  and  in  alcohol,  and  its  aqueous 
solution  precipitates  silver,  mercury,  copper, 
and  zinc  salts;  it  is  alpkanhydric  acid,  and  is 
composed  of  C10H10N|0S2.  e  resembles  b,  but 
is  composed  of  C,8H,2N,2S2,  and  is  termed 
phala?ihydric  acid,  d  is  composed  of  C,4HU 
NJ4S2,  and  termed  phulanhydric  acid,  c  and  d 
precipitate  the  same  metals  as  6,  except  that 
c  does  not  precipitate  zinc  vitriol.  If  the  tem- 
perature be  572°,  the  residue  contains,  besides 
rhodanide  of  ammonium,  arganhydric  acid,  of 
the  formula  C,CH..N„S0,  insoluble  in  alcohol, 
soluble  in  boiling  water,  the  solution  as  before 
reddening  litmus,  and  precipitating  silver  and 
mercurv.  Melamin  begins  to  be  formed  at 
572°.  Between  590°  and  608°,  the  last  por- 
tions of  sulphur  are  expelled,  and  melamin 
remains,  which  at  a  higher  temperature  is 
converted  into  glaucen,  of  a  light  gray  color, 
composed  of  C4HN3,  formed  from  melamin,  by 
the  loss  of  ammonia.  According  to  Laurent 
and  Gerhardt,  glaucen  is  identical  with  mellan. 

Gerhardt  thus  represents  the  decomposing 
series,  from  melamin  to  cyanurie  acid,  by  the 
assumption  of  water  and  evolution  of  ammonia. 

1  eq.  melamin,  C  N6H6 

+  2  HO  =  ISTH3 -4-  C6N5H.02  ammelin 
4-  4  HO  =  2  NH3+  CbN4H404  ammelid 
-f  6  HO  =  3  NH3  +  CgN3H30e  cyanurie  acid. 

CYCLAMIN.     See  Aiithanatin. 

CYDON1N.  The  peculiar  gum  or  mucilage 
of  the  Quince  seeds,  (Cydonia  vulgaris),  differs 
from  urabin,  in  being  at  first  scarcely  affected 
by  alcohol,  and  remaining  unaltered  by  silicate 
of  potassa,  infusion  of  nut-galls,  and  oxalate  of 
ammonia.  Sulphuric  acid  colors  it  pink,  and 
separates  a  frothy  coagulum.  Being  soluble 
in  cold  and  hot  water,  it  is  thus  distinguished 
from  bassorin  and  cerasin. 

CYMOPHANE.     See  Chrtsobektl. 

CYNAPIN.  An  alkaloid,  existing  in  the 
JElhuaa  Cynapiwn,  or  Fool's  Parsley.  It  is 
soluble  in  alcohol  and  water,  insoluble  in 
ether,  and  has  an  alkaline  reaction ;  crystal- 
lizes in  rhombic  prisms,  and  forms  a  crystal- 
lizable  salt  with  sulphuric  acid. 

CYNODIN.  Prepared  by  repose  from  a 
concentrated  decoction  of  the  root  of  Cynoddn 
dactylon  forms  colorless  prisms,  soluble  in 
alcohol,  but  scarcely  in  cold  water,  its  solution 
in  the  latter  menstruum  reddening  litmus. 
Though  resembling  asparagin  in  many  pro- 
perties, it  is  probably  different.     Semmola. 

CYPERUSESCULENTUS.  Syn.  Rush-nut. 
Ft.     Souchet  Comestible.     Ger.     Erdmandel. 

Semmola's  analysis  of  the  root  gave 

Oil 4-8 

Albumen 1-5 

Starch 22-4 

Inulin 4-3 

Gum 17.8 

Sugar 12-5 

Coloring  matter 1*4 

Salts  of  potash,  lime,  and  magnesia,  with 

silica 5-5 

Fibre 21-0 

Water  and  loss 8-8 


100-0 


The  oil,  obtained  by  expression,  is  of  a 
yellow  color  and  aromatic  taste;  spec.  grav. 
0-918;  is  more  soluble  in  ether  than  alcohol, 
burns  better  than  olive  oil,  and  is  saponifiable, 
the  olein  component  being  in  much  larger 
proportion  than  the  margarin. 

CYPRINE.    See Idocrass. 

CYSTIC  OXIDE.     See  Uiunaiit  Calculi. 

CYTISIN.  The  active  principle  of  the 
Cytisus  Labwrnwm,  extracted  by  alcohol,  is  a 
yellowish  green  bitter  mass,  precipitable  from 
its  solutions  by  basic  acetate  of  lead  and 
nitrate  of  silver.  According  to  Peschier,  it  is 
identical  with  Cathahtin. 


D. 
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DADYL.  Chan.  The  oily  compound, 
(C20HJ6),  formed  when  the  crystalline  cam- 
phor, (Ci0H,7Cl)j  produced  by  the  action  of 
hydrochloric  acid  gas  upon  oil  of  terpentine 
is  heated  with  lime.     See  Camphen. 

DAGUERREOTYPE.  Tech.  The  art  of  pro- 
ducing pictures  by  the  action  of  solar  light  on 
a  silver-surface,  properly  prepared  by  the 
halogen  elements.  The  silvered  copperplate 
is  thoroughly  cleansed  by  tripoli  and  rotten 
stone,  moistened  with  water,  polished  by  a 
clean  charcoal  buff,  and  silvered  in  a  battery 
once  or  twice,  being  buffed  between  and  at 
the  close  of  the  operations.  It  is  next  ex- 
posed to  the  vapor  of  iodine  in  a  dry  box,  in  a 
dark  room,  to  form  a  light  yellow  coating  by 
candlelight,  then  to  bromine  vapor,  until  it 
assumes  a  purplish  hue,  and  lastly,  enclosed 
in  a  case  and  transferred  to  the  camera,  which 
has  been  properly  adjusted  bv  a  ground  glass 
plate,  so  that  a  perfect  image  will  appear  on 
the  plate.  The  slide  of  the  case  being  with- 
drawn, the  light  is  allowed  to  act  as  long  as 
experience  dictates  as  necessary,  and  the 
slide  being  replaced,  the  case  is  transferred  to 
the  mercury  box  in  a  dark  room.  This  box  is 
an  iron  vessel  containing  mercury  slightly 
heated  by  a  lamp,  and  the  effect  of  the  vapors 
is  judged  of  by  examining  the  picture  at  inter- 
vals after  a  few  minutes'  exposure.  It  is  next 
washed  by  a  solution  of  hyposulphite  of  soda, 
then  with  pure  water,  and  the  excess  of  the 
latter  removed  by  evaporation  with  a  spirit 
lamp.  The  picture  is  now  complete,  but  in 
order  to  render  it  durable  and  give  a  richer 
tone  to  the  lights,  the  plate  is  gilded  by  cover- 
ing it  with  a  mixed  solution  of  hyposulphite 
of  soda  and  chloride  of  gold,  heating  it  until 
the  tone  of  the  picture  changes,  then  washing 
and  drying  it.  If  the  picture  be  imperfect,  it 
should  not  be  subjected  to  gilding,  which  ren- 
ders  the  plate  more  difficult  to  cleanse. 

The  theory  of  the  operation  is,  that  the  sur- 
face of  the  silver  plate  is  coated  by  a  thin  film 
of  bromide  and  iodide  of  silver,  which  is  ex- 
tremely sensitive  to  light,  so  that  the  rays 
from  light-colored  objects  passing  through  the 
camera  lenses,  decompose  the  sensitive  sur- 
face, in  proportion  to  the  amount  of  light  and 
the  nature  of  the  color.  By  exposure  to  mer- 
curial vapor,  this  metal  attaches  itself  to  the 
decomposed  parts  of  the  plate,  and  in  a  quan- 
tity proportional  to  the  amount  of  decomposi- 
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tion.  The  unaltered  surface  is  then  washed 
off  by  hyposulphite  of  soda,  in  which  todobro- 
mide  of  silver  is  soluble,  and  the  remaining 
surface  becomes  unalterable  in  light.  But  as 
mercury  evaporates  slowly,  and  the  picture 
would  become  fainter  by  time,  it  is  secured  by 
amalgamating  it  with  gold.  Previous  to  the 
last  operation  the  picture  is  easily  brushed  otf, 
but  after  it,  some  friction  may  be  used  without 
material  injury.  That  portion  of  surface  from 
which  the  bromiodide  is  removed  presents  the 
original  polished  surface  of  pure  silver,  so 
brilliant  that  it  appears  black  in  every  posi- 
tion except  that  in  which  rays  of  light  are 
immediately  reflected  to  the  eye.  Hence  the 
picture  is  visible  in  every  position  but  the 
latter,  and  consists  in  the  contrast  between 
the  dark  polished  surface  of  silver,  and  the 
white  mercurialized  portions  of  the  surface. 

Although  the  process  appears  simple,  yet  to 
obtain  perfect  pictures,  a  multitude  of  minutiae 
demand  the  closest  attention  of  the  operator. 
Thus,  if  the  finger  has  touched  the  surface  of 
the  plate,  it  should  be  recleaned  by  rotten-stone 
and  tripoli;  the  buffs,  kept  perfectly  clean, 
should  be  moved  in  straight  lines,  and  used 
until  every  trace  of  other  lines  is  removed  ; 
the  plate  is  exposed  for  a  certain  length  of 
time  to  both  the  iodine  and  bromine  vapors, 
varving  with  circumstances  ;  it  is  then  ex- 
posed in  the  camera  for  a  varying  period  of 
from  1  second  to  several  minutes  according 
to  the  state  of  the  weather,  the  time  of  day, 
the  nature  of  the  lens,  &c. ;  there  is  also  much 
care  required  in  mercurializing,  washing,  and 
gilding.  The  number  of  minute  accessories 
requisite  to  form  a  perfect  picture  require 
lengthened  experience,  and  although  all  may 
be  regarded  as  important,  the  most  essential 
are,  having  a  very  perfect  camera  and  per- 
fectly clean  plates. 

DAMMARA.  Terh.  A  tasteless,  inodorous, 
whitish  resin  from  the  East  Indies.  Is  entirely 
soluble  in  the  oils,  and  consists  of  two  pecu- 
liar principles,  which  have  not  yet  been  accu- 
rately examined. 

DAMP,  CHOKE.  Mining.  The  technical 
name  given  by  well-diggers  and  workmen 
generally  to  carbonic  acid  gas,  because,  when 
inhaled,  it  immediately  causes  a  spasmodic 
contraction  of  the  glottis. 

DAMP,  FIRE.  Mining.  The  carburetted 
hydrogen  of  coal  mines. 

DANBURITE.  Min.  Crystalline,  yellow, 
vitreous;  H.  =  7-5.  G.  =  2-83.  Chiefly  com- 
posed of  Si03  56  +  CaO  28-3  +  HO  8.  (Shep- 
ard.)     It  appears  to  be  a  mixture.     Dana. 

DATHOLITE.  Min.  Syn.  Humboldtite, 
Botryolite.  Dcacrip.  Cryst.  Oblique  Rhombic, 
cleavage  parallel  to  vert,  prism ;  also  columnar 
and  granular.  H.  =  5  —  5-5.  G.  =  2-99  — 
3-34.  Color  and  streak  white,  sometimes  co- 
lored; vitreous;  transparent,  translucent ;  brit- 
tle, with  subconchoidal  fracture. 

Chem.  relations.  Yields  water  in  a  closed 
tube ;  swells  and  fuses  on  charcoal  to  a  clear 
glass,  coloring  the  flame  green;  soluble  in 
borax  and  mic.  salt,  leaving  a  skeleton  of  sili- 
ca in  the  latter,  and  enameling  when  heavily 
charged  ;  fuses  to  a  clear  bead  with  gypsum ; 
soluble  in  muriatic  acid  before  or  after  ignition 


and  gelatinizing.  Form,  of  datholite  3  (CaO, 
B03)  -f-  3  CaO,  4  Si03  -f  3  HO  ;  of  botryolite 
3  (CaO,  B03)4-3  Catf,  4  Si03  +  6  HO,  the  lat- 
ter differing  from  the  former  in  containing 
twice  as  much  water. 

Local  Arendal,  Norway;  Seissel  Alp,  Ty- 
rol;  Perthshire,  Scotland;  in  U.S.,  Hartford, 
&c,  Conn.;  Bergen  Hill,  N.J. 

DATURIN.  Chem.  Found  together  with 
Stramonin,  in  the  seeds  of  the  Datura  Stra- 
monium. 

Prop.  Fuses  at  212°,  and  sublimes  unal- 
tered at  a  higher  temperature.  Is  slightly 
soluble  in  water,  and  readily  so  in  ether  and 
alcohol,  and  can  be  obtained  in  prismatic, 
colorless  crystals,  by  diluting  its  alcoholic 
solution  with  water.  It  forms  crystallizable 
salts  with  the  acids,  is  highly  poisonous,  and 
has  the  remarkable  effect  of  greatly  dilating 
the  pupil  of  the  eye. 

DAVYNE.  Min.  Probably  the  same  as 
Cancrinitt:. 

DECANTATION.  Chem.  The  draining  off 
the  clear  supernatant  liquor  from  any  subsi- 
dent  matter.  In  analyses  this  is  done  by 
placing  a  glass  rod  against  the  margin  of  the 
bell  glass,  which  is  gently  inclined,  and  allow- 
ing the  liquid  to  trickle  in  a  regular  stream 
from  its  end,  without  loss.  See  Analysis, 
p.  170,  fig.  17.  For  larger  operations,  a  sy- 
phon is  requisite.  This  process  does  away 
with  filtration,  for  a  precipitate,  requiring  fre- 
quent washing,  is  ready  to  receive  a  new  wa- 
ter, so  soon  as  a  settling  has  taken  place  and 
the  old  solution  is  drawn  off,  and  thus  both 
time  and  labor  are  saved. 

DECAY  OF  WOOD.  Chem.  A  species  of 
decay  or  Eremecausis,  peculiar  to  woods 
generally,  when  exposed  to  air  and  moisture. 
The  effect  is  a  destruction  of  the  cohesion  of 
their  particles,  and  a  consequent  friability  of 
structure.  The  rationale  of  the  change  is  pre- 
dicated upon  different  theories,  either  of  which 
is  too  defective  to  supply  a  definitely  correct 
explanation.  The  concomitance  of  fungi  gives 
some  reason  for  attributing  that  species,  called 
"  Dry  rot,"  to  the  diffusion  of  their  filamentous 
spawn  throughout  the  surface  of  the  wood,  and 
tins  doubtless  does  have  some  connection  with 
the  phenomenon,  but  generally  the  incipient 
step  is  a  chemical  action,  akin  to  fermentation, 
for  in  many  instances  of  spontaneous  decom- 
position of  timber,  no  fungi  are  present,  or  at 
least  not  until  the  decay  has  far  advanced. 
The  results  of  the  decomposition  of  wood, 
which  consists  of  carbon  and  the  elements  of 
water,  are  Humus  and  Mould,  and  the  longer 
the  operation  of  decay,  the  greater  the  propor- 
tion of  carbon  in  the  residue,  and  hence,  ac- 
cording to  Liebig,  confirmed  by  Mayer's  and 
Will's  analyses.  Sound  oak  wood,  by  disease 
and  death,  is  transformed  from  C36H22022  into 
C3.H20O20,  showing  that  for  every  two  eqs.  of 
hydrogen,  oxidized  by  the  air,  one  eq.  of  car- 
bonic acid  had  separated.  Now  as  woody 
fibre,  under  water  or  in  dry  air,  remains  unal- 
tered for  a  very  long  period,  but  experiences, 
when  moist,  a  transformation,  immediately  on 
contact  with  air,  there  is  reason  to  infer  that 
it  converts  the  oxygen  of  the  surrounding 
atmosphere  into  an  equal  volume  of  carbonic 
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acid,  and  thus  becomes  altered  to  a  matter  of 
loose,  lifeless  texture.  The  continuance  of 
the  decay  until  the  removal  of  all  the  hydro- 
gen, would  reduce  the  above  formula  to  C2., 
but  the  affinity  between  the  last  portions  of 
hydrogen  and  carbon  is  in  such  an  increased 
ratio  of  force  that  the  final  result  never  occurs, 
in  nature,  under  ordinary  circumstances,  though 
it  is  possible  that  under  certain  conditions  the 
decay  of  lignin  does  proceed  to  this  extreme 
point,  and  being  then  in  a  liquid  state,  is  re- 
solved by  crystallization  into  the  diamond. 

The  mouldering  of  M"ood  is  distinct  from  de- 
cay, and  is  caused  by  the  action  of  water  in 
the  absence  of  air,  the  limited  access  of  oxy- 
gen modifying  the  results,  carbonic  acid  is 
evolved,  and  the  elements  of  the  water,  by  the 
action  of  a  portion  of  oxygen,  have  become 
united  with  the  wood  in  the  same  manner  as 
when  air  is  freely  admitted.  Consequently, 
mouldering  is  a  putrefactive  process,  as  well 
as  one  of  decay,  in  the  simultaneous  progress 
of  which,  the  oxygen  of  the  air  and  the  com- 
ponents of  the  water  take  part.  But  as  the 
composition  of  mouldered  wood  varies,  as  the 
access  of  oxygen  is  more  or  less  free,  the 
decomposition  of  wood  assumes  two  differ- 
ent forms  accordingly.  In  both  cases  the 
carbonic  acid  is  generated,  and  in  the  latter 
case  a  certain  quantity  of  oxygen  enters  into 
chemical  combination,  but  it  is  more  than 
probable  that  in  this  process  the  oxygen  of  the 
water  assists  in  the  formation  of  carbonic 
acid;  and  doubtless  to  a  similar  mouldering 
process  is  attributable  the  transformation  of 
vast  forests  of  trees.  For  example,  the  white 
mouldering  matter  of  oak  wood,  decomposed 
under  water,  contains  C33H2,.024.  This  is 
derived  by  adding  5HO-f<J  to  oak  wood 
(C36H22022),  and  subtracting  3  C02.     Licbig. 

The  decay  of  wood  is  retarded  by  a  sur- 
rounding medium  of  carbonic  acid,  so  as  to 
prevent  the  access  of  air,  and  consequently  of 
oxygen,  and  by  antiseptics  generally.  Alka- 
lies and  alkaline  earths  facilitate  decay,  and 
hence  the  destructive  power  of  moist  sandy 
soils  is  due  to  their  alkaline  ingredient.  Acids 
have  a  contrary  effect. 

Lignin,  which  is  the  basis  of  woody  fibre, 
combines  with  certain  salts,  and  it  is  this  pro- 
perty, and  that  of  the  coagulability  of  the  albu- 
men of  the  sap,  and  destruction  of  the  fungi 
by  such  means,  which  renders  the  application 
of  saturated  solutions  of  corrosive  sublimate, 
sulphate  of  copper,  acetate  of  iron,  creasotic 
liquors,  &c,  preventives  of  dry  rot  in  timbers. 
The  use  of  chloride  of  mercury  was  first  sug- 
gested by  Kyan,  but  for  practical  purposes  it 
is  being  superseded  by  Payne's  plan  of  charg- 
ing the  pores  of  wood  with  a  solution  of  chlo- 
ride of  calcium,  and  decomposing  it  into  a 
sulphate  of  lime  by  the  forcible  injection  of 
dissolved  sulphate  of  iron.  The  deposition  of 
particles  of  insoluble  gypsum  in  the  body  of 
the  wood  renders  it  as  hard  as  stone. 

Boucherie  (Annul,  de  Chem.  Ixxiv.,  113)  has 
found  that  wood  may  be  completely  impreg- 
nated with  saline  matters,  by  aspiration  from 
the  base  of  the  trunk  of  the  tree  immediately 
after  being  felled.     Jour.  Fr.  Inst. 

DECOCTION.  Phar.  Chem.  From  decoquo 
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(Lat.)  to  boil.  The  extraction  of  vegetable  or 
animal  matters  by  boiling  them  with  water; 
it  is  also  applied  to  the  solution  itself.  The 
aqueous  solution  of  such  organic  matters  as 
can  be  extracted  from  bodies  without  ebulli- 
tion, is  termed  Infusion.  When  active  or- 
ganic principles  are  soluble  in  cold  water,  it  is 
often  improper  to  boil  them,  for  heat,  in  many 
instances,  either  volatilizes  or  decomposes 
them.     See  Displacement. 

DECOMPOSITION.  Chem.  The  resolution 
of  a  compound  body,  by  chemical  means,  into 
its  proximate  or  ultimate  constituents,  or  both, 
and  is  in  contradistinction  to  division,  which  is 
a  mere  mechanical  separation  of  a  substance 
into  lesser  integral  portions,  each  of  which  is 
of  the  same  composition  as  previous  to  sub- 
division. See  Affinity  for  single  and  double 
decomposition. 

DECREPITATION.  Chem.  The  crackling 
sound  accompanying  a  fragmentary  disinte- 
gration of  certain  crystallized  substances  when 
thrown  upon  ignited  coals.  The  imperfect 
manner  in  which  the  outer  covering  of  crys- 
tals conducts  heat,  causes  their  sudden  ex- 
pansion, and  that  of  the  particles  of  water 
mechanically  incorporated  in  their  texture, 
and  to  this  the  phenomenon  is  partly  attributa- 
ble. Those  salts  that  have  the  least  water  of 
crystallization,  decrepitate  most  powerfully. 
Decrepitation  under  the  blowpipe  is  a  charac- 
teristic of  several  minerals. 

DEFLAGRATION.  Chem.  The  rapid  and 
scintillating  combustion  of  certain  substances, 
either  alone  or  in  mixture.  The  term  is  from 
deflagro,  to  burn,  and  applies  particularly  to  the 
ignition  of  nitre  with  other  bodies,  in  order 
that  they  may  be  oxidized  by  the  disengaged 
oxygen.  The  substances  previously  mixed, 
are  projected  upon  a  red-hot  surface,  or  mixed 
and  gradually  heated.  Sulphurets  and  arse- 
niurets,  and  carbonaceous  matters  are  often 
deflagrated  to  determine  their  sulphur,  arsenic, 
or  carbon  analytically.  If  deflagration  be  vio- 
lent, carbonate  of  soda,  common  salt,  &c,  may 
be  added  to  the  mixture  to  diminish  it. 

DELIQUESCENCE.  Chem.  A  term  applied 
to  those  bodies  whose  affinity  for  water  is  such 
that  they  attract  it  from  the  atmosphere.  Salts 
becoming  moist  in  this  way  are  said  to  be 
deliquescent,  and  the  term  may  be  considered  as 
expressing  the  aqueous  solubility  of  a  sub- 
stance. The  derivation  of  the  word  is  from 
dcliquesco  (Lat.),  to  melt  down,  because  deliques- 
cent bodies  are  apt  to  run  into  liquidity,  as 
pearlash,  chloride  of  calcium,  &c. 

DELPHIN.  Phar.  and  Chem.  Syn.  Del- 
phinea.  A  white,  semi-crystalline,  non-vola- 
tile alkaloid  (C27H19N02?),  extracted  by  sul- 
phuric acid,  from  the  seeds  of  the  Stavesacre 
(Delphinium  Staphysagria),  in  combination  with 
an  acrid,  resinous  matter,  Staphysain  (C32H23 
N04),  which  latter  is  insoluble  in  water  and 
ether,  but  dissolves  in  dilute  acids  without 
neutralizing  them. 

Delphin  melts  at  250°,  and  dissolves  in 
ether  and  alcohol,  but  not  in  water,  and  with 
the  acids  forms  salts  which,  except  the  oxalate, 
are  mostly  gummy  or  deliquescent.  Chlorine, 
at  the  ordinary  temperature,  is  without  effect 
upon  it,  but  at  302°  it  colors  it  first  green,  and 
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then  a  deep  brown,  hydrochloric  acid  being 
simultaneously  generated.  Sulphuric  acid 
reddens  and  carbonizes  it. 

DELPHINIC  ACID.     See  Phocenic  Acid. 

DELPHINITE.    See  Epidote. 

DENSITY.  Phys.  A  term  expressing  the 
quantity  of  matter  or  mass  of  a  body  in  pro- 
portion to  its  bulk;  or,  in  other  words,  the  vo- 
lume of  matter  comprised  in  a  determinate 
space.  Thus,  when  bodies,  of  uniform  bulk, 
vary  in  density,  their  mass  must  be  unequal. 
The  density  of  bodies  is  in  contradistinction 
to  their  rarity,  and  is  inversely  as  their  vo- 
lume, and  identical  with  specific  gravity. 

DEPHLEGMATION.  Chem.  An  obsolete 
term,  synonymous  with  Concentration,  used  by 
the  alchemists  to  express  the  separation  of 
"phlegm,"  an  hypothetic  principle  of  liquors, 
by  evaporation.  Hence  pure  and  strong  spirits 
are  frequently  said  to  be  dephlegmated. 

DEPHLOGISTICATED.  Chem.  From 
q>\cyifa,  to  burn,  and  he,  down.  A  term  ap- 
plied by  chemists  of  the  18th  century  to  such 
bodies  as  had  been  burned,  and  thus  deprived 
of  their  phlogiston,  Stahl's  hypothetic  prin- 
ciple of  fire.  Oxygen  was  hence  termed 
Dephlogisticated  air,  and  chlorine  Dephlogis- 
ticated  marine  acid. 

DESICCATION.     See  Drying. 

DETONATION.  Chem.  When  the  ignition 
of  bodies  is  attended  with  flame  and  noise,  it 
is  termed  Detonation,  and  the  phenomena  are 
due  to  the  sudden  evolution  of  one  or  more 
elastic  bodies,  from  a  solid  (gunpowder)  liquid 
(per  chloric  ether)  or  gas  (chloric  oxide). 
These,  and  similar  compounds,  whilst  assum- 
ing a  greatly  enlarged  volume,  corresponding 
with  their  elasticity,  repel  or  compress  the  air 
and  other  bodies  with  a  force  productive  of 
sudden  noise  and  explosion.  See  Fulminic 
Acid,  under  Cyanogen  and  Gun  Cotton. 

DETONATING  POWDERS.  Chem.  Mix- 
tures of  certain  combustible  materials,  the 
elimination  of  whose  gaseous  constituents, 
upon  ignition,  is  so  rapid  and  propulsive  as  to 
cause  an  explosion  or  detonation.  Gun  pow- 
der is  the  most  common  mixture  of  this  class. 
The  explosive  compounds  of  the  metals,  sil- 
ver, mercury,  and  gold,  owe  their  fulminating 
power  to  a  peculiar  acid,  the  Fulminic,  which 
is  definitely  united  with  their  respective 
oxides. 

DEUTOXIDE.  Chem.  A  chemical  term, 
improperly  applied  to  the  second  degree  of 
oxidation  of  any  body  possessing  a  variable 
range  of  affinity  for  oxygen.  It  is  often  ap- 
plied to  those  compounds  whose  proportional 
equivalents  of  oxygen  to  the  base  is  in  the 
next  combining  ratio  to  that  of  protoxide. 
Thus,  deutoxide  of  iron  (Fe203)  and  protoxide 
of  iron  (FeO),  because  there  is  a  rateable  dif- 
ference between  them  of  a  half  atom  of  oxy- 
gen. The  more  correct  expression  in  this  case 
is  Sesquioxide  of  Iron. 

DEW.  Meteor.  The  deposition  of  watery 
particles  upon  the  earth's  surface  during  the 
night,  in  certain  seasons  of  the  year,  is  solely 
dependent  on  the  loss  of  heat  which  it  sustains 
by  radiation,  and  is  based  upon  that  general 
law  of  heat  by  which  bodies  tend  to  an  equili- 
brium of  temperature.    The  atmosphere  is  al- 


ways more  or  less  charged  with  watery  vapor, 
which,  being  condensed  by  the  cooler  earth, 
with  which  it  is  in  contact,  appears  on  it  in 
the  form  of  dew.  In  damp,  murky  nights  no 
dew  is  formed,  because  the  clouds  are  an  ob- 
struction to  the  diffusion  of  the  radiated  heat, 
and  consequently  to  the  cooling  of  the  earth. 
In  spring  and  fall,  when  the  greatest  difference 
in  the  temperature  of  the  nights  and  days  ex- 
ist, the  formation  of  dew  is  most  abundant. 
When  the  cooling  of  the  earth's  surface  de- 
scends below  32°,  the  dew  appears  as  frost. 

DEW-POINT.  Meteor.  The  degree  indi- 
cated by  the  thermometer  as  the  temperature 
at  which  dews  commence  to  be  formed.  Its 
fluctuation  apparently  varies  with  tempera- 
ture. 

DEXTRIN.  Chem.  A  gum-like  product  of 
the  action  of  dilute  acid  upon  starch,  at  200° 
to  212°,  and  of  diastase  upon  a  solution  of 
starch,  at  150°.  From  the  latter  it  is  precipi- 
tated by  alcohol  in  a  white,  gelatinous  mass, 
which  becomes  pulverulent  after  repeated 
ablutions  with  alcohol.  The  continued  action 
of  either  of  the  above  reagents  converts  it  into 
grape-sugar,  and  renders  it  fermentable.  With 
cold  water  it  forms  a  mucilaginous  solution, 
which,  unlike  that  of  fecula,  is  colored  purple 
by  iodine,  and  again,  under  certain  circum- 
stances, not  at  all  affected  by  that  body.  From 
this  circumstance,  Jacquelin  has  shown  that 
there  are  two  distinct  dextrins,  the  one  of  which, 
prepared  by  heating  1  part  of  starch  granules 
with  5  parts  of  water  for  45  minutes,  at  320°, 
is  tinted  purple  by  iodine,  whilst  the  same 
mixture,  by  a  continued  heating  of  one  hour 
additional,  is  no  longer  colored  by  that  body. 
The  varieties  of  dextrin  are  also  developed  in 
the  succession  of  changes  induced  by  the 
action  of  acids  upon  fecula,  and  hence  the 
fact  is  established  that  there  is  a  dextrin 
colorable  by  iodine,  and  a  dextrin  not  colorable 
by  iodine.  It  derives  its  name  from  its  pro- 
perty of  polarizing  light  to  the  right.  The 
formula  of  dextrin  proper,  according  to  Payen, 
is  C]2H]0O10,  and  its  two  combinations  with 
oxide  of  lead  (C12He09+  PbO  and  CI2H909-f- 
2  PbO),  dried  at  356°,  shows  that  whether 
free  or  combined,  it  is  identical  in  composition 
with  amylin.  When  dried  at  low  temperatures, 
both  of  the  above  dextrinates  of  lead  retain 
1  eq.  of  water.  (Graham.')  Dextrin  is  dis- 
tinguished from  arabin,  by  giving  no  precipi- 
tate with  basic  acetate  of  lead,  and  by  not 
forming  mucic  acid  by  the  action  of  nitric 
acid. 

A  solution  of  dextrin,  prepared  by  malt  or 
diastase,  imparts  to  beer  a  mucilaginous  pro- 
perty. 

Leiocome,  a  variety  of  dextrin,  is  prepared  bv 
moistening  400  pts.  starch  with  1  pt.  nitric 
acid,  in  15  to  20  pts.  water,  drying  in  the  air, 
and  heating  carefully  to  30'^°. 

British  Gum,  or  roasted  dry  starch,  is  pro- 
bably of  the  same  composition  as  dextrin. 

DI.  Chem.  A  prefix  applied,  by  some  che- 
mists, to  suboxides  or  subsalts,  as  dinoxide  of 
lead  and  dichromate  of  lead,  (2  PbO,  CrO,). 

DIADOCHITE.  Min.  A  brown  mineral, 
from  Arnsbach,  in  Thuringen;  yields  acidu- 
lated water  in  a  closed  tube ;  colors  flame 
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green,  swells,  and  fuses  on  the  corners  to  a 
black  magnetic  frit;  gives  the  reaction  of 
iron;  boiling  water  extracts  sulphuric  acid. 
Form.  (3Fe203,  2  PO.,  12  HO)  +  2  (Fe20,, 
2  S03,  12  HO).     See  Iboh  Sintkii. 

DIABETIC  SUGAR.     See  Grape  Sugar. 

DIALLAGE.     See  Augjte. 

DIAMOND.  Min.  Tech  Syn.  Adamant, 
Brilliant.  Descrip.  Cryst.  system,  Regular. 
Occurs  with  most  of  the  simple  holohedral 
forms  combined,  and  sometimes  as  the  £  6x  8- 
hedron.  Its  faces  are  often  rounded  by  a  ten- 
dency to  combination.  Cleaves  brilliantly 
parallel  to  8-hedron.  H.=  10.  G.  =  3-5.  Co- 
lorless, sometimes  variously  tinted;  lustre 
brilliant,  adamantine;  transparent,  translu- 
cent, if  dark  colored  ;  possesses  the  highest 
degree  of  refraction,  and  often  emits  light  in 
the  dark  after  exposure  to  sunshine;  fracture 
conchoidal;  electric  by  friction. 

Ckem.  Rel.  Insoluble  in  acids;  burns  to 
carbonic  acid  by  the  hydroxygen  blowpipe, 
leaving  from  0-05  to  0-2  pr.  ct.  ashes,  of  a  yel- 
lowish or  reddish  yellow  color,  containing 
silica  and  oxide  of  iron ;  it  may  also  be  con- 
sumed on  platinum  foil  by  the  mouth-blow- 
pipe or  in  powder  by  a  spirit  lamp. 

Origin.  Its  origin  is  an  interesting  ques- 
tion, but  not  yet  satisfactorily  determined. 
Where  found  in  rock,  it  appears  to  be  a  con- 
glomerate, that  in  India  consisting  of  rounded 
siliceous  pebble,  cemented  by  ferruginous 
clay;  at  Minas  Geraes,  Brazil,  in  a  talcose 
conglomerate  similarly  cemented.  The  great- 
er part  are  washed  out  of  loose  alluvial  de- 
posits. Petzholdt  observed  a  cellular  struc- 
ture in  some  diamond  ashes,  and  a  similar 
structure  in  a  brown  enclosure  in  a  diamond. 
Sir  D.  Brewster  infers  from  its  relations  to 
light,  locality,  &c,  that  it  is  of  vegetable 
origin.  Wuhler  examined  50  diamonds,  con- 
taining enclosures,  without  observing  any 
thing  indicating  a  vegetable  structure. 

Local,  and  Value.  In  India,  between  Gol- 
conda  and  Masulipatam;  near  Parma,  in  Bun- 
delkund;  on  the  Mahanuddy,  near  Ellore; 
Pontiana,  on  Borneo.  In  Brazil,  in  the  pro- 
vince Minas  Geraes.  In  Russia,  on  the  Ural 
Mtns.  In  U.  S.,  in  N.  Carolina  1  The  largest 
one  known,  in  possession  of  the  Great  Mogul, 
is  said  to  have  weighed  900  carats.  The 
Russian  specimen,  from  India,  weighs  193 
carats.  The  French  (Pitt  or  Regent  diamond) 
weighs  136^  car.,  is  very  pure,  cut  as  a  bril- 
liant, and  is  estimated  at  £125,000.  The  Aus- 
trian weighs  139J  car.  The  Rajah  of  Matlan 
has  one  weighing  367  car.,  from  Borneo.  The 
carat  =  3-174  grs.  Troy.  The  value  of  dia- 
monds is  estimated  from  the  weight  in  carats, 
by  multiplying  the  square  of  that  weight  by 
the  estimated  value  of  one  carat.  Thus,  if  a 
good,  clear  diamond,  in  the  rough  state,  but 
without  flaws,  weigh  one  carat,  it  is  worth  £2, 
if  3  carats,  32x2  =  £18.  If  it  be  cut  into  a 
well-shaped  brilliant,  the  square  of  the  weight 
should  be  multiplied  by  £8,  the  value  of  one 
carat;  thus,  a  perfect  brilliant  of  4  carats  is 
valued  at  4*8  =  £128.  It  follows  of  course 
that  the  multiplier  diminishes  with  the  quality 
of  the  brilliant. 

Use.  The  diamond  is  cut  chiefly  into  3 
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forms,  the  brilliant,  the  rose,  and  the  table,  by 
means  of  its  own  dust;  and  if  a  large  piece 
is  to  be  cut  oil",  it  is  done  by  a  steel  wire 
stretched  on  a  bow,  and  anointed  with  the 
dust.  Advantage  is  sometimes  taken  of 
cleavage  to  affect  the  same,  but  the  operation 
requires  great  firmness  and  dexterity,  f 
ting  the  glazier's  diamond,  the  point  is  acute- 
angled,  and  the  curved  sides  of  the  angle 
assist  in  wedging  the  glass  asunder.  Small 
splinters  or  sparks  are  also  set  for  marking 
glass. 

Supply.  It  is  difficult  to  ascertain  the  total 
amount  of  diamond  supplied  to  commerce.  It 
would  seem  that  the  supply  has  diminished  m 
Brazil,  for  von  Eschwege  estimates  the  ave- 
rage annual  supply  from  1730  to  1814,  at 
36,000  carats,  while  from  1800  to  1806,  it  was 
19,000  carats  pr.  an.  It  is  observed  that  the 
same  cubic  mass  of  diamond-bed  will  yield, 
on  washing,  about  the  same  number  of  carats, 
whether  larger  or  smaller. 

DIASPORE.  Min.  Cryst.  Right  Rhombic, 
with  perfect  cleavage.  H.=  6.  G.  =  3-3  — 
3-4.  Colorless,  also  reddish,  bluish,  brownish; 
lustre  vitreous,  splendent  on  cleavage  planes; 
translucent.  Decrepitates  in  a  tube,  giving 
little  water  at  a  low  heat,  much  more  by  igni- 
tion, infusible,  soluble  in  fluxes,  giving  a  man- 
ganese reaction  with  soda  on  platinum;  co- 
lored deeply  blue  by  cobalt  solution.  Form. 
A1203,  HO.  It  occurs  at  Schemnitz  and 
Ekathennenburg. 

DIASTASE.  Chem.  Prepared  by  moisten- 
ing bruised  malt  with  half  its  weight  of  water, 
expressing  and  straining  the  liquid,  adding  a 
little  alcohol  to  destroy  its  viscosity,  filtering, 
and  adding  more  alcohol  to  precipitate  dias- 
tase. It  is  redissolved  in  water,  reprecipi- 
tated  by  alcohol,  and  dried  at  100°  to  120°. 
Malt  yields  ^  of  1  pr.  ct.  diastase.  It  is  white, 
amorphous,  inodorous,  tasteless,  neutral,  not 
precipitated  by  subacetate  of  lead,  without 
action  on  sugar,  gum,  inulin,  &c,  its  most 
striking  property  being  its  action  on  starch 
solution,  changing  it  into  dextrin,  and  then 
into  starch-sugar.  1  pt.  of  diastase  will  thus 
metamorphose  2000  pts.  of  starch.  It  acts  at 
32°,  but  most  powerfully  at  140°  to  150°.  Its 
solution  readily  acidifies  and  loses  its  power; 
boiling  decomposes  it  instantly.  It  contains 
nitrogen,  and  is  allied  to  gluten  or  albumen, 
but  its  exact  composition  is  unknown.  It  ex- 
ists near  the  germ  of  malt  and  the  eye  of  the 
potato,  in  the  pancreatic  juice  and  saliva,  and 
is  probably  the  same  with  the  gastera.se  of 
Pay  en. 

DICHROITE.     See  CORDIERITE. 

DIDYMIUM.  Chem.  (From  %oi,  twins). 
A  metal  accompanying  cerium  and  lanthanum. 
Its  presence  was  the  cause  of  the  brown,  red, 
and  yellow  colors,  often  observed  in  the  com- 
pounds of  cerium  and  lanthanum,  from  which 
Mosander  succeeded  in  separating  it,  but  as 
yet  the  separation  is  imperfect.  L.  Bona- 
parte recommends  a  concentrated  aqueous 
solution  of  valeric  acid  to  precipitate  pure 
valerate  of  cerium,  while  the  solution  con- 
tains didymium  with  a  portion  of  cerium. 
Mosander  separated  the  sulphates  of  the  other 
two  metals  from  that  of  cerium  by  repeated 
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crystallization.  The  dry  sulphates  of  the  two 
metals  are  dissolved  portion-wise  in  6  pts. 
water,  cooled  to  48°,  then  heated  to  104°,  when 
the  sulphate  of  lanthanum  precipitates,  with  a 
little  didymium-salt;  thus  treated  for  10  or  12 
times,  the  salt  of  lanthanum  is  obtained  pure. 
The  solution  is  next  evaporated  slowly  to  ^  of 
its  bulk  and  poured  off  from  the  saline  mass, 
consisting  of  larger  red  crystals  and  small 
prisms.  Boiling  water  is  pouted  over,  and 
immediately  poured  off,  the  larger  crystals 
redissolved  and  similarly  treated,  finally  leave 
the  red  crystals  of  pure  sulphate  of  didy- 
mium. 

Potassa  throws  down  from  the  sulphate  the 
hydrated  oxide  of  dtdymium,  of  bluish  violet 
color,  which  by  absorption  of  carbonic  acid 
during  washing  becomes  more  reddish.  The 
oxide,  obtained  by  igniting  the  hydrate  or  car- 
bonate, is  a  darker  or  lighter  brown,  and  at  a 
white  heat  it  becomes  grayish  white,  with  a 
greenish  tint.  Before  the  blowpipe  it  dissolves 
in  mic.  salt  in  the  outer  flame  with  the  same 
amethystine  color  as  titanium  in  the  inner 
flame.  Its  salts  are  amethyst-red,  with  a 
marked  bluish  tint. 

The  sulphate  forms  red  triclinate  crystals, 
soluble  in  5  pts.  water,  at  about  60°,  but  at 
the  boiling  point  it  requires  50-5  pts.  water  for 
solution.  It  bears  gentle  ignition  without  de- 
composition, and  loses  §  of  its  acid  by  a 
white  heat.  It  forms  an  amethyst-red  double 
salt  with  sulphate  of  potassa,  insoluble  in  a 
saturated  solution  of  sulphate  of  potassa. 
The  nitrate  is  deliquescent  and  difficult  to 
crystallize. 

DIFFERENTIAL  THERMOMETER.  See 
Thermometer. 

DIFFLUANE.     See  Uric  Acid. 

DIFFUSION.  Chem.  Phys.  A  term  given 
to  the  peculiar  phenomena  observed  by  the 
mixing  of  gases.  Priestley  observed  that 
when  gases  were  conducted  through  heated 
porous  earthenware  tubes,  they  escaped  into 
the  fire,  and  the  fire-gases  penetrated  the 
tubes.  Dalton  investigated  this  mutual  pene- 
tration of  gases,  by  inverting  one  bottle  over 
another,  each  filled  with  a  different  gas,  and 
connecting  them  by  a  small  tube  thrust  through 
corks  in  their  openings.  He  found  that  they 
mingled  together,  and  even  contrary  to  their 
specific  gravities;  thus  if  the  upper  were 
filled  with  hydrogen,  and  the  lower  with  car- 
bonic acid;  they  were  found,  after  a  short 
time,  mingled  uniformly  together  in  the  two 
bottles.  He  hence  inferred  that  one  gas  ex- 
pands into  the  space  occupied  by  another,  as 
though  into  a  vacuum,  or  at  least  that  the  re- 
sistance of  one  gas  to  another  is  imperfect. 
Graham,  who  has  investigated  this  subject 
most  fully,  found  that  equal  volumes  of  dif- 
ferent gases  escape  through  capillary  orifices 
in  different  times,  which  bear  some  relation 
to  their  specific  gravities.  He  found  that  the 
gaseous  volumes  which  escaped  into  the  air 
after  the  diffusion  was  complete,  were  in- 
versely as  the  square  root  of  their  densities, 
or  very  nearly  so.  This  volume,  which  he 
terms  the  diffusion-volume,  =  ^/J,  in.  which 
d  =  the  density  of  the  gas.  The  following 
table  shows  the  approximation  of  observation 


to  calculation  from  the  formula,  air  being  as- 
sumed =  1. 

Gas.  Calculated.       Observed. 

Hydrogen 3-795  3-830 

Olefiantgas 1-014  1-019 

Nitrogen 1-014  1-014 

Carbonic  acid 0-809  0-812 

Sulphurous  acid 0-671  0-080 

Hence  lighter  gases  have  a  greater  diffu- 
sion-volume than  those  heavier  than  air. 
Where  two  gases  are  mingled  together,  the 
more  diffusive  escaped  much  more  rapidly 
than  the  less  diffusive  gas.  Thus,  if,  as  in 
Dalton's  apparatus,  the  upper  flask  contain 
equal  volumes  of  hydrogen  and  olefiant  gases, 
and  the  lower  flask,  7  times  as  capacious,  be 
filled  with  carbonic  acid,  after  10  hours,  the 
upper  flask,  besides  carbonic  acid,  contains  4 
times  the  volume  of  olefiant  gas  as  of  hydro- 
gen.    Graham. 

Besides  a  capillary  tube,  various  porous  sub- 
stances may  be  employed  in  experiments  on 
diffusion,  such  as  a  cast  plate  of  gypsum, 
charcoal,  cork,  thin  caoutchouc,  bladder,  &c, 
but  then  the  experiments  are  more  or  less 
influenced  by  the  fineness  of  the  pores,  by  the 
difference  of  adhesion  and  of  chemical  attrac- 
tion between  the  gases  and  the  diaphragm.  A 
thin  caoutchouc  sheet,  piece  of  bladder,  or 
gold  beater's  skin,  tied  over  the  wide  neck  of 
a  bottle,  filled  with  hydrogen  and  exposed  to 
the  air,  is  pressed  inward  and  may  burst. 
Gases,  most  easily  liquified  by  cold,  pressure, 
or  absorption  by  water,  pass  most  easily 
through  membrane,  caoutchouc,  &c.  Thus 
the  time  required  by  equal  volumes  of  gases 
to  pass  through  the  same  membrane  was 

1  minute  with  ammonia. 

2j  minutes  with  sulphuretted  hydrogen. 

5£  "  carbonic  acid. 

28  "  olefiant  gas. 

374    "      hydrogen. 

113    "      oxygen. 

160         "  carbonic  oxide.     Mitchell. 

Vapors  rise  into  the  air  in  a  similar  man- 
ner, and  seem  to  follow  the  same  laws  of  dif- 
fusion as  the  permanent  gases. 

DIGENITE.  Min.  An  amorphous  cop- 
per-ore, from  Chili  and  Sangershausen,  in 
Thuringen.  H.  =  2-5—  3.  G.  =  4-57  — 4-68. 
Dark  lead-gray,  with  metallic  lustre  and  black 
streak.  Form.  Cu2S,  3  CuS,  with  71  pr,  ct. 
copper. 

DIGESTER.  Chem.  and  Tech.  A  strong, 
steam-tight  metallic  vessel,  fitted  with  a  safety- 
valve,  and  used  for  the  solution  of  those  bo- 
dies which  do  not  yield  to  the  solvent  power 
of  liquids  except  at  high  temperatures.  It  is 
a  contrivance  of  Papin,  in  which  he  subject- 
ed bones  to  the  action  of  highly  heated  water, 
in  order  to  render  their  gelatinous  constituent 
more  digestible  and  palatable.  Its  efficiency 
in  this  respect  is  founded  upon  the  fact  that 
the  boiling  temperature  of  fluids  is  raised  in  a 
certain  proportion  to  the  pressure.  When 
this  vessel,  to  which  the  French  autoclaves  are 
similar,  is  heated,  the  steam  generated  and 
filling  the  unoccupied  space  within,  exerts  a 
pressure  upon  the  surface  of  the  liquid  be- 
neath, and  by  thus  preventing  further  ebulli- 
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lion,  causes,  to  a  certain  extent,  an  accumu- 
lation of  heat  therein.  In  the  instance  of 
water,  the  expansive  power  of  the  vapot  of 
which,  at  212°,  is  sufficiently  strong  to  over- 
come the  atmospheric  pressure,  it  can  be 
heated  highly  in  this  vessel  without  ebullition 
and  evaporation,  the  highest  limit  being  the 
strength  of  the  material. 

DIGESTION.  Physiol.  The  transformation 
of  food  in  the  bodies  of  animals  into  new  com- 
binations designed  to  reproduce  those  parts  of 
the  body  which  have  been  wasted  by  excre- 
tions. There  is  a  remarkable  similarity  in 
some  respects  between  digestion  and  the  ordi- 
nary operations  of  the  laboratory.  The  food 
is  pulverized  or  masticated,  and  moistened  at 
the  same  time;  it  is  digested  in  a  powerful 
solvent  in  the  stomach,  precipitated,  filtered, 
&c.  The  theory  of  the  operation  is  by  no 
means  clear.  Pepsin  was  supposed  to  exert 
a  powerful  influence  in  dissolving,  then  free 
muriatic  acid  and  pepsin,  and  more  lately  it 
has  been  supposed  that  muriatic  acid  is  com- 
bined, and  that  lactic  acid  is  free.  Although 
the  subject  is  of  the  highest  importance  in  its 
physiological  bearings,  yet  its  present  varying 
state  excludes  a  more  elaborate  notice  in  a 
practical  work  like  the  present. 

DIGESTION.  Chem.  Tech.  It  consists  in 
exposing  a  body  to  the  action  of  a  liquid  for 
some  time,  at  a  temperature  of  from  about  90° 
to  its  boiling  point.  It  calls  in  the  assistance 
of  the  element  time  for  effecting  certain  com- 
positions or  decompositions,  the  effects  of 
higher  heat  in  a  short  time  being  often  differ- 
ent, independent  of  vaporization,  at  the  boiling 
point.  Digestion  is  often  performed  in  a 
flask,  which  may  be  closed,  or  nearly  so,  but 
if  in  an  open  vessel,  as  in  the  bell-shaped 
glass,  fig.  10,  p.  22  (Analysis),  then  it  should 
be  covered  by  a  watch-glass,  or  capsule,  like 
fig.  11,  so  that  the  vapor  condensing  on  the 
bottom  of  the  cover  may  fall  back  again  into 
the  glass. 

DIGESTIVE  SALT.  The  old  pharmaceu- 
tical name  of  chloride  of  potassium. 


DIGITAL1N.  Chem.  A  colorless,  semi- 
crystalline,  neutral  substance,  extracted  from 
the  Purpurea  digitalis, 

Prq/.  To  the  alcoholic  tincture  of  the 
leaves,  evaporated  to  syrupy  consistence,  add 
1  part  acetic  acid  and  3  parts  of  water;  agi- 
tate the  solution  with  animal  charcoal,  neu- 
tralize with  ammonia,  and  precipitate  the 
digitalin  with  tannic  acid.  The  precipitate  is 
treated  with  oxide  of  lead  and  digested  with 
alcohol.  The  solution,  decolorized  by  animal 
charcoal,  yields,  on  evaporation,  a  residue,  from 
which  ether  removes  some  foreign  matters, 
leaving  the  pure  digitalin  undissolved.    Henry. 

Prop.  It  dissolves  in  alcohol,  and  is  pre- 
cipitated from  its  solution  in  acid  by  the  addi- 
tion of  water.  Concentrated  sulphuric  acid 
gives  it  a  red  color,  which  ultimately  becomes 
olive-green.  Its  intense  bitterness  is  partially 
modified  by  heat.  Homolle  announces  the 
presence  in  fox-glove  of  another  substance, 
which  crystallizes  in  white  needles,  and  is  in- 
soluble in  water  and  alcohol,  but  as  yet  it  has 
not  been  obtained  in  sufficient  quantity  for  a 
critical  examination. 

Bigitalic  Acid.  It  is  in  needle-shaped  crys- 
tals, and  forms  salts  with  the  bases,  of  which 
those  that  are  soluble  readily  become  yellow 
in  the  air.     Chem.  Gaz.,  vol.  iii.  p.  232. 

DILITURIC  ACID.     See  Uhic  Acid. 

DIMORPHISM.  Gcr.  Fr.  Dimorphic  (/«, 
twofold,  juc^n,  form.)  It  is  stated  under  Cius- 
tallization  that  the  same  body  is  always 
crystallized  in  forms  referrible  to  one  of  the 
six  classes  or  systems.  There  are,  however,  a 
few  bodies,  elementary  and  compound,  which 
seem  to  have  the  power  of  assuming  the  forms 
of  2,  and  possibly  of  3,  different  systems; 
or,  if  referrible  to  only  one  system,  of  pre- 
senting forms,  the  radicals  of  which  have  a 
different  measurement  of  angles.  But  besides 
this  difference  in  form,  there  is  also  a  differ- 
ence in  spec,  grav.,  or  hardness,  or  color,  or 
other  external  properties.  The  following  table 
exhibits  most  of  these  bodies,  with  their  name, 
formula,  crystal-system. 


Dimorphic  Substances.  Formula.  Cryst.  Syst. 

Carbon C 

Copper Cu j  g 

Protoxide  of  copper Cu,0 <  g 

4.  Subsulphuret  of  copper Cu2S <  3 

5.  Bisulphuret  of  iron FeS2 3  3 

6.  Arsenious  acid As03 <  3 

7.  Oxide  of  antimony Sb03 }  3 

8.  Carbonate  of  lime CaO,  C02 | 

9.  Carbonate  of  iron FeO,  C02 $ 

10.  Nitrate  of  potassa KO,  N05 $ 

11.  Sulphate  of  potassa.. KO,  S03 $ 


CI  ....  Diamond. 
(_  6  ... .  Graphite. 


Native. 

Native,  and  by  fusion. 

Red  copper  ore. 

Fibrous  red  copper. 

Vitreous  copper. 

By  fusion. 

Iron  pyrites. 

Spear  pyrites. 

Native  and  sublimed. 

Glassy. 

Sublimed. 

Native. 

Arragonite. 

Calc.  spar. 

Junckerite. 

Sparry  iron. 

Common  form. 

From  small  quantities. 

Common  form. 

In  refining  kelp. 
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12.  Sulphur S 

13.  Bisulphate  of  potassa KO,  2  S03,  HO  ... . 

14.  Selenate  of  zinc ZnO,  Se03,7  HO. . , 

15.  Sulphate  of  zinc ZnO,  S03,  7  HO.... 

16.  Sulphate  of  magnesia MgO,  S03,  7  HO  . . . 

17.  Sulphate  of  nickel NiO,  S03,  7  HO. . . , 


18.  Chloride  of  mercury HgCl. 

19.  Titanic  acid TiO,  . 


20.  Iodide  of  mercury Hgl 

21.  Garnet ~)  See  these  for  form- 

Vesuvian 5      ula 


3  .. 

. .  Native,  and  from  solution. 

4  .. 

. .  By  fusion. 

3  .. 

..  From  solution. 

4  .. 

. .  By  fusion. 

3  .. 

. .  At  low  temperature. 

4  .. 

. .  At  higher      " 

3  .. 

..  Below  126°. 

4  .. 

. .  Above    " 

3  .. 

. .  Below    " 

4  .. 

. .  Above    " 

3  .. 

. .  Below  59°. 

2  .. 

. .  Between  59°  and  68°. 

4  .. 

. .  Above  86°. 

3  .. 

. .  From  solution. 

3  .. 

. .  By  sublimation. 

2  .. 

. .  Anatase. 

2  .. 

. .  Rutile. 

2  .. 

. .  From  solution,  red. 

4  .. 
1 

. .  By  heat,  yellow. 

2 

It  has  been  remarked  that  the  second  form 
of  (2)  protoxide  of  copper,  observed  by  Hiluy 
and  Seebeck,  was  a  twinned  form  of  the  first 
system.  It  will  be  observed  from  the  above 
table,  that  sulphur,  several  isomorphic  sul- 
phates, and  the  bisulphate  of  potassa,  are  all 
found  in  the  two  systems  3  and  4,  but  the  sul- 
phate of  nickel  is  trimorphic.  It  is  possible 
that  carbonate  of  lime  may  be  trimorphic,  for 
barytocalcite  belongs  to  the  4th  system.  Ar- 
senious  acid  and  oxide  of  antimony  replacing 
each  other  in  native  or  artificial  states  in  each 
of  the  systems  1  and  3,  they  are  isodimorphic. 
The  carbonates  of  lime  and  iron  are  also  iso- 
dimorphic. Titanic  acid  crystallizes  in  two 
forms  of  system  2,  but  their  radical  8-hedra 
have  different  measurements. 

The  spec.  grav.  of  calc.  spar  is  2-721,  that 
of  arragonite  2-931 ;  the  spec.  grav.  of  anatase 
is  3-826,  that  of  rutile  4-249.  The  external 
characters  of  the  diamond  and  graphite  are 
very  striking  in  spec,  grav.,  color,  hardness, 
&c.  The  two  forms  of  arsenious  acid  are 
differently  soluble. 

Vain  attempts  have  been  made  to  refer 
dimorphism  to  a  more  general  law.  To  say 
that  a  difference  of  temperature  or  other  cir- 
cumstances determine  two  or  more  forms  of 
the  same  body,  is  no  explanation.  It  was  for- 
merly supposed  that  the  presence  of  strontia 
in  carbonate  of  lime  always  determined  the 
form  of  arragonite,  in  preference  to  that  of 
calc.  spar,  and  that  hence  a  foreign  substance 
was  the  main  cause  of  dimorphism,  but  the 
twofold  form  of  pure  sulphur  refutes  this 
theory,  independently  of  the  fact  that  arragon- 
ite has  been  found  consisting  of  pure  carbo- 
nate of  lime.  It  is  probable  the  presence  of  a 
foreign  body  in  the  crystallizing  liquor  may 
often  determine  the  crystal-system  of  a  dimor- 
phic body,  whether  it  crystallize  with  the  prin- 
cipal substance  or  not;  thus  the  presence  of 
carbonate  of  strontia,  which  only  assumes  the 
right-rhombic  form,  may  determine  carbonate 
of  lime  to  crystallize  as  arragonite.  But,  in 
most  of  those  cases  investigated,  the  prevail- 
ing condition  of  difference  in  form  is  due  to 
difference  of  temperature.  A  solution  of  bi- 
carbonate of  lime,  crystallizing  at  common 
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temperatures,  forms  calc.  spar  crystals;  by 
evaporation  in  a  water-bath,  there  is  a  mix- 
ture of  calc.  spar  and  arragonite ;  by  adding  a 
boiling  solution  of  muriate  of  lime  to  carbonate 
of  ammonia,  arragonite  precipitates.  Fused 
carbonate  of  lime  has  the  form  of  calc.  spar, 
and  a  crystal  of  arragonite  falls  to  calc.  spar 
crystallets  by  a  low  ignition.  Hence,  at  about 
212°,  arragonite  is  formed,  but  much  above  or 
below  212°,  calcareous  spar.  It  is  supposed 
that  the  particles  of  dimorphic  bodies  arrange 
themselves  in  two  ways  to  form  the  2  classes 
of  crystals,  or  that  the  atoms  of  one  are  mul- 
tiples of  those  of  the  other.  See  Isomerism, 
Axorphous,  Crystallization'. 

DIOPSIDE.     See  Augite. 

DIOPTASE.  Min.  Syn.  Achirite,  Eme- 
rald Copper,  Smaragdo-Chalcite.  It  occurs  in 
the  Kirgheses  Steppes  of  Siberia.  Cryst. 
Hexagonal,  cleaving  parallel  to  an  obtuse 
rhomb.  H.  =  5.  G.  =  3-278.  Color  emerald- 
green,  darker  and  lighter;  lustre  vitreous; 
transparent,  subtranslucent;  brittle,  with  un- 
even conchoidal  fracture. 

Yields  water  in  a  tube,  and  becomes  black ; 
on  coal,  becomes  black  in  the  outer  and  red 
in  the  inner  flame,  tinging  the  flame  green ; 
gives  the  reaction  of  copper  in  borax  and  mic. 
salt,  leaving  a  silicious  skeleton  in  the  latter; 
reduces  partially  to  metal  in  borax,  and  wholly 
with  much  soda.  Soluble  in  nitric  acid,  ge- 
latinizing; decomposed  by  ammonia,  caustic, 
and  carbonated.    Form.  3  CuO,  2  Si03+3  HO. 

DIORITE.  Geol.  Syn.  Greenstone,  Trap. 
A  dark-colored,  igneous  rock,  consisting  of 
albite  and  hornblende,  sometimes  crystalline, 
sometimes  compact. 

DIOXYLITE.  Min.  Syn.  Lanarkite,  Sul- 
phatocarbonate  of  lead.  Cryst.  Oblique 
Rhombic,  laminae  flexible.  H.  =  2 — 2-5. 
G.  =  6-8  —  7.  Greenish  white,  pale-yellow, 
gray;  lustre  adamantine,  pearly  on  cleavage- 
planes;  transparent,  translucent.  Fusible  on 
coal  to  a  white  bead,  containing  reduced  lead: 
partially  soluble  in  nitric  acid  with  efferves- 
cence. Form.  PbO,  S03-f-PbO,  C02.  It  oc- 
curs at  Leadhills. 

DIPLOITE.     See  Latiiobite. 

DIPPEL'S  ANIMAL  OIL.  Chem.  Tech. 
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Sjn.  Empyreumatic  Oil,  Rectified  Oil  of 
Hartshorn.  The  foetid,  volatile  oil,  produced 
by  the  destructive  distillation  of  bones,  and 
obtained  as  a  secondary  product  in  the  manu- 
facture of  bone-black.  It  consists  of  four  oily, 
salifiable  bases,  odorm,  cunimin,  olanin,  and  am- 
molin  (JJnverdorbeny,  and  contains  Creasote. 
(Rrirheuli  a  eh.)  In  its  natural  state  it  is  brown 
and  viscid,  but  can  be  rendered  colorless  by 
redistillation,  the  action  of  the  air  and  light, 
however,  soon  altering  it  again.  Carbon,  hy- 
drogen, oxygen,  and  nitrogen  are  its  ultimate 
constituents,  the  last,  doubtless,  being  chiefly 
due  to  the  presence  of  ammonia,  which  also 
gives  it  an  alkaline  reaction. 
DIPYRE.  See  Scapolite. 
DISINFECTING  LIQUOR.  See  Salts  of 
Sodium. 

DISACRYL.  Chem.  The  white  powder 
(C10H7O4)  insoluble  in  acids  and  alkalies, 
which  is  formed  when  Acrolein  is  left  in 
contact  with  water.  Disacrylic  resin  (C20H,3 
Oc),  a  white  pulverulent  substance,  soluble  in 
alcohol,  ether,  and  alkalies,  and  insoluble  in 
water,  is  sometimes  formed  under  precisely  the 
same  circumstances  as  disacryl.  It  fuses  at  212°, 
and  separates  from  its  evaporated  alcoholic  so- 
lution in  brittle,  glittering  scales.  Rid.enbacher. 
DISPLACEMENT.  An  economical  mode 
of  extracting  the  soluble  matter  of  vegetable 
and  other  substances.  The  process  consists 
in  the  percolation  of  menstruum  through  a 
certain  bulk  of  the  material  to  be  acted  upon. 
That  portion  of  the  liquid  which  first  passes 
through,  as  soon  as  it  becomes  surcharged,  is 
displaced  by  another  following  it,  and  so  on 
the  action  is  continued,  until  the  absence  of 
color  and  taste  in  the  liquid  running  through 
indicates  a  perfect  exhaustion  of  the  material. 
The  form  of  the  apparatus  is  such  as  to  do 
away  with  the  necessity  of  filtering, 
s'  '  and,  independent  of  a  saving  of 
time,  there  is  less  loss  of  menstru- 
um than  by  the  old  methods  of  ex- 
tracting the  soluble  matter  of  sub- 
stances. For  making  expensive 
tinctures,  &c,  on  a  limited  scale, 
the  apparatus  should  be  of  glass, 
and  of  the  form  represented  by 
fig.  40. 

The  greater  diameter  at  the  bot- 
tom of  the  bulb  admits  of  the  re- 
ception of  a  large  portion  of  mate- 
rial, while  the  gradual  converging 
of  the  barrel  upwards,  gives  a  suf- 
ficiency of  column  pressure.  An 
economical  substitute  is  the  neck 
of  a  retort  or  a  glass  tube.  To  pre- 
vent the  passage  of  small  particles 
of  stuff  with  the  surcharged  liquid, 
the  barrel  should  be  plugged  at  its  outlet  with 
a  small  ball  of  raw  cotton. 

For  larger  operations,  the  percolator  should 
be  of  tinned  copper,  or  tin,  and  of  form  as 
shown  by  fig.  41. 

In  chemical  laboratories,  where  all  the  ope- 
rations must  necessarily  be  on  the  most  ex- 
tended and  economical  scale,  a  different 
arrangement  is  followed.  For  convenience 
the  column  is  detached,  so  that  it  can  be 
removed  and  replaced  at  pleasure. 
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Figure  42  exhibits  the  whole  apparatus; 
A  is  the  column,  B  the  reception  cylinder, 
in  the  interior  of  which,  about  8  inches 
from  the  bottom,  is  fixed  the  cullendered 
diaphragm  C.  On  this  diaphragm,  covered 
with  a  coarse  cloth,  rests  the  bark  or  other 
substance  to  be  exhausted,  and  as  soon  as  the 
machine  is  charged  therewith,  the  column, 
held  asunder  by  pulleys,  is  let  down  and  fast- 
ened closely  by  means  of  the  bolts  d  d;  the 
joints  being  rendered  water-tight  with  lead  and 
felt  washers.  Ascending  to  the  top  of  the 
Tig.  42. 
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column,  the  menstruum  is  then  poured  in  and 
replaced  as  fast  as  its  level  diminishes.  The 
liquid  in  filtrating  through,  as  soon  as  it  is 
surcharged  and  reaches  the  diaphragm,  is 
pressed  into  the  reservoir  E,  from  whence  it 
is  drawn  off  through  the  cock  G.  By  this 
arrangement,  no  more  liquid  need  be  used 
than  is  sufficient,  for  as  soon  as  the  exhaustion 
is  complete,  it  runs  through  colorless  and 
tasteless,  and  thus  indicates  that  the  operation 
is  finished.  Alcohol  and  pure  or  acidulated 
waters  are  each  equally  applicable  to  this 
arrangement.  The  pressure  of  one  atmo- 
sphere being  about  15  lb.  upon  every  square 
inch  of  surface,  without  reference  to  the 
diameter  of  the  tube  conveying  the  pressure,  a 
small  quantity  of  liquid  in  the  tube,  A,  is  suf- 
ficient to  give  a  large  aggregate  of  pressure 
on  the  liquid  in  B,  the  amount  of  which 
pressure  may  be  increased  at  pleasure  by 
increasing  the  height  of  the  tube  A.  The  cy- 
linder should  be  cased  exteriorly  with  wood  so 
as  to  enable  its  material  to  resist  the  pressure 
applied.  When  the  material  is  exhausted,  it 
must  be  taken  out,  thrown  into  a  cullendered 
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cylinder,  and  freed  of  all  its  liquid  contents  by 
Fig.  43.  pressure.     The  appara- 

Stus  is  represented  by  fig. 
rj1  43.  When  the  cake  is 
hard,  and  will  yield  no 
°  1  more  to  pressure,  the 
cylinder,  which  is  of 
elastic  sheet-iron,  and 
fastened  together,  in  part 
by  a  broach,  D,  and  be- 
hind with  hinges,  is 
opened  by  withdrawing 
the  broach  and  its  con- 
tents emptied  out.  Re- 
set again,  it  is  ready  to  receive  new  quantities. 
This  cylinder  is  separate  from  the  press,  and, 
when  to  be  subjected  to  its  action,  is  placed 
immediately  upon  the  bed,  which  should  be 
of  tray  form,  to  carry  off"  the  liquid  oozing  out. 
Another  form  of  a  displacer  is  that  repre- 
sented by  fig.  44.  It  re- 
sembles the  French  cof- 

^ ^ -\        fee  higgen,  and  consists 

i.  JN       of  two  principal  capaci- 

ties, a  a  and  b  b.  a  is 
the  boiler  or  caldron  ; 
b  the  reservoir  to  con- 
tain the  extract,  z,  the 
box  for  the  reception  of 
the  material  to  be  acted 
on,  is  a  cylinder  with 
two  perforated  plates, 
h  h  and  n  n,  the  holes  in 
n  n  being  very  small. 
This  plate  serves  as  the  filter,  and  the  open- 
ings in  h  h  being  merely  for  the  passage  of 
extract,  are  not  necessarily  so  fine.  Upon 
the  plate  mi  is  surmounted  another  thick 
plate,  i  i,  similarly  pierced  with  holes  through- 
out its  entire  superficies ; — it  is  fastened  upon 
the  tube,  c  c,  by  the  female  screw,  c  c,  cut 
through  its  centre,  thus  closing  the  tube  and 
retaining  the  material  in  the  box,  z  z.  The 
whole  is  shut  in  by  a  top  or  cover,  d. 

To  charge  the  caldron,  a,  pour  the  liquid  to 
be  used  into  the  box,  z :  thence  it  passes 
through  the  tube  into  the  vessel,  a.  Then  fill 
the  box,  2,  with  the  material  to  be  extracted, 
screw  the  plates,  n  n  and  i  i,  in  their  respective 
positions,  place  on  the  cover,  and  apply  heat, 
by  lamp  or  otherwise. 

So  soon  as  the  liquid  begins  to  boil,  the 
elastic  force  of  the  vapor  produced  within  the 
caldron,  a  a,  forces  the  liquid  to  mount  through 
the  tube,  y  y,  across  the  plate  and  material 
contained  in  the  box,  h  h,  then  to  filtrate 
through  the  plate,  n  n,  and  finally  to  pass 
(charged  with  extractive  matter)  through  the 
openings  of  the  plate,  i  i,  into  the  reservoir, 
b  b,  whence  it  is  drawn  off  for  use. 
DISTHENE.  See  Kyanite. 
DISTILLATION.  Lat.  Destillare,  to  drop 
down.  A  process  for  separating  a  volatile 
liquid  from  a  solid  or  less  volatile  liquid,  by 
heating  the  mixed  substances  and  collecting 
the  condensed  vapor.  If  the  vapor  collect  as 
a  solid,  the  process  is  termed  sublimation,  as  in 
the  preparation  of  flowers  of  sulphur.  If  the 
body  obtained  did  not  exist  as  such,  but  is  the 
result  of  metamorphosis  by  heat,  the  process 
is   termed  dry  or   destructive   distillation.    The 


liquid  passing  over  is  called  the  distillate,  and 
the  residue  was  formerly  termed  phlegm,  if 
liquid,  or  caput  mortuum,  if  solid.  Chemists 
also  distinguished  formerly  three  kinds  of  dis- 
tillation, by  ascent,  lateral,  and  by  descent,  of 
which  the  2  former  are  now  unitedly  termed 
dtstilla'ion,  and  the  last  eliquation.  Rectification 
is  the  redistillation  of  the  same  liquid  alone; 
Cohubation,  the  distillation  of  the  same  liquid 
several  times  from  the  same  residue.  The 
origin  of  this  important  process  is  unknown, 
the  first  distinct  notices  of  it  being  by  Arabian 
writers,  who  may  have  derived  it  from  the 
East,  with  many  other  arts.  It  improved  a 
little  in  the  hands  of  the  alchemists,  but  the 
most  important  improvements  date  within  a 
half  century. 

The  apparatus  in  which  distillation  is  con- 
ducted is  termed  a  still,  if  large ;  or  a  retort,  if 
of  small  dimensions.  The  whole  apparatus 
consists  usually  of  four  parts,  which  may  be 
separate,  or  even  be  all  in  one  or  two.  Thus, 
in  a  still,  we  have  the  body,  or  kettle,  in  which 
the  liquid  is  boiled,  the  first  refrigerator,  or 
helm,  in  which  the  vapor  condensing  returns 
to  the  kettle,  the  2d  refrigerator,  worm  or  con- 
denser, in  which  distillate  condensing  flows 
into  the  recipient.  In  a  glass  retort,  the  lower 
part  of  the  bulb  is  the  kettle,  the  upper  part 
the  helm,  the  neck  or  beak  is  the  worm,  to 
which  a  glass  balloon  or  other  convenient 
recipient  is  attached. 

Glass  Retorts  are  frequently  used  in  the  labo- 
ratory, and  sometimes  in  technical  operations. 
They  may  be  tubulated  or  not.  The  two  pre- 
vailing forms,  pear-shaped  and  globular,  are 
represented  in  figs.  45  and  46,  the  former  being 


deeper  in  the  bulb,  from  a  to  b,  than  the  latter, 
causes  more  of  the  spirited  liquid  to  flow 
back ;  the  same  result  is  also  attained  by 
commencing  the  downward  slope  of  the  neck, 
d,  at  c,  or  better  directly  over  the  sharp  an- 
gle, e.  The  globular  form  has  the  advantage 
that,  presenting  a  larger  surface  and  less 
depth,  from  a  to  b,  a  liquid  boils  in  it  more 
quietly.  In  either  case  the  bulb  of  the  retort 
should  be  as  thin  as  is  consistent  with 
strength. 

The  stopple  should  be  placed  near  the  point, 
c,  so  that  liquid  collecting  about  it  may  flow 
back.  In  case  a  retort  be  not  constructed 
with  the  highest  point,  c,  nearly  over  e,  the 
retort  may  be  used  by  putting  the  neck  in  a 
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more  horizontal  position,  or  it  may  even  be 
placed  with  the  neck  inclined  upwards. 

A  tubulated  retort  is  easily  filled  by  the  use 
of  a  straight  funnel-tube,  or  by  an  S  tube,  fig. 
52,  if  it  is  to  be  added  portionwise.     A  plain 


Fig.  47. 


retort  is  filled  by  a  funnel 
tube  through  the  neck,  or 
by  a  funnel  and  tube,  as  in 
fig.  47.  By  this  method  por- 
tions of  the  liquids  to  be 
distilled  are  prevented  from 
flowing  down  the  neck  with 
the  distillate. 

A  plain  tubulure  may  in 
almost  all  cases  be  used, 
and  closed  by  a  cork.  A 
glass  stopple,  being  of  thick 
glass,  is  less  rapidly  ex- 
panded than  the  tubulure, 
and  sinks  deeper  in  the 
tubulure  when  the  latter 
expands,  so  that  on  cooling 
it  is  clasped  so  tightly  as  to 
endanger  the  retort  or  to  render  it  difficult  of 
extraction.  This  inconvenience  may  be  re- 
medied by  now  and  then  loosening  it,  and 
taking  it  out  when  the  distillation  is  complete. 
Retorts  are  heated  by  being  placed  in  a  water 
or  sand  bath,  fig.  52,  placed  over  the  naked  fire, 
or  they  may  be  held  by  an  upright  or  horizon- 
tal wooden  clamp,  lined  with  cork  plates 
where  it  clasps  the  neck,  or  by  a  double  zigzag 
of  metal,  in  either  of  which  cases  it  may  be 
heated  by  a  flame  or  live  coals.  It  is  less 
advisable  to  rest  it  on  a  triangle  of  thick  wire, 
unless  a  sheet  of  wire  gauze  surround  the 
bottom  of  the  bulb.  Where  it  is  to  be  sub- 
jected to  the  heat  of  softening  glass,  the  bulb 
may  be  previously  coated  with  a  mixture  of 
clay  and  sand,  and  dried. 

Recipients  or  receivers  are  the  glass  balloons, 
globes,  or  common  bottles  into  which  the 
beak  of  a  retort  is  thrust  to  catch  the  distil- 
late. They  are  usually  made  with  more  than 
one  opening,  as  in  fig.  48.  If  the  beak  of  the 
retort  does  not  enter  far  enough  into  the  reci- 

Fig 


Fig.  48. 


pient,  an  adapter  (fig,  7 
p.  46,  and  fig.  52 

be  interposed,  which  al- 
so serves  the  purpose 
of  increasing  the  dis- 
tance of  the  recipient 
from  the  fire,  of  assisting 
condensation,  &c.  A  se- 
cond tubulure  is  conve- 
nient to  allow  the  escape 
of  gass  or  expanded  air,  by  a  tube  thrust 
through  a  cork,  and  may  also  be  employed  as 
a  syphon  to  draw  off  liquid  during  distillation, 
see  fig.  52,  by  ceasing  to  cool  the  recipient 
for  a  time,  when  the  accumulation  of  vapor 
drives  over  a  portion  of  the  liquid.  One  neck 
of  the  recipient  is  sometimes  drawn  out  into  a 
tube,  which  enters  a  flask,  as  fig.  49,  or  a  tube 
Fig.  49.  Fig.  50. 


thrust  through  an  inserted  cork,  and  passed 
into  the  cork  of  a  flask,  fig.  50;  the  latter  may 
have  an  exit  tube,  c. 

With  many  liquids,  the  cooling  influence 
of  the  air  on  the  whole  apparatus  is  insuffi- 
cient to  condense  the  distilling  vapors,  espe- 
cially when  the  whole  becomes  heated  by  the 
vapors  after  the  operation  has  continued  for 
some  time.  Hence  various  expedients  are 
resorted  to  in  order  to  keep  the  receiver  cool, 
such  as  by  setting  it  in  cold  water,  surround- 
ing it  by  ice  or  snow.  Fig.  51  exhibits  the 
51. 


simplest  forms  of  retort  and  recipient  com- 
bined together,  the  latter  being  placed  in  a 
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vessel  and  surrounded  with  muslin,  linen,  tow, 
&c,  on  which  a  stream  of  water  is  suffered  to 
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flow,thequantitybeingregulatedby  the  stopcock 
of  the  reservoir.  Fig.  52  exhibits  a  more  com- 
plex combination  of  a  tubulated  retort  with  its 
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S  tube,  an  adapter,  a  recipient,  placed  in  a  vessel 
with  a  constant  stream  of  cold  water  flowing 
into  it,  and  a  syphon-tube  with  a  second  receiver 


Fig.  52. 


The  globular  form  of  the  recipient  not  offer- 
ing a  sufficient  cooling  surface  to  volatile 
liquids,  various  forms  of  condensers  have  been 
adopted  to  effect  the  condensation  of  the  dis- 
tillate. Fig.  53  represents  a  convenient  con- 
denser for  small  operations.     It  consists  of  a 


small  tube  running  through  a  large  one  from 
the  flask  or  retort.  The  large  tube  is  closed 
at  either  end  by  a  cork  perforated  with  two 
holes,  into  which  tubes  are  fitted  as  shown  in 
the  figure.  A  constant  stream  of  cold  water,  en- 
tering through  the  long  funnel-tube  at  the  lower 
end,  passes  up  between  the  inner  and  outer 
tube,  flowing  out  through  the  short  and  bent 
upper  tube.  The  same  contrivance  may  be  em- 
ployed for  larger  operations,  by  constructing 
the  apparatus  of  brass,  iron,  &c.  PI.  II.,  figs. 
8  and  9,  represents  it  on  a  technical  scale  for 
the  manufacture  of  pyroligneous  acid,  g  g  is 
the  tube  for  conducting  the  vapors  from  the 
still,  a,  through  the  larger  tubes,  i  i,  the  space 
between  them  being  filled  with  flowing  water, 
which  descends  from  the  reservoir,  k,  "through 


the  tube,  I,  and  upward  through  o  o,  when  it 
discharges  through  p. 

For  microchemical  distillations,  bulbs  are 
blown  on  small 
tubes,  as  in  fig.  54, 
by  the  table  blow- 
pipe, which  may  be 
plain,  as  a,  or  tubu- 
lated, as  b;  the  tube 
serving  to  draw  up 
the  liquid  to  be  dis- 
tilled, may  be  seal- 
ed in  the  flame. 
Small  retorts  of  se- 
veral cubic  inches 
content  may  be  made  in  this  manner.  Still 
simpler  forms  may  be  used,  by  closing  a  tube 
at  one  end  and  bending  it,  as  in  fig.  55 ;  the 

Fig.  55. 


liquid  to  be  distilled  being  at  a,  and  the  reci- 
pient at  b.  By  pouring  water  into  b,  the  retort 
is  sealed  from  the  air.  If  a  gas  is  to  be  col- 
lected, the  open  end  of  the  tube  may  be  drawn 
out  finely  and  bent  downwards  if  necessary. 

Clay  Retorts.  Earthenware  retorts  have 
nearly  the  form  of  fig.  46,  usually  without  a 
stopple.  The  bulb,  a  b,  is  often  made  to  slope 
gradually  into  the  neck,  d,  dispensing  with  the 
sharp  angle,  e.  Retorts  of  porcelain  have 
either  the  form  of  fig.  45  or  46,  with  or  with- 
out a  stopple.  Both  are  used  chiefly  in  dry 
distillation,  but  are  liable  to  fracture  from  too 
rapid  heating  or  cooling. 

Platinum  Retorts,  of  a  small  size,  are  fre- 
quently useful  in  heating  substances  apart 
from  the  air,  for  preparing  fluohydric  acid,  &c. 
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Fig.  56. 


Fig.  56  represents  a  good 
form  of  these,  the  body  of 
which,  a  d,  is  made  like  a 
crucible,  and  may  be  used 
as  such ;  it  has  a  rim,  d, 
of  thick  metal  around  it. 
The  neck,  c,  may  be  sol- 
dered to  the  hel  m,  b  ;  or  the 
two  may  be  made  from  one 
piece;  and  the  lower  nar- 
rowing rim  is  ground  to  fit  the  inner  side  of 
the  rim,  d.  Large  platinum  retorts,  used  for 
concentrating  oil  of  vitriol,  have  the  usual 
form  of  a  still. 

Iron  Retorts,  when  employed  for  small  ope- 
rations,    have    the 
* lg'  form  of  fig.  57,  with 

the  body  cylindri- 
cal, as  in  the  fig., 
or  globular.  A  sim- 
pler form  is  that  of 
a  mercury  flask,  or 
short  cylinder,  with 
a  gun-barrel  screw- 
ed into  the  top  and 
bent  as  required.  An  iron  mortar  may  be 
employed  as  a  recipeint  if  necessary.  Such 
retorts  are  best  made  of  cast-iron. 

For  larger  technical  operations,  retorts  of 
cast-iron  are  frequently  used.  PI.  II.,  figs.  8 
and  9,  represents  a  square  one  of  cast-iron,  a, 
for  the  dry  distillation  of  wood.  The  most 
common  form  is  that  of  a  cylinder  or  half  cy- 
linder, the  former  of  which  is  shown  in  figs. 


Fig.  58. 


37 — 38,  p.  437,  for  preparing  muriatic  acid, 
the   brick  stack  enclosing   6   such   reti 
The  semicylimlric  form  is  mostly  used  for  the 
dry  distillation  of  coal  in  the  preparation  of 
illuminating  Gas. 

Small  metallic  retorts  may  also  be  made  of 
sheet-tin  or  copper  for  distilling  liquids,  fur  sub- 
limation, or  fordry 
distillation. 
58  represents  an 
economical  and 
convenient  form. 
The  whole  may 
be  soldered  to- 
gether. The  body 
may  be  cylindrical 
orcrucible- 

and  the  rim  strengthened  by  a  hoop  of  wire. 
The  helm  consists  of  two  cones,  the  inner  and 
lower  of  which  is  truncated,  and  covered 
loosely  on  the  under  side  by  a  movable  disk 
of  sheet-metal,  with  a  crooked  tongue  cla 
on  the  truncated  edge.  The  neck,  where  it  is 
soldered  to  the  lowest  point  of  the  cone,  is  a 
flattened  cylinder.  A  high  rim,  rising  above 
the  outer  cone,  forms  a  cylinder  for  holding 
ice  or  water,  a  constant  stream  of  which  may 
be  allowed  to  flow  on  and  off  by  tubes. 

Stills.  These  are  the  larger  retorts  employ- 
ed in  the  distillation  of  liquids,  especially  the 
alcoholic,  and  are  mostly  constructed  of  cop- 
per, tinned  or  not  on  the  inner  surface.  A 
leaden  still  is  well  adapted  to  ether,  &c.  Pig, 
59  represents  a  still  set  in  brick-work,  with  its 


Fig.  59. 


helm  and  condenser  attached.  It  is  set  in  such 
a  manner  that  the  fire  heats  both  the  bottom 
and  the  sides  through  the  flue,  d.  The  dimen- 
sions of  the  body  or  kettle,  a,  vary,  a  good 
proportion  being  the  height  to  the  diameter, 
as  2  to  5.  Material  may  be  added,  during  dis- 
tillation, through  the  tubulure,  c,  and  liquid 
drawn  off  by  a  tube  passing  from  the  bottom 
through  the  mason-work.  The  helm,  made  of 
tinned  copper  or  solid  tin,  is  fitted  accurately 
into  the  mouth  cf  the  body  at  6;  but  it  is 
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placed  towards  one  side  when  the  material  to 
be  distilled  contains  sediment  that  requires 
stirring,  in  which  case  the  shaft  of  the  stir- 
ring apparatus  descends  vertically  through  the 
centre  of  the  body. 

Worm.  The  form  of  condenser  still  used  to 
a  limited  extent  is  that  of  a  metal  tube,  wound 
spirally  and  cylindrically  in  a  tub  or  vat, 
through  which  water  is  flowing.  But  its  form 
rendering  it  difficult  of  cleansing  when  choked, 
the  zigzag  form,  fig.  60,  A  B  C  F,  has  been 
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Fig.  60. 


substituted  for  the  spiral,  and,  by  unscrewing 
a  nut,  as  H,  at  G  and  I,  the  tube  may  be 
cleansed  without  difficulty.  In  fact,  only  every 
alternate  elbow  need  be  opened,  and  in  the 
fig.  the  nut  and  screw  at  I  may  be  dispensed 
with.  Fig  59,  e,  represents  Giidda's  excellent 
condenser,  consisting  of  two  inverted  concen- 
tric cones,  joined  at  their  bases  and  trunca- 
tions; it  stands  upon  3  feet  in  the  cooling-vat, 
and  is  surrounded  with  water  inside  the  inner, 
and  outside  the  outer  cone.  The  difficulty  of 
cleaning  the  space  between  the  cones  being 
the  only  objection  to  this  admirable  condenser, 
Mitscherlich  makes  the  inner  cone  to  rest  by 
a  flange,  like  6  of  the  helm,  on  the  outer  cone, 
which  maybe  narrowed  above  and  below,  and 
does  not  allow  it  to  descend  to  the  bottom  of 
the  outer  cone,  which  is  entirely  closed  below. 
A  second  stream  of  water  is  requisite  for  the 
latter  arrangement,  to  cool  the  inner  cone. 
Another  form  of  condenser  consists  of  two 
sheets  of  metal  brought  close  together,  and 
might  be  viewed  as  Giidda's  condenser  un- 
wound on  a  plane. 

Peculiar  modes  of  Disl  Mat  ion.  When  a  vola- 
tile liquid  is  to  be  separated  from  a  relatively 
fixed  body,  no  peculiar  arrangement  is  requi- 
site, it  being  borne  in  mind  that  the  vapor  of 
the  volatile  body  is  apt  to  carry  over  portions 
of  the  more  fixed  ingredient,  and  hence  violent 
ebullition  in  the  retort  should  be  avoided,  and 
the  distillation  not  pushed  too  far,  especially 
where  there  is  an  attraction  between  the  dis- 
tillate and  residue.  Two  liquids,  of  nearly 
the  same  boiling  points,  cannot  be  separated 
by  distillation,  except  by  combining  one  of 
them  in  the  retort  into  a  fixed  compound. 
Two  volatile  liquids,  of  different  boiling  points, 
may  be  wholly  separated,  unless  they  possess 
mutual  attraction,  when  the  separation  is  im- 
perfect. 

Essential  oils,  and  other  volatile  substances, 
being  often  decomposed  by  a  temperature  but 
little  removed  from  that  of  their  boiling  point, 
their  distillation  is  effected  by  means  of  water, 
to  which  they  have  only  a  feeble  attraction. 
Although  water  has  usually  a  lower  boiling 
point  than  the  oil,  yet  the  vapor  of  the  boiling 
water  carries  over  a  portion  of  the  oil,  both  in 
vapor  and  suspended  particles ;  but  if  it  be 
desirable,  the  boiling  point  of  the  water  may 
be  raised,  hy  adding  to  it  salt  or  chloride  of 
calcium.  The  recipient  contains,  after  some 
repose,  two  distinct  layers  of  oil  and  water, 
separable  by  a  syphon  or  stoppered  funnel. 

If  the  two  liquids  possess  mutual  attrac- 
tion, and  mingle  in  all  proportions,  as  alcohol 
and  water,  then  the  boiling  point  is  interme- 
diate between  that  of  the  two  liquids,  and  pro- 
portionally nearer  to  that  which  preponderates. 


The  distillate  contains  at  first  a  larger  propor- 
tion of  the  more  volatile  liquid,  and  hence  the 
boiling  point  rises  during  the  distillation,  until 
the  more  volatile  liquid  has  passed  over.  If 
this  distillate  be  rectified,  the  new  distillate  is 
still  richer  in  the  volatile  liquid,  and  thus,  by 
repeated  rectification,  the  two  liquids  may  be 
nearly  separated.  But,  however  frequently 
rectified,  alcohol  still  retains  a  portion  of  wa- 
ter; moreover,  much  time  is  wasted  in  repeat- 
ed distillations,  and  a  considerable  portion  of 
alcohol  lost.  The  manufacture  of  alcohol  be- 
ing important  in  the  arts,  has  been  improved 
latterly  in  a  surprising  manner,  so  that  an 
alcohol  of  85  pr.  ct.  may  be  obtained  by  a  sin- 
gle distillation.  The  apparatus  first  used  con- 
sisted in  principle  of  several  successive  stills, 
a  tube  from  the  first  passing  near  to  the  bot- 
tom of  the  second,  and  one  from  this  to  the 
third,  &c.  The  distillate  from  the  first  con- 
densed as  a  strong  liquid  in  the  second,  and 
the  second,  being  kept  boiling  by  vapors  from 
the  first,  throws  a  still  stronger  liquid  into  the 
third,  until,  finally,  a  strong  alcohol  condensed 
in  the  worm.  As  the  first  portions  of  distillate 
are  richer  in  alcohol,  and  more  volatile,  so  the 
first  portions  condensing  are  less  volatile,  and 
on  this  depends  the  second  method  of  obtain- 
ing strong  alcohol  by  a  single  distillation.  If 
a  still  be  employed  with  a  series  of  condensers, 
arranged  above  it,  so  that  the  condensing 
liquid  may  flow  back  into  the  still,  the  first 
portions  condensing  will  be  more  aqueous, 
and,  in  proportion  to  the  distance  from  the 
still,  the  vapor  will  be  more  alcoholic,  so  that 
at  a  certain  distance,  where  the  temperature 
is  reduced  to  about  176°,  the  condensing  liquid 
is  an  alcohol,  of  spec.  grav.  0-86.  These  prin- 
ciples have  been  latterly  combined  in  one  and 
the  same  apparatus,  as  in  Pistorius'  com- 
pound still,  which  is  highly  esteemed  in  Ger- 
many. PI.  II.,  figs.  5,  6,  and  7,  represents  such 
a  compound  still,  and  is  described  fully  under 
Alcohol. 

Modes  of  heating.  Glass  and  porcelain  re- 
torts are  heated  in  various  ways,  according  to 
their  size,  contents,  and  the  temperature  re- 
quired. If  the  retort  be  small,  it  may  be  heat- 
ed conveniently  over  a  spirit  or  gas  lamp,  by 
securing  the  distribution  of  heat  by  fine  wire- 
gauze.  If  of  larger  size,  and  a  high  heat  be 
requisite,  it  may  be  imbedded  in  a  sand-bath, 
and,  as  a  still  farther  security,  be  previously 
coated  with  clay  and  sand,  and  dried.  If  a 
uniform  and  low  temperature  be  necessary,  a 
water-bath  is  usually  employed,  and  the  addi- 
tion of  salt,  chloride  of  calcium  or  zinc  to  the 
water  raises  its  boiling  point  higher.  If  still 
higher  temperatures  are  requisite,  an  oil  bath 
is  most  conveniently  resorted  to. 
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DISTILLED  WATERS. 

In  distilling  oil  of  vitriol  in  a  glass  retort, 
the  deposition  of  sulphate  of  lead  endangers 
the  safety  of  the  retort  and  the  purity  of  the 
distillate  by  an  explosive  ebullition.  To  avoid 
this  difficulty,  Berzelius  sets  the  retort  3  into 
the  truncated  cone 
of  sheet  iron,  fig. 
61,  strews  sand 
around  the  edge 
of  the  cone,  sur- 
rounds it  with 
brick,  and  hangs 
aflat  cone  of  sheet 
iron  about  a  5 
inch  above  the  re- 
tort. The  retort  is  half  filled  with  acid,  and 
coals  placed  on  the  cone  inside  the  bricks. 
Another  method  he  pursues  is  to  precipitate 
the  lead  salt  by  dilution  with  water,  to  concen- 
trate the  acid  in  a  platinum  capsule,  and, 
finally,  to  distil  in  a  dome-topped  furnace,  a 
quiet  distillation  being  promoted  by  the  intro- 
duction of  platinum  wire  into  the  retort. 

A  copper  still  may  be  heated  over  the  naked 
fire,  but  it  is  apt  to  become  injured,  and  the 
temperature  cannot  be  uniformly  maintained 
without  great  care.  A  far  better  arrangement 
is  to  employ  a  steam-jacket  or  casing,  which 
permits  a  control  of  the  temperature.  Steam 
is  sometimes  admitted  by  a  tube  into  the  body 
of  the  boiler.  Large  iron  retorts  are  always 
heated  directly  by  the  fire,  and  are  frequently 
brought  to  a  full  red  heat. 

To  work  off  the  distillate  rapidly,  a  retort  or 
still  should  be  much  broader  than  high.  If 
the  diameter  of  the  neck  be  too  small,  espe- 
cially at  its  opening,  a  portion  being  cut  off 
will  be  found  to  hasten  the  distillation  mate- 
rially. On  the  other  hand,  a  too  rapid  distilla- 
tion producing  a  stormy  ebullition,  portions 
of  liquid  are  thrown  over  into  the  neck,  to  the 
injury  of  the  distillate.  To  avoid  this  effect, 
as  in  general  to  insure  a  uniform  evolution  of 
vapor,  it  is  often  advisable  to  throw  into  the 
retort  bits  of  platinum  wire,  spangles  of  irid- 
osmine,  or  particles  of  charcoal.  In  all  cases 
where  the  liquid  in  the  retort  boils,  a  fine 
spray  may  be  observed  driving  through  the 
vessel,  and  hence  a  distillate  often  requires 
repeated  rectification. 

DISTILLED  WATERS.  Chem.  and  Tech. 
Ordinary  water,  as  found  in  nature,  always 
contains  more  or  less  saline  matter,  and  con- 
sequently is  unfit  for  chemical  and  analytic 
purposes.  When,  however,  it  undergoes  the 
process  of  distillation,  these  impurities  are 
left  in  the  alembic,  and  the  more  volatile,  pure, 
aqueous  vapor  passes  over  into  the  receiver, 
and  is  condensed  into  distilled  watkh.  In 
chemistry,  therefore,  distilled  water  signifies 
that  water  which  is  chemically  pure.  In 
pharmacy,  the  term  applies  to  those  aromatic 
waters  which  have  been  impregnated  with 
the  volatile  odor  of  plants,  by  distillation 
therewith. 

DITHIONIO  ACIDS.  See  Oxacids  of  Sul- 
pnun. 

DIVIDIVI.     Syn.     Leby-Diby.     The   hulls 

of  the   Casalpima  Coriaria,  from  Carthagena, 

contain  gallic  acid,  and  yield  pyrogallic  by 

distillation.    The  tannin  appears  to  be  differ- 
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ent  from  that  in  gall-nuts.    The  quantity  of 
mucilage  it  contains  has   hitherto  prev< 
the  use  of  Dividivi  in  color-printing,  but  it  is 
largely  employed  in  tanning. 

DOLERITE.  Gcol.  A  basaltic  rock,  com- 
posed of  Labradorite  and  Augite. 

DOLOMITE.  Geol.  and  Mm.  See  BrrtM 
Spar.  Asa  rock,  it  is  usually  more  friable 
than  limestone,  but  is  extensively  used  for 
building. 

DRAGON'S  BLOOD.  Chem.  A  resinous 
matter,  extracted  from  the  different  species  of 
Calamus,  and  from  the  Draccpna  and  Plen» 
Draco.  It  is  red,  friable,  soluble  in  alcohol, 
ether,  and  the  oils,  but  insoluble  in  water. 
Sulphuric  acid  carbonizes  it,  and  the  portion 
which  it  leaves  undissolved  is  called  ! 
nin.  Its  spec.  grav.  is  1-196,  and  its  compo- 
sition C40H21Og.  Herberger's  analysis  of  its 
proximate  composition  is  as  follows : 

Red  resin,  or  draconin 90-7 

Fixed  oil 2-0 

Benzoic  acid 3-0 

Oxalate  of  lime 1-6 

Phosphate  of  lime 3-7 

Draconin  or  Dracin  is  a  tasteless,  inodorous 
alkaloid,  of  a  fine  red  color,  soluble  in  alcohol, 
and  possessed  of  the  remarkable  property  in 
the  state  of  sulphate  of  detecting  the  smallest 
quantity  of  carbonate  of  lime  in  filtering  pa- 
per, by  instantly  transmuting  the  yellow  color 
into  red. 

When  subjected  to  dry  distillation,  dragon's 
blood  yields,  among  other  products,  a  light, 
colorless  oil  (Dracyl),  of  spec.  grav.  0-877  at 
72°.  Dracyl  (C|6H.)  remains  fluid  even  at  5°, 
is  insoluble  in  water,  but  dissolves  readily  in 
ether,  alcohol,  and  the  oils,  and  is  identical 
with  metastyroU  (Blyth  and  Hoffman),  a  product 
of  the  distillation  of  sty role.  Nitro-dracylic  acid 
(C]6H604,  N04)  is  a  crystalline  product,  of  the 
action  of  fuming  nitric  acid  upon  dracyl. 

DREELITE.  Mm.  Cryst.  Hexagonal,  rhom- 
bic, cleavage  imperfect ;  H.  =  3-5.  G.  =  3-2  — 
34;  white;  pearly;  fusible  to  a  white  blebby 
glass ;  partially  soluble  in  muriatic  acid. 
Composed  of  75  pr.  ct.  sulphates  of  baryta 
and  lime,  8  pr.  ct.  carbonate  of  lime,  with 
silex,  alumina,  and  water.  It  occurs  at  Nui- 
siere,  near  Beaujeu,  in  France,  and  resembles 
chabasie  in  some  external  characters. 

DROSOMETER.  Chem.  A  contrivance  of 
Weidler  for  estimating  the  amount  of  dew  de- 
posited  upon  a  given  surface  during  the  night, 
and  hence  its  name,  from  S^k,  dew,  and 
juer^ov,  measure.  Mr.  Wells,  in  his  experiments, 
used  a  more  simple  expedient,  and  ascertained 
the  proportional  deposition  of  dew,  by  exposing 
a  weighed  quantity  of  wool,  and  deducting  its 
acquired  from  its  original  weight. 

DRUMMOND  LIGHT.  Chem.  The  daz- 
zling light  emitted  from  lime,  which  is  render- 
ed incandescent  by  the  intense  heat  of  the  hy- 
droxygen  blowpipe.  So  called  from  Lieut. 
Drummond,  who  first  applied  it  to  practical 
purposes.  Its  power  of  giving  the  prismatic 
colors,  as  brilliantly  as  in  the  solar  spectrum, 
has  procured  its  use  in  the  gas  microscope  of 
Cooper  and  Carey. 

DRYING.     Chem.  Tech.    Syn.  Desiccation 
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The  entire  evaporation  of  the  aqueous  por- 
tions of  a  substance,  either  spontaneously  or 
by  artificial  means.  In  chemical  operations, 
a  filter  may  be  dried  by  pressure  between 
bibulous  paper  with  or  without  the  application 
of  heat,  the  highest  temperature  usually  being 
that  of  boiling  water.  It  may  also  be  dried 
by  being  placed  over  or  beside  a  vessel  con- 
taining oil  of  vitriol,  and  the  whole  covered 
with  a  bell  glass.  The  vacuum  of  an  air- 
pump  effects  the  same,  with  or  without  oil  of 
vitriol.  The  above  processes  are  resorted  to 
where  the  substance  is  of  an  organic  nature. 
If  it  be  associated  with  an  acid  that  will  cor- 
rode paper,  it  may  be  placed  upon  a  porous 
tile  or  brick.  Gases  are  desiccated  by  passing 
them  over  bodies  which  have  a  great  affinity 
for  water,  such  as  fused  chloride  of  calcium 
and  potassa.  See  Analysis,  p.  176,  fig.  24. 
In  technical  operations,  drying  is  usually 
effected  on  frames,  in  a  heated  apartment. 

DRY  DISTILLATION.  Chem.  A  term 
given  to  the  action  of  heat  on  organic  bodies 
in  close  vessels,  whereby  the  original  consti- 
tuents are  metamorphosed  into  new  com- 
pounds. Some  organic  bodies  may  be  dis- 
tilled without  decomposition,  alcohol,  essential 
oils,  or  with  partial  decomposition;  but  most 
are  resolved  into  new  products.  Much  ob- 
scurity hangs  over  this  subject,  in  consequence 
of  not  submitting  single  bodies  to  dry  distilla- 
tion, for  the  study  of  the  products  resulting 
from  such  bodies  as  wood  and  coal  can  never 
lead  to  a  knowledge  of  the  actual  nature  of  the 
resulting  changes.  Hence,  scarcely  any  thing 
can  be  said  at  present  of  a  general  charac- 
ter, and  we  are  obliged  to  refer  to  special 
cases  to  attain  a  knowledge  of  the  peculiar 
changes. 

By  distilling  acetate  of  lead,  lime,  &c,  the 
operation  may  be  conducted  so  as  to  resolve 
the  acetic  acid  into  carbonic  acid  and  acetone, 
the  former  remaining  united  with  the  oxidized 
base,  thus  CaO,  C4H303=CaO,  C02+C3H30. 
Butyrate  of  lime,  treated  in  a  similar  manner, 
yields  butyrone,  thus,  CaO,  0^0,,  =  CaO, 
C02-j-  C7H70.  Margarate  of  lime  yields  mar- 
garone,  CaO,  C34H3303=CaO,  C02+C33H330. 
Valerate  of  lime  yields  valerone,  CaO,  C]0H9O3 
=  CaO,  C02-}-C9H90.  Similar  products  are 
obtained  by  distilling  the  acids  alone,  but 
the  decomposition  is  more  complicated. 

When  citric  acid  is  heated,  C]2H5On-j--3  HO, 
water  passes  off,  then  the  acid  decomposing,  a 
mixture  of  carbonic  acid  and  oxide,  and  acetone 
pass  off,  and  aconitic  acid,  C4H204,  remains  ; 
by  a  farther  decomposition  of  the  latter,  car- 
bonic acid  and  itaconic  acid  are  produced,  3 
eq.  aconitic  =  C12H60]2,  producing  2  eq.  ita- 
conic, 2  C5H304-f  2  eq.  carbonic  acid,  C204 ; 
by  heat,  the  itaconic  is  converted  into  an  isom- 
eric acid,  the  citraconic,  C,.H304.  By  distill- 
ing tartaric  acid,  an  anhydrous  acid  remains, 
as  in  the  preceding  case ;  by  the  farther  action 
of  heat,  it  is  resolved  into  two  acids,  one 
liquid,  the  other  solid  and  crystalline.  The 
liquid  is  formed  by  the  abstraction  of  2  eq. 
carbonic  acid  and  1  eq.  of  water,  CsH4O10 
(tart,  ac.)  =  HO+  C204+  C6H305  (liquid  py- 
rotart.  ac.) ;  the  solid,  by  loss  of  3  eq.  C02, 
and  1  eq.  HO,  thus,  CgH4O10  =  HO  +  C306  + 
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C.H303.  The  latter  is  more  abundantly 
formed  from  alkaline  salts  of  the  acid.  Malic 
acid  is  transformed  by  heat  into  maleic  and 
fu marie  acids.  Meconic  acid,  with  3  eq.  HO, 
is  converted  into  comenic  by  loss  of  2  eq. 
C02,  thus,  C14H4O14=C2O4+C12H4OI0  (cryst. 
comenic),  which,  by  farther  heat  and  loss  of 
carbonic  acid,  is  transformed  into  pyromeconic 
acid,  as  C12H4O10  =  C2O4+ClpH4O6  (pyro- 
mecon). 

By  the  action  of  heat  on  starch,  it  is  con- 
verted into  a  gummy  substance.  Cane  sugar, 
C12HnOn,  heated  to  356°,  fuses,  forming  a 
yellow,  transparent,  amorphous  mass;  at  a 
little  higher  heat,  it  browns,  and,  when  heated 
to  410°  to  430°,  it  loses  2  eq.  water,  and  is 
converted  into  a  black  mass,  caramel,  C12H9On, 
which  is  soluble,  but  tasteless;  at  a  higher 
heat  it  loses  more  water,  and  becomes  insoluble. 

By  the  distillation  of  fatty  bodies,  whether 
solid  or  liquid,  several  products  result.  Thus, 
stearic  acid  is  converted  into  margaric  acid, 
and  both  stearic  and  margaric  acids  give  rise 
to  margarone,  liquid  and  solid  carbohydro- 
gens  being  produced  at  the  same  time.  Oleic 
acid  yields,  by  distillation,  gaseous  carbo- 
hydrogens  and  carbonic  acid,  liquid  carbohy- 
drogens,  and  solid  sebacic  acid.  When  gly- 
cerin is  distilled,  it  yields  carbonic  acid  and 
inflammable  gases,  and  an  acrid,  volatile  sub- 
stance, acrolein.  Hence  most  fats  and  fixed 
oils  consisting  of  two  or  more  of  the  above 
acids,  stearic,  margaric,  and  oleic,  and  of  gly- 
cerin, the  above  named  products  are  observed 
when  the  fatty  matters  are  subjected  to  distil- 
lation. Acrolein  proves  the  presence  of  gly- 
cerin, and  sebacic  acid  of  oleic  acid. 

The  distillation  of  resins  has  received  still 
less  attention  than  the  preceding.  Pinic  acid 
(the  aiphu-resia  of/Common  rosin)  is  changed 
into  colopholic  acid.  Common  resin  yields 
water,  a  little  terpentine,  and  an  oily  body, 
resinevn.  {Fre/my.)  Thus  2  eq.  rosin,  Cg0H66O4 
=  C2oH.6+5HO  +  C6oH4503  (3  eq.  resmein). 
When  rosin  is  distilled  at  a  red  heat,  as  in  the 
manufacture  of  gas,  besides  the  gaseous  carbo- 
hydrogens  it  yields  an  oily  liquid,  which  by 
redistillation,  at  observed  temperatures,  gives 
rise  to  various  products,  an  essence  passing 
over  between  266°  and  320°,  a  fixed  oil  at 
536°,  together  with  naphthalin,  and  the  last, 
above  700°,  is  more  viscid.  The  essence 
yields  colorless  and  volatile  retinaphtha,  C,4H8, 
and  retinyhn,  C]fiH12;  the  fixed  oil,  when  pu- 
rified, is  retinole,  C32H]6;  the  viscid  body,  by 
distillation,  yields  a  crystalline  substance, 
iphthalin,  C]0H4. 

In  the  distillation  of  bodies  containing  nitro- 
gen, ammonia,  cyanogen,  and  more  complex 
principles  are  obtained.  Urea  yields  cyanic 
acid,  ammonia  and  cyamelid,  while  uric  acid 
gives  similar  products,  together  with  carbonic 
acid.  Oxalate  of  ammonia  yields  oxamid  and 
water,  by  a  slow  heat,  C203,  NH3  =  C202, 
NH2-)-HO;  but,  at  a  high  temperature,  water, 
carbonic  oxide,  prussic  and  cyanic  acids,  and 
ammonia.  Indigo  yields,  among  other  pro- 
ducts, carbonate  and  prussiate  of  ammonia, 
and  kyanole.  Xanthanhydric  acid,  C2NS3,  H, 
yields,  by  increasing  temperatures,  rhodanhy- 
dric  acid,  sulphuret  of  carbon,  and  cyanhydric 
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acid,  while  the  residue  in  the  retort  is  a  series 
of  compounds  similarly  composed,  but  con- 
taining successively  less  sulphur,  until  finally 
melamin  remains  without  sulphur. 

By  observing  the  products  of  destructive 
distillation,  obtained  at  successively  increas- 
ing temperatures,  on  bodies  containing  carbon, 
hydrogen,  and  oxygen,  the  process  appears  to 
be  a  less  or  more  perfect  internal  combustion 
of  carbon  and  hydrogen  by  oxygen,  whence 
the  constant  development  of  carbonic  acid  and 
oxide,  and  water.  At  lower  temperatures,  the 
bodies  remaining  contain  more  carbon,  which 
increases  proportionally  with  the  temperature, 
so  that  when  they  contain  but  a  small  propor- 
tion of  oxygen,  carbohydrogens  chiefly  result, 
as  in  the  distillation  of  oils  and  resins.  The 
bodies  first  formed  are  of  more  or  less  com- 
plex constitution,  and,  unless  removed  from 
the  farther  influence  of  heat,  by  their  volati- 
lity, are  still  farther  decomposed  by  the  in- 
creasing heat,  until  the  products  of  decompo- 
sition are  the  more  simple  bodies,  water,  car- 
bonic acid,  and  carburetted  hydrogen,  the  lasl 
of  which,  at  a  very  high  temperature,  is  re- 
solved into  carbon  and  hydrogen. 

In  like  manner,  as  the  separation  of  oxygen 
characterizes  the  distillation  of  oxygenous 
bodies,  where  the  substance  contains  nitrogen, 
this  element  is  eliminated  chiefly  in  the  form 
of  ammonia,  by  its  removing  a  portion  of  hy- 
drogen, and  the  decomposition  of  ammonia,  in 
presence  of  carbon,  gives  rise  to  cyanogen. 
Besides  these  products,  complex  proximate 
principles  are  sometimes  obtained,  as  kyanole 
from  indigo.  The  presence  of  oxygen  with 
nitrogen  gives  rise  to  some  of  the  products 
noticed  in  the  preceding  paragraph,  together 
with  others  of  a  complex  character.  The 
final  products  are  highly  carbonized. 

In  the  distillation  of  complex  bodies,  such 
as  wood  and  coal,  it  may  be  inferred,  from  all 
the  above  facts,  that  many  new  bodies  would 
be  generated,  and  the  number  increased  by 
their  mutual  reaction  during  distillation. 
Either  of  the  two  bodies  mentioned  yield 
gaseous  and  liquid  matters,  and  a  solid,  car- 
bonaceous residue,  charcoal.  The  principal 
gases  from  wood  are  carbonic  acid  and  oxide, 
and  carbohydrogens.  The  liquid  is  aqueous 
or  empyreumatic,  and  oily  (tar),  the  former 
containing  acetic  acid,  methylic  alcohol,  acetic 
mether,  lignone,  xylite,  mesite,  ammoniacal 
products  (if  nitrogen  be  present),  &c.  The 
oily  matter,  or  tar,  contains  creasote,  paraffin, 
eupione,  picamar,  capnomor,  pittacal,  cedn- 
ret,  pyren,  chrysen,  &c. 

Coal  containing  a  greater  quantity  of  car- 
bon, hydrogen,  nitrogen,  and  sulphur,  than 
wood,  although  the  immediate  products  are 
similar,  gas,  liquids,  and  solid,  the  ultimate 
products  are  often  different.  The  residue  is 
coke ;  the  gaseous  products  are  the  carbohy- 
drogens, sulphohydrogen,  hydrogen,  carbonic 
acid,  and  oxide.  The  aqueous  liquid  contains 
carbonate,  sulphhydrate,  cyanhydrate,  and 
chlorohydrate  of  ammonia;  the  tarry  liquid 
contains  naphthalin,  carbolic  acid,  kyanole, 
leucole,  pyrole,  rosolic,  and  brunolic  acids. 
Of  these,  carbolic  acid  (hydrate  of  phenyl), 
C12H602,  discovered  by  Runge,  has  been  mi- 
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nutely  studied  by  Laurent;  kyanole,  C^H.N, 
and  leucole,  C,8HgN,  discovered  by  Runge 
and  minutely  studied  by  Hofmann,  are  alka- 
loidal  bases. 

Reference  to  the  several  substances  named 
will  more  clearly  exhibit  the  results  of  de- 
structive distillation  on  such  complex  bodies 
as  wood  and  coal,  and  will  point  out  the  infe- 
rior utility  of  examining  such  bodies,  com- 
pared with  those  of  less  complex  constitution. 
If  chemists  had  devoted  more  time  to  the 
thorough  investigation  of  more  simple  bodies 
already  known,  rather  than  to  the  thirst  for 
discovering  new  substances,  chemical  science 
would  be  much  farther  advanced  than  it  now 
is,  and  we  would  be  able  to  give  more  general 
conclusions  relative  to  the  effects  of  destruc- 
tive distillation. 

Tech.  On  a  large  scale,  bituminous  coal  is 
submitted  to  dry  distillation  for  procuring 
illuminating  Gas;  the  tarry  liquid  has  hitherto 
received  a  limited  application;  ammoniacal 
salts  and  prussiates  are  obtained  from  the 
aqueous  liquid,  and  the  purifying  lime;  the 
residue,  coke,  is  used  fur  fuel.  Where  resia 
or  oil  is  used  for  the  same  purpose,  the  liquids 
are  scarcely  used.  Wood  is  distilled  to  pro- 
cure pyroligneous  acid  (Acetic)  ;  pyroxillic 
spirit  (see  Methyl),  is  obtained  at  the  same 
time;  the  tarry  matter  is  employed  alone,  or 
for  procuring  Cueasote,  &c;  and  the  residue 
is  a  good  charcoal.  The  distillation  of  nitro- 
genous animal  substances  yields  nearly  all 
the  ammoniacal  salts  and  prussiates  employed 
in  the  arts.     See  Ammonia  and  Cyanogen. 

DRYING  OILS.  Chem.  Tech.  Oils  which 
harden  by  exposure  are  termed  siccative,  in  con- 
tradistinction to  the  fat  oils,  which  become 
rancid,  but  do  not  resinify  in  contact  with  the 
atmosphere.  In  this  change,  oxygen  is  ab- 
sorbed, and  carbonic  acid  evolved,  and  pro- 
bably some  water  and  a  minute  portion  of 
carburetted  hydrogen  may  be  formed.  A 
characteristic  of  the  olein  of  the  drying  oils  is 
its  greater  solubility  than  that  of  the  fat  oils, 
but  the  distinctive  feature  of  the  former  oils 
is  developed  by  hyponitric  acid,  which,  whilst 
without  effect  upon  their  oleic  acid,  transforms 
that  of  the  fat  oils  into  elaidine  and  elaidic 
acid.  A  further  confirmation  of  a  variation 
m  the  two  oleins  is  furnished  by  recent  re- 
searches, which  show  a  discrepancy  in  the 
ultimate  composition  of  their  respective  oleic 
acids,  that  from  olive,  and  similar  oils,  being 

C44N39°4  (H0-)>  and  that  from  linseed  oil 
C46H3R05  (HO  ?).  The  only  variation  in  the 
proximate  composition  of  the  two  kinds  of 
oils,  is  the  greater  proportion  of  olein  in  the 
siccative  oils.  The  oil  caoutchouc,  mentioned 
by  Jonas  {Chem.  Gaz.  vol.  4,  p.  476),  as  the 
residuum  of  strongly  heated  and  evaporated 
drying  oils,  is  formed  in  quantity  directly  pro- 
portional to  their  siccative  properties. 

DUMASIN.  Chcm.  Formula  C10rL/).  Ob- 
tained by  Kane,  as  an  oily  product,  with  Ace- 
tone, in  the  distillation  of  acetate  of  lime. 
Heintz,  who  repeated  the  process  with  2  pts. 
sugar  of  lead  and  one  of  lime,  obtained  a  body 
(C6H50),  conforming  in  composition  and  pro- 
perties to  Kane's  mesitic  ether,  and  Berzelius' 
oxide  of  cenyle.     The  discrepancy  is  attribu- 
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table  to  the  contamination  of  the  product  by 
the  empyreumatic  impurity  of  the  wood  vine- 
gar with  which  the  lime  salt,  used  in  the  first 
examination,  was  prepared. 

DUTCH  GOLD.  Tech.  The  term  properly  be- 
longs to  an  alloy  of  copper  and  zinc  in  certain 
proportions;  but  is  generally  applied  to  the 
bronze  and  copper  leaf,  which  is  made  inGerma- 
ny  and  sold,  like  gold  leaf,  in  books.  See  Bronze. 

DYEING.  Tech.  Gcr.  Parben.  Fr.  Tein- 
ture.  The  art  of  imparting  more  or  less  per- 
manent  colors  to  wool,  silk,  cotton,  and  othei 
organized  materials. 

1.  On  Light  and  Color.  It  is  immaterial  to 
us  at  present  whether  the  color  be  due  to  the 
various  colored  rays  reflected  from  opake  bo- 
dies, or  refracted  through  transparent  media, 
since  too  little  is  certainly  known  on  this  sub- 
ject. The  study  of  optical  effects  is,  however, 
important  in  the  combination  of  colors,  as 
green  is  produced  by  combining  blue  and 
yellow,  violet  by  blue  and  red,  orange  by  red 
and  yellow,  and  various  less  well-defined  hues 
by  other  combinations.  If  the  three  primary 
colors,  well  defined,  be  mixed,  the  result  is  a 
black,  but  if  in  minute  quantity  or  in  light 
tints,  a  white  results.  Thus  the  prevailing 
natural  tint  of  goods  being  light  brownish 
yellow  or  orange,  the  dyer  imparts  to  them 
a  faint  blue  or  purple,  to  render  them  white. 

2.  General  View.  Some  colored  substances 
adhere  firmly  to  organic  fibre,  and  may  be 
termed  substantive  or  self-dyes  ;  others  require 
the  aid  of  another  body,  called  a  mordant  or 
color-base,  to  fasten  them,  and  others  again 
are  mere  chemical  precipitates  in  or  upon  the 
fibre.  The  stuff's  to  be  dyed  are  supposed  to 
be  without  color.  The  dye-stuffs  contain  the 
color  to  be  imparted,  ready  formed,  or  to  be 
modified  by  the  use  of  other  agents,  and  are 
derived  from  the  vegetable  and  animal  king- 
doms, while  others  are  wholly  developed  by 
chemical  changes.  It  is  exceedingly  rare 
that  color  is  given  by  a  chemical  change  of 
the  fibrous  material  itself,  as  when  a  yellow 
is  imparted  to  silk  by  the  transforming  action 
of  nitric  acid.  The  usual  process  with  self- 
dyes  is  to  dip  the  goods  into  their  solution 
once  or  oftener,  according  to  the  shade  re- 
quired;  with  others  the  goods  are  passed  into 
the  color-base,  a  portion  of  which  adheres 
firmly  to  them,  and  then  into  the  dye-solution, 
the  depth  of  color  depending  on  the  strength 
of  solution  of  the  color-base  or  dye,  or  upon 
repetition  with  feebler  solutions. 

3.  Details  of  a  Dyeing  Process.  In  dyeing  by 
the  older  processes,  which  are  still  the  most 
numerous,  fibre  is  imbued  with  a  color-base 
or  mordant,  and  then  dyed.  For  an  even  light 
madder  red,  cotton  is  imbued  with  alum  or 
acetate  of  alumina;  for  the  dark  red,  with  a 
strong  acetic  alum  solution.  It  is  rapidly 
dried,  and  hung  up  for  8  days  to  age.  It  is 
then  rinsed  well  in  cold,  and  sometimes,  at 
last,  in  warm  water.  It  is  then  put  into  a  cold 
bath  of  madder  and  bran,  the  heat  of  which, 
for  the  1st  third  of  the  time  of  dyeing,  should 
be  but  a  little  over  100°,  during  the  2d  third, 
about  150°,  during  the  3d  third,  it  is  brought 
to  boiling,  and  maintained  at  it  for  a  |  hour. 
It  is  then  brightened  by  being  passed  through 
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hot  soap  water,  or  a  cold  dilute  solution  of 
carbonate  of  soda,  or  a  very  dilute  cold  solu- 
tion of  tin-salt.  In  a  somewhat  similar  man- 
ner, yellow  colors  are  imparted  by  quercitron, 
French  berries,  and  fustic ;  a  blue  or  purple 
by  logwood  and  alkanet ;  red  by  Brazil  wood 
and  cochineal.  Blacks,  browns,  olives,  and 
other  dark  shades  are  similarly  obtained,  by 
the  use  of  an  iron  color-base,  or  by  the  mixed 
bases.  But  the  proportion  of  goods  to  dye- 
stuffs,  the  temperature  of  dyeing,  the  bright- 
ening, and  other  points,  of  great  importance, 
are  peculiar  to  each  substance. 

4.  Organic  Fibre.  The  stuff's  to  be  dyed  are 
wool,  silk,  hair,  leather,  &c,  from  the  animal 
kingdom,  and  cotton,  linen,  wood,  hemp,  &c, 
from  the  vegetable  kingdom.  Since  they 
usually  contain  coloring  matter,  grease,  and 
other  ingredients,  which  would  more  or  less 
impair  light  and  brilliant  tints,  they  are  pre- 
viously cleansed  and  bleached.  See  the  seve- 
ral articles  and  Bleaching.  They  are  all 
fibrous,  and  on  this  seems  to  depend  in  part 
their  attraction  for,  or  power  of  retaining  va- 
rious substances,  whether  between  or  within 
the  fibres  we  shall  not  inquire.  Their  attrac- 
tive power  is  different;  thus  wool  and  silk 
have  a  stronger  attraction  for  dyes  and  color- 
bases  than  cotton,  and  cotton  again  than  linen. 
Their  behavior  to  reagents  is  also  different. 
Wool  will  bear  the  action  of  strong  acids, 
especially  the  sulphuric,  without  injury,  while 
cotton  is  injured  by  too  long  a  contact  with 
dilute  sulphuric  or  muriatic  acid,  but  it  may 
remain  24  hours  in  water  with  1  pr.  ct.  oil  of 
vitriol,  if  it  be  immediately  rinsed  on  taking 
it  out.  On  the  other  hand,  carbonated  alkali 
injures  wool  by  too  long  contact  with  it,  or  if 
in  strong  solution,  while  cotton,  dipped  into  a 
solution  of  1  pt.  potash  in  4  pts.  water,  and 
hung  up,  is  not  injured  in  3  weeks  at  a  tempe- 
rature of  68°.  Linen  is  generally  less  affected 
by  these  agents.  But  they  are  all  more  or 
less  injured  in  chlorine  bleaching,  which, 
however  skilfully  executed,  weakens  the  fibre 
to  some  extent. 

5.  Behavior  of  Fihre  to  Dyes.  When  cotton 
is  heated  in  an  infusion  of  galls  or  sumach, 
it  takes  up  a  certain  quantity  of  gallic  and 
tannic  acids,  assuming  a  light  yellowish  tint, 
which  cannot  be  removed  by  washing  with 
water;  catechu  thus  imparts  a  reddish  brown 
tint.  In  the  same  manner  cotton  abstracts 
color  from  solutions  of  madder,  fustic,  quer- 
citron, logwood,  &c,  from  the  two  first  of 
which  the  color  is  strongly  marked,  and  even 
boiling  water  will  only  remove  a  portion  of 
the  color.  The  solution  of  any  of  these  colors 
in  water  is  closely  allied  to  an  exertion  of 
chemical  force  or  affinity,  and  hence  when 
cotton  can  overcome  this  force,  it  is  acting  by 
a  superior  affinity,  as  shown  by  its  abstracting 
from  solution  colors  which  cannot  be  removed 
by  washing.  The  fastness  of  such  colors  is 
therefore  due  to  chemical  attraction  rather 
than  to  mere  mechanical  adhesion,  to  which  it 
is  usually  ascribed.  It  is  probable  that  many 
of  those  dyes  which  are  insoluble,  owe  their 
fastness  to  adhesion  to  fibre,  such  as  indigo, 
chromate  of  lead,  and  other  chemical  precipi- 
tates.    But  cotton  can  take  up  only  a  limited 
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quantity  of  soluble  color,  and  becomes  more 
or  less  saturated,  so  that  the  attraction  of  wa- 
ter for  the  color  becomes  superior  to  the 
attraction  of  fibre  for  the  same.  Moreover, 
this  attraction  varies  for  different  colors  in  the 
same  dye-stuff,  for  the  first  pieces  of  cotton 
abstract  from  madder  a  brownish  red,  and  the 
latter  pieces  a  yellowish  red. 

6.  Mordants  "or  Color-buses.  Although  fibre 
takes  up  some  quantity  of  color  from  dyes, 
vet  it  is  insufficient  for  darker  shades,  and 
admits  of  only  a  limited  variation  in  hue,  but 
by  the  use  of  certain  metallic  oxides,  which 
have  at  the  same  time  an  affinity  for  fibre  and  | 
color,  we  can  obtain  darker  and  more  perma- 1 
nent  shades,  and  by  the  use  of  different  bases, 
alone  or  mixed,  a  greater  variety  of  shades. 
The  3  chief  color-bases  are  employed  in  solu- 
tion as  salts,  viz.,  salts  of  alumina,  iron,  and 
tin.  Of  the  two  former,  the  sulphates  and 
acetates  are  used  (rarely  the  chloride  or  ni- 
trate of  iron) ;  and  of  the  last,  the  chlorides. 
To  impregnate  with  base  for  light  even 
grounds,  cotton  is  simply  passed  through 
a  very  dilute  solution  of  an  iron  or  aluminous 
salt,  and  immediately  washed  in  pure  water, 
and,  to  attain  uniformity  of  ground,  it  may  be 
passed  through  twice.  For  dark  or  heavy 
grounds,  it  is  passed  through  strong  solutions, 
and  rapidly  dried,  as  when  it  is  passed  over 
cylinders  heated  by  steam.  Goods'based  with 
acetate  of  alumina,  after  drying,  are  hung  up 
6  to  8  days  to  age,  whereby  deeper  colors  are 
attained;  but  before  dyeing  they  must  be  well 
rinsed  in  water.  If  cotton  be  passed  through 
a  dilute  bath  of  alum  or  iron-salt,  thoroughly 
washed,  and  then  through  a  madder-bath,  the 
color  will  be  much  darker  and  different  from 
cotton  simply  passed  through  the  madder-bath, 
from  which  it  is  evident  that  the  fibre  has  de- 
composed the  salts  by  abstracting  a  portion 
of  their  bases,  in  the  form  of  basic  salts,  which 
water  cannot  remove.  The  decomposition  of 
alum  (alumina  with  a  large  quantity  of  a 
powerful  acid,  the  sulphuric),  although  but 
partial,  proves  the  exertion  of  considerable 
chemical  force  by  fibre.  The  use  of  the  salts 
of  alumina  and  oxide  of  iron  is  based  on, 
1,  their  tendency  to  form  insoluble  basic  salts; 
2^  their  rendering  dyes  faster;  and,  3,  the  dif- 
ferent colors  they  assume  with  the  same  dye, 
the  salts  of  the  former  producing  lighter  aud 
brilliant  colors,  and  those  of  iron  darker  hues. 
The  aging  of  goods,  impregnated  with  acetate 
of  alumina,  depends  on  the  continued  decom- 
position of  the  salt,  proved  by  the  constant 
escape  of  acetic  acid,  which  leaves  a  larger  pro- 
portion of  basic  salt  on  the  goods,  so  that,  on  rins- 
ing, much  less  of  the  mordant  is  washed  off. 

a.  Alum.  Cotton  passed  through  3  pts. 
alum  in  180  pts.  water,  takes  up  a  certain 
quantity,  and  apparently  no  more  if  the  solu- 
tion be  much  stronger;  but  if  1  pt.  soda  crys- 
tals, in  a  boiling  solution,  be  mixed  gradually 
with  the  3  pts."  alum  also  boiling,  so  that  a 
basic  sulphate  of  alumina  is  produced,  cotton 
will  take  up  a  much  larger  quantity.  When 
cotton  is  first  galled  or  sumached,  it  will  also 
take  up  a  larger  proportion  of  base  from  alum, 
and  somewhat  darker  colors  may  be  obtained. 
See  Alum. 
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6.  Acetate  of  Alumina,  since  fibre  combines 
with  base  by  a  chemical  force,  it  will  assume 
much  more  from  an  acetate  than  from  a  sul- 
phate. For  the  formation  of  the  acetate,  see 
A(  t.tati:  of  Alumina. 

c.  Iron-salts,    Copperas,  or  protosulph 
iron,  and  the  persulphate   are   used,  and 
seems  to  have  a  stronger  affinity  for  oxid 
iron  or  its  basic  salts  than  for  those  of  alu- 
mina.    But   the   tendency   of   the    protoxide 
towards  a   higher   state   of  oxidation,  rather 
impairs    the    value    of    copperas    for    even 
grounds.     The   protacetate    is    subject  to  the 
same  inconvenience,  the  pyrolignate  less  so. 
The   persulphate   of  iron   is  superior  to  the 
above,   and   iron-alum   still   better.    For  the 
formation    of  the    acetates,  see   Acetate  of 
Iron ;  see  also  sulphates  of  Ikon. 

d.  The  tin-salts  are  used  to  a  much  more 
limited  extent  in  dyeing  and  calico-printing. 
For  their  preparation,  see  Chlorides  of  Tin. 
They  may  be  converted  into  acetates,  less 
injurious  to  fibre,  by  acetate  of  soda,  13  pts. 
cryst.  tin-salt,  requiring  17  pts.  cryst.  acetate 
of  soda,  and  the  perchloride  twice  as  much. 
See  Acetate  of  tin.  Tin  salt  is  sometimes 
employed  in  dyeing  for  brightening  colors,  and 
is  especially  useful  for  Turkey  red  from  mad- 
der. Besides  the  brilliant  combinations  of 
oxide  of  tin  with  dyes,  it  imparts  to  them 
greater  fastness. 

7.  Indigo  Vat.  One  pt.  indigo  is  ground  fine 
with  water,  mixed  with  4  pts.  caustic  lime, 
slacked,  and,  to  the  mixture,  4  pts.  copperas, 
dissolved  in  water,  are  added.  After  standing 
some  hours,  the  mixture  is  transferred  into  the 
vat  nearly  filled  with  water.  The  usual  theory 
of  the  operation  is  that  protoxide  of  iron  is 
precipitated  by  the  lime,  and,  by  its  peroxida- 
tion, deoxidizes  the  indigo,  which  then  unites 
with  another  portion  of  lime,  forming  a  soluble 
compound.  When  fibrous  goods  are  dipped 
into  the  clear  solution,  and  then  exposed  to  the 
air,  the  colorless  indigo  is  again  oxidized  to 
blue  insoluble  indigo  within  the  goods.  Repe- 
tition with  a  weak  vat,  or  the  length  of  time 
that  the  goods  remain  in  the  vat  determines 
the  depth  of  shade.  This  is  the  most  import- 
ant, and  it  might  also  be  said  the  only  self-dye, 
for  catechu,  &c,  are  rarely  employed  alone; 
but  a  more  minute  chemical  and  technical 
study  of  madder  and  other  dyes  may  yet  re- 
sult in  similar  vats  to  that  of  indigo. 

8.  Mineral  Colors.    Nearly  any  chemical  pre- 
cipitate  may   be   fastened    upon    fibre,   with 
greater  or  less  firmness,  by  imbuing  it  first 
with  one  solution,  drying,  and  then  with  the 
precipitating   solution,   the   process   differing 
from  the  older  modes  of  dyeing  chiefly  in  the 
formation  in  or  on  fibre,  of  a  color  n< 
existing   in    the  materials   used.     Where  the 
base  is  alumina,  oxide  of  iron,  or  othei 
which  fibre  has  the  power  of  abstracting  from 
its  solution,  the  preparatory  st  p  of  basing  is 
the  same  as  above  given,  bu1  if  it  be  oxide  of 
lead,  &c,  which  fibre  cannot  abstract,  it  is 
usual  to  imbue  the  goods  with  the  solution,  to 
dry  them,  and  then  to  precipitate  the  hydtated 
or   carbonated  oxide   by   passing   the   goods 
through    caustic   or   carbonated   alkali,  or  to 
form  an  insoluble  salt,  as  the  sulphate  of  lead, 
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by  sulphate  of  soda.  When  thus  based,  the 
goods  are  passed  through  the  precipitating 
solution.  A  brilliant  and  fast  yellow  is  given 
by  imbuing  with  acetate  of  lead,  drying,  pass- 
ing through  alum  or  Glauber's  salt,  to  form 
sulphate  of  lead,  and  then  through  bichromate 
of  potassa.  To  convert  it  into  orange,  pass  it 
through  a  hot  solution  of  300  gallons  lime- 
water,  with  1  lb.  yellow  chromate  of  potassa. 
One  of  the  most  beautiful,  economical,  and 
rather  fast  colors  is  the  Prussian  blue,  obtained 
by  impregnating  goods  with  iron*base,  (from 
sulphate  or  acetate,)  aging,  washing,  and  then 
passing  them  through  a  bath  of  2  pts.  prus- 
siate  of  potash  dissolved  in  water  with  1  pt.  oil 
of  vitriol.  The  tint  or  shade  depends  on  the 
quantity  of  base  on  the  goods ;  and  the  color  is 
less  easily  abraded  bypassing  the  blued  goods 
through  dilute  alum  solution,  and  brightened 
by  exposure  to  air,  or  by  dilute  chloride  of 
lime.  It  is  not  uncommon  to  use  a  protosalt 
of  iron,  and  then  the  blue  first  appears  upon 
exposure  to  air  or  chloride  of  lime.  It  is  dif- 
ficult to  obtain  a  good  green  by  combining 
chrome  yellow  and  prussian  blue,  and  it  is 
best  attained  by  making  the  blue  precede  the 
yellow.  The  brilliant  Scheele's,  and  other 
allied  greens,  should  not  be  used  on  account 
of  their  content  of  arsenic.  Chromate  of  cop- 
per produces  a  yellowish  brown,  prussiate  of  cop- 
per a  reddish  brown,  but  one  of  the  best  browns 
is  obtained  from  the  sulphate  or  acetate  of 
manganese,  by  passing  goods  uniformly  through 
a  solution  of  the  salt,  and  then  through  a  so- 
lution of  caustic  potassa  of  14°  to  17°  B. ;  it  is 
brightened  by  boiling  with  soap-water. 

9.  Combinations  of  Colors  and  Bases.  !?ince 
alumina  produces  lighter  and  brilliant  colors, 
and  oxide  of  iron  more  sombre  hues,  a  mix- 
ture of  these  bases  in  various  proportions  ena- 
bles the  dyer  to  attain  a  great  variety  of  tints, 
and  shades,  and  hues,  with  the  same  dve. 
Thus,  goods  impregnated  with  aluminous  base 
give  a  brilliant  red  in  a  madder  bath,  and  with 
a  little  iron  base,  a  purple,  but  with  a  small 
quantity  of  iron  base  and  a  large  quantity  of 
aluminous  base  together,  they  give  a  brownish 
red,  and,  with  an  excess  of  iron  base,  a  red- 
dish brown.  If  the  employment  of  different 
proportions  of  the  two  bases  gives  variety  of 
hue  and  shade  to  the  same  dye,  the  use  of  dif- 
ferent dye-stuffs  with  the  same  base  is  capable 
of  producing  a  much  greater  variety  of  color; 
much  more  then  will  the  use  of  combined 
bases  and  dyes  in  different  proportions  pro- 
duce an  almost  infinite  variety  of  hue,  shade, 
and  tint.  Thus,  aluminous  base  gives  a  bril- 
liant red  with  madder,  and  yellow  with  quer- 
citron, and  by  mixing  the  dyes  we  obtain,  with 
excess  of  madder,  an  orange-red,  with  excess 
of  quercitron  an  orange-yellow,  and  by  other 
proportions  any  intermediate  shade.  A  mix- 
ture of  madder  and  logwood  gives  purple 
hues ;  of  quercitron  and  logwood,  olive,  &c. ; 
a  mixture  of  all  three,  various  browns. 

10.  Quantitative  Dyeing.  If  fibre  combines 
chemically  with  bases,  it  exerts,  a  differing 
force  towards  them ;  for  it  appears  to  have  a 
stronger  attraction  for  oxide  of  iron  than  for 
alumina.  It  appears  also  that  fibre  combined 
with  one  base,  alumina,  attracts  a  larger  quan- 


tity of  another  base,  iron,  than  it  does  of  iron 
alone,  so  that  when  cotton  is  pale-yellowish 
from  iron-alum,  it  assumes  a  dark  nankeen  if 
previously  based  with  alumina.  In  like  man- 
ner a  differing  chemical  force  is  exerted  by 
based  goods  towards  different  dyes  in  the  same 
bath,  so  that  a  larger  proportion  of  one  is  first 
abstracted  than  of  another.  This  becomes 
evident  by  successive  dyeing;  for  if  24  pts.  of 
cotton  (with  aluminous  base)  be  dyed  in  a 
bath  containing  4  pts.  madder,  3  pts.  quer- 
citron, and  1  pt.  logwood,  the  color  is  a  good 
brown,  but  if  the  24  pts.  be  divided  into  4 
pieces  of  0  pts.  each,  and  successively  dyed, 
the  first  will  be  a  very  dark  brown,  the  second 
and  third  successively  lighter,  the  last  a  light 
brownish  yellow;  so  also,if9  pts.  cotton  bedyed 
in  a  bath  of  12  pts.  madder,  in  three  pieces 
successively,  the  first  will  be  a  dark  brownish 
red,  and  the  last  a  pale  orange  or  salmon 
color,  showing  that  more  red  is  at  first  ab- 
stracted and  leaves  more  yellow  at  the  last.  It 
is  also  evident  that  a  due  proportion  must  be 
observed  between  the  goods  and  dye-stuffs  in 
order  to  attain  determinate  colors.  The  usual 
practice  is  to  proportion  the  dye-stuff's  to  the 
number  of  pieces  of  goods,  a  considerable  error, 
since  the  quantity  of  cotton,  by  weight,  may  be 
double  in  one  piece  that  which  it  is  in  another. 
The  proportion  of  dye-stuffs  to  cotton  must 
also  vary  with  the  quality  of  the  former:  thus 
one  kind  of  madder  may  yield  twice  as  much 
color  as  another;  3  pts.  quercitron-powder, 
separated  by  sifting,  has  the  same  coloring 
power  as  7  pts.  of  the  fibre.  It  is  a  common 
error  with  dyers  to  believe  that  their  experi- 
ments can  only  be  made  on  a  large  working 
scale,  but  it  is  certain  that  small  experiments, 
instituted  with  analytic  nicety,  would  give  as 
correct  and  reliable  results  as  technical  opera- 
tions, attended  with  a  trilling  cost  of  material 
and  time,  as  has  been  proved  by  eminent  Eu- 
ropean dyers.  By  accurately  weighing  dye- 
stuffs,  and  cotton,  &c,  by  grains  or  by  ounces, 
the  quality  of  the  former,  and  the  peculiar 
shade  of  color,  according  to  the  relative  pro- 
portions of  the  two,  may  be  determined. 

It  is  remarkable,  that  when  cotton  is  imbued 
with  a  strong  acetic  alum  base,  it  increases 
10  pr.  ct.  in  weight  from  the  base,  but  that 
when  based  with  the  same  solution,  diluted 
with  an  equal  bulk  of  water,  it  only  increases 
about  3|  pr.  ct.,  or  takes  up  5  as  much  base; 
and  yet  the  two  pieces,  dyed  in  a  similar  bath, 
appear  to  have  an  equal  depth  of  shade.  But 
if  the  quantity  of  dye  in  the  bath  be  propor- 
tioned to  the  dilution  of  the  base,  the  resulting 
colors  will  also  be  proportional.  It  might 
hence  be  inferred,  that  a  weaker  base  would 
be  equally  efficient  with  a  stronger,  but  al- 
though the  quantity  of  dye  taken  up  is  the 
same,  its  fastness  is  diminished  by  dilution  of 
the  base,  except  in  a  few  instances.  On  the 
other  hand,  if  cotton  takes  up  about  8  pr.  ct. 
base  from  a  strong  acetic  iron  solution,  it  takes 
up4  pr.  ct.,  or  £  as  much,  from  the  same  solu- 
tion diluted  with  as  much  more  water;  hence 
the  resulting  colors  are  directly  proportional  to 
the  dilution  of  the  base. 

11.  Brightening.  Both  in  dyeing  and  calico 
printing,  substances  are  employed  for  altering 
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the  shade  of  color,  or  even  its  peculiar  tone, ! 
during  dyeing  or  after  it.  Thus  cow-dung  in- ' 
fusion  has  been  employed  from  early  times  in 
cleansing  white  grounds,  and  its  main  advan- 
tage appears  to  be  its  property  of  dissolving 
away  the  excess  of  mordant,  and  preventing 
the  latter  from  precipitating  on  those  parts  de- 
signed to  remain  white.  But  it  imparts  a 
brownish  color  itself,  and  is  therefore  not 
adapted  to  very  light  tints.  For  such  colors 
bran  infusion  is  better  adapted  and  has  a  simi- 
lar action.  But  besides  cleansing  the  based 
goods,  bran  is  also  used  for  cleansing  on  printed 
and  dyed  goods,  for  removing  color  from  the 
while  grounds.  But  its  chief  advantage  in 
dyeing  lies  in  its  peculiar  action  in  the  dye- 
bath.  Thus,  for  3  pts.  cotton,  based  with 
acetate  of  alumina,  add  1  pt.  quercitron  and 
nearly  3  pts.  bran,  to  obtain  a  rich  yellow  hue; 
12  pts.  based  cotton,  1  pt.  logwood  and  3  pts. 
bran  give  a  good  purple,  which,  without  the 
bran,  is  a  purplish  brown.  Its  action  with 
madder  is  striking.  If  9  pts.  based  cotton,  di- 
vided into  three  pieces,  be  successively  dyed 
in  a  bath  of  12  pts.  madder  and  36  bran,  the 
first  piece  has  a  deep  and  brilliant  red  color, 
and  even  the  third  is  a  rather  full  red;  but 
if  the  bran  were  omitted,  the  first  is  a  deep,  and 
somewhat  brownish  red,  the  second  a  rather 
pale  and  dirty  red,  and  the  third  a  pale  and  dis- 
agreeable salmon  hue.  Besides  brightening  the 
red,  bran  divides  its  action  more  uniformly, 
and  it  seems  to  abstract  both  the  yellow  and 
brown  from  madder-red.  The  effect  of  heating 
or  boiling  with  soap-water  is  generally  advan- 
tageous to  dyes,  and  hence  this  process  sub- 
sequent to  the  dye-bath  is  termed  brightening. 
Both  the  alkali  and  the  fatty  matter  in  soap 
seem  to  act  by  improving  a  color  and  making 
it  faster.  The  beauty  of  the  Turkey  red  is  in 
some  measure  due  to  the  olive  oil  and  potash 
employed  in  its  manufacture.  In  the  case  of 
bran,  the  probability  is  that  the  phosphate  pre- 
sent is  the  principal  agent,  and  hence  the  sub- 
stitution of  phosphate  of  soda  (called  dunging 
salt)  in  calico-printing.  Tin  salt  is  also  used 
to  brighten  some  dyes,  while  it  imparts  to  them 
greater  fastness  at  the  same  time.  By  study- 
ing the  action  of  various  agents,  alkalies, 
organic  acids,  and  salts,  a  variety  of  tones  may 
be  imparted  to  dyed  goods. 

Conclusion.  From  the  principles  above  de- 
veloped, compared  with  the  properties  of  the 
dyestufts,  it  is  evident  that  the  dyer  should  have 
a  tolerably  extensive  knowledge  of  chemical 
science,  in  order  to  improve  his  practical  pro- 
cesses, and  place  his  art  among  the  most  beau- 
tiful pursued  at  the  present  time.  The  time 
ought  long  since  to  have  passed  away,  that  the 
dyer  should  despise  knowledge  imparted  by 
books  and  scorn  the  assistance  of  chemical 
science ;  for  he  is  ignorant  of  the  history  of  the 
art  who  does  not  know  that,  although  the  art 
of  dyeing  was  practised  2000  years  ago,  and 
has  been  carried  on  with  trifling  improvement 
nearly  until  the  present  age,  it  has  received  the 
most  surprising  advancement  within  the  last 
}  of  a  century  from  the  birth  of  chemical  sci- 
ence, with  the  progress  of  which  it  has  kept 
an  even  pace.  The  merely  speculative  artisan, 
the  mere  experimenter,  cannot  be  expected  to 
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meet  with  success,  because  he  keeps  out  of 
view  the  practical  bearings  of  his  theories  and 
experiments,  looking  upon  his  art  rather  as 
subordinate  to  them,  than  upon  them  as  hand- 
maids to  his  art.  Nor  can  the  mere  practical 
artisan  meet  with  more  succ<  tl   by  a 

natural  shrewdness  for  the  accumula! 
wealth,  and  even  in  this  case,  it  may  he  in- 
ferred that  success  is  partly  due  to  his  pecu- 
liar theories  of  processes,  which  every  one  is 
more  or  less  inclined  to  build  up.  How  much 
more  success  would  such  an  one  be  likely  to 
meet  with,  if  with  his  natural  shrewdness  he 
combined  a  thorough  acquaintance  with  the 
theories  and  practice  of  pure  chemical  science 
upon  which  his  art  is  established. 

DYSKLAS1TE.     See  Ok  knits. 

DYSLUITE.  Mm.  Cryst.  Regular,  8-  and 
12-hedron  combined,  PL  VIII.  fig.  3;  cleavage 
imperfect  parallel  to  8-hedron,  surface  rough. 
H.  =  7-5  —  8.  G.  =  4-55.  Yellowish  or  gray- 
ish brown  with  a  lighter  streak ;  vitreous  in- 
clining to  resinous;  subtranslucent,  opake; 
fracture  conchoidal.  Gives  the  reaction  of 
zinc,  iron,  and  manganese  before  the  blowpipe, 
and  with  cobalt  solution  shows  the  presence 
of  zinc.  Probable  form.  ZnO  (FeO,  MnO)-f 
Fe203  (A1203) ;  the  general  form,  is  RO,  R203, 
which  is  that  of  Franklinite,  which  it  resem- 
bles, with  alumina  instead  of  sesquioxide  of 
manganese,  and  also  that  of  magnetic  iron 
and  chromic  iron.  It  occurs  in  small  quan- 
tity at  Sterling,  N.  Jersey,  associated  with 
Franklinite. 

DYSODIL.  Gcol  A  polishing  slate  impreg- 
nated with  bitumen,  the  earthy  material  con- 
sisting of  silicious  coatings  of  infusory  navi- 
cular.    It  is  no  true  mineral  species. 
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EARTHENWARE.     See  Pottery. 

EARTHS.  Fr.  Tertes,  Gr.  Erden.  A  term 
applied  to  the  native  compounds  of  oxygen 
and  certain  metals,  generally  found  in  pulveru- 
lent form.  The  earths  proper  are  insoluble  in 
water.  See  Aluminium,Tiiorinum,Glucixi -m, 
Zirconium,  and  Yttrium,  and  possibly  one 
or  two  more.  The  alkaline  earths  have  an  alka- 
line reaction,  and  for  these  refer  to  Barium, 
Stkontium,  Calcium,  and  Magnesium.  The 
properties  of  each  are  recorded  under  their  re- 
spective heads. 

EARTHY  COBALT.  See  Cobaltic  Man- 
ganese. 

EBULLITION.  Chem.  Phys.  A  term  ap- 
plied to  the  bubbling  commotion  of  a  liquid 
when  it  has  attained  its  boiling  point  and  is 
being  converted  into  vapor.  The  boiling  point 
is  that  temperature  at  which  its  vapor  has  suf- 
ficient elastic  force  to  overcome  the  external 
pressure  of  the  atmosphere  upon  its  surface, 
and  varies  in  different  liquids.  The  exact 
point  of  temperature  at  which  a  liquid  boils  is 
influenced  by  several  circumstances:  1st,  by 
the  amount  and  fluctuations  of  pressure;  2dly, 
the  nature  of  the  vessel  and  its  inner  surface. 
The  boiling  point  of  the  same  liquid  is  always 
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uniform  under  uniform  circumstances,  but 
when  the  conditions  are  altered,  as,  for  exam- 
ple, by  covering  the  boiling  vessel,  the  pres- 
sure being  partially  removed,  ebullition  is 
facilitated  and  takes  place  at  a  lower  tempera- 
ture. Marcet  has  shown,  in  respect  of  the 
boiling  point  of  distilled  water  in  a  glass  flask, 
that  it  varied  between  2124  and  215-6  accord- 
ing to  circumstances  and  the  nature  of  the 
glass.  In  passing  into  vapor,  water  absorbs  a 
large  quantity  of  latent  heat,  yet  the  tempera- 
ture of  the  vapor  formed  is  always  less  than 
that  of  the  boiling  water.  In  glass  this  differ- 
ence averages  1  to  9°.  In  metallic  vessels 
•027°  to  -036°.  When,  however,  the  vessel  is 
interiorly  coated  with  sulphur  or  shellac,  the 
apparent  adherence  of  the  watery  particles 
to  the  glass  is  overcome,  the  water  boils  at 
212°,  and  the  temperature  of  the  water  is  the 
same  as  that  of  the  steam.  The  presence  of 
iron  filings,  scraps  of  platinum  wire,  &c,  also 
decreases  the  boiling  point,  as  also  a  rough 
surface  and  angular  points,  which  present  a 
greater  heating  surface  and  facilitate  the  escape 
of  gaseous  matter.  The  same  chemist  remarks, 
that  the  temperature  of  the  vapor  increases 
with  that  of  the  boiling  liquid ;  furthermore, 
that  the  temperature  of  vapors  from  saline 
substances  is  higher  than  that  from  pure  water ; 
thus,  the  vapor  of  a  solution  of  25  pr.  ct.  of 
common  salt,  with  a  boiling  point  of  221°, 
has  a  temperature  of  220°  in  a  glass  vessel. 
Radberg,  on  the  contrary,  asserts  that  the  tem- 
perature of  vapor  from  salt  solution  is  212°. 
Glass  vessels,  whose  interior  surfaces  have 
been  altered  by  a  content  of  acid  or  other 
liquids,  are  unfavorable  to  speedy  ebullition. 
If  oil  of  vitriol,  for  example,  has  remained 
some  hours  in  a  green  glass  balloon,  in  which 
water  previously  boiled  at  213°,  and  the  vessel 
is  afterwards  thoroughly  cleansed,  then  filled 
with  distilled  water  and  heated  over  a  spirit 
lamp,  few  or  no  air-bubbles  arise  from  the  bot- 
tom, and  the  phenomenon  of  singing  is  scarcely 
perceptible  before  203°.  When  the  thermome- 
ter has  risen  to  212°,  a  few  large  steam  bub- 
bles separate  with  difficulty  from  the  bottom, 
while  the  thermometer  rises  to  219-2°.  By  in- 
creasing the  flame,  the  formation  of  vapor  is 
accelerated,  and  by  lowering  it,  boiling  ceases, 
and  the  thermometer  rises  to  221°  and  even  to 
222-8°.  When  the  vessel  is  heated  to  redness, 
ebullition  is  but  partial,  even  under  no  more 
than  the  ordinary  atmospheric  pressure,  be- 
cause, above  a  certain  temperature,  there  ap- 
pears to  be  a  repulsion  between  the  particles 
of  water  and  metallic  surfaces  whereby  contact 
is  destroyed.  Hence  the  passage  of  heat  is  so 
retarded  that  the  water  boils  off"  slowly.  So 
long,  however,  as  the  temperature  does  not  ex- 
ceed 300°  steam  is  constantly  generated.  See 
Heat. 

EDELITE.     See  Mesotype. 

EDINGTONITE.  Mm.  Cryst.  Quadratic 
with  perfect  cleavage  parallel  to  square  prism. 
H.  =  4  — 4-5.  G.  =  2-7.  Grayish  white,  vitre- 
ous, translucent,  brittle.  Yields  water  in  a 
closed  tube,  and  becomes  opake ;  fuses  with 
difficulty  to  a  clear  bead;  decomposed  bychlo- 
rohydric  acid.  It  is  a  hydrous  silicate  of  alu- 
mina and  lime,  but  the  analysis  is  too  incom- 


plete to  attempt  a  formula.    It  occurs  in  Dum- 
bartonshire, Scotland. 

EDULCORATION.  Chem.  From  cdulcoro, 
to  cleanse.  A  term  applied  to  the  repeated 
washings  of  pulverulent  substances,  with  water, 
for  the  separation  of  their  soluble  matters.  It  is 
much  used  in  Analysis,  (see  p.  171,)  for  pu- 
rifying precipitates  of  saline  and  foreign  ad- 
mixtures. A  convenient  apparatus  for  washing 
precipitates  consists  of  two  glass  tubes  thrust 
through  a  cork  in  a  bottle,  one  of  them  being 
drawn  out  to  a  fine  opening  and  bent  late- 
rally, the  other  being  bent  in  a  syphon  form 
with  the  longer  leg  thrust  through  the  cork. 
The  bottle  is  filled  with  water  and  inverted 
over  the  filter,  which  it  keeps  supplied  with 
liquid  only  as  fast  as  the  latter  flows  through 
the  filter.  In  large  technical  operations,  edul- 
coration  is  performed  by  commingling  the 
substance  to  be  cleansed  with  water,  allowing 
it  to  settle  and  drawing  off  the  clear  solution 
through  a  lead  or  other  syphon.  In  the  arts, 
the  term  elutriation  is  most  frequently  used. 

EDWARDSITE.     See  Monazitk. 

EFFERVESCENCE.  Chem.  From  effer- 
vesco,  to  boil.  The  rapid  escape  of  gaseous 
matter  upon  the  decomposition  of  certain  sub- 
stances is  attended  with  effervescence  or  de- 
tonation. Effervescence  occurs  when  the 
elimination  is  gradual  and  in  bubbles ;  for  ex- 
ample, the  frothing  of  carbonated  waters,  or 
the  escape  of  carbonic  acid  from  a  decomposed 
carbonate,  or  that  of  hydrogen  from  water  de- 
composed by  zinc  and  sulphuric  acid.  The  bub- 
bling diffusion  of  elastic  vapor,  in  general 
operations,  is  called  effervescence. 

EFFLORESCENCE.  Chem.  From  efflo- 
resco,  to  flower.  A  property  peculiar  to  certain 
salts,  which,  by  exposure  to  air,  enflower  or 
crumble.  The  phenomenon  is  favorably  in- 
fluenced by  a  dry  and  warm  atmosphere,  and 
is  owing  to  the  evaporation  of  that  portion  of 
the  water  of  crystallization  which  is  not  con- 
stitutional and  requisite  for  its  existence.  For 
example,  crystallized  carbonate  of  soda,  when 
exposed,  effloresces  and  becomes  coated  with 
a  white  flowery  covering,  and  eventually  falls  to 
powder.  The  term  is  also  applied  to  a  flowery 
crystallization  of  salts  upon  the  surface  of 
bodies  in  which  they  are  not  visible,  as,  for 
instance,  where  nitrate  of  potassa,  soda,  or 
lime,  or  carbonate  of  soda,  appear  upon  the 
surface  of  soils.  Salts  thus  formed  are  gene- 
rated by  double  elective  affinity  from  com- 
pounds existing  in  the  moistened  earth,  and, 
being  crystallizable,  appear  at  the  surface  as 
soon  as  formed.  In  this  manner  originate  the 
saline  efflorescences  found  upon  old  walls,  the 
nitrate  of  soda  on  plains  in  Peru,  saltpeter  in 
various  caves,  nitrate  of  lime  and  potassa 
in  caves  in  Kentucky,  the  soda  of  lakes  in 
Hungary,  Egypt,  when  their  water  evaporates, 
&c. 

EGERAN.     See  Idochase. 

EGG.  Syn.  Fr.  CEuf.  Ger.  Ei.  Lat.  Ovum. 
The  ovum  of  oviparous  animals.  Hens'  eggs 
are  those  generally  referred  to.  When  re- 
cently laid,  their  spec.  grav.  varies  from  1-080 
to  1-090,  but  lessens  by  age,  proportional  to  the 
loss  by  evaporation  through  the  pores  of  the 
shell.     Boiling  decreases  their  weight  2  to  3 
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pr.  ct.,   and   coagulates    the    albuminous   or 
nutritious  portion. 

Eggs  consist  of  a  shell  with  an  adherent 
tough  membrane  lining  the  interior.  This  is 
called  the  pellicula  ovi,  and  serves  for  an  en- 
closure for  the  white  or  Albumen,  which  in  its 
turn  envelopes  the  yolk  or  orange-yellow  por- 
tion. The  proportions  of  each  in"  an  egg  of 
875  grains,  as  an  average  standard,  are  as  fol- 
lows :  Shell  and  outer  membrane  93-7,  Albumen, 
529-8,  Yolk,  251-8. 

The  shell,  which  is  the  outer  covering  of  the 
whole,  consists  of  mineral  matter  cemented 
together  by  an  animal  cement.  The  propor- 
tions vary  in  different  kinds  of  eggs.  Prout's 
analysis  of  the  shell  of  a  hen's  egg  gave, 
carb.  lime,  97;  phosphate  of  lime  and  magne- 
sia, 1 ;  animal  matter,  2. 

The  white  is  a  concentrated  aqueous  solution 
of  albumen.  Its  accurate  composition  is, 
albumen,  12-0;  mucus,  2-7;  salts,  0-3;  water, 
85-0=100-0. 

The  vitellus  or  yolk''  consists  of  microscopic 
cells  containing  albuminous  matter,  which 
solidifies  by  coagulation.  It  is  soluble  in 
acetic  acid  and  contains  a  fixed  oil  called  oil 
of  egg,  a  viscous  matter,  gray  matter,  water, 
cholesterin,  salts,  osmazome,  traces  of  lactic 
acid  and  iron,  and  vitellin,  and  a  red  and  yellow 
coloring  substance. 

The  viscous  matter  is  connected  by  an  or- 
ganic entrogenous  substance  containing  sul- 
phur and  phosphorus,  and  encloses  the  oil  of 
egg,  which  is  separated  by  means  of  dilute 
chlorohydric  acid  and  heat,  and  subsequently 
of  alcohol.  Besides  oleic  and  margaric  acids 
it  contains  phospho-glycericacid,the  two  former 
in  combination  with  ammonia  as  a  true  soap. 
Vitellin,  which  forms  16-557  pr.ct.  of  the  yolk, 
is  very  analogous  to  albumen,  but  differs  from 
it  in  composition,  and  encloses  phosphates 
which  are  difficultly  separable.  The  above 
components  do  not  exist  as  a  natural  emulsion, 
held  in  suspension  as  the  yolk  by  means  of 
albuminous  matter,  for  unlike  ordinary  emul- 
sions, when  largely  diluted  with  water,  a  sepa- 
ration of  its  ingredients  ensues.  (Camptes 
Rendus,  1845.)  The  oil  of  egg  contains  choles- 
terin and  some  coloring  matter,  but  neither 
phosphorus  nor  sulphur. 

Yolk,  when  treated  with  water,  yields  a 
liquid  which  contains  all  principles  met  with 
in  gastric  juice ; — lactic  acid,  chlorides  of 
sodium  and  potassium,  hydrochlorate  of  am- 
monite, sulphate  of  potassa,  phosphates  of  lime 
and  magnesia  and  animal  matter.  Of  the  two 
coloring  principles,  that  which  is  red  seems 
more  soluble  than  the  yellow.  The  red  gave 
traces  of  iron,  and  the  yellow  is  analogous  to 
the  yellow  matter  of  the  bile.    Goblcy. 

According  to  Liebig,  the  albumen  of  the 
yolk  is  identical  with  that  of  the  white,  each 
being  of  the  same  ultimate  composition,  and 
containing  sulphur  and  phosphorus.  The  com- 
position of  the  lining  membrane,  says  Scheerer, 
is  analogous  to  that  of  horn;  it  contains  no 
phosphorus. 

ELAIDIN,  ELAIDIC  ACID.     See  Olein. 

ELALDEHYDE.     See  Acktule. 

EL.EOLITE.     See  Nepiielin. 

ELASTIC  GUM.     See  Caoutchouc. 
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ELASTIC  BITUMEN.    It  occurs  in  soft 

flexible  masses,  of  blackish  brown  color,  resin- 
ous lustre,  and  subtranslucent,  sometimes  with 
a  brownish  red  transmitted  light.  It  fuses  easily 
with  decomposition,  and  burns  with  a  light, 
smoky  flame.  Essential  oils  and  alcohol  dis- 
solve a  slight  portion  of  it ;  potassa  dissolves  it 
readily.  The  principal  part  of  it  seems  to  be 
CH.    See  an  allied  body,  Ozooeeite. 

ELASTICITY.  Phys.  Che,/,.  Tin-  power 
possessed  by  bodies,  when  their  particles  have 
been  removed  from  their  original  or  natural 
position  or  volume,  by  mechanical  forces,  of 
returning  to  the  same  when  the  forces  are  re- 
moved. It  is  exhibited  by  gases,  liquids,  ami 
solids,  but  differently  by  each.  The  pari 
of  gas  and  liquid,  having  freedom  of  motion, 
when  subjected  to  mechanical  pressure,  are 
brought  closer  together,  and  condensation  or 
diminution  of  volume  ensues,  but  solids,  by 
virtue  of  their  cohesion,  resist  both  condensa- 
tion and  expansion,  their  particles  tending  to 
return  to  their  original  position,  when  the  forces 
cease  which  disturbed  their  position. 

The  elasticity  of  gases  aud  vapors  is  the 
same,  at  the  same  temperature,  and  at  the  same 
distance  from  their  boiling  points,  their  volume 
being  inversely  as  the  pressure.  But  when  we 
approach  their  points  of  condensation  to  the 
liquid  state,  the  reaction  increases  more  than 
the  pressure.  Liquids  are  compressible,  but  no 
general  law  for  their  compression  has  been 
obtained,  and  the  amount  of  it  appears  to  be 
different  for  different  liquids.  Water  is  com- 
pressible the  51  millionth  of  its  bulk  for  1  at- 
mosphere, alcohol  about  the  90  millionth,  and 
ether  the  130  millionth.  Solutions  of  gases  in 
water,  and  acid  ethers,  are  less  compressible 
than  water  and  ether  respectively.  Compres- 
sibility seems  to  diminish  with  increasing  pres- 
sure, and  to  increase  with  increasing  tempera- 
ture. 

ELATERIUM.  Chem.  Phar.  The  desiccated 
juice  of  the  Momordica  Eluterium.    See  Cuccm- 

II  Kit. 

ELATERIN.  Syn.  Elatin,Momordicin.  The 
active  principle  of  the  elaterium  is  precipitated 
from  a  concentrated  alcoholic  solution  of  that 
substance,  by  the  addition  of  water.  The 
greenish  powder  is  whitened  by  repeated  ab- 
lutions with  ether  which  dissolves  the  color- 
ing matter  and  leaves  the  elaterin  nearly  un- 
touched. By  crystallization  from  solution  in 
absolute  alcohol  it  is  obtained  in  lustrous 
colorless  six-sided  prisms,  insoluble  in  water, 
dilute  acids  and  alkaline  solutions ;  scarcely 
soluble  in  ether,  but  readily  so  in  alcohol 
and  the  fat  oils.  Its  solutions  have  no  ac- 
tion upon  litmus  paper.  Sulphuric  acid  de- 
composes it,  and  nitric  acid  dissolves  it  with- 
out alteration,  but  no  definite  combinations 
have  been  obtained.    Zwenger. 

Its  point  of  prism  is  392°,  and  it  loses  no 

weight  at  this  temperature,  but,  if  the  heat  is 

;  increased,  decomposition  ensues  with  the  dis- 

I  engagement  of  white  corrosive  inflammable 

!  vapors. 

Zwenger's  formula  is  C20H)4O.  (?). 
ELATHIN.     Chem.    One  of  the  products  re- 
sulting from  the  contemporaneous  action  of 
sulphur    and    ammonia    upon   Acetone.    A 
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brownish  yellow  oleaginous  body,  lighter  than 
water  and  insoluble  in  it.  It  was  obtained  by 
Zeise,  as  one  of  a  series  comprising  Thakcetcme, 
Median,  Melathin,  Therythrin.  (Liebig's  Jnna- 
len,  1843.) 

ELAYL.  Chem.  Syn.  Hydruret  of  acetyl, 
defiant  gas,  Etherin.  Formula  C2H2.  Con- 
sidered by  Berzelius  as  an  organic  radical  and 
basis  of  a  series  of  compounds,  from  its  cha- 
racteristic tendency  to  combine  with  bodies 
both  simple  and  compound,  and  in  this  respect 
differing  from  other  carbohydrogens.  It  is  a 
constant  result  of  the  decomposition  of  alco- 
hol by  sulphuric  acid,  and  obtains  its  name 
of  defiant  gas  from  its  property  of  forming  an 
oily  product  (Dutch  liquid)  with  chlorine. 

Prep.  One  part  of  absolute  alcohol  distilled 
with  three  parts  fused  and  finely  powdered 
boracic  acid,  yields  elayl  without  carboniza- 
tion of  the  alcohol.  (Ebelmen.)  According  to 
Mittscherlich,  when  vaporized  alcohol  is  pass- 
ed into  sulphuric  acid  diluted  so  as  to  boil  at 
320°,  it  is  catalized  into  elayl  gas  and  water. 
By  Vogel's  method  of  distilling  1  pt.  of  alcohol 
with  4  pts.  oil  of  vitriol,  the  first  third  of  the 
product  is  elayl  mixed  with  carbonic  oxide ; 
in  the  second  third  the  quantity  of  carbonic 
oxide  is  increased,  and  of  the  last  third  it  com- 
prises nearly  the  whole. 

Prop.  A  colorless  gas,  of  a  feeble,  ethereal 
odor,  and  spec.  grav.  0-9852.  It  burns  with 
an  intensely  brilliant  white  flame;  is  slightly 
soluble  in  water,  oil  of  vitriol,  alcohol,  and 
ether,  and  forms  a  crystalline  compound 
with  anhydrous  sulphuric  acid,  (C2H2  -f- 
2S03). 

Chloride  of  Elayl  Syn.  Oil  of  Olefiant  Gas. 
C2H2,  CI.  A  very  fluid,  colorless,  ethereal 
smelling  liquid,  which  boils  at  180°,  and  gives 
a  vapor,  whose  density  is  3448-4.  Is  readily 
soluble  in  alcohol  and  ether,  but  only  imparts 
its  odor  to  water,  without  being  sensibly  dis- 
solved by  it.  By  distillation  with  an  alcoholic 
solution  of  potassa,  chloride  of  elayl  is  gradu- 
ally decomposed  into  chloride  of  potassium 
and  chloride  of  acetyl.  The  continued  action 
of  chlorine  transforms  it  into  a  body,  which, 
by  distillation,  furnishes  two  new  compounds, 
one,  C4H2C12,  HC1,  at  235°,  which  may  be 
considered  as  the  bichloride  of  formyl,  and 
another,  C  H2C1  (the  lerchloride  of  acetyl),  at 
275°. 

Proto-parachloride  of  Elayl.  C2H2,  CI.  Form- 
ed by  introducing  into  a  glass  balloon  an  ex- 
cess of  gaseous  chloride  of  ethyl,  with  chlo- 
rine, exposing  to  the  sun's  light  and  distilling 
the  resulting  liquid.  It  closely  resembles 
chloride  of  elayl  in  some  of  its  properties, 
but  differs  in  others. 

BUrparachloride  of  Elayl.  Formed  by  heating 
chloride  of  methyl,  as  in  the  preceding  in- 
stance. Is  an  ethereal  liquid,  resembling 
proto-chloride  of  elayl,  and  composed  of 
C2H2,  Cl2.     Regnaua. 

Iodide  of  Elayl.  C2H2,  I.  When  iodide  of 
ethyl  is  passed  in  vapor  through  a  glass  tube, 
at  low  ignition,  it  deposits  in  the  cool  recipient 
a  reddish  brown  crystalline  powder,  which, 
when  purified  by  potassa  and  solution  in  alco- 
hol, crystallizes  in  yellowish  or  colorless 
needles. 
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Bromide  of  Elayl.  C2H2,  Br.  A  colorless 
liquid,  obtained  by  passing  olefiant  gas  into 
bromine.     It  boils  at  265°. 

Sulphuret  of  Elayl.  A  solution  of  elayl  in 
alcohol,  poured  over  proto-sulphuret  of  potas- 
sium, gives  a  white  powder,  composed  of 
C2H2,  S. 

Sidphydrate  of  Sulfclayl.  Obtained  by  mixing 
chloride  of  elayl  with  tincture  of  sulphuret  of 
potassium,  and  distilling  off  a  portion  which 
contains  this  compound  in  solution,  and  which, 
when  added  to  metallic  solutions,  precipitates 
protelayl  sulphurets  of  the  sulphuretted  metals. 
Thus  the  compound  of  lead  has  the  formula 
PbS  -f-  C2H2,  S.     Loicig  and  Weidman. 

Bi-sulphuret  of  Elayl.  Tinctures  of  chloride 
of  elayl  and  protosulphuret  of  potassium,  by 
exposure  to  air,  yield  this  compound,  composed 
of  C2H2,  S„.  By  boiling  with  nitric  acid  it  is 
converted  into  Sulfelayl-sulphuric  acid. 

Pentasulphuret  of  Elayl.  Formed  from  a 
solution  of  KS3,  or  KS.,  in  alcohol  mixed  with 
chloride  of  elayl,  and  secluded  from  air.  The 
yellow  precipitate  has  the  composition  of 
C,H„  S  . 

ELECAMPANE.  Chem.  Phar.  The  root 
of  the  Inula  Helenium,  according  to  John's 
analysis,  contains  volatile  oil,  a  trace,  ele- 
campane-camphor, 0-3  to  0-4,  wax,  0-6,  acrid 
soft  resin,  1-7,  bitter  extractive,  36-7,  gum,  4-5, 
inulin,  3C-7,  woody  fibre,  5-5,  oxidized  extract- 
ive with  coagulated  albumen,  13-9,  with  salts 
of  potassa,  lime,  and  magnesia. 

Elecampane  Camphor.  Syn.  Helenin.  Classed 
by  Liebig  among  the  concrete  volatile  princi- 
ples, analogous  to  the  essential  oils.  It  is  a 
white,  crystalline  solid,  C]5H)0O2,  (C21H1403, 
Gerfiart),  obtained  by  digesting  the  root  in 
alcohol,  or  distilling  it  with  water.  It  passes 
over  as  a  yellowish  oil,  which  congeals  by 
standing.  It  crystallizes  from  alcohol  in  qua- 
drilateral prisms,  fuses  at  161°,  dissolves  in 
alcohol,  ether,  creasote,  and  the  essential  oils, 
but  is  insoluble  in  water.  With  nitric  acid  it 
yields  nitro-hellenin,  C15H902,  N04.  When  dis- 
tilled with  anhydrous  phosphoric  acid,  hellenin 
loses  2  eq.  of  water,  and  gives  the  carbo-hy- 
drogen  (hcllencn),  C15H8,  (C19H]3,  Gerharl),  a 
colorless  liquid,  of  less  spec.  grav.  than  water. 
Chlorhydric  acid  is  absorbed  at  the  ordinary 
temperature,  and  produces  a  violet  liquid. 
When  chlorine  is  passed  through  fused  helle- 
nin, and  the  product  thickened  by  alcohol,  it 
yields,  on  cooling,  chlorhydrate  of  chlorhellenin 
(C,.H9C102  -f-  HC1),  a  yellowish  powder, 
lighter  than,  and  insoluble  in,  water,  and 
which,  when  heated  with  caustic  lime,  fur- 
nishes naphtalm. 

Resin.  Brown,  bitter,  and  of  an  aromatic 
odor,  when  warmed.  Fusible  in  boiling  water, 
and  soluble  both  in  alcohol  and  ether. 

ELECTRICITY.  §  1.  It  was  known  to 
the  ancients  that  when  amber  (hmkt^v)  is 
rubbed  it  acquires  the  property  of  attracting 
other  bodies.  From  this  phenomenon  the 
modern  science  of  electricity  has  derived  its 
name. 

Nothing,  however,  of  importance  was  done 
in  this  branch  of  knowledge,  until  Dr.  Gilbert 
made  the  experiments  which  he  publishe* 
a.i).  1600,  in  his  treatise  de  Magnetc — a  work 
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remarkable  for  its  sound  philosophy, 

as  for  the  value  of  the  contributions  it  made 

to  physical  science. 

4  2.  The  limits  of  this  article  will  not  per- 
mit us  to  give  even  a  brief  history  of  tins 
science,  nor  to  enumerate  in  detail  any  but 
its  more  important  facts.  Boyle,  Otto  von 
Guericke,  and  Newton  extended  the  researches 
of  Gilbert;  Gray,  by  a  beautiful  series  of  ex- 
periments, was  led  to  the  classification  of  all 
bodies  into  conductors  and  non-conductors  of 
electricity.  And  Dufay  and  Franklin  brought 
forth  two  rival  theories,  which  serve  to  the 
present  day,  with  almost  equal  merit,  to  ac- 
count for  the  numerous  phenomena  which 
they  are  designed  to  connect. 

§  3.  The  theory  of  Dufay  accounts  for  the 
known  facts  of  electricity,  by  attributing  them 
to  the  action  of  two  hypothetical  ethereal  fluids, 
called,  respectively,  vitreous  and  resinous  elec- 
tricity;  which  fluids  are  supposed  to  be  con- 
tained in  all  bodies,  and  to  neutralize  each 
other,  as  well  as  to  pass  through  various  sub- 
stances with  greater  or  less  facility.  Lastly, 
the  particles  of  either  fluid  repel  each  other, 
but  attract  those  of  the  other  fluid. 

The  theory  of  Dufay  was  adopted  from  na- 
tional partiality  in  France,  and,  in  the  hands 
of  Coulomb,  Poisson,  and  others,  has  contri- 
buted greatly  to  the  advancement  of  the 
science. 

§  4.  In  this  article  we  shall  make  use  of 
the  theory  of  Franklin,  for  the  reason  that  it 
is  simpler;  that  it  is  better  adapted  to  mathe- 
matical expression  ;  and  that,  while  it  is  in  all 
other  respects  of  equal  merit,  it  commends 
itself  to  our  preference  by  virtue  of  its  origin. 

Franklin's  Theory.  The  phenomena  of  elec- 
tricity are  produced  by  the  action  of  one 
ethereal  fluid,  which  exists  in  all  bodies.  The 
particles  of  this  fluid  repel  each  other,  but 
attract  the  particles  of  matter.  The  electrical 
fluid  passes  freely  through  conductors,  and 
with  difficulty  through  non-conductors. 

When  the  quantity  of  the  electrical  fluid 
contained  in  any  body  is  such  that  the  repul- 
sion of  the  particles  of  the  fluid  is  in  equilibrio 
with  their  attraction  for  the  material  particles 
of  the  body,  it  is  said  to  be  in  a  natural  state ; 
but,  if  more,  or  less,  it  is  said  to  be  in  a  positive 
or  negative  state. 

§  5.  The  theory  of  Franklin,  as  it  came 
from  its  author,  and,  as  stated  above,  is  imper- 
fect in  one  particular — it  fails  to  account  for 
the  repulsion  of  negatively  (resinously)  elec- 
trified bodies.  To  remedy  this  defect,  an  ad- 
ditional postulate  was  proposed  by  Cavendish 
and  Epinus,  who  both  undertook  to  apply  to 
Franklin's  theory  the  test  of  mathematical  de- 
duction ;  and  who  found  it  necessary  to  add 
the  hypothesis,  that  particles  of  matter  repel 
each  other,  when  without  electricity  or  in  the 
negative  state. 

§  6.  When  the  facts  which  constitute  any 
branch  of  physical  science  become  so  nume- 
rous that  it  is  difficult,  if  not  impossible,  to 
remember  them  independently,  a  theory,  by 
serving  to  connect  them,  is  useful  as  an  artifi- 
cial means  of  memory.  And  when  that  theory 
is  capable  not  only  of  generalizing  known 
facts,  but  also  of  leading  to  the  discovery  of 
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new  truths,  by  suggesting  experiments  and 
trains  of  exact  reasoning,  il  becomes  an  im- 
portant auxiliary  to  experimental  philo 
We  should  not,  however,  fall  into  the  i 
mistaking  the  scaffolding  for  the  edifice  to  be 
erected;  and,  still  less,  treat  with  contempt  all 
such  artificial  aids,  as  is  the  habit  of  Some, 
who,  not  unfrequently,  confound  together  the 
known  and  unknown,  and  speak'  of  the  elec- 
trical fluid  as  a  reality,  instead  of  as  a  mere 
hypothesis  to  connect  isolated  facts. 

§  7.  The  forces  of  attraction  and  repulsion 
which  are  exerted,  and  the  various  effects  pm. 
duced  by  electricity,  render  the  division  of 
electrical  science  into  the  two  principal 
branches  of  Electro-statics  and  Electro-dynamics, 
alike  natural  and  convenient.  Under  these 
heads,  and  with  the  following  subdivisions, 
we  shall  therefore  treat  of  it : 

Electro-statics. 

1.  Development  of  Electricity. 

2.  Transference. 

3.  Attraction  and  Repulsion. 

4.  Induction. 

5.  Distribution. 

Electro-dynamics. 

1.  Effects  of  Electricity  upon  Bodies. 

2.  Atmospheric  Electricity. 

3.  Galvanism. 

4.  Magneto-electricity. 

5.  Thermo-electricity. 

6.  Animal  Electricity. 

Electiio-statics. 
1.  Development  of  Electricity. 

§  8.  Electricity  is  developed,  first,  by 
mechanical  action;  secondly,  by  physical 
changes  of  form  and  consistence ;  thirdly, 
by  chemical  reactions ;  fourthly,  by  magne- 
tism; fifthly,  by  heat;  sixthly,  by  animal  life. 

§  9.  Of  the  mechanical  sources  of  electri- 
city, although  mere  contact,  pressure,  &c, 
give  rise  to  it,  by  far  the  most  efficient  means 
of  producing  it  is  by  friction. 

When  bodies  are  rubbed  together,  of  dissi- 
milar nature,  or  under  circumstances  differing 
more  or  less  in  relation  to  each,  they  become 
excited  or  electrified,  the  one  vitreously  or  posi- 
tively, the  other  resinously  or  negatively.  Ac- 
cording to  our  theory,  the  electrical  fluid 
passes  from  one  to  the  other,  giving  rise  to 
an  excess  in  the  body  which  receives  it,  and  a 
deficiency  in  that  from  which  it  escapes. 
Such,  also,  is  the  theoretical  explanation  of 
all  cases  in  which  electricity  is  developed. 

Although  electricity  is  produced  by  friction 
between  bodies  which  differ  very  slightly,  as 
for  instance,  two  silk  ribbons  of  different 
colour,  or  pieces  of  the  same  ribbon  rubbed 
together,  the  one  lengthwise,  or  in  the  direc- 
tion of  the  fibres,  and  the  other  across ;  still 
the  degree  and  nature  of  the  excitement  vary 
greatly  with  the  substances  employed.  The 
greatest  excitement  seems  to  be  produced  by 
rubbing  smooth  glass  with  sulphuret  of  tin, 
or  with  an  amalgam  of  mercury  and  zinc. 

The  ordinary  electrical  machine  is  merely  a 
glass  plate  or  cylinder,  which  turns  upon  an 
axis,   that   it   may   be    rubbed    by   cushions 
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forced  against  it  by  compressed  springs;  to 
which  is  added  a  "  prime  conductor,"  as  it  is 
called,  for  collecting  and  transferring  the  de- 
veloped electricity  from  the  glass  to  any  other 
body. 

$  10.  Electricity  is  produced  by  physical 
changes  of  form  or  consistence,  as,  for  in- 
stance, when  water  passes  into  vapor  or 
steam.  Sulphur,  when  melted,  and  poured 
into  glass,  will,  if  withdrawn  after  cooling, 
show  negative  electricily,  the  glass  having 
become  positive. 

§11.  When  a  jet  of  steam  issues  from  an 
orifice,  from  a  small  opening  in  the  boiler  of 
a  steam  engine,  electricity  is  developed  in 
great  abundance,  and  may  be  collected  by  me- 
tallic points,  suitably  arranged.  The  boiler 
usually  becomes  negative,  and  the  steam  posi- 
tive. This  subject  has  been  investigated  by 
Messrs..  Armstrong  and  Faraday,  whose  re- 
searches have  led  them  to  the  conclusion  that 
the  friction  between  the  condensed  particles 
of  water  and  the  sides  of  the  orifice  is  the 
cause  of  the  excitement.  The  hydro-electrical 
machine  of  Armstrong  is  used  for  the  deve- 
lopment of  electricity  by  this  method. 

§  12.  Of  electricity,  developed  by  chemical 
agency,  by  magnetism,  by  heat,  and  by  animal 
life,  we  will  treat  somewhat  fully  under  elec- 
tro-dynamics. 

2.  Transference. 

§  13.  If  an  electrified  body  be  touched  by 
another  body  in  its  natural  state,  and  the  latter 
be  then  examined,  it  will  exhibit  signs  of 
similar  electrical  excitement ;  theoretically,  a 
portion  of  the  electrical  fluid  of  the  one  flows 
to  the  other.  If  the  body  touched  be  positive, 
it  communicates  electricity  to  the  touching 
body,  which  thus  becomes  positive ;  and,  if 
negative,  then  part  of  the  natural  electricity 
of  the  touching  body  passes  from  it,  and  both 
are  rendered  negative.  The  forces  which  de- 
termine the  result  are  the  attractive  and  repul- 
sive forces  of  the  particles  of  electricity  and 
matter,  and  the  state  of  the  two  bodies,  after 
contact,  is  that  of  equilibrium  between  these 
forces. 

§  14.  It  is  evident,  therefore,  that  we  can 
subject  the  theory  of  Franklin  to  the  test  of 
mathematical  deduction  and  prediction,  if  we 
possess  sufficiently  accurate  means  of  mea- 
suring the  degree,  as  well  as  of  determining 
the  character,  positive  or  negative,  of  the  elec- 
trical excitement.  The  electrometer  of  Cou- 
lomb answers  for  such  measurements  with 
remarkable  exactness;  and  has  shown  that 
there  is  the  most  perfect  accordance  between 
the  observed  phenomena  and  our  theory. 

§  15.  If  a  body,  in  its  natural  state,  be  con- 
nected with  an  electrified  body,  by  means  of  a 
long  metallic  wire,  then  the  same  transference 
takes  place  as  when  the  two  bodies  are  brought 
into  immediate  contact.  But,  if  we  substitute 
a  glass  rod  for  the  metallic  wire,  as  the  means 
of  connection  of  the  two  bodies,  then  no  flow 
of  electricity  from  one  to  the  other  ensues. 
Hence,  we  infer  that  electricity  passes  freely 
through  metal,  and  is  obstructed  by  glass — as 
light  is  transmitted  by  transparent,  and  inter- 
rupted  by  opake   bodies.     Many   substances 


are  found  to  act  similarly  to  the  metallic  wire, 
or  to  the  glass  rod,  with  reference  to  the  con- 
duction of  electricity,  and  they  are  classified, 
accordingly,  as  conductors  and  non-conductors. 
No  body  is,  however,  a  perfect  conductor  or 
non-conductor,  for  all  retard  and  transmit 
electricity  in  greater  or  less  degree. 

§  16.  If  a  body  be  completely  enveloped 
by  non-conductors,  it  is  then  said  to  be  insu- 
lated, or  in  a  state  of  insulation.  Dry,  atmo- 
spheric air,  glass,  silk,  and  resinous  bodies,  are 
among  the  best  non-conductors ;  while  the 
metals,  water,  etc.,  are  the  most  perfect  con- 
ductors. Hence,  any  electrified  body,  sup- 
ported by  glass  or  resin,  or  suspended  by  silk 
threads,  is  well  insulated,  if  the  surrounding 
air  be  dry ;  but  moisture  greatly  impairs  the 
insulating  power  of  the  atmosphere,  and  expe- 
riments therefore  fail  in  damp  weather  which 
succeed  perfectly  in  dry.  Whenever  exact 
measurements  are  required,  the  apparatus 
employed  should  be  carefully  dried,  and  the 
hygrometric  moisture  of  the  insulating  air 
removed  by  means  of  chloride  of  calcium. 

§  17.  The  dissipation  of  electricity  from 
imperfectly  insulated  and  electrified  bodies 
was  carefully  investigated  by  Coulomb.  He 
found  that  the  chief  causes  of  loss  are,  first, 
the  currents  of  air  which  pass  to  and  from 
the  excited  body,  each  particle  of  which  be- 
coming electrified,  is  repelled,  and  conveys 
away  a  portion  of  the  charge.  And,  secondly, 
the  imperfect  non-conducting  or  insulating 
power  of  the  supports,  which  is  greatly  im- 
paired if  hygrometric  moisture  be  deposited 
on  the  surface.  Coulomb  found  that  the 
quantity  of  electricity  dissipated  by  currents 
of  air  is  directly  proportional  to  the  inten- 
sity or  degree  of  the  electrical  charge,  and 
that  the  non-conducting  or  insulating  power 
of  bodies  varies  as  the  square  root  of  their 
lengths. 

3.  Attraction  and  Repulsion. 

§  18.  We  owe  to  Coulomb  the  discovery 
of  the  law  which  governs  the  action  of  the 
forces  of  electrical  attraction  and  repulsion. 
By  means  of  his  delicate  and  exact  torsion 
balance  he  was  enabled  to  make  observations 
of  sufficient  accuracy  to  determine  rigorously 
that  these  forces,  like  that  of  gravitation,  vary 
inversely  as  the  square  of  the  distance. 
This  instrument,  as  constructed  and  used 
by  Coulomb,  was  composed  of  a  delicate 
needle  of  gum  lac,  suspended  horizontally, 
by  a  single  silk  fibre,  and  carrying  on  its 
end  a  circular  disc  of  gilt  paper.  Having 
placed  it  opposite  to,  and  at  different  distances 
from,  an  electrified  sphere,  and  caused  it  to 
vibrate,  he  found  that  the  times  of  vibration 
were  directly  proportional  to  the  distances. 
Hence,  it  may  easily  be  shown  that  the  forces 
vary  inversely  as  the  square  of  the  distance. 
For,  if  we  denote  by  t,  and  I'  the  times  of 
vibration,  and  by  /,  and  /'  the  forces,  corre- 
sponding, respectively,  to  any  two  distances, 
d  and  d' ;  then,  by  the  laws  of  mechanics,  for 
the  vibrations  of  a  pendulum,  we  have 
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Since  the  times  are  proportional  to  the  dis- 
tances 


\/f  s  y/J:  :d:d'. 


And,  therefore, 


1       1 


§  19.  Numerous  illustrations  of  the  effects 
of  electrical  attraction  and  repulsion  are  de- 
scribed in  books  which  enter  into  the  details 
of  the  science  ;  and  a  great  variety  of  toys  are 
employed  by  popular  lecturers  for  the  same 
purpose.  Of  instruments,  which  depend  upon 
these  forces,  and  which  are  useful  in  research, 
we  may  here  mention :  the  pith-ball  suspended 
by  a  silk  thread;  the  electroscope  of  Dr.  Gilbert, 
a  balanced  needle,  turning  horizontally  upon 
a  pivot,  with  pith-balls  on  its  ends;  the  gold 
leaf  electroscope ;  and  the  torsion  electrometer 
of  Coulomb.  For  full  descriptions  of  these 
instruments,  the  reader  may  refer  to  almost 
any  large  work  on  electricity.  The  last  is  the 
only  one  of  them  which  can  be  used  for  exact 
measurements;  it  depends  upon  the  principle 
that  the  angle  of  torsion  is  exactly  proportional 
to  the  force. 

4.  Distribution. 

§  20.  The  imperfect  obstruction  which 
non-conducting  bodies  oppose  to  the  motion 
of  electricity  renders  it  extremely  difficult  to 
determine  what  will  be  the  arrangement  of  an 
electrical  charge  which  they  may  receive. 
Nor  can  our  theory  throw  much  light  on  this 
intricate  problem ;  but  with  reference  to  the 
distribution  of  electricity  through  insulated 
conducting  bodies,  both  theory  and  experiment 
have  contributed  to  render  our  knowledge 
exact. 

The  balance  of  Coulomb,  owing  to  its  great 
sensibility,  is  admirably  adapted  to  the  exami- 
nation of  the  various  degrees  of  intensity 
which  are  observed  at  different  points  of  any 
electrified  body  or  system  of  bodies,  and  its 
application  to  this  purpose  by  its  ingenious 
inventor,  forms  one  of  the  most  beautiful 
series  of  researches  in  physical  science. 

§  21.  It  had  been  observed  that  the  inten- 
sity of  the  excitement  of  an  electrified  body 
rapidly  diminishes  when  the  surface  of  the 
body  is  increased, — as,  for  instance,  by  un- 
folding a  sheet  of  tin  foil,  wound  round  an 
axis,  uncoiling  a  chain,  &c. ;  and,  also,  that 
by  reversing  the  operation,  the  intensity  is 
restored  to  its  original  condition.  Hence,  it 
was  concluded  that  free  electricity  occupies 
only  the  surface  of  the  bodies. 

In  the  case  of  a  single  sphere,  it  follows,  as 
the  result  of  a  simple  train  of  mathematical 
reasoning,  that  the  particles  of  a  self-repulsive 
fluid,  within  a  sphere  of  attractive  matter, 
are  in  equilibrium,  with  reference  to  the 
sphere.  They  are,  therefore,  free  to  obey  their 
repulsive  forces,  and  must  assume  their  posi- 
tion at  the  surface  of  the  sphere.  Similarly, 
but  not  with  equal  simplicity  of  demonstration, 
the  same  theoretical  conclusion  has  been 
extended  to  other  less  symmetrical  bodies. 
Coulomb  undertook  to  test  this  conclusion  by 
boring  holes  of  various  depths  into  an  ellip- 
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soid,  and   examining  the  electrical   con 
of  the  cavities  by  the  introduction  of  a 
disc  of  gilt  paper  attached   to  a  filami 
gum  lac,  winch  he  called  a  proof  ■plant.    When 
the  ellipsoid  was  charged  and  insulated,  the 
disc    became   highly    electrified    vlcm 
touched  the  exterior  surface  at  any  point  ;  but 
from    the   cavities,  though   very   shallow 
could  obtain  not  the  least  indication  of  i 
ment.     Biot  also  enveloped  an  excited  metal- 
lic ellipsoid  within  two  movable  cups  of  gilt 
paper,  and   found,    that   when  removed,   the 
cups  contain  the  whole  charge;  the  thick  in 
of  metal  in  the  gilding  being  sufficient  to  ab- 
stract it  entirely. 

If  two  insulated  and  similar  conducting  bo- 
dies, of  equal  size,  but  unequally  elecn 
be  brought  into  contact,  and  then  separated, 
they  will  exhibit  equal  degrees  of  excitement, 
whether  they  are  both  solid,  both  hofjow,  or 
the  one  solid  and  the  other  not  only  hollow, 
but  of  extreme  thinness,  as,  for  instance,  if  it 
be  gilt. 

§  22.  Although  electrical  excitement  is 
confined  to  the  surfaces  of  bodies,  yet  its  de- 
gree usually  varies  greatly  at  their  different 
relative  points.  In  the  language  of  theory,  the 
fluid  is  unequally  distributed,  and  is  of  differ- 
ent depths  or  densities  at  such  points.  This  is 
readily  shown,  and  exactly  measured,  by  ex- 
periments with  the  torsion  balance  and  proof- 
plane  of  Coulomb.  At  the  ends  of  a  metallic 
cylinder,  for  instance,  the  force  exerted  is 
found  to  be  much  greater  than  the  forces  cor- 
responding to  the  intervening  portion,  which, 
as  we  pass  from  the  ends,  decrease  very  sud- 
denly, but  soon  attain  nearly  a  constant  value. 
Again,  the  forces  exerted  at  the  middle,  and  at 
either  of  the  two  ends  of  an  ellipsoid,  are  to 
each  other  in  the  same  ratio  as  the  correspond- 
ing axes  of  the  ellipsoid ;  while,  for  a  sphere, 
perfect  uniformity  of  force  is  observed,  as  its 
symmetry  would  lead  us  to  anticipate. 

Investigations  of  this  kind,  both  for  single 
symmetrical  bodies,  and  for  systems  of  such 
bodies,  have  served  to  test  the  accuracy  of  our 
theory  in  the  severest  manner,  and  without 
showing  other  than  perfect  accordance  with 
observation.  Although  the  mathematical  pro- 
blems involved  by  the  distribution  of  a  self- 
repulsive  fluid  are  extremely  difficult,  yet,  for 
many  of  the  cases  presented  by  the  researches 
of  Coulomb,  these  problems  may  be  solved; 
and,  in  such  cases,  it  becomes  practicable  to 
predict  the  results  of  experiment  with  the  most 
minute  accuracy.  Certainly  a  theory,  which 
has  stood  such  a  test,  is  worthy  of  some  con- 
sideration, and  may  lead  to  the  discovery  of 
truths  of  high  order,  though  imperfectly  ex- 
pressed in  hypothetical  language. 

§  23.  Among  the  most  interesting  of  the 
explanations  of  observed  facts  furnished  by 
theory,  is  that  of  the  influence  of  points.  It 
may  readily  be  demonstrated,  that  if  the  force 
be  subject  to  the  law  of  variation  in  the  in- 
verse ratio  of  the  square  of  the  distance,  the 
action  exerted  by  a  sphere  of  attractive  or  re- 
pulsive matter  upon  an  external  particle  will 
be  the  same  as  if  the  whole  matter  of  the 
sphere  were  condensed  at  its  centre.  Hence, 
if  we  suppose  two  metallic  spheres,  of  different 
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radii,  to  be  connected  together  by  an  extreme- 
ly fine  wire,  or  conducting  channel,  of  indefi- 
nitely small  diameter,  and  that  a  charge  is 
then  communicated  to  one  of  the  spheres,  the 
electrical  fluid  would,  by  the  repulsion  of  its 
particles,  distribute  itself,  and  soon  attain  a 
state  of  equilibrium.  When  it  has  come  to 
rest,  it  is  evident,  if  we  consider  the  condition 
of  a  particle  of  the  fluid  situated  in  the  wire 
at  equal  distances  from  the  centres  of  the  two 
spheres,  that  this  particle  must  be  equally 
repelled  on  both  sides;  and,  therefore,  that 
the  quantity  of  electricity  upon  the  surface  of 
the  smaller  sphere  is  equal  to  that  upon  the 
larger.  Hence,  as  the  surfaces  of  spheres  are 
proportional  to  the  squares  of  their  radii,  the 
densities,  or  depths  of  the  fluid  on  the  two 
spheres,  will  be  in  the  same  ratio ;  so  that  if 
the  radius  of  the  smaller  sphere  be  indefinitely 
diminished,  in  which  case  the  sphere  becomes 
a  point,  the  density  of  the  fluid  with  which  it 
is  charged  will  become  infinitely  great;  and 
since  the  dissipation  of  electricity  has  been 
shown  by  Coulomb  to  be  proportional  to  its 
intensity,  it  follows  that  if  the  charge  be  re- 
newed continually  it  will  escape  from  such  a 
point  in  a  rapid  stream,  and  also,  that  a  cur- 
rent of  air  will  flow  from  the  point. 

By  reasoning  somewhat  similarly,  we  may 
show  that  a  negative  point  should  exert  an 
analogous  attractive  influence,  with  reference 
to  the  electrical  fluid  in  surrounding  bodies. 

Between  the  conclusions  thus  deduced  from 
theory,  and  the  facts  furnished  by  experiment, 
there  is  the  strictest  accordance,  for  it  is  im- 
possible to  accumulate  electricity  upon  a  body 
to  which  a  projecting  point  is  attached;  and 
from  such  a  point  the  flow  of  a  current  of  air 
may  be  sensibly  felt,  as  well  as  be  rendered 
manifest  by  the  motion  of  light  bodies  against 
which  it  may  blow.  Also,  a  point  is  found  to 
draw  off  silently  the  electricity  of  excited 
bodies,  even  at  considerable  distances. 

4.  Induction. 

§  24.  When  a  positively  electrified  body 
acts  at  a  distance  upon  another  body  in  its 
natural  state,  it  follows,  as  a  result  of  theory, 
that  the  electrical  fluid  in  the  latter  will  be 
repelled  towards  the  more  remote  portion 
of  the  body,  which  will  become  positive ; 
while  that  portion  which  is  nearest  to  the 
disturbing  body  will  be  deprived  of  part  of 
its  natural  electricity,  and  thus  be  rendered 
negative. 

It  is  evident  from  the  laws  of  the  forces, 
that  the  degree  of  this  influence,  or  induction, 
as  it  is  called,  will  depend  upon,  and  be  pro- 
portional, directly,  to  the  intensity  of  the  charge 
upon  the  disturbing  body,  and,  inversely,  to 
the  square  of  the  distance  between  the  bodies. 
Also,  by  reason  of  the  same  law,  the  distribu- 
tion of  the  disturbed  electrical  fluid  will,  when 
it  has  attained  a  state  of  equilibrium,  be  such 
as  would  result  from  the  repulsive  action  of 
the  electricity  of  each  body,  combined  with 
the  effect  of  the  opposing  attraction  exerted 
by  the  material  particles.  Hence,  from  the 
negative  to  the  positive  end  of  the  body  elec- 
trified by  induction,  the  consecutive  portions 
will  be  affected  by  every  intermediate  degree 


of  electrical  excitement,  the  mean  or  middle 
portion  being  in  its  natural  state ;  or,  in  the 
language  of  theory,  the  densities  of  the  fluid 
will  constitute  a  series  of  regularly  increas- 
ing values;  and  these  values  will  be  nega- 
tive on  one  side  of  the  body,  positive  on  the 
other,  and  zero  at  the  middle.  In  the  preced- 
ing reasoning,  we  have  assumed  the  body 
under  induction  to  be  a  perfect  conductor  of 
electricity;  the  same  conclusions  hold  good 
for  non-conductors,  but  in  these  it  is  evident 
that  the  actual  phenomena  will  be  greatly  mo- 
dified by  the  obstruction  offered  to  the  free 
motion  of  the  fluid. 

§  25.  The  known  phenomena,  or  facts  pre- 
sented by  observation,  which  are  properly 
classified  under  the  head  of  induction,  are  too 
numerous  to  admit  of  description  in  an  article 
of  the  limits  of  this.  They  are  all,  however, 
illustrations  of  the  above  theoretical  proposi- 
tion. The  Leyden  jar,  the  electrophorus,  the 
condenser,  &c,  depend  upon,  and  furnish  beau- 
tiful examples  of  induction,  and  will  be  found 
described  in  any  work  which  treats  fully  upon 
this  science. 

§  26.  The  phenomena  of  attraction  and 
repulsion  are  greatly  influenced  by  induction ; 
when,  for  instance,  light  non-conducting  bo- 
dies, such  as  feathers,  &c,  in  their  natural 
state,  are  brought  near  to  the  prime  conductor 
of  an  electrical  machine,  they  are  attracted 
and  will  even  adhere  to  it  for  a  short  time, 
after  which  they  are  repelled.  The  explana- 
tion of  which  is,  that,  as  electricity  attracts 
only  unsaturated  matter  and  repels  itself,  bo- 
dies to  be  attracted  must  first  be  acted  upon 
inductively,  and,  before  repulsion  can  take 
place,  a  conduction  must  have  rendered  the 
electrical  state  of  the  bodies  similar.  The 
latter  effect  is  produced  readily  in  conducting, 
but  with  difficulty  in  non-conducting  sub- 
stances ;  hence  a  feather  adheres  for  a  time, 
while  a  metallic  ball  is  instantly  repelled. 

By  means  of  induction,  and  of  the  law  of 
variation  of  the  forces,  with  relation  to  dis- 
tances, we  readily  explain  the  fact  that  a  large 
and  intensely  excited  body  will,  at  a  distance, 
repel  one  which  is  small  and  feebly  electri- 
fied, but  attract  it  if  near. 

§  27.  It  is  evident  that  induction  can  take 
place  only  between  bodies  which  are  sepa- 
rated by  non-conductors.  Dr.  Faraday  has 
found,  however,  that  different  interposed  non- 
conductors cause  the  degree  of  induction  to 
vary,  or  that  they  possess  specific  inductive  capa- 
cities. It  is  remarkable  that  such  differences 
exist  only  in  solids  and  liquids,  and  that  with 
reference  to  gases,  Faraday  found  all  to  have 
the  same  inductive  capacity,  a  result  which 
was  also  unaffected  by  variations  of  density, 
temperature,  dampness,  or  dryness. 

The  researches  which  led  to  the  discovery 
of  the  specific  inductive  capacity  of  bodies, 
were  suggested  by,  and  designed  to  confirm 
the  peculiar  views  of  Dr.  Faraday  with  respect 
to  induction.  He  supposes  that  induction  is 
a  molecular  action,  transmitted  from  particle 
to  particle  of  the  intervening  non-conductor, 
or  dielectric,  as  he  calls  it,  in  curved  as  well  as 
in  straight  lines ;  or,  in  other  words,  that 
these  particles  are  conductors,  which  become 
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polarizer!,  or  inductively  electrified,  and  trans- 
mit the  influence  consecutively  to  each  other, 
and  finally  to  surrounding  bodies.  This  hy- 
pothesis has  been  very  generally  adopted  in 
England,  and  the  experiments  made  by  its 
author  to  establish  it  are  certainly  very  inge- 
nious; yet,  in  the  opinion  of  the  writer  of  this 
article,  the  observed  phenomena  require  no 
new  theory  for  their  explanation,  and  may  be 
shown  mathematically  to  be  in  strict  accord- 
ance with  the  old  and  more  commonly  accept- 
ed views  of  induction.  This  opinion  is  ex- 
pressed the  more  deliberately  by  reason  of 
the  high  respect  which  is  so  justly  due  to 
every  thing  which  bears  the  name  of  Fara- 
day; an  homage,  which,  in  matters  of  science, 
is  properly  rendered,  only  as  the  result  of 
careful  and  independent  judgment,  open  to 
conviction,  but  uninfluenced  by  authority. 

Electro-dtsamics. 
1.  Effects  of  Electricity  upon  Bodies. 

§  28.  The  effects  produced  by  electricity  in 
motion,  and  as  a  source  of  power,  are  either 
mechanical,  physical,  chemical,  or  physiolo- 
gical. 

§  29.  The  mechanical  effects  of  lightning. 
or  atmospheric  electricity,  are  known  to,  and 
dreaded  by  all.  On  a  small  scale  they  may 
be  imitated  in  the  laboratory;  glass  tubes,  for 
example,  with  small  bores  filled  with  mercury 
or  other  liquids,  are  burst  and  the  fragments 
scattered,  when  the  discharge  of  a  battery  of 
Leyden  jars  is  sent  through  them  lengthwise ; 
similarly,  such  substances  as  crystallized  bo- 
dies, wood,  &c,  may  be  forced  asunder. 

§  30.  The  physical  effects  relate  either  to 
heat,  light,  or  magnetism.  The  fusion  and 
ignition  of  bodies  by  electricity  developed  by 
friction  are,  comparatively,  unimportant  phe- 
nomena, and  with  some  difficulty  produced. 
Very  inflammable  substances,  such  as  sul- 
phuric ether,  terpentine,  pulverized  rosin,  &c, 
are,  however,  readily  ignited.  When  the  dis- 
charge of  a  Leyden  jar  is  passed  through  gun- 
powder, the  latter  is  usually  scattered  without 
burning;  but  if  some  imperfectly  conducting 
substance,  such  as  a  wet  string  or  tube  of 
alcohol,  be  made  to  form  part  of  the  channel, 
the  gunpowder  then  inflames  readily.  Metallic 
wires  may  be  easily  melted  by  ordinary  elec- 
tricity, if  the  diameter  and  length  of  the  wire 
be  sufficiently  small. 

The  ignition  and  fusion  of  substances,  and 
the  consequent  destruction  of  property,  by 
atmospheric  electricity,  are  facts  too  familiarly 
known  to  need  other  than  a  passing  allusion 
to  them  here. 

By  galvanism,  or  electricity  developed  by 
chemical  action,  not  only  are  the  most  refrac- 
tory metals,  such  as  platinum,  fused,  but  many 
of  th'em  are  consumed  and  dissipated  in  the 
form  of  oxides.  This  subject  was  first  inves- 
tigated by  Dr.  Hare,  of  Philadelphia,  by  means 
of  a  large  galvanic  battery,  which  he  has 
called  a  calorimotor,  from  its  great  heating 
power,  and  which  we  will  describe  more  fully 
under  the  head  of  galvanism.  The  applica- 
tion of  such  a  battery  to  the  purposes  of  en- 
gineering:, in  blasting  rocks,  &c,  suggested  by 
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the  same  genilcman,  has  been  successfully 
carried  out,  and  enormous  masses  have  been 
thus  moved  with  great  economy  and  perfect 
safety. 

§  31.  The  lighl  developed  by  electricity, In 
its  passage  from  nil''  body  to  another,  lias  not 
been  found  to  differ  in  its  properties  of  refrac- 
tion, polarization,  &c.,  from  ordinary  light; 
but  its  color  varies  with  the  substance  oi  the 
conductors  between  which  it  passes,  or  with 
that  of  the  intervening  medium.  This  maybe 
in  part  accounted  tor  by  the  fact,  that  when- 
ever an  electrical  discharge  takes  place  be- 
tween two  conductors,  there  seems  to  be  an 
interchange  of  matter.  Electrical  light  pos- 
sesses a  peculiar  power  of  rendering  certain 
substances  phosphorescent;  and  its  phospho- 
rogenic  rays  are  not  ordinary  light,  for  they 
will  not  pass  through  transparent  glass. 

§  32.  By  far  the  most  interesting  and  im- 
portant fact  connected  with  electrical  light,  is 
the  discovery,  in  1834,  by  Whealstone,  of  the 
velocity  of  electricity  when  it  moves  through 
a  broken  metallic  conductor.  It  had  long  been 
known  that  electricity  moves  with  incon- 
ceivable velocity;  and  it  had  been  observed, 
that  during  a  storm  at  night,  bodies  in  motion 
appear  to  be  at  rest,  when  rendered  visible  by 
lightning.  The  Abbe  Nollei  passed  the  dis- 
charge of  a  Leyden  jar  through  180  of  the 
French  guards,  who  all  appeared  to  feel  the 
shock  simultaneously;  and  the  monks  of  the 
Carthusian  Convent,  at  Paris,  formed  into  a 
line  of  more  than  a  mile  in  length  by  wires 
stretched  between  them,  received  a  shock 
at  the  same  moment.  Similarly,  the  members 
of  the  Royal  Society,  passed  a  discharge 
through  a  line  of  four  miles  in  length,  and 
found,  that  to  all  appearances,  it  traversed  the 
circuit  instantaneously. 

Mr.  Wheatstone  employed  a  copper  wire, 
half  a  mile  long,  and  broken  in  three  places, 
at  the  middle  and  near  each  of  its  ends ; 
these  breaks  were  placed  in  the  same  vertical 
line,  opposite  to  a  revolving  mirror,  moved  by 
clock-work,  at  the  rate  of  800  revolutions  per 
second.  When  the  discharge  of  a  Leyden 
jar  was  sent  through  the  entire  length  of  the 
wire,  and  the  mirror  was  at  rest,  three  sparks 
were  seen  to  take  place  simultaneously,  • 
and  in  the  same  vertical  line,  as  shown  • 
in  the  margin.  But  when  the  mirror  • 
revolved,  the  appearance  presented  by  each 

spark,  was  that  of  an  elongated  line,  in-     

dicating  that  the  discharge  occupies  a 

sensible  portion  of  time,  during  which,      

by  the  angular  motion  of  the  revolving  mirror, 
it  is  reflected  in  different  directions,  and  is, 
therefore,  seen  in  consecutive  positions :  the 
impressions  upon  the  retina  of  the  eye  form- 
ing a  continuous  line,  as  when  a  stick  is 
moved  rapidly,  upon  the  end  of  which  a 
spark  has  been  kindled.  It  was  also  observed, 
that  the  sparks  at  the  two  ends  of  the  wire 
took  place  at  the  same  instant,  so  that  the  ex- 
tremities of  the  lines  they  produced  were 
vertically  over  each  other;  while  the  line  of 
the  middle  spark  lagged  behind  the  others. 
By  measuring  this  lagging,  or  lateral  dis- 
placement, and  thence  computing  the  corre- 
sponding angular  motion  of  the  mirror,  Mr 
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Wheatstone  was  enabled  to  measure  the  por- 
tion of  time  occupied  by  the  discharge  in 
passing  through  half  the  length  of  the  wire; 
and  thus  to  arrive  at  the  fact,  that  electricity 
moves  through  such  a  channel  at  the  rate  of 
288,000  miles  per  second,  or  with  a  velocity 
winch  is,  to  that  of  light,  nearly  in  the  ratio 
of  three  to  two. 

§  33.  That  the  sparks  at  the  two  ends  of 
the  wire  take  place,  as  above  mentioned,  at 
the  same  time,  and  before  that  at  the  middle, 
has  been  supposed  by  some  to  constitute  a 
valid  objection  to  the  theory  of  Franklin,  and 
to  confirm  the  rival  theory  of  two  fluids.  But, 
in  all  cases  of  electrical  transfer  through  con- 
ductors, we  should  rather  suppose  the  natural 
electricity  of  the  conductor  to  be  disturbed, 
than  that  the  fluid  which  enters  at  one  end 
passes  through  and  out  at  the  other.  Dr. 
Franklin  aptly  illustrated  this,  by  the  motion 
of  a  stick  enclosed  in  a  tube,  which,  if  pushed 
in  at  one  end  of  the  tube,  instantly  protrudes 
at  the  other,  but  the  change  of  place  of  any 
one  of  its  consecutive  portions  is  slight.  The 
same  illustration  may  aid  us  in  forming  a 
conception  of  the  extreme  velocity  with  which 
forces  or  impulses  are  communicated  through 
a  line  of  connected  particles.  The  middle 
spark  in  Wheatstone's  experiments  is,  there- 
fore, to  be  regarded  as  taking  place  only  in 
restoration  of  the  equilibrium  of  the  natural 
electricity  of  the  wire,  the  two  end  sparks 
being  produced  simultaneously,  one  by  the 
transfer  to  the  broken  wire  of  part  of  the  fluid 
of  the  highly  positive  coating  of  the  jar,  and 
the  other  by  the  passage  of  a  portion  of  the 
natural  electricity  of  the  other  end  of  the  wire 
to  the  negative  coating,  from  which  it  is  no 
longer  repelled,  when  the  channel  is  opened 
for  the  escape  of  the  accumulated  fluid  of  the 
positive  coating. 

§  34.  The  extreme  velocity  of  electricity, 
indicated  by  the  experiments  of  Nollet  and 
others,  caused  the  idea  of  its  application  to  the 
purposes  of  telegraphic  communication  to  force 
itself  upon  the  minds  of  electricians,  and  at- 
tempts to  carry  it  out  were  from  time  to  time 
made  with  but  little  success.  The  difficulties 
met  with  in  the  use  of  mechanical  electricity, 
from  dampness  of  weather,  dissipation,  &c,  ren- 
dered its  employment  impracticable,  and  defeat- 
ed the  efforts  of  those  who  sought  to  avail 
themselves  of  it.  Galvanic  electricity,  how- 
ever, being  free  from  such  obstacles,  may,  and 
has  been  of  late  years,  successfully  applied  to 
this  useful  practical  purpose,  by  Steinheil  in 
Germany,  Wheatstone  in  England,  and  Morse 
in  the  United  States.  The  telegraph  of  Morse 
has  the  superior  merit  of  simplicity,  as  well 
as  of  having  been  the  first  to  register  its 
message  by  its  own  mechanism,  and  thus 
avoid  the  errors  which  would  arise  from  mis- 
takes or  neglect  on  the  part  of  the  attendant. 
Although  a  knowledge  of  this  telegraph  re- 
quires information,  which  it  is  the  object  of 
the  subsequent  portions  of  this  article  to  con- 
vey, a  brief  description  of  it  will  here  be 
given.  The  electrical  current  generated  by  a 
galvanic  battery  at  one  station,  is  transmitted 
to  another,  by  means  of  a  sufficiently  insu- 
lated  wire;    at   the   latter   station,  the   wire 


passes  round  a  bar  of  soft  iron,  bent  in  the 
shape  of  a  horse  shoe,  or  the  letter  U,  which 
is  thus  rendered  magnetic  whenever  a  current 
is  passing  through  the  wire,  but  loses  its  ac- 
quired magnetism  as  soon  as  the  current 
ceases.  The  magnetism,  thus  at  will  impart- 
ed, by  causing  a  current  to  pass  through  the 
wire,  and  destroyed  by  interrupting  its  flow, 
attracts  a  piece  of  iron  attached  to  one  end  of 
a  lever,  and  thereby  presses  a  pencil,  fastened 
to  the  other  end,  against  a  strip  of  paper. 
This  strip  of  paper  is  moved  by  clock-work, 
under  the  pencil,  and  is  thus  marked  with 
characters,  formed  of  dots,  and  lines  of  varia- 
ble length,  according  to  the  time  during  which 
the  current  flows  or  is  interrupted;  and  con- 
ventional combinations  of  such  dots  and  lines 
are  employed  to  represent  alphabetical  letters, 
numbers,  or  other  symbols.  Great  credit  is 
due  to  Prof.  Morse,  not  only  for  the  invention 
of  the  simple  means  by  which  he  has  so  suc- 
cessfully accomplished  a  most  useful  end, 
but  also  for  the  indefatigable  energy  with 
which  he  labored  to  induce  the  government 
of  the  United  States  to  construct  the  first  tele- 
graphic line  between  Washington  and  Balti- 
more, and  thus  brought  his  views  to  the  test 
of  a  fair  and  thorough  trial.  At  present,  such 
telegraphic  lines  are  in  operation  in  the  United 
States,  between  the  principal  northern  cities, 
to  the  aggregate  extent  of  1500  miles;  and 
others  are  in  progress  or  contemplation,  which 
will  soon  connect  the  most  distant  cities  of 
our  country. 

§  35.  Of  the  magnetic  effects  produced  by 
electricity,  we  shall  treat  fully  under  magneto- 
electricity.  And  the  chemical  and  physiolo- 
gical effects  will  also  be  described  under  the 
heads  of  electro-chemistry  and  animal  elec- 
tricity. 

2.  Jltrnosphcric  Electricity. 

§  36.  The  identity  of  lightning  and  ordi- 
nary electricity  was  first  proved  by  Dr.  Frank- 
lin. While  waiting  for  the  erection  of  the 
steeple  of  Christ  Church,  in  Philadelphia,  to 
enable  him  to  try  the  experiment  of  drawing 
an  electrical  spark  from  the  higher  regions  of 
the  atmosphere,  by  means  of  a  pointed  metal- 
lic rod,  such  as  is  now  familiarly  known  as  a 
lightning-rod,  he  determined  to  substitute  for 
the  purpose  a  boy's  kite.  Accordingly,  on 
the  approach  of  a  thunder-storm,  in  the  sum- 
mer of  1752,  he  elevated  a  kite,  formed  of  a 
silk  handkerchief,  fastened  to  a  twine  or 
hempen  string,  and  insulated  below  by  means 
of  a  silk  ribbon.  At  first  but  slight  indica- 
tions of  electricity  appeared,  but  when  the 
string  became  moistened  by  the  rain,  and  its 
conducting  power  consequently  increased, 
sparks  were  obtained  in  abundance  from  a 
key  attached  to  the  end  of  the  twine  string. 
Before  Franklin  had  thus  succeeded  in  mak- 
ing this  celebrated  discovery,  he  had  written 
to  Europe,  and  proposed  the  trial  of  the  expe- 
riment by  erecting  a  pointed  conductor  on  a 
lofty  steeple;  this  was  accordingly  done  in 
France  by  Dalibard,  who  thus  obtained  the 
first  electrical  spark  from  the  atmosphere,  but, 
with    commendable   magnanimity,   attributed 
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the  merit  of  his  success  to  the  suggestions  of 
Franklin. 

That  the  sparks  thus  obtained  are  ordinary 
electricity,  Franklin  proceeded  to  show,  by 
performing  with  them  various  experiments, 
such  as  charging  Leyden  jars,  &c.  His  dis- 
covery attracted  universal  attention,  and  his 
experiments  were  soon  repeated  by  others 
with  improved  apparatus,  and  with  results 
which  were  often  attended  with  the  most  mag- 
nificent displays  of  electrical  discharge,  and 
sometimes  even  with  great  danger.  By  neg- 
lecting the  precautions  requisite  in  such  ex- 
periments for  conveying  off  the  electricity  to 
the  earth,  Professor  Richman  lost  his  life. 

§  37.  A  knowledge  of  the  phenomena  of 
atmospheric  electricity  is  of  great  importance 
with  respect  to  the  protection  of  property  from 
destruction  by  lightning.  When  a  highly 
excited  cloud  passes  immediately  over  any 
portion  of  the  earth,  all  conducting  bodies 
beneath  it  will  be  affected  inductively;  and, 
should  the  cloud  pass  sufficiently  near  to  per- 
mit a  discharge  to  take  place,  not  only  will 
the  electricity  operate  with  violence  upon  im- 
perfectly conducting  substances  which  may 
constitute  part  of  the  channel  of  its  passage, 
but  life  may  be  destroyed  even  at  a  distance 
by  the  return  stroke,  as  it  is  called,  or  the  sud- 
den restoration  of  their  natural  electricity  to 
bodies  which  have  been  rendered  highly  nega- 
tive by  induction.  If  the  discharge  passes 
into  the  earth  through  good  conductors  of  suf- 
ficient thickness,  such  as  metallic  rods,  it  is 
not  attended  with  noise  or  injurious  effects ; 
thunder  being  merely  the  sound  produced  by 
the  violent  mechanical  action  of  electricity 
upon  the  non-conducting  air,  and  precisely 
similar  to  the  snap  of  a  spark  from  the  prime 
conductor  of  an  electrical  machine.  Hence 
conductors,  or  the  lightning  rods  of  Franklin, 
perform  their  office  of  protection  by  silently 
carrying  off  electricity,  which  would  otherwise 
be  destructive. 

§  38.  The  proper  construction  of  lightning 
rods  is  a  subject  which  deserves  particular 
consideration,  and  with  reference  to  which  we 
will  therefore  enumerate  the  principal  objects 
of  attention:  1st,  The  metallic  rod  should  be 
of  sufficient  diameter,  for  the  reason  that  its 
protecting  power  is  proportional  to  its  size ; 
wires  may  be  fused,  and  even  deflagrated  by 
large  discharges.  A  copper  rod,  half  of  an 
inch  in  diameter,  or  one  of  iron,  of  three- 
fourths  of  an  inch,  is  of  sufficient  size  for  any 
building.  2d,  If  made  of  more  than  one  piece 
of  metal,  the  different  parts  should  be  screwed, 
rivetted,  or  welded  together,  that  the  conduct- 
ing power  may  not  be  impaired  by  imperfect 
joints.  3d,  It  should  terminate  above  in  one 
platinum  point.  Platinum  is  requisite  to  avoid 
fusion;  and,  that  there  should  not  be  more 
than  one  point,  is  evident  from  the  theory  of 
the  action  of  points,  given  in  §  23  of  this 
article.  4th,  To  enable  the  electricity  to  pass 
off  readily  into  the  earth,  the  rod  should  con- 
nect under  ground  with  conducting  masses  of 
as  large  a  size  and  as  perfectly  as  practicable. 
In  cities,  the  metallic  pipes  employed  for  the 
conveyance  of  water  and  for  gas-lighting,  fur- 
nish excellent  systems  for  the  dissipation  of 
544 


the  charge;  elsewhere,  the  rod  should  pass 
off  through  a  bed  of  charcoal,  and  terminate 
in  a  well,  or  otherwise  in  va 

in   moist    ground.     5th,    The    rod    sho 
elevated  to  the  height  of  at  least  one-h 
the  radius  of  the  space  it   is  desigm  d  to  pro- 
tect; for  it  has  been   found  that  beyond  that 
distance  it  acts  imperfectly. 

For  the  protection  of  houses  with  metallic 
roofs,  Professor  Henry  has  recently  called 
attention  to  the  fact,  that  it  is  simply  necessary 
to  connect  the  metallic  pipes  used  to  cany  off 
rain,  by  copper  ribbons,  with  any  system  of 
conductors  adapted  to  convey  it  readily  into 
the  earth. 

Magazines    for   gunpowder  should  be  pro- 
tected by  several  rods  elevated  upon  taa  I 
and  great  care  should  be  taken  to  secure  the 
free   passage  of  the  electricity  through  suffi- 
cient conductors  into  the  earth. 

Ships  are  sometimes  furnished  with  conduc- 
tors, either  passing  in  grooves  down  the  masts 
or  suspended  from  the  yards,  and  terminating, 
by  metallic  union  with  the  copper  sheathing, 
or  merely  by  contact  with  the  water. 

§  39.  The  subject  of  the  lateral  dischargers 
it  has  been  called,  has  been  much  discussed 
of  late  years  in  England,  and  particularly  in 
its  relation  to  the  lightning  rods  invented  by 
Mr.  Harris,  and  used  for  the  vessels  of  the 
British  navy.  It  was  maintained  by  Mr.  Har- 
ris and  his  friends,  that  electricity,  in  its  pas- 
sage to  the  earth,  always  follows  the  path  of 
least  resistance,  and  upon  the  correctness  of 
this  opinion  the  merit  of  his  system  depends. 
Others  contended  that  lateral  explosions  to 
surrounding  bodies  may,  and  often  do  occur, 
when  a  discharge  passes  through  conductors; 
and.  therefore,  that  it  is  unsafe  to  convey  the 
electricity  through  the  hold  of  a  vessel,  and 
near  to  the  powder  magazine,  as  in  the  plan 
adopted  by  Mr.  Harris.  Both  parties  appealed 
to  experiments  to  sustain  their  respective 
views,  but  the  discussion  led  to  no  new  and 
important  facts.  It  has  long  been  known,  that 
when  a  powerful  Leyden  jar  or  battery  is  dis- 
charged through  a  metallic  wire  held  in  the 
hands,  a  shock  is  often  felt,  and  the  effect  was 
by  some  supposed  to  be  owing  merely  to  ob- 
struction. Professor  Henry  communicated  to 
the  British  Association,  in  1837,  the  fact,  that 
when  electricity  is  thrown  upon  a  lightning 
rod,  from  a  machine,  sparks  may  be  drawn 
from  any  part  of  the  rod.  And  he  has  since 
shown  that  the  lateral  discharge  is  due  to  the 
passage  of  a  wave  of  electricity,  which  tends 
to  escape  from  the  surface  of  the  rod  to  neigh- 
bouring bodies.  Hence,  that  a  lightning  rod 
may  be  so  arranged  as  to  avoid  the  conse- 
quences of  lateral  discharges,  all  detached 
conducting  bodies  should  either  be  sufficiently 
removed,  or  so  connected  with  it  by  metallic 
ties  as  to  form  one  conducting  mass. 

§  40.  The  sources  of  atmospheric  electri- 
city, and  the  method  of  its  accumulation,  are 
subjects  to  which  considerable  attention  has 
been  paid,  but  of  which  little  is  yet  known. 
They  properly  belong  to  meteorology,  and  to 
works  upon  that  science  we  may  therefore 
refer.  The  researches  of  M.  Pouillet  have 
established  the  fact  that  large  quantities  of 
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electricity  are  developed  by  evaporation,  espe- 
cially from  salt  water;  also,  that  combustion 
and  vegetation  produce  like  effects  :  but  of  its 
accumulation  in  clouds,  we  know  nothing. 
Indeed,  the  formation  of  clouds  themselves  is 
a  subject  which  has  not  been  sufficiently  stu- 
died, and  of  which  the  views  of  Mr.  Espy  have 
furnished  the  only  physical  theory.  That 
theory  may  now  be  regarded  as  established 
for  a  numerous  series  of  observed  facts ;  but 
it  needs  to  be  extended,  to  account  for  the 
electrical  phenomena  of  storms. 

§  41.  The  various  facts  which  are  usually 
observed  during  thunder-storms,  such  as  the 
zig-zag  path  of  lightning,  the  sudden  clap  of 
thunder,  its  loud,  continued  and  rolling  report, 
and  the  subsiding  mutter,  are  all  readily  ex- 
plained by  the  known  laws  of  electricity  and 
sound.  These  phenomena  constitute  very 
interesting  subjects  of  observation,  but  they 
are  too  numerous  for  description  here  ;  we 
will,  therefore,  give  only  the  method  of  ascer- 
taining the  distance  at  which  any  discharge 
of  lightning  takes  place.  Observe  the  instant 
of  the  flash;  then  count  the  seconds  marked 
by  a  watch,  or  the  number  of  pulsations  of  the 
artery  of  your  wrist,  which  occur  before  the 
thunder  is  heard;  allow  five  seconds  to  each 
mile,  and  you  have  the  distance  nearly. 

§  42.  The  electro-magnetic  telegraph  is 
often  greatly  disturbed,  and  sometimes  even 
injured,  by  atmospheric  electricity.  The  dis- 
advantages are  usually  the  interruption  of 
communications  during  the  existence  of  the 
disturbance,  but  violent  effects  even  prove 
destructive  to  the  apparatus.  The  insulated 
wire  maybe  struck  by  lightning;  or  it  may 
transmit  electricity  between  differently  elec- 
trified regions  of  the  atmosphere;  but  it  is 
most  frequently  operated  upon  inductively, 
and  especially  during  storms.  The  phenome- 
na which  are  thus  presented,  are  objects  both 
of  practical  and  scientific  importance,  and 
they  should  therefore  be  carefully  observed 
and  studied. 

3.  Galvanism. 

§  43.  Galvanism  is  the  term  usually  applied 
to  electricity  developed  by  chemical  action, 
and  which  was  at  first  regarded  as  entirely 
different  from  ordinary  electricity.  It  derives 
its  name  from  that  of  Galvani,  professor  of 
anatomy  at  Bologna,  whose  experiments  on 
the  convulsive  effects  produced  by  electricity 
upon  the  muscles  of  dead  animals,  first  drew 
attention  to  the  subject.  This  kind  of  electri- 
city is  also  frequently  called  Voltaic,  in  com- 
memoration of  the  discovery  of  the  Voltaic 
battery  or  pile  by  Professor  Volta  of  Pavia, 
which  established  the  identity  of  galvanism 
and  ordinary  electricity. 

§  44.  When  a  plate  of  zinc  is  immersed 
in  acidulated  water,  a  chemical  action  takes 
place  between  the  zinc  and  the  water,  and 
their  electrical  equilibrium  is  disturbed;  the 
water  becomes  positive,  and  the  zinc  is  ren- 
dered negative;  in  theoretical  language,  part 
of  the  natural  electricity  of  the  zinc  passes  to 
the  water.  And  if  the  zinc  be  pure,  or  amal- 
gamated with  mercury,  all  chemical  action 
ceases,  when  the  forced  electrical  condition 
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has  attained  its  full  development  or  degree  of 
tension.  If,  however,  a  plate  of  copper,  or  any 
other  less  oxidable  metal,  be  then  immersed 
in  the  acidulated  water,  and  it  be  connected 
with  the  zinc  by  soldering,  or  close  contact,  so 
that  electricity  can  pass  freely  between  the 
two  metals,  the  free  electricity  will  be  collect- 
ed from  the  water  and  conducted  by  the 
copper  back  into  the  zinc.  Both  the  zinc 
and  the  water  being  thus  restored  to  their 
natural  state,  the  chemical  or  electromotive  force 
immediately  acts  again  between  them,  and 
another  portion  of  electricity  is  set  free,  which 
in  turn  is  conducted  back  by  the  copper.  It 
is  evident,  that  a  constant  current  of  electri- 
city will  thus  be  established,  which  will  flow 
from  the  zinc  to  the  water,  and  thence  return 
through  the  copper  to  the  zinc,  of  which  cur- 
rent the  chemical  action  between  the  zinc 
and  the  water  is  the  electromotive  force  or  excit- 
ing cause. 

§  45.  The  acid,  usually  sulphuric,  is  added 
to  the  water  to  remove  the  oxide  of  zinc, 
which  is  formed  by  the  chemical  action  be- 
tween the  water  and  zinc;  this  oxide  would 
otherwise  form  an  insoluble  crust  upon  the 
metal,  and  mechanically  prevent  its  contact 
with  water;  when  the  zinc  unites  with  the 
oxygen  of  the  water,  its  hydrogen  of  course 
escapes.  The  acid  has  also  been  supposed  to 
exert  a  predisposing  or  inducing  affinity,  (see 
Affinity,)  and  thus  to  render  the  combination 
of  the  oxygen  with  the  zinc  more  rapid. 

§  46.  The  physical  theory  of  galvanism 
was  long  a  matter  of  discussion  and  uncer- 
tainty. Volta  attributed  the  development  of 
electricity  which  occurs  to  the  contact  of  dis- 
similar metals  ;  and  Galvani  had  erroneously 
supposed  it  to  be  due  to  physiological  agency. 
The  researches  of  Faraday  have,  however, 
fully  proved,  that  chemical  affinity  is  the  dis- 
turbing or  electromotive  force.  These  re- 
searches will  be  treated  of  under  the  head  of 
Electho-Chemistiiy,  to  which  we  therefore 
refer;  which  subject  properly  constitutes  a 
branch  of  chemistry,  and  is  therefore  excluded 
from  this  article,  in  which  we  propose  to  dis- 
cuss electricity  as  a  part  of  the  science  of 
pure  Physics  ;  it  may,  however,  be  considered 
as  the  common  property  and  bond  of  union  of 
the  two  sciences. 

It  is  evident,  if  a  closed  circuit  formed,  as 
above  described,  of  zinc,  water  and  copper, 
always  produces  a  current  of  electricity  which 
circulates  within  it,  that  the  observed  physical 
effects  will  be  accounted  for  equally  well  by 
supposing  the  current  to  set  out  from,  and  be 
generated  at,  either  the  points  of  contact  of 
the  two  metals,  or  the  moistened  surface  of 
the  zinc  plate.  Hence,  the  chemical  effects 
of  galvanism  alone  indicate  its  dependence 
upon  chemical  affinity  as  its  true  physical 
cause. 

§  47.  Simple  Galvanic  Circles.  An  arrangement, 
composed  of  a  single  pair  of  metallic  plates  and 
an  intervening  liquid,  or  of  three  elements,  is 
usually  called  a  simple  galvanic  circle  or  battery. 
It  matters  not  what  form  may  be  given  to  the 
battery,  or  its  elements,  nor  whether  it  be  even 
composed,  as  is  frequently  the  case,  of  a  very 
large  number  of  pieces  of  copper  and  zinc,  if 
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they  be  so  connected  by  conductor: 
stitute  virtually  one  zinc  element,  ami  another 
of  copper.  Nor  is  it  necessary  that  the  bat- 
tery be  formed  of  two  metals  and  a  liquid ;  any 
three  bodies,  or  systems  of  bodies,  between 
two  of  which  chemical  affinity  causes  the  de- 
velopment of  electricity,  while  the  third  acts 
as  a  conductor  to  restore  the  electrical  equili- 
brium, constitute  a  simple  galvanic  battery. 
The  substances  employed  may,  therefore,  be 
almost  indefinitely  varied,  alike  in  their  kind 
and  in  the  mode  of  their  arrangement. 

§  48.  The  electricity  developed  by  a  simple 
galvanic  battery  is  enormous  in  quantity,  but 
of  very  feeble  intensity.  Faraday  found  that 
two  wires,  one  of  zinc  and  the  other  of  pla- 
tinum, each  five-eighths  of  an  inch  long  and 
one-eighteenth  of  an  inch  in  diameter,  yielded, 
when  immersed  in  acidulated  water,  as  much 
electricity  in  three  seconds  as  was  obtained 
by  thirty  revolutions  of  a  plate  machine, 
fifty  inches  in  diameter,  or  required  to  charge 
a  Leyden  battery  of  3500  square  inches ; 
and  the  quantity  of  oxide  of  zinc  formed  to 
produce  this  result  could  not  have  been  ap- 
preciable by  means  of  the  most  delicate 
balance.  He  has  also  shown,  that  the  quan- 
tity of  electricity  developed  during  the  chemi- 
cal decomposition  of  a  grain  of  water,  cannot 
be  less  than  that  which  is  contained  in  the 
most  powerful  flash  of  lightning.  And  yet  so 
slight  is  the  intensity  of  galvanic  electricity, 
that  it  will  pass  only  through  the  best  conduc- 
tors, and  requires  condensation  to  give  even 
feeble  indications  of  attraction  and  repulsion  ; 
its  mechanical  effects  are  therefore  trifling, 
while  its  chemical  and  physical  effects  are 
powerful  and  important. 

§  49.  It  is  evident,  since  chemical  action 
is  the  cause  of  galvanism,  and  the  electricity 
produced,  therefore,  proportional  to  the  amount 
of  zinc  consumed,  that  by  enlarging  a  simple 
galvanic  circle,  we  increase  in  the  same 
ratio  the  quantity  of  electricity  it  will  yield. 
The  intensity  of  the  electricity  of  such  a 
battery,  however,  depends  upon  the  energy  of 
the  chemical  affinity,  which  is  constant  be- 
tween any  two  kinds  of  matter,  and  can  there- 
fore be  changed  only  to  a  very  limited  extent, 
and  by  varying  the  substances  which  compose 
the  battery. 

§  50.  Compound  Galvanic  Circles.  Since  gal- 
vanic differs  from  ordinary  electricity,  only  in 
relative  quantity  and  intensity,  it  follows,  that 
to  render  their  respective  effects  comparable 
and  establish  their  physical  identity,  some 
means  of  increasing  the  intensity  of  galvan- 
ism was  necessary.  Volta,  by  reasoning  clearly 
upon  this  subject,  was  led  to  the  discovery  of 
the  compound  galvanic  circle,  or  battery. 

If  we  denote  by  z,  a,  c,  the  three  ele- 
ments of  a  battery,  and  suppose  the  electricity 
generated  between  z  and  a  to  be  conducted  by 
c,  not,  as  in  simple  galvanic  circles,  back  into 
z,  but  onward  to  z',  the  corresponding  element 
of  a  similar  arrangement,  z',  a',  d,  then  it  is 
evident  that  the  electromotive  force  between 
2  and  a  will  co-operate  with,  and  be  added  to, 
that  existing  between  z'  and  a';  so  that  by  in- 
creasing the  number  of  similar  arrangements, 
and  connecting  c  with  z',  c1  with  z",  c"  with 
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:'",  and  so  on,  we  may  develope  electricity  of 
any  desired  degree  of  intensity.  If  z,  a,  c  ; 
-J ,  a',  e;  z",  a",  c";  &c,  be  similar  arrange- 
ments, the  intensities  e,  d,  e",  &c,  of  the  elec- 
tricity generated  by  each  will  be  equal ;  and 
e,  2e,  3e,  4e,  &c,  will  express  the  respective 
intensities  of  the  electricity,  collected  and 
conducted  onwards  by  the  consecutive  ele- 
ments, c,  d,  d',  c"',  d'",  &c. 

For  the  reason,  however,  that  electrical  de- 
velopment by  chemical  action  ceases  very 
quickly,  and  as  soon  as  it  has  attained  a  cer- 
tain degree  of  tension,  it  is  necessary  to  form 
a  circuit,  in  order  to  restore  to  z,  z',  z",  &c., 
their  natural  electricity  and  produce  a  contin- 
uous current.  This  is  readily  done  by  connect- 
ing the  last  conductor,  c»,  with  z ;  by  which  the 
accumulated  electricity,  («-f-l)e,  will  be  trans- 
mitted in  constant  circulation  through  the  en- 
tire series.  To  such  a  system  of  combined 
elements,  the  term  compound  galvanic  arch,  or 
battery,  is  applied. 

The  first  and  the  last  elements,  z  and  c,  of 
any  battery  are  usually  called  its  poles ;  z  be- 
ing called  the  negative,  and  e"  the  positive  pole. 
Faraday  and  others  have  also  named  them 
electrodes,  and,  respectively,  the  zincode  and 
platinode  of  the  battery. 

§  51.  The  various  forms  which  have  been 
given  to  simple  and  compound  galvanic  bat- 
teries are  exceedingly  numerous ;  and  the 
limits  of  this  article  will  not  permit  us  even 
to  describe  those  which  are  commonly  known. 
The  reader  is,  therefore,  referred  to  more 
extended  treatises  on  electricity,  for  a  full 
account  of  them. 

The  Voltaic  pile,  formed  of  successive  discs 
of  silver,  zinc,  and  moistened  cloth — the  com* 
ronne  des  tasses  of  Volta,  a  series  of  cups 
partly  filled  with  acid,  and  containing  each 
two  plates,  the  copper  being  connected  with 
the  zinc  of  the  succeeding  cup,  the  calorimotor 
of  Dr.  Hare,  and  the  constant  battery  of  Dan- 
iell,  deserve  particular  notice,  in  consequence 
of  their  connection  with,  and  the  influence 
they  have  exerted  upon,  the  progress  of  this 
branch  of  electrical  science.  The  calorimotor 
is  a  large  simple  galvanic  circle,  conveni- 
ently arranged  in  a  spiral  form  for  producing 
powerful  calorific  effects ;  these  we  will  treat 
of  under  the  head  of  the  physical  effects  of  gal- 
vanism. 

§  52.  The  constant  battery  of  Daniell  is  de- 
signed to  remedy  the  defects  of  an  ordinary 
battery ;  these  defects,  which  cause  the  elec- 
tromotive action  to  subside  rapidly,  and  soon 
to  cease  altogether,  are  :  1st,  The  sulphuric 
acid  becomes  saturated  with  the  oxide  of  zinc. 
2d,  The  hydrogen  adheres  to  the  surfaces  of 
the  metals,  and  thus  prevents  their  perfect 
contact  with  the  water.  3d,  By  the  chemical 
action  of  the  battery,  (see  Electro-Chkmi^- 
try,)  the  zinc,  contained  in  the  sulphate  of 
zinc  which  is  formed,  is  reduced  to  the  me- 
tallic state  at  the  surface  of  the  copper,  and 
deposited  upon  it  in  the  form  of  a  crust,  where 
it  acts  locally  and  impairs  the  conducting 
power.  4th,  Electricity  is  carried  off  and  dis- 
sipated by  the  escaping  hydrogen. 

The  adhesion  of  hydrogen  to  the  zinc  plate 
does  not  take  place  when  that  metal  is  pu 
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or  amalgamated  with  mercury;  Daniell,  there- 
fore, employs  a  cylindrical  rod  of  amalga- 
mated zinc,  instead  of  a  plate  of  the  common 
and  impure  metal.  But  the  peculiar  and  most 
valuable  feature  of  his  battery  is  the  use  of  a 
, partition  .  which  may  be  formed  of  ani- 
mal membrane,  earthenware,  plaster  of  Paris, 
paper,  or  any  like  substance ;  and  which  di- 
vides the  vessel  containing  the  metals  into 
two  cells,  one  of  which,  the  zinc  cell,  is  filled 
with  dilute  acid,  and  the  other  with  an  acid 
solution  of  sulphate  of  copper.  The  partition 
freely  transmits  the  electrical  current,  but  pre- 
vents the  passage  of  the  sulphate  of  zinc  to 
the  copper  plate,  and  thus  remedies  the  third 
of  the  above-mentioned  defects.  The  sulphate 
of  copper  is  decomposed,  and  must,  therefore, 
be  continually  renewed,  by  placing  crystals  of 
it  in  the  copper  cell ;  while  the  nascent  hydro- 
gen unites  with  the  oxygen  of  the  oxide  of 
copper,  forming  water,  and  therefore  does  not 
interfere  with  the  action  of  the  conducting 
plate,  nor  carry  off  electricity. 

§  53.  Grove's  battery  is  another,  in  which, 
as  in  that  of  Daniell,  the  metals  are  separated 
by  a  porous  partition.  It  consists  of  an  amal- 
gamated zinc  plate,  connected  with  one  of 
platinum,  and  is  charged  with  dilute  sulphuric 
acid  in  the  zinc  cell,  and  with  strong  nitric 
acid  in  the  platinum  cell.  This  battery  acts 
very  energetically,  in  consequence  of  a  che- 
mical action  between  the  two  acids  through 
the  partition,  which  developes  a  supplemen- 
tary current  in  the  same  direction  as  that  pro- 
duced by  the  zinc  plate.  Bunsen's  battery  is 
an  economical  and  excellent  modification  of 
that  of  Grove,  in  which  an  element  of  artifi- 
cially prepared  carbon  is  substituted  for  the 
platinum  plate;  cast  iron  has  also  been  em- 
ployed for  the  same  purpose. 

§  54.  The  power  of  any  battery  is  evident- 
ly proportional  directly  to  the  electromotive 
force,  and  inversely  to  the  resistance  to  be 
overcome.  Hence,  to  express  these  conditions, 
Prof.  Ohm  has  given  the  valuable  formula, 
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In  which  A  denotes  the  effective  power; 
n,  the  number  of  generating  cells ;  e,  the  elec- 
tromotive force;  r,  the  resistance  of  the  con- 
ducting metal ;  and  r',  the  resistance  of  the 
liquid  in  a  single  cell. 

If  the  poles  be  connected  by  a  conducting 
wire,  the  resistance,  r,  is  proportional  to  the 
length  of  the  wire,  and  inversely  to  its  sec- 
tional area.  But,  if  the  wire  be  many  miles 
long,  the  resistance  it  opposes  to  a  transmitted 
current  varies  arithmetically  as  the  length  of 
the  wire  increases  geometrically,  according 
to  experiments  of  Prof.  Morse  made  upon 
the  wires  of  his  electric  telegraph. 

The  resistance,  >y,  is  proportional  to  the 
thickness  of  the  stratum  of  the  liquid,  and,  in- 
versely, to  its  conduct!  bility  and  to  the  mean 
surface  of  the  two  plates. 

§  55.  It  is  important  to  a  clear  knowledge 
of  galvanic  phenomena,  that  the  office  and 
electrical  state  of  each  of  the  different  parts  of 
a  battery  should  be  distinctly  comprehended; 


for  much  confusion  has  resulted  from  inat- 
tention to  this  matter.  In  a  simple  battery 
the  current  passes  constantly  from  the  zinc 
plate,  which  becomes  negative,  to  the  copper, 
which  is  therefore  positive.  But  in  a  com- 
pound battery,  formed  of  pairs  of  plates,  the 
zinc  plate  of  the  first  cell  is  attached  to  a 
terminal  copper  plate,  and,  similarly,  the  cop- 
per plate  of  the  last  cell  is  united  to  a  terminal 
zinc  plate ;  the  conducting  wires  are  connect- 
ed with  these  terminal  plates.  The  current 
is  therefore  conducted  from  a  positive  zinc  to 
a  negative  copper  plate,  and  the  electrical 
order  is  apparently  reversed.  As  the  ter- 
minal plates  form  a  superfluous  part  of  the 
conducting  channel,  they  may  be  dispensed 
with,  and  should,  theoretically,  be  disregarded. 
All  indistinctness  vanishes  when  the  fact  is 
borne  in  mind,  that  the  conducting  metal  con- 
stitutes the  positive  pole,  and  is  designed  to 
restore  the  developed  electricity  to  the  gene- 
rating metal,  or  negative  pole. 

§  56.  Effects  of  Galvanism.  Galvanic  dif- 
fers from  ordinary  electricity,  as  we  have  al- 
ready stated,  in  three  important  features,  its 
immense  quantity,  its  feeble  intensity,  and  its 
gentle  flow  in  a  circulating  current.  It  is 
therefore  evident,  that  its  action  on  bodies 
must  differ  widely  in  many  respects  from  that 
of  ordinary  electricity,  which,  owing  to  its 
great  intensity,  moves  with  extreme  velocity, 
and  produces  violent  mechanical,  but  feeble 
chemical  and  physical  effects. 

The  mechanical  effects  of  galvanic  electri- 
city are  so  very  slight,  that  they  can  be  ren- 
dered evident  only  by  compound  batteries  of  a 
considerable  number  of  plates.  The  diver- 
gence of  the  leaves  of  the  gold  leaf  electro- 
scope, with  positive  or  negative  electricity, 
when  brought  into  connection  with  the  corre- 
sponding pole  of  a  battery;  the  spark  which 
passes  between  the  poles ;  the  feeble  electri- 
cal charge  communicated  to  a  jar  or  battery; 
and  the  galvanic  shock,  are  the  principal  phe- 
nomena analogous  to  those  of  mechanical  or 
ordinary  electricity,  which  were  discovered  by 
means  of  the  pile  of  Volta,  and  which  enabled 
him  to  prove  the  identity  of  the  two  agents. 

The  chemical  effects  of  galvanism  consti- 
tute that  branch  of  science  now  usually  called 
Electro-chemistry,  to  which  article  we  there- 
fore refer. 

The  physical  effects  we  shall  discuss  under 
the  following  heads:  Development  of  Heat 
and  Light;  Electro-dynamical  Induction;  Ac- 
tion of  Currents  on  Currents,  or  Electro- 
dynamical  Attraction  and  Repulsion. 

§  57.  Development  of  Heat  and  Light  by  Gal- 
vanism. When  a  current  of  electricity,  of 
great  quantity  but  of  feeble  intensity,  passes 
through  an  insufficient  conductor,  the  latter 
becomes  heated  to  a  high  degree.  We  have 
already  stated  (see  §  30),  that  gunpowder, 
when  subjected  to  the  discharge  of  a  Leyden 
jar,  does  not  readily  ignite,  unless  some  im- 
perfect conductor,  such  as  a  tube  of  alcohol, 
forms  part  of  the  conducting  channel  through 
which  the  discharge  takes  place.  Hence  it 
appears,  that  resistance  causes  retardation 
and  tends  to  increase  the  calorific  power  of 
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an  electrical  discharge;  and  this  conclusion 
is  confirmed  by  the  analogous  phenomena  of 
galvanic  electricity. 

When  the  remarkable  heating  power  of  the 
calorimotor  of  Dr.  Hare  first  drew  particular 
attention  to  this  subject,  it  was  supposed  by 
many  that  such  results  as  the  fusion  and  de- 
flagration of  metals  could  be  produced  only 
by  large  and  very  powerful  batteries ;  Dr. 
Wollaston  established  the  contrary  by  means 
of  a  very  small  battery,  made  of  a  lady's  thim- 
ble, with  which  he  fused  a  capillary  platinum 
wire;  and  he  thus  proved  that  the  only  condi- 
tion requisite  to  the  development  of  intense 
heat  is,  that  the  conducting  wire  should  be  of 
insufficient  size  to  transmit  freely  the  quantity 
of  electricity  generated  by  the  battery. 

The  light  emitted  by  the  deflagration  of  me- 
tals at  the  poles  of  a  battery  varies  in  color 
with  the  nature  of  the  metal.  Thus  silver 
produces  a  beautiful  green  light,  copper  a 
bluish  white  with  red  sparks,  and  lead  a  beau- 
tiful purple. 

When  the  poles  of  a  battery  consisting  of 
a  numerous  series  of  large  plates,  so  as  to 
develope  an  electrical  current  of  considerable 
quantity  and  intensity,  terminate  in  charcoal 
points,  the  most  brilliant  light  which  can  be 
made  artificially  is  emitted  whenever  these 
points  are  brought  into  contact.  And,  if  they 
be  gradually  drawn  apart,  the  current  will 
still  continue  to  flow  between  them  through 
the  rarefied  air,  even  at  the  distance  of  several 
inches,  forming  an  arch  of  light  of  dazzling 
brightness,  in  which  the  most  refractory  sub- 
stances are  either  fused  or  deflagrated.  This 
light  is  not  produced  by  combustion,  for  the 
charcoal  is  not  burnt,  and  the  two  points 
weigh  nearly  the  same  both  before  and  after 
the  experiment,  though  there  is  a  transfer  of 
matter  from  one  to  the  other  in  a  vitrified 
state.  A  singular  fact  in  relation  to  this  arch 
of  light,  the  explanation  of  which  will  be  ob- 
vious when  we  shall  have  discussed  the  phe- 
nomena of  electro-magnetism,  is  its  rapid 
rotation  when  subjected  to  the  influence  of  a 
magnet. 

§  58.  Electro-dynamical  Induction.  It  is  evi- 
dent from  the  nature  of  the  phenomena  which 
we  have  discussed  under  the  head  of  Induc- 
tion, in  §  24 — 27,  that  electricity  in  motion 
must  produce  analogous  effects.  By  reason, 
however,  of  the  variations  in  position,  inten- 
sity and  time,  which  occur  as  necessary  con- 
sequences of  motion,  the  phenomena  of  dy- 
namical induction  are  much  more  complicated. 

This  subject  was  first  partially  studied  by 
Faraday,  in  England;  and  it  has  since  been 
thoroughly  investigated  by  Prof.  Henry,  in  our 
own  country,  who  has  succeeded  in  showing, 
that  the  phenomena  of  statical  and  dynamical 
induction  are  similar,  and  equally  deducible 
from  the  Franklinian  theory.  According  to 
that  theory,  §§  4,  5,  all  matter  is  presumed  to 
be  saturated  with  a  self-repulsive  fluid;  sup- 
posing this  natural  electricity  of  bodies,  or 
electrical  plenum,  to  obey  the  laws  of  fluids, 
and  therefore  to  return  to  equilibrium  when 
disturbed  by  a  series  of  oscillations,  or  waves, 
Prof.  Henry  explains  all  the  known  facts  of 
dynamical  induction  by  referring  them  to  es- 
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tablished  principles  of  mechanics  and  of  sta- 
tical electrii 

In  the  case  of  the  discharge  of  a  Leyden 
jar  through  a  wire,  for  instance,  he  has  shown, 
that  at  the  moment  of  the  discharge  mi 
trical  conditions  of  the  two  portions  between 
the  middle  and  each  end  of  the  wire  arc  oppo- 
site, the  one  being  positive  and  the  othei 
ative,  (see  §  33,)  and  that  at  each  succeeding 
instant  the  conditions  are  reversed,  the  posi- 
tive end  of  the  wire  becoming  negative,  and 
the  negative  end  positive.  Thus,  a  series  of 
oscillations  of  decreasing  intensity  is  esta- 
blished, by  which  equilibrium  is  gradually 
restored.  And  if  a  number  of  wires  be  ar- 
ranged parallel  to  that  employed  to  discharge 
the  jar,  and  to  each  other,  it  is  found  by  ex- 
periment and  is  also  evident  from  theory,  that 
when  the  electrical  condition  of  the  primitive 
wire  is  represented  by  plus,  minus,  the  corre- 
sponding induced  state  of  the  second  wire  will 
be  minus,  plus,  as  illustrated  by  the  annexed 
diagram, 

+  - 


4- 


Similarly,  each  oscillation,  or  reflex  current 
in  the  primitive  wire,  induces  an  opposite 
wave  in  the  second :  these  secondary  waves 
give  rise,  inductively,  in  the  next  wire  to  waves 
of  the  third  order;  which,  in  turn,  produce 
waves  of  the  fourth  order;  and  so  on,  succes- 
sively, through  the  entire  series  of  parallel 
wires. 

Dynamical  induction,  produced  by  electri- 
city of  such  intensity  as  that  developed  by 
friction,  extends  to  remarkable  distances.  In 
the  experiments  of  Prof.  Henry,  discharges 
from  a  jar,  through  a  wire  arranged  in  the 
form  of  a  parallelogram  around  the  ceiling  of 
his  laboratory,  magnetized  needles  in  a  spiral 
which  formed  part  of  a  similar  parallelogram 
on  the  floor  of  the  cellar,  30  feet  below;  and 
the  same  effect  was  in  like  manner  produced 
by  the  secondary  current  in  a  wire  parallel  to 
the  primitive  wire,  at  the  distance  of  300  feet. 
Similar  results  were  obtained  from  atmospheric 
electricity,  by  means  of  a  copper  wire  attach- 
ed to  the  metallic  roof  of  his  house  and  ter- 
minating in  a  well ;  at  every  flash  of  lightning 
which  took  place  within  a  circle  of  20  miles 
needles  were  magnetized  in  a  spiral,  which 
formed  part  of  the  wire. 

§  59.  If  the  direction  of  an  induced  current 
be  indicated  by  the  polarity  of  a  steel  needle 
magnetized  in  a  spiral,  Prof.  Henry  finds  that 
this  direction  is  reversed:  1st,  with  a  variation 
of  distance  between  the  two  parallel 
2d,  with  a  change  of  the  quantity  and  intensity 
of  the  discharge;  3d,  with  the  proximity  of  a 
third  parallel  wire,  forming  a  closed  circuit: 
4th,  with  an  opening  in  the  wire  of  the  induced 
current.  These  facts  are  readily  explained  by 
the  above-mentioned  theoretical  principles, 
§  58;  for  successive  waves,  or  reflex  currents, 
should  magnetize  a  needle,  alternately,  with 
opposite  polarity.  A  change  of  distance  be- 
tween the  wires,  by  producing  a  corresponding 
variation  of  intensity,  must  render  the  induced 
waves  more  or  less  effective ;   at  great  dis- 
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tances,  the  action  of  the  first  oscillation  alone 
may  therefore  be  appreciable,  but,  when  the 
two  wires  are  close  together,  a  wave  of  the 
second,  third,  fourth,  or  «th  order  will  produce 
equivalent  results.  An  opening  in  a  wire 
which  is  readily  overcome  by  the  first  wave 
may  sufficiently  resist  and  prevent  the  passage 
of  the  second,  &c. 

§  60.  Inductive  phenomena,  similar  to  the 
above,  are  also  produced  by  galvanic  electri- 
city, in  its  passage  through  the  conducting 
wire  of  a  battery,  whenever  the  current  varies 
in  its  quantity  or  intensity  so  as  to  cause  an 
electrical  wave  to  take  place.  And  these  phe- 
nomena have  been  referred  by  Prof.  Henry  to 
the  same  theoretical  principles  (§  58),  which 
he  has  established  for  the  dynamical  induc- 
tion of  ordinary  electricity. 

The  poles  of  a  battery  in  action  are  kept  by 
the  electromotive  force  in  a  state  of  tension, 
or  are  oppositely  electrified,  so  that  the  condi- 
tion of  the  battery  may  be  compared  to  that 
of  a  charged  Leyden  jar.  If  these  poles  be 
then  connected,  by  means  of  a  copper  wire, 
the  positive  pole  imparts  to  one  end  of  the 
wire  its  excess  of  electricity,  and  part  of  the 
natural  electricity  of  the  other  end  of  the  wire 
passes  at  the  same  time  to  the  negative  pole; 
thus  the  two  halves  of  the  connecting  wire 
are  in  opposite  states,  one  becoming  plus,  and 
the  other  minus.  Hence,  it  is  evident,  that  all 
the  inductive  effects  caused  by  the  discharge 
of  a  jar,  and  exhibited  by  a  system  of  parallel 
wires,  as  described  in  §  58,  must  also  be  pro- 
duced at  the  instant  when  the  poles  of  a  gal- 
vanic battery  are  connected  by  means  of  one 
of  those  wires.  As  galvanic  electricity  is, 
however,  of  very  feeble  intensity,  the  induced 
waves  of  the  third,  fourth  and  higher  orders, 
to  which  it  gives  rise  in  parallel  wires,  should 
be  slight  at  considerable  distances,  unless  the 
number  of  plates  of  the  battery  be  so  large  as 
to  develope  electricity  of  sufficient  intensity. 

When  the  current  of  a  battery  is  fully  esta- 
blished, so  that  it  flows  uniformly,  no  waves 
or  dynamical  inductive  effects  will  be  produced 
in  a  fixed  parallel  wire.  As  the  two  ends  of 
the  conducting  wire  are,  however,  in  opposite 
states,  one  plus  and  the  other  mums,  statical 
induction  should  take  place,  the  intensity  of 
which,  at  a  given  distance,  will  be  proportional 
to  the  difference  in  intensity  of  the  two  ends 
of  the  primitive  wire.  But  if  the  distance  be- 
tween the  wires  varies,  the  inductive  action 
will  also  vary  (§  24)  inversely  as  the  square 
of  that  distance  ;  and  by  moving  either  of  the 
wires  to  or  from  the  other,  induced  waves  in 
opposite  directions  will,  therefore,  be  pro- 
duced. 

A  change  in  the  quantity  of  a  galvanic  cur- 
rent is  produced  by  moving  the  zinc  plate  so 
that  it  shall  be  immersed  to  different  depths, 
and  expose  corresponding  extents  of  surface 
to  the  action  of  the  acid.  During  the  motion, 
dynamical  induction  takes  place,  and  the 
secondary  currents  induced  by  increasing  and 
decreasing  the  active  surface,  are  in  opposite 
directions. 

§  61.  One  of  the  most  important  and  inte- 
resting phenomena  relating  to  this  subject,  is 
the  fact  that  a  current  of  quantity  can  induce 
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one  of  intensity,  and,  conversely,  an  intensity 
current  can  give  rise  to  one  of  quantity.  To 
render  this,  and  other  inductive  effects  of  cur- 
rents of  different  orders  manifest,  Prof.  Henry 
made  use  of  several  spirals,  or  flat  coils  of 
sheet  copper,  some  an  inch  and  a  half,  others 
three-fourths  of  an  inch  wide,  and  from  sixty 
to  a  hundred  feet  in  length ;  and  of  helices  or 
spools  of  copper  wire,  4yh  of  an  inch  in  dia- 
meter, and  from  three  hundred  and  fifty  to  six- 
teen hundred  and  sixty  yards  long ;  also,  of  a 
similar  helix  of  silvered  copper  wire,  T^jth  of 
an  inch  in  diameter,  and  fifteen  hundred  yards 
in  length,  and  of  a  large  spool  of  copper  wire, 
-Uh  of  an  inch  in  diameter,  and  five  miles 
long,  wound  upon  a  small  iron  rod  or  axis. 
The  coils  were  wrapped  with  two  coatings  of 
silk;  the  wires  with  cotton  thread  saturated 
with  beeswax,  and  the  successive  strata  of  the 
helices  were  separated  by  silk  coatings ;  so 
that  perfect  insulation  of  the  convolutions  was 
obtained. 

When  one  of  the  above-described  ribbon- 
coils  is  employed  to  transmit  the  current  of  a 
galvanic  battery,  it  will  induce  in  a  similar  coil 
a  current  of  quantity,  but  if  it  act  inductively 
upon  one  of  the  long  wire  helices,  the  second- 
ary current  will  be  one  of  intensity.  In  like 
manner,  a  current  of  intensity  in  one  of  the 
helices  will  induce  a  current  of  quantity  in  a 
ribbon  coil,  or  one  of  intensity  in  a  helix.  The 
intensity  currents  will  be  capable  of  giving 
shocks,  like  those  from  a  Leyden  jar,  and  the 
quantity  currents  of  producing  deflagration 
and  magnetic  effects. 

It  is  evident,  that  ribbon  coils,  like  those 
of  Prof.  Henry,  are  well  adapted  to  transmit 
currents  of  quantity,  by  reason  of  their  compa- 
ratively short  lengths  and  large  sectional 
areas ;  while  long  wire  helices  present  so 
strong  a  resistance,  that  currents  of  intensity 
alone  can  flow  freely  through  them.  Such 
coils  and  helices  are  also  far  better  suited  for 
the  investigation  of  the  dynamical  effects  pro- 
duced in  parallel  conductors,  than  systems  of 
straight  wires,  partly  by  reason  of  the  above- 
mentioned  considerations,  and  partly  because 
each  of  the  convolutions  of  a  spiral  tends  to 
increase  its  combined  effect. 

§  62.  The  dynamical  induction  produced 
by  the  action  of  a  current  upon  a  neighboring 
conductor,  is  often  greatly  modified  by  the  in- 
duction of  the  current  upon  itself,  or  rather 
upon  the  natural  electricity  of  the  conductor 
in  which  it  moves.  When  the  poles  of  a  sim- 
ple galvanic  battery,  feebly  excited,  are  con- 
nected by  means  of  a  short  wire,  no  spark 
will  be  obtained;  but  if  a  long  wire  be  used 
for  the  same  purpose,  a  brilliant  spark  is  pro- 
duced whenever  contact  is  broken,  and  the 
effect  is  much  increased  by  coiling  the  wire 
upon  itself.  If  the  wire  be  doubled,  and  then 
coiled  into  a  spiral,  with  the  point  of  doubling 
at  its  centre,  the  current  passes  in  opposite 
directions  in  the  adjoining  convolutions,  and 
the  corresponding  inductive  actions  neutralize 
each  other.  And  if  metallic  handles  be  sol- 
dered to  the  two  ends  of  a  ribbon  coil  (§  61), 
an  intense  shock  will  be  felt  at  the  elbows, 
whenever  the  handles  are  grasped,  and  a  cur- 
rent  is   suddenly  interrupted  in  its   passage 

549 


ELECTRICITY. 


ELECTRICITY. 


through  the  coil  by  breaking  contact.  These 
facts,  discovered  by  Prof.  Henry,  have  been 
fully  investigated  and  shown  by  him  to  be 
effects  of  a  true  secondary  current  in  the 
conductor,  caused  by  the  action  of  the  primi- 
tive current  upon  its  natural  electricity. 

Long  wire  helices,  by  reason  of  their  great 
resistance  and  numerous  spires,  induce  in 
themselves  secondary  currents  of  intensity, 
which  will  produce  powerful  shocks ;  while 
ribbon  coils  develope  induced  currents  of 
quantity,  and  give  the  most  brilliant  deflagra- 
tions. If  the  length  of  a  coil  or  helix  be  in- 
creased to  such  an  extent  that  the  resistance 
becomes  too  great  for  its  conducting  power, 
then  the  inductive  effects  decrease  with  each 
additional  length,  the  battery  current  being 
constant.  "Within  the  limit  of  ready  conduc- 
tion, however,  the  effects  increase  with  the 
length.  A  certain  length,  therefore,  which  va- 
ries with  the  sectional  area  of  the  wire  or  rib- 
bon, and  with  the  quantity  and  intensity  of  the 
current,  gives  a  maximum  result. 

Large  simple  batteries,  combined  with  rib- 
Don  coils,  produce  the  greatest  deflagrating 
and  other  effects  of  quantity ;  while  compound 
batteries,  with  very  long  helices,  give  the  most 
intense  shocks,  even  if  the  plates  be  very 
small.  One  of  the  original  experiments  of 
Prof.  Henry  shows  the  comparative  effects  of 
simple  and  compound  batteries  with  reference 
to  induced  secondary  currents  in  a  striking 
manner;  a  very  small  battery,  formed  of  six 
pieces  of  copper  bell  wire,  an  inch  and  a  half 
long,  and  an  equal  number  of  pieces  of  zinc 
of  the  same  size,  combined  with  the  spool  of 
wire  five  miles  in  length  (§  61),  gave  a  shock 
sufficiently  intense  to  be  taken  by  twenty-six 
persons  joining  hands.  But  with  the  same 
spool  of  wire  and  a  simple  battery,  exposing 
a  zinc  surface  of  one  square  foot  and  three- 
fourths,  no  shock  could  be  obtained;  the  gal- 
vanometer, however,  indicated  the  passage  of 
a  current  which  was  too  feeble  to  induce  a 
secondary  current  capable  of  overcoming  the 
resistance  of  so  long  a  wire. 

§  63.  The  direction  of  an  induced  current 
in  the  connecting  wire  of  a  battery  being  op- 
posite to  that  of  the  primitive  current,  the  in- 
fluence it  exerts  upon  the  natural  electricity 
of  a  second  and  parallel  wire  is  of  course  ad- 
verse, and  tends  to  neutralize  the  action  of  the 
battery  current. 

Similarly,  if  a  metallic  plate,  or  a  coil  form- 
ing a  closed  circuit,  be  interposed  between  a 
ribbon  coil,  acting  inductively  upon  a  helix, 
the  shock  which  would  otherwise  be  produced 
by  a  secondary  current  in  the  helix  is  com- 
pletely neutralized  by  the  adverse  action  of  a 
current  induced  in  the  plate  or  coil.  That 
this  screening  effect  of  a  closed  circuit  is  due 
to  a  current  in  the  plate,  was  shown  by  Prof. 
Henry  in  the  following  manner.  An  inter- 
posed circular  plate  of  lead  caused  the  induc- 
tion in  a  helix  to  disappear;  a  slip  of  the  me- 
tal being  then  cut  out  from  the  circumference 
to  the  centre,  the  plate  no  longer  possessed 
any  screening  power,  and  the  shocks  obtained 
were  equally  intense  whether  it  was  inter- 
posed or  not.  That  the  induction  does  not 
take  place  through  the  opening  in  the  plate, 
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was  proved  by  putting  a  .similar  metallic  (Use, 
cut  in  the  same  manner,  over  the  first,  in  such 
a  position  that  the  opening  of  one  should  be 
opposite  to  the  continuous  portion  of  the  oilier; 
a  pane  of  glass  being  also  placed  between  the 
two  metallic  plates,  to  prevent  contact  and  the 
formation  of  a  closed  circuit ;  with  this  ar- 
rangement shocks  of  equal  intensity  were  ob- 
tained. But  the  existence  of  a  latent  emu  ml 
was  rendered  evident  by  attaching  the  ei 
a  wire  to  the  two  edges  of  the  opening  in  the 
circular  disc ;  the  current  was  thus  drawn  out 
of  the  plate,  and  needles  were  magnetized  by 
it  in  a  spiral  forming  part  of  the  connei 
wire.  Various  other  ingenious  experiments 
were  performed  to  confirm  the  conclusion 
thus  established,  of  which  we  will  only  men- 
tion one;  the  metallic  plate,  instead  of  being 
interposed,  was  placed  contiguous  to  and  be- 
yond the  helix,  and  it  was  found  that  the  same 
neutralizing  effect  was  produced  as  under  the 
former  circumstances. 

§  64.  Although  the  neutralizing  power  of 
closed  circuits  is  so  great  that  secondary 
currents  which  give  shocks  so  intense  as  to 
paralyze  the  arms,  are  rendered  incapable  of 
producing  perceptible  sensations,  or  of  mag- 
netizing steel  needles;  yet,  if  the  existence 
and  quantity  of  the  secondary  current  be  indi- 
cated by  means  of  a  galvanometer,  no  varia- 
tion will  be  observed,  whether  a  closed  circuit 
be  interposed  or  not.  This  singular  fact, 
which  at  first  constituted  an  apparent  discre- 
pancy between  the  results  obtained  by  Prof. 
Henry,  in  this  country,  and  those  of  Dr.  Fara- 
day, in  England,  who  both  undertook  to  investi- 
gate the  subject,  has  been  shown  by  the  former 
to  be  in  strict  accordance  with,  and  a  direct 
consequence  of  the  wave  theory  of  dynamical 
induction. 

As  the  secondary  current  induced  at  the  be- 
ginning of  a  battery  current  flows  only  in  the 
direction  opposite  to  that  of  the  primitive  or 
inducing  current,  and  for  but  a  single  instant, 
during  which  its  motion  first  increases  until  it 
has  attained  a  maximum  velocity,  and  then 
declines  gradually  to  a  state  of  rest,  so  that  it 
consists  of  a  single  reflex  wave ;  it  follows, 
that  the  corresponding  current  of  the  third 
order,  induced  in  a  third  parallel  conductor  by 
the  variations  in  the  flow  of  the  secondary 
wave,  will  consist  in  fact  of  two  waves  in 
opposite  directions,  each  of  which,  like  the 
secondary  wave,  will  pass  first  through  an  in- 
creasing, and  then  through  a  decreasing  series 
of  velocities.  And  a  current  of  the  fourth 
order  will,  therefore,  consist  of  four  waves, 
one  of  the  fifth  order  of  eight  waves,  and 
so  on. 

Hence,  it  is  evident,  that  if  the  needle  of  a 
galvanometer  is  always  deflected  through  the 
same  number  of  degrees  by  a  current  of  the 
same  quantity,  whatever  may  be  its  velocity  — 
a  fact  established  experimentally  by  Dr.  Fara 
day, — then  the  current  induced  in  an  inter- 
posed metallic  plate  or  circuit  should  exercise 
no  neutralizing  influence  upon  the  inductive 
action  of  two  adjacent  spirals,  as  indicated 
by  a  galvanometer;  provided  the  two  waves 
which  constitute  the  tertiary  current  produced 
by  the  adverse  secondary  current  in  the  inter- 
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posed  circuit  both  take  place  during  the  time 
of  a  single  vibration  of  the  needle.  For,  by 
reason  of  the  opposite  directions  and  equal 
quantities  of  these  tertiary  waves,  they  com- 
pensate each  other,  and  the  quantity  of  the 
current  induced  in  the  second  spiral  and 
indicated  by  the  deflection  of  the  needle,  there- 
fore, remains  unchanged. 

But,  as  the  phenomena  of  shocks  and  of  the 
magnetization  of  steel  needles  require  for  their 
production  currents  of  intensity,  or  of  sufficient 
velocity  to  overcome  resistance  opposed  to 
their  motion,  they  are  affected  by  the  adverse 
inductive  actions  of  the  primitive  current  and 
of  the  portion  of  the  secondary  wave  of  in- 
creasing velocity,  which  tend  to  neutralize 
each  other. 

§  65.  The  shocks  given  by  a  helix  are  ren- 
dered much  more  intense  by  placing  a  bundle 
of  iron  wires  in  the  axis  of  the  helix,  by  rea- 
son of  the  reaction  of  the  magnetism  deve- 
loped in  the  iron.  The  theoretical  explanation 
of  which  fact  will  be  obvious,  when  we  shall 
have  discussed  the  subject  of  magneto-elec- 
tricity. 

§  66.  The  various  galvanic  coil  machines 
which  have  been  of  late  years  invented,  and 
employed  for  amusement  or  for  medical  pur- 
poses, all  depend  upon  and  are  easily  ex- 
plained by  the  above-mentioned  principles  of 
dynamical  induction.  They  differ  chiefly  in 
the  means  employed  for  making  and  breaking 
contact,  which  is  done  either  by  mechanical 
or  electro-magnetic  contrivances,  some  of 
which  are  very  ingenious. 

One  of  the  simplest  and  readiest  means  of 
changing  the  intensity  of  the  shock  produced 
by  an  induced  current,  is  to  vary  the  distance 
between  the  conductors;  in  this  manner  any 
desired  degree  of  diminution  may  be  attained, 
and  electrical  currents  may  be  safely  employed 
for  the  medical  treatment  of  delicate  cases. 

§  67.  It  is  perhaps  worthy  of  remark, 
that,  though  interposed  conductors  exercise  a 
screening  power,  non-conductors  are  entirely 
destitute  of  any  such  influence.  This  fact  is 
shown  in  an  amusing  manner,  by  placing  a 
ribbon  coil,  wound  in  the  shape  of  a  ring,  upon 
one  side  of  a  partition  wall  between  two  rooms, 
and  causing  a  person  on  the  other  side  to  grasp 
the  handles  of  a  helix  of  similar  form,  and 
move  it  towards  the  spot  opposite  the  coil ;  a 
shock  will  then  be  received  by  him,  without 
any  visible  cause;  and  if  the  coil  and  ribbon, 
as  well  as  the  battery,  be  very  large,  this  effect 
may  be  produced  even  at  the  distance  of  seve- 
ral feet. 

§  68.  Action  of  Currents  on  Currents;  or 
Electro-dynamical  Attraction  and  Repulsion.  We 
owe  our  knowledge  of  this  interesting  subject 
almost  entirely  to  the  ingenious  and  fertile  in- 
vestigations of  M.  Ampere.  It  constitutes  by 
far  the  most  important  portion  of  Electro-dy- 
namics, by  reason  of  the  fact  that  it  is  the 
bond  of  connection  between  electricity  and 
magnetism,  and  the  foundation  of  the  mathe- 
matical theory  which  embraces  and  accounts 
for  all  the  known  phenomena  of  electro-mag- 
netism. These  phenomena,  like  those  of  ordi- 
nary electricity,  are  so  numerous,  and  suscep- 
tible of  such   infinitely  varied  modifications 


and  combinations,  that  for  reasons  precisely 
similar  to  those  stated  in  (§  6),  a  theory  is  not 
only  useful  but  necessary. 

The  first  discovery  in  Electro-dynamics, 
which  served  to  draw  particular  attention  to 
the  subject,  was  made  in  1820  by  Prof.  Oersted 
of  Copenhagen,  who  found  that  a  magnetic 
needle  acted  upon  by  a  galvanic  current  as- 
sumes a  position  at  right-angles  to  the  direc- 
tion of  the  current.  Other  new  and  important 
facts  were  promptly  discovered  by  Ampere, 
Arago,  Davy,  Faraday  and  others ;  and  all  the 
observed  phenomena  were  satisfactorily  refer- 
red by  Ampere  to  the  laws  which  govern  the 
mutual  action  of  electrical  currents,  by  means 
of  the  ingenious  hypothesis  that  magnetism 
consists  in  electrical  currents  revolving  around 
the  molecules  of  a  magnet,  in  planes  perpen- 
dicular to  its  axis. 

In  the  limits  of  an  article  so  brief  as  this, 
we  cannot  enumerate  in  detail  the  successive 
steps  by  which  this  portion  of  electrical  sci- 
ence was  rapidly  advanced;  nor  undertake  to 
describe  the  apparatus  invented  for  the  pur- 
pose of  illustration,  or  even  much  of  that 
employed  by  Ampere  and  others  in  their  origi- 
nal researches.  We  therefore  refer  the  reader 
for  such  information  to  the  more  extended 
treatises  on  Ihe  subject,  with  the  remark  that 
the  books  in  the  English  language  on  this 
branch  of  physics  abound  in  descriptions  of 
apparatus  and  isolated  experiments,  but  are, 
in  our  opinion,  generally  deficient  in  theoreti- 
cal exposition. 

§  69.  The  laws  of  electro-dynamical  attrac- 
tion and  repulsion,  experimentally  established 
by  M.  Ampere  and  which  serve  to  explain  all 
the  known  phenomena,  may  be  succinctly 
stated  in  a  few  general  propositions. 

Prop.  1.  Parallel  currents  flowing  in  the 
same  direction  attract  each  other;  and  they 
mutually  repel,  when  their  directions  are 
opposite. 

Prop.  2.  Two  currents  attract  each  other 
when  they  both  flow  towards  or  from  a  point, 
or  the  line  of  shortest  distance  between  them 
if  they  are  not  in  the  same  plane;  and  they 
repel  each  other,  if  one  approaches  and  the 
other  recedes  from  it. 

Prop.  3.  The  forces  vary  in  intensity  in 
the  inverse  ratio  of  the  square  of  the  distance. 
And  the  action  of  a  current  flowing  in  a  given 
direction  is,  in  all  cases,  equal  and  contrary 
to  that  which  it  exerts  when  it  passes  in  the 
opposite  direction,  the  current  acted  upon  and 
the  distance  remaining  constant. 

Prop.  4.  The  attraction  or  repulsion  exert- 
ed by  a  current  passing  through  a  tortuous 
conductor,  however  numerous  its  flexures,  is 
exactly  equal  to  that  which  is  produced  by  the 
same  current  when  it  flows  in  a  straight  line 
between  the  same  points. 

§  70.  The  last  proposition  is  one  of  great 
importance  and  value,  for  it  proves  that  the 
action  of  an  elementary  portion  of  a  current 
is  equivalent  to  that  of  any  polygonal  system 
of  infinitesimal  currents  which  may  connect 
its  extremities;  and,  therefore,  that  we  may 
substitute  for  such  an  element,  ds,  the  corre- 
sponding elements  dx,  dy,  dz,  its  projections  on 
the  axes  of  co-ordinates. 
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Hence,  we  may  express  analytically  the 
actions  of  the  elementary  portions  of  currents, 
situated  in  any  manner  in  space,  and  by  inte- 
gration determine  those  of  the  currents  them- 
selves. 

For  this  purpose,  let  ds,  ds'  be  the  infinitely 
small  portions  of  any  two  currents,  exerting 
upon  each  other  forces,  the  intensities  of 
which,  at  the  unit  of  distance,  are  expressed 
by  i,  i' ;  for  greater  simplicity,  let  these  ele- 
ments be  referred  to  rectangular  axes, the  line,?-, 
connecting  their  middle  points  being  assumed 
as  the  axis  of  x,  and  the  plane  of  x, y,  being 
that  formed  by  the  element  ds,  with  the  same 
line  or  axis.  Denote  also,  by  a.,0,  the  angles 
formed  respectively  by  ds,ds',  with  r;  and  by 
y,  the  angle  which  the  plane  r,  ds  makes  with 
the  plane  r,  ds'. 

Substituting  for  ds,dsr,  their  projections  dx,dy 
and  dx'jdy'fdz/fVse  have  two  parallel  currents, 
dy,dy',  the  action  of  which  upon  each  other 
(Prop.  1)  is  expressed  by 


d  <j>  ='  ^  .  dy ..  dy' ; 


(A) 


and  also,  two  other  infinitesimal  currents, 
dx,  dx1 ',  situated  in  the  same  straight  line,  r, 
and  which  act  upon  each  other  (Prop.  2)  with 
a  force  denoted  by 


d ^  =  k .  —  .  dx  .dx  ; 


(B) 


in  which  formulas  k  is  an  unknown  coefficient 
of  position,  expressing  the  ratio  of  the  action 
of  dx,dxf  upon  each  other,  to  that  which  they 

would  exert  if  parallel;  and  the  factor  —  is 

employed  to  denote  the  variation  of  the  forces 
with  the  distance  r,  in  some  unknown  ratio 
to  be  determined  by  the  value  of  n. 

It  is  evident,  by  virtue  of  Prop.  2,  and  the 
symmetry  of  their  relative  actions,  that  all  the 
forces  into  which  we  have  resolved  ids,i'ds', 
except  those  of  (A)  and  (B),  will  be  in  equi- 
librium. Hence,  the  total  action  of  ds,  ds',  upon 
each  other  is  expressed  by  the  equation 

df=l^7(dy.  dy'-{-  k  dx .  dx')  ; 

or,  substituting  for  dx,  dy,  their  values  ds.  cos  *, 
ds.  sin  a. ;  and  for  dx1  dy',  their  values  ds*.  cos  0, 
ds'.  sin  0  cos  y,  we  have  the  general  formula 

ii' .ds.ds'    .         .    _  ,  ,  „,    ,„v 

df= (sin«tsin,ecosj,4-fccoSstCOS^)!  (c) 

by  the  integration  of  which,  the  action  of  any 
current  upon  another  may  be  determined, 
when  the  values  of  the  unknown  quantities  k 
and  n  have  once  been  ascertained. 

By  applying  this  formula,  (C),  to  two  par- 
ticular cases  in  which  the  forces  were  shown 
by  experiment  to  produce  equilibrium,  MM. 
Ampere  and  Savary  obtained,  for  the  determi- 
nation of  the  values  of  k  and  n,  two  equations 
Df  condition,  one  of  which  was  of  the  second 
degree,  and  therefore  susceptible  of  two  solu- 
tions. A  third  experiment  served,  however,  to 
decide  between  these  different  solutions,  and 

to  give  the  values  »  s=  2,  *  =  —  -,  as  those  of 

the  unknown  quantities. 
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§  71.  The  value  of  n  =  2  evidently  proves 
that  the  forces  exerted  by  currents  upon  each 
other,  like  the  physical  forces  of  Nature  gene- 
rally, are  subject  to  the  law  of  variation  in- 
versely as  the  square  of  the  distance ;  and 
thus  the  first  clause  of  Prop.  3  was  established 
by  M.  Ampere.  That  electro-magnetic  forces, 
attributed  by  Ampere  to  hypothetical  currents 
(§  68),  are  governed  by  the  same  general  law, 
was  experimentally  shown  by  MM.  Biot  and 
Savart,  by  means  of  the  torsion  balance  of 
Coulomb. 

§  72.  The  negative  value  obtained  for  the 
coefficient  k  indicates,  that  two  currents  flow- 
ing in  the  same  direction  and  situated  in  the 
same  right  line,  or  two  portions  of  a  single 
rectilineal  current,  repel  each  other.  This 
conclusion,  deduced  mathematically  from  the 
above  general  formula,  (C),  was  put  to  the 
test  of  direct  experiment  and  confirmed  by 
M.  Ampere,  by  means  of  a  simple  and  in- 
genious contrivance  composed  of  a  wire  bent 
U-shaped,  and  delicately  floated  by  its  two 
legs  in  two  separate  channels  of  mercury 
similarly  connected  with  the  opposite  poles 
of  a  battery ;  repulsion  was  shown  by  the 
receding  motion  of  this  wire  along  the  mer- 
curial channels. 

The  same  formula  was  applied  by  MM.  Am- 
pere, Savary  and  others  to  numerous  experi- 
ments, or  cases  for  which  integration  could  be 
readily  performed,  and  shown  in  all  instances 
to  give  perfectly  accordant  results.  It  is  there- 
fore evident,  that  our  knowledge  of  the  laws 
of  electro-dynamical  attraction  and  repulsion 
is  coextensive  with  our  power  of  mathematical 
application  and  deduction  ;  and  also,  that  the 
fundamental  facts  of  (§  69),  are  established  by 
means  of  a  severe  and  sufficiently  extended 
investigation. 

§  73.  We  shall  now  deduce  from  the  pro- 
positions of  (§  69),  the  effects  of  the  mutual 
action  of  currents  in  certain  cases  of  frequent 
occurrence,  for  the  illustration  of  which  much 
of  the  apparatus  usually  constructed  by  the 
instrument-makers  is  designed. 

Case  1.  When  an  indefinite  current  AA 
(Fig.  1),  acts   upon  a  terminated   current  C, 


flowing  at  right-angles  to  it,  an  element  p  of 
the  current  C  is  under  the  influence  of  forces 
exerted  by  any  elements,  m,m',  of  the  current 
A  A  symmetrically  situated,  and  acting  with 
equal  intensities.  If  the  current  A  A  flows  to 
the  right,  and  C  upwards  (Fig.  1),  then  m  acts 
repulsively  or  minus,  and  m'  attractively  or 
plus  (§  69,  Prop.  2) ;  and  from  the  theorem 
of  the  parallelogram  of  forces,  it  follows  tha' 
C  will  tend  to  move  to  the  right  with  the  force 
p  s  represented  by  the  diagonal  of  the  paral- 
lelogram. 
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But  if  C  flows  downwards  (fig.  2),  then  the 
forces  of  m,  m',  are  reversed,  and  C  tends  to 
move  with  equal  force  to  the  left. 


A. 


__^»-/?. 


This  case  combined  with  the  hypothesis  of 
Ampere  (§  68),  furnishes  the  theory  of  the 
fact  discovered  by  Faraday,  that  a  movable 
current  will  revolve  around  a  magnet;  and 
conversely,  action  and  reaction  being  equal, 
a  movable  magnet  will  revolve  around  a  fixed 
current.  Also,  of  Ampere's  rotating  cylin- 
ders and  various  other  illustrative  electro- 
magnetic apparatus. 

Case  2.  When  two  movable  currents  cross 
or  form  an  angle 
with  each  other, 
as  shown  in  fig. 
3,  it  is  evident 
that  the  attractive, 
plus,  forces  com- 
bine with  the  re- 
pulsive, minus,  forces,  to  cause  the  currents  to 
turn  and  assume  parallel  positions. 

The  theoretical  explanation  of  the  fact  dis- 
covered by  Oersted  (§  68),  as  well  as  of  the 
galvanometer  and  other  instruments,  depends 
upon  this  case. 

Case  3.  When  an  indefinite  rectilineal  cur- 
rent, A  A,  acts  upon  a  terminated  and  sus- 
pended current,  a,  the  latter  will  revolve.  This 
will  appear  evident  (Props.  I,  2,  §  69)  upon 
inspection  of  fig.  4 ;  the  attractive  and  repul- 
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proportional  to   the   distance,  and  not  to  its 
square.    This  is  evident  from  fig.  5,  in  which 


sive  forces,  for  the  different  quadrants,  a,  a',  a", 
and  a'",  being  indicated  by  the  signs  plus  and 
minus,  and  shown  to  produce  continued  rota- 
tion in  the  direction  of  the  two  dotted  arrows. 

Hence,  also,  an  indefinite  current  produces 
rotation,  when  it  acts  upon  a  system  of  con- 
vergent or  divergent  radial  currents,  such  as 
would  flow  between  the  centre  and  circum- 
ference of  a  circular  disc,  or  through  a  fluid 
conductor  contained  in  a  metallic  vessel,  to  or 
from  the  end  of  a  wire  immersed  in  the  fluid. 
We  may  thus  explain  vortices  produced  by 
electro-magnetical  action  in  mercury,  and 
many  other  instances  of  rotation. 

§  74.  It  should  be  remembered,  in  all  ma- 
thematical reasonings  upon  the  action  of  cur- 
rents, that  the  law  of  variation  inversely  as 
the  square  of  the  distance  is  established  by 
the  value  n  =  2,  only  for  the  mutual  action 
of  infinitesimal  or  elementary  currents  (§  70); 
for  if  an  element  act  upon  an  indefinite  recti- 
lineal current,  it  will  exert  a  force  inversely 
70 


p  represents  an  element;  mm',  a  unit  of 
length  of  an  indefinite  current,  at  the  unit  of 
distance  from  p;  and  nn'  a  portion  of  the 
same  current  removed  to  any  distance,  d;  then 
n  n'  =  d  (mm') ;  and  the  action  of  p  upon  each 
of  the  elements  of  nn'  being  inversely  as  the 
square  of  d,  we  have  for  the  total  action 
/>.(m«')  d.(rnm')  p(mm') 
f  =  — % —  =P Ja       =       d        ' 


* 


,li 


hence,  /  :  p.(mm')  ::   1   :  d; 

or  the  resultants  of  the  forces  are  inversely 

proportional  to  the  distances. 

In  like  manner,  it  may  readily  be  shown 
that  the  action  of  an  element  upon  similar 
surfaces  is  equal  at  all  distances ;  the  forces 
varying  inversely,  and  the  surfaces  directly, 
as  the  squares  of  the  distances. 

§  75.  We  may  here  observe  that,  by  sup- 
posing the  opposite  sides  of  electrical  currents 
to  possess  opposite  properties,  all  cases  of  at- 
traction and  repulsion  may  readily  be  rendered 
evident  upon  mere  inspection.  Thus,  in  the 
diagrams,  we  have  placed  the  dark  line,  or 
shaded  side,  always  to  the  right  of  the  current; 
and  the  action  in  each  case  may  be  determined 
by  the  general  rule,  that  like  sides  repel,  and  un- 
like attract.  This  mode  of  conceiving  of  the 
mutual  action  of  electrical  currents,  is  often 
extremely  convenient;  and  it  may  greatly  aid 
those  who  are  not  familiar  with  mathematical 
methods  of  reasoning. 

4.  Magneto-Electricity. 

§  76.  Under  this  title  we  shall  discuss  not 
only  the  electrical  phenomena  to  which  it  has 
been  limited  by  some  writers,  but  also  the 
subjects  of  magnetism  and  electro-magnetism. 

The  term  electro-magnetism  is  usually  applied 
by  English  writers  to  the  magnetic  and  dy- 
namical effects  caused  by  electrical  currents ; 
and,  conversely,  magneto-electricity  to  the  elec-  / 
trical  phenomena  produced  by  magnetism. 
M.  Ampere  employs  the  word  electro-dynamics 
to  embrace  all  magnetic,  electro-magnetic,  and 
magneto-electrical  phenomena,  as  well  as  the 
action  of  electrical  currents  on  each  other 
(§§  68 — 74) ;  but  it  seems  to  us  preferable  to 
give  to  that  term  a  more  extended  signification 
(§  7),  and  to  make  use  of  magneto-electricity  as 
a  suitable  name  for  the  classification  of  all 
facts  relative  to  magnetism,  or  to  the  connec- 
tion and  mutual  action  of  electricity  and  mag- 
netism. 

§  77.    It  was  known  to  the  ancients  that  the 

loadstone  possessed   the   power   of  attracting 

iron ;  but  their  speculations  with  reference  to 

this  property  were  metaphysical  and  fruitless. 
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This  mineral,  an  oxide  of  iron,  was  called  by 
the  Greeks  /uuym,  from  which  the  word  magnei 
is  derived. 

The  polarity  of  a  magnet,  or  the  directive 
property  by  which  it  tends  to  assume  a  north 
and  south  position,  was  unknown  in  Europe 
until  the  12th  century,  when  a  knowledge  of 
the  mariner's  compass,  derived  from  the  Chi- 
nese through  the  Tartars,  was  brought  from 
the  East  by  the  crusaders.  Nothing,  perhaps, 
has  exerted  a  greater  influence  upon  the  pro- 
gress and  history  of  the  world  than  the  use 
of  that  simple  instrument;  guided  by  it,  Co- 
lumbus pursued  his  course  to  a  new  hemi- 
sphere, and  navigators,  no  longer  compelled 
to  depend  only  upon  familiar  stars,  or  keep 
within  reach  of  well-known  shores,  have 
visited  every  portion  of  the  globe,  rendering 
commerce  coextensive  with  the  habitable 
world. 

§  78.  No  attempt  was  made  to  investigate 
the  phenomena  of  magnetism  experimentally, 
before  the  time  of  Dr.  Gilbert,  who  published 
his  researches  in  a  treatise  entitled  De  Mag- 
ncte,  a.  d.  1600;  this  work,  to  which  we  have 
already  had  occasion  to  refer  (§  1),  contains 
nearly  every  important  fact  known  until  1759, 
when  iEpinus  of  St.  Petersburgh  brought  for- 
ward, in  his  Tcntamen  Theories  Electriritalis  ct 
Magnetismi,  a  mathematical  theory  which 
seemed  to  connect  magnetic  phenomena;  as 
that  of  Franklin,  which  he  adopted  and  amend- 
ed (§  5),  does  those  of  electricity. 

§  79.  The  general  phenomena  of  magnet- 
ism and  electricity  are  very  analogous ;  thus, 
similar  and  dissimilar  ends,  or  poles,  of  mag- 
nets mutually  repel  and  attract;  bodies  are 
rendered  magnetic  by  induction ;  and  the  sensi- 
ble distribution  of  magnetism,  like  that  of 
electricity,  is  superficial.  But  magnetism  is 
incapable  of  transference,  since  a  magnet  be- 
comes stronger,  and  therefore  gains  instead 
of  losing  power,  when  used  to  impart  magnet- 
ism to  another  body.  Ordinary  magnetism, 
also,  can  be  readily  developed  only  in  a  few 
metals ;  and  it  is  permanent  in  steel,  but  tran- 
sitory in  soft  iron. 

§  80.  Theory  of  JEpinus.  To  connect  and 
render  the  phenomena  of  magnetism  suscepti- 
ble of  mathematical  investigation,  JEpinus 
ascribed  them  to  the  action  f  a  subtile  hypo- 
thetical fluid,  the  properties  of  which  he  as- 
sumed to  be  as  follows  : 

1.  The  particles  of  the  magnetic  fluid  mutu- 
ally repel  each  other,  and  attract  those  of  iron. 

2.  This  fluid  exists  in,  and  is  incapable  of 
passing  out  of  ferruginous  bodies,  though  it 
is  free  to  move  within  them.  To  this  internal 
motion  steel  opposes  great  resistance,  but  soft 
iron  comparatively  little. 

3.  The  particles  of  absolute  iron,  or  that 
deprived  of  its  natural  portion  of  the  mag- 
netic fluid,  repel  each  other. 

This  theory  accounted  satisfactorily  for  all 
the  phenomena,  with  one  exception, — when  a 
magnet  is  broken,  the  fragments  are  all  found 
to  be  magnets,  exactly  similar  in  every  re- 
spect to  the  original  magnet  and  to  each  other. 
But,  according  to  the  theory  of  JEpinus,  the 
state  of  a  magnetized  body  is  assumed  to  be 
one  of  tension  analogous  to  that  of  a  body 
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fied  inductively  (§24);  one  end  con- 
taining more  than  its  natural  share  of  the 
hypothetical  fluid,  or  being  magnetized  pbu. 
and  the  other  having  less,  or  being  minus. 
Hence  this  theory  failed  to  include,  and  was 
even  in  contradiction  with,  the  above-men- 
tioned fact.  The  defect  may  be  easily  reme- 
died by  supposing,  as  Coulomb  afterwards 
did,  the  disturbance  of  the  hypothetical  fluid 
or  tension,  to  take  place  molecularly;  and  the 
theory  of  JEpinus  will  then  explain  all  simple 
magnetic  phenomena. 

§  81.  It  should  be  remarked,  that  the  mer- 
it of  a  physical  theory  does  not  consist  so 
much  in  its  being  a  true  representation  of  the 
laws  of  Nature,  as  in  its  serving  to  guide  in- 
vestigation in  the  path  of  discovery,  and 
especially  by  means  of  mathematical  deduc- 
tion. The  claims  of  ^Epinus  to  our  considera- 
tion are  not,  therefore,  lessened  by  the  failing 
case  of  his  theory ;  for  they  are  based  upon 
his  clear  and  exact  mathematical  analysis  of 
the  phenomena  of  magnetic  attraction  and 
repulsion,  considered  as  physical  forces;  by 
which  he  completely  dispelled  the  wild  and 
vague  speculations  of  Descartes,  so  strangely 
entertained  and  adopted  even  by  such  minds 
as  that  of  Euler,  long  after  they  were  brought 
forth. 

§82.  Discoveries  and  Theory  of  Coulomb.  The 
next  important  step  in  the  progress  of  magnet- 
ism was  made  by  Coulomb,  who  was  enabled, 
by  means  of  his  balance  of  torsion,  to  mea- 
sure exactly  the  intensity  of  magnetic  forces, 
and  thus  to  prove  that  they  vary  inversely  as 
the  square  of  the  distance. 

He  also  modified  and  improved  the  theory 
of  ^Epinus,  by  supposing  a  magnet  to  consist 
of  magnetic  molecules  or  elements,  having 
each  a  north  and  south  pole,  and  so  arranged 
that  the  opposite  poles  of  internal  consecutive 
elements  are  in  juxtaposition,  and  therefore 
tend  to  neutralize  the  action  of  each  other 
with  reference  to  external  bodies.  And  he 
ascribed  all  magnetic  phenomena  to  the  action 
of  two  hypothetical  and  imponderable  fluids, 
existing  in  the  atoms  of  ferruginous  bodies, 
and  called  respectively  boreal  and  austral  mag- 
netism ;  like  particles  of  which  mutually  re- 
pel, while  unlike  particles  attract  each  other. 

The  development  of  magnetism,  according 
to  this  theory,  consists  in  the  inductive  sepa- 
ration of  the  two  fluids  in  the  molecules  or 
magnetic  elements ;  and  iron  and  steel  are 
supposed  to  exert  very  different  degrees  of 
resistance  to  this  internal  molecular  motion 
of  the  fluids,  as  well  as  to  their  return  from 
the  polar  or  separated  state  to  that  of  combi- 
nation and  perfect  neutralization. 

This  theory  discussed  and  applied  mathe- 
matically, first  by  Coulomb  and  subsequently 
by  Poisson,  was  found  to  be  in  strict  accord- 
ance with,  and  to  account  satisfactorily  for,  all 
observed  magnetic  phenomena,  until  the  elec- 
tro-magnetic discoveries  of  Oersted,  Ampere, 
Faraday  and  others,  required  for  their  connec- 
tion and  explanation  some  new  hypothesis  or 
physical  conception,  by  which  magnetism 
should  be  ascribed  to  an  electro-dynamical 
cause.  Such  an  hypothesis  constitutes  the 
basis  of  the  ingenious  and  beautiful  theory 
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of  Ampere,  already  briefly  alluded  to  in  (§  68), 
and  of  which  we  shall  now,  for  reasons  stated 
in  (§  6),  endeavor  to  give  a  full  exposition. 

§83.  Theory  of  Ampere.  (1.)  All  the  phe- 
nomena of  magnetism  are  due  to  the  action  of 
constant  electrical  currents  revolving  around 
every  magnetic  element  at  right-angles  to  the 
axis  passing  through  its  poles. 

(2.)  These  electrical  currents  are  governed 
by  the  laws  of  electro-dynamical  attraction 
and  repulsion  (§§  68 — 74) ;  and  they  possess 
the  power  of  inducing  similar  currents  in 
ferruginous  and  other  conducting  bodies. 

§  84.  To  classify  and  discuss  the  various 
phenomena  of  magneto-electricity,  we  shall 
treat  of  them  under  the  following  heads : — 
1.  Distribution;  2.  Attraction  and  Repulsion; 
3.  Induction  ;  4.  Terrestrial  Magnetism. 

§  85.  Magnetic  Distribution.  We  have  al- 
ready seen  (§  80)  that  it  is  necessary  to  sup- 
pose magnetism  to  be  a  molecular  property; 
but  it  may  be  shown,  by  the  theory  of  Am- 
pere, or  by  that  of  Coulomb,  as  well  as  by 
experiment,  that  the  external  or  sensible  ac- 
tion of  a  magnet  is  produced  by  the  superficial 
elements.  And  it  follows,  therefore,  that  hol- 
low magnetic  bodies  exert  as  much  force  as 
those  of  equal  size  and  similar  figure  which 
are  solid, — the  metal  and  degree  of  magnetiza- 
tion of  both  being  the  same. 

If,  as  the  theory  of  Ampere  assumes,  elec- 
trical currents  revolve  around  the  particles  of 
a  magnet,  as  represented  in  transverse  sec- 
tion  in   fig.  6;    it  is   then   evident,  that  the 


opposite  forces  exerted  by  adjacent  portions 
of  the  internal  elementary  currents  will  neu- 
tralize each  other,  and  that  the  resultant  of 
each  sectional  system  will,  therefore,  be  equiva- 
lent to  that  of  a  large  superficial  current  circu- 
lating around  the  whole.  Hence,  in  discuss- 
ing the  action  of  magnets,  we  may  generally 
disregard  the  molecular  forces,  and  consider 
only  those  which  would  be  exerted  by  external 
circumferential  currents  substituted  for  them. 
An  inspection  of  the  annexed  diagram 
(Fig.  7),  representing  in  longitudinal  section 
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the  hypothetical  state  of  a  magnet  according 
to  the  theory  of  Coulomb,  will  serve  to  show, 
that  it  may  readily  be  inferred  from  that  theory, 


that  the  external  action  of  all  the  elements 
should  be  the  same  as  that  of  a  superficial 
magnetic  stratum.  And  this  conclusion  Pois- 
son  has  demonstrated  rigorously,  as  a  conse- 
quence of  the  theory. 

In  the  course  of  a  valuable  series  of  experi- 
ments on  magnetic  attraction,  Mr.  Barlow 
found,  that  a  solid  10-inch  ball  of  iron,  used 
for  proving  mortars,  and  weighing  128  lbs., 
produced  exactly  the  same  deviations  of  a  mag- 
netic needle  in  various  positions,  as  those  he 
obtained  with  a  10-inch  shell,  weighing  96  lbs., 
or  having  only  three-fourths  of  the  mass  of 
the  former.  This  fact  he  tested  and  extended 
by  employing  shells  of  different  thickness ; 
and  he  thus  proved  "  that  the  power  of  mag- 
netic attraction  resides  wholly  on  the  surface, 
and  is  independent  of  the  mass." 

§  86.  Attraction  and  Repulsion.  That  the 
forces  which  magnets  exert  vary  inversely  as 
the  square  of  the  distance,  was  proved  by 
Coulomb  in  two  different  ways  :  first  by  mea- 
suring directly  the  torsion  required  to  resist 
the  deflecting  action  of  a  magnet  upon  a  sus- 
pended needle,  at  successive  distances;  and, 
secondly,  by  vibrating  the  needle,  thus  attracted 
or  repelled,  and  observing  the  number  of  oscil- 
lations which  take  place  in  a  given  time. 
These  methods  are  similar  to  those  employed 
for  measuring  electrical  forces  (§§  18 — 22) 
and  the  method  of  oscillations  (§  18)  is  also 
that  which  was  used  by  MM.  Biot  and  Savart 
(§  71),  to  show  that  electro-magnetic  forces 
obey  the  same  general  law. 

§  87.  Previously  to  the  labors  of  Coulomb, 
the  only  mode  of  determining  the  power  of  a 
magnet,  was  by  trying  what  amount  of  weight 
it  could  lift:  a  rude  method,  but  one  which 
may  frequently  be  useful  in  experimental  re- 
searches. 

§  88.  When  a  fixed  magnet  acts  upon  an- 
other which  is  free  to  move  in  any  direction, 
it  tends  to  produce  two  distinct  kinds  of  mo- 
tion in  the  latter:  one  directive,  by  which  the 
movable  magnet  is  deflected,  and  the  other 
translative,  which  would  cause  the  two  magnets 
to  come  together.  This  is  evident  from  the 
annexed  diagram  (fig.  8),  in  which  the  arrows 
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and  signs  -f-  and  — ,  indicate  the  attractive 
and  repulsive  forces  between  the  poles  S  and 
iVof  the  movable  magnet,  and  the  pole  N'  of 
the  fixed  magnet.  By  the  sum  of  which  forces 
the  former  tends  to  turn  about  its  middle  point, 
as  a  centre,  and  to  assume  the  position  n,  s, 
with  its  pole  S  directed  towards  N'.  In  this 
position,  the  movable  magnet  is  still  attracted 
with  a  translative  force  equal  to  the  difference 
of  the  forces  corresponding  to  the  distances 
of  the  points  s  and  n  from  N'.  For  the  sake 
of  simplicity,  we  have  considered  only  the 
forces   exerted  by  the   pole  N'  of  the   fixed 
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magnet,  but  it  is  evident  that  its  other  pole  S' 
will  have  an  opposite  action,  the  intensity  of 
which  will  be  to  that  of  N'  in  the  inverse  ratio 
of  the  squares  of  their  respective  distances 
from  the  movable  magnet;  and  the  whole  ac- 
tion of  the  magnet  N'  S'  will,  therefore,  be 
equal  to  the  difference  of  the  actions  of  its 
two  poles. 

When  the  ratio  of  the  distance  between  two 
magnets  to  the  length  of  the  movable  magnet 
is  very  great,  it  is  evident  that  the  translative 
force  will  be  inappreciable,  while  the  directive 
force  will  still  act  energetically.  The  one 
being  the  difference,  the  other  the  sum  of 
forces  of  nearly  equal  intensity. 

§  89.  The  forces  of  magnetism  operate 
through  different  media  with  equal  intensity ; 
or  alike  in  vacuo  and  through  solid,  liquid  and 
gaseous  substances.  Hence,  since  they  also 
vary  with  the  distance  according  to  a  well- 
known  law  (§  86),  we  may  apply  magnetism 
to  such  purposes  as  the  determination  of  the 
thickness  of  a  wall  or  other  solid  structure, 
which  cannot  readily  be  measured  by  simpler 
means. 

§  90.  To  deduce  from  Ampere's  theory  the 
phenomena  of  magnetic  attraction  and  repul- 
sion, it  becomes  necessary  first  to  ascertain 
the  direction  which  the  laws  of  electro- 
dynamical  action  (§  69)  require  us  to  as- 
sume, to  be  that  of  the  currents  supposed  to 
revolve  around  the  axes  of  magnets.  And  it 
has  been  found  that  to  render  the  theory  ac- 
cordant with  observed  facts,  the  motion  of  the 
hypothetical  currents  must  be  contrary  to  the 
apparent  daily  motion  of  the  sun,  or  to  that 
of  the  hands  of  a  watch,  when  the  north  pole 
of  the  magnet  is  elevated. 

§  91.  The  simplest  method  of  applying 
this  theory,  and  of  tracing  its  consequences 
under  all  possible  combinations  of  relative 
position  and  distance  between  any  number  of 
magnets,  is  to  make  a  number  of  models  of 
wood  or  paper,  representing  hypothetical  mag- 
nets, and  to  employ  them,  with  the  laws  of  the 
action  of  currents  on  currents  (Cases  1 — 3, 
§  73),  to  deduce  the  actions  which  should  take 
place.  Thus,  for  example,  we  have  repre- 
sented, in  fig.  9,  two  such  models  or  hypo- 


thetical magnets,  placed  with  their  axes  in  the 
same  line,  and  with  the  north  pole  of  one  ad- 
jacent to  the  south  pole  of  the  other;  in  this 
position  the  currents  flow  in  the  same  direc- 
tion, and  therefore  the  two  magnets  attract 
each  other  (§  69) ;  but,  if  the  position  of  either 
of  the  models  were  reversed,  like  poles  would 
be  placed  together,  the  currents  would  flow  in 
opposite  directions,  and  repulsion  should  ensue. 

Similarly,  it  may  be  shown  in  every  instance 
that  the  theory  of  Ampere  furnishes  a  ready 
explanation  of  the  action  of  magnets  on  each 
other. 

§  92.  With  equal  simplicity,  all  the  effects 
produced  by  the  mutual  action  of  electrical 
currents  and  magnets,  flow  from  the  same 
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theory,  as  consequences  of  the  established 
principles  of  electro-dynamical  attraction  and 
repulsion  (§  69).  To  illustrate  this,  we  shall 
apply  the  theory  to  some  of  the  most  import- 
ant and  familiar  facts. 

§  93.  The  fact  of  Oersted  (§  68),— that  a 
magnet  assumes  a  polar  position  transverse 
to  that  of  an  electrical  current,  or  tangential 
to  circles  described  about  the  latter  as  an  axis, 
is  a  simple  instance  of  (§  73,  Case  2),  or  of 
the  tendency  of  currents  to  assume  parallel 
and  similar  directions. 

§  94.  The  mutual  rotation  of  currents  and 
magnets  about  each  other  as  axes,  discovered 
by  Faraday,  is  explained  by  (§  73,  Case  1). 
The  first  and  simplest  contrivance  of  that  dis- 
tinguished philosopher,  for  exhibiting  the  mo- 
tion of  a  current  around  a  magnet,  consists 
of  a  glass  tube,  fig.  10,  four  or  five 
inches  long,  and  about  half  an  inch 
in  diameter,  the  two  ends  of  which 
are  closed  by  corks ;  a  small  mag- 
net passes  through  the  bottom  cork 
into  the  tube,  the  space  between  the 
magnet  and  the  tube  being  partly 
filled  with  mercury;  and  a  fine 
platinum  wire  is  freely  suspended 
by  means  of  a  hook  of  the  same 
metal  from  the  upper  cork.  When 
a  current  passes  through  the  mova- 
ble wire,  it  revolves  rapidly  around 
the  magnet,  and  the  direction  of  its 
motion  changes  whenever  that  of 
the  current  is  reversed.  Also,  since 
action  and  reaction  are  always 
equal  and  directly  opposed  to  each 
other,  if  the  wire  be  rendered  fixed 
and  the  magnet  movable,  the  latter 
will  revolve  about  the  former.  Mr. 
Faraday  invented  arrangements  for 
showing  these  two  rotations  at  the 
same  time;  but  for  descriptions  of 
them,  as  well  as  of  contrivances  for  causing 
a  magnet  to  revolve  upon  its  own  axis,  of 
Ampere's  rotating  cylinders,  and  of  other  in- 
genious philosophical  toys  dependent  upon 
the  same  principle,  we  refer  the  reader  to  any 
of  the  treatises  on  electro-magnetical  apparatus 
and  experiments. 

§  95.  The  rotary  motion  of  a  movable  cur- 
rent about  a  magnet  is  easily  and  beautifully 
shown  by  means  of  mercury.  If  the  con- 
ducting wire  from  one  of  the  poles  of  a  battery 
terminate  in  a  circular  copper  ring,  immersed 
in  a  shallow  basin  of  mercury,  and  the  end 
of  the  wire  from  the  other  pole  be  dipped  into 
the  mercury  at  a  point  near  the  centre  of  the 
ring ;  then  the  convergent  or  divergent  cur- 
rents between  the  ring  and  the  centre  will  give 
rise  to  rapid  rotation  of  the  mercury,  whenever 
the  pole  of  a  magnet  is  brought  near  to  that 
centre,  either  above  or  below  the  basin. 

§  96.  It  is  evident  that,  if  a  number  of 
similar  currents  act  in  like  manner  upon  a 
given  current  or  magnet,  the  sum  of  the  forces 
which  they  exert  will  be  directly  proportional 
to  their  number.  Also,  it  appears  from  (§  69), 
that  any  two  currents  flowing  in  opposite  di- 
rections should  act  alike  upon  a  magnet  placed 
between  them. 

Upon  these  two  principles  the  "  electro-mag' 
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netic  multiplier,"  or  galvanometer,  of  Schweig- 
ger  is  constructed.  A  long  wire  is  coiled 
upon  itself  in  such  a  manner  as  to  form  a 
quadrilateral  opening,  in  which  a  delicate 
magnetic  needle  moves  with  ease  upon  a  sharp 
pivot  (fig.  11);  each  spire  of  the  wire  pro- 


duces an  effect  equal  to  that  of  two  single 
currents,  and  the  total  action  is  equal  to  the 
sum  of  the  actions  of  all  the  spires.  The 
spires  should  be  insulated  by  wrapping  them 
with  silk  or  cotton  yarn,  to  prevent  the  pas- 
sage of  the  current  from  one  spire  to  another. 

This  beautiful  contrivance  has  been  greatly 
improved,  and  made  not  only  more  delicate, 
but  also  exact  in  its  indications  of  the  intensi- 
ties of  the  electro-magnetic  forces,  by  sus- 
pending the  needle  with  a  single  silk  fibre,  so 
as  to  constitute  a  balance  of  torsion.  And  it 
nas  been  rendered  independent  of  the  direct- 
ive tendency  of  the  earth's  magnetism,  by 
employing  two  magnets  connected  firmly  to- 
gether, with  their  similar  poles  in  opposite 
directions,  and  suspended  in  such  a  manner 
that  one  shall  be  above  and  the  other  below 
the  superior  portion  of  the  quadrilateral  coil. 
Such  an  arrangement  is  usually  called  an 
astatic  needle;  and  it  is  often  very  useful  and 
convenient  for  researches,  in  which  it  is  re- 
quisite to  eliminate  the  effects  of  terrestrial 
action. 

§  97.  If  a  copper  wire  be  bent  in  the  form 
of  a  helix,  like  the  thread  of  a  screw,  by  wind- 
ing it  closely  upon  any  cylindrical  body,  and 
then  removing  the  latter  from  the  interior  of 
the  spires ;  it  follows,  from  the  theory  of  Am- 
pere, that  such  a  helix,  which  he  calls  an 
electro-dynamical  cylinder,  will  exhibit  all  the 
properties  of  an  ordinary  magnet  of  similar 
size  and  shape,  whenever  an  electrical  cur- 
rent is  made  to  pass  through  it.  This  conse- 
quence of  the  theory  has  been  fully  verified 
by  experiment,  so  that  electro-dynamical  cylin- 
ders may  in  all  cases  be  substituted  for  mag- 
nets, or  conversely,  magnets  for  cylinders, 
with  similar  results. 

The  annexed  diagram  (fig.  12)  represents  a 
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convenient  and  simple  mode  of  constructing 


an  electro-dynamical  cylinder,  in  which  the 
extremities  of  the  wire  of  the  helix  pass 
down  through  a  large  cork,  and  are  soldered 
one  to  the  zinc,  the  other  to  the  copper  plate 
of  a  galvanic  pair.  This  little  apparatus  is 
rendered  active  by  floating  it  upon  acidulated 
water,  in  a  vessel  of  sufficient  size  to  avoid 
adhesion;  and  it  readily  exhibits  the  proper- 
ties of  a  magnet,  assuming  a  north  and  south 
position,  and  having  its  poles  repelled  by 
like,  and  attracted  by  unlike  poles  of  ordinary 
magnets. 

The  only  difference  between  the  action  of 
such  cylinders  and  of  magnets,  is  in  the  in- 
tensity of  their  respective  actions.  And  this 
result  should  be  anticipated,  as  a  consequence 
of  the  theory ;  the  number  of  the  hypothetical 
currents  in  a  magnet  being  supposed  to  be 
infinitely  great,  and  that  of  the  currents  of  a 
helix  being  limited  by  the  number  of  its 
spires. 

Another  and  a  simpler  toy  for  illustrating 
the  same  truth,  was  invented  by  M.  De  la  Rive ; 
in  it  the  wire  is  coiled  in  the  form  of  a  ring, 
and  its  two  ends  pass  down  through  a  cork  to 
be  soldered  to  a  galvanic  pair  of  plates,  as  in 
the  arrangement  described  above.  Such  a 
ring  acts  exactly  like  an  equal  number  of  spires 
of  an  electro-dynamical  cylinder. 

It  is  often  convenient,  for  experiments,  to 
have  the  convolutions  of  a  spiral  conductor 
situated  concentrically  and  in  a  single  plane ; 
and  such  an  arrangement  evidently  acts  with 
the  combined  effect  of  all  its  spires. 

§  98.  The  established  principles  of  electro- 
dynamical  attraction  and  repulsion,  combined 
with  the  theory  of  Ampere,  not  only  furnish  a 
ready  explanation  of  every  electro-magnetic 
machine  which  has  been  or  may  be  invented, 
but  also  enable  any  one  to  foresee  the  result 
of  new  combinations,  and  therefore  to  con- 
trive without  difficulty  an  unlimited  number 
of  arrangements  for  the  purposes  of  illustra- 
tion. When  the  nature  and  laws  of  physical 
forces  are  once  determined,  it  is  the  office  of 
mere  mechanical  ingenuity  to  apply  those 
forces ;  but  little  credit  can  therefore  be  any 
longer  claimed  for  the  invention  of  an  electro- 
dynamical  toy. 

§  99.  Magneto-electrical  Induction.  When  a 
magnet  is  brought  near  to,  or  in  contact  with 
soft  iron,  the  latter  acquires  all  the  properties 
of  a  magnet;  but  it  does  not  retain  them,  if 
removed  from  the  exciting  influence  of  the 
magnet. 

This  action  is  very  analogous  to  the  induc- 
tive disturbance  of  the  electricity  of  bodies, 
discussed  in  (§§  24 — 27).  The  analogy  is, 
however,  imperfect;  for  electricity  moves 
freely  in  conductors,  and  even  passes  readily 
from  one  body  to  another,  when  the  distance 
between  them  is  not  too  great;  while  magnet- 
ism seems  to  be  molecular,  and  incapable  of 
transference  even  from  particle  to  particle  of 
the  same  mass.  Hence,  magnetic  develop- 
ment is  a  purely  inductive  result,  and  is  great- 
est between  two  bodies  when  they  are  in  con- 
tact. Hence,  also,  it  is  impossible  to  magnet- 
ize a  body  with  either  a  northern  or  southern 
polarity  alone;  and  two  halves  of  a  broken 
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magnet  are  not  found  to  be  in  opposite  states, 
but  similar  to  each  other  and  to  the  original 
magnet. 

§  100.  The  phenomena  of  ordinary  mag- 
netic induction  are  explained  by  the  theory 
of  Coulomb,  as  those  of  electrical  induction 
are  by  the  theory  of  Dufay ;  but  the  theory  of 
.Epinus,  as  we  have  already  seen  (§  80),  is 
insufficient  to  account  for  them  satisfactorily, 
without  an  additional  postulate. 

§  101.  That  Ampere's  theory  may  embrace 
the  facts  stated  above  (§  99),  as  well  as  other 
inductive  effects,  it  is  evidently  requisite  that 
electrical  currents  should  possess  the  power 
of  inducing  currents  similar  to  themselves, 
and  also  of  developing  magnetism  in  ferrugi- 
nous bodies. 

Under  the  head  of  electro-dynamical  induc- 
tion (§§  58 — 64),  we  have  already  discussed 
many  facts  relative  to  the  induction  of  cur- 
rents by  currents;  and  that  currents  are  also 
induced  by  magnetism  (theoretically  by  the 
hypothetical  currents  of  Ampere),  will  be  fully 
set  forth  in  a  subsequent  portion  of  this  arti- 
cle, (see  §  115). 

In  the  month  of  July,  1820,  Oersted  made 
known  his  celebrated  discovery  (§  68),  and  in 
the  succeeding  September,  Arago  communi- 
cated to  the  Academy  of  Sciences  at  Paris, 
the  second  electro-magnetic  discovery,  that  a 
galvanic  current  possesses  the  power  of  ren- 
dering iron  or  steel  magnetic. 

It  therefore  appears  that  the  power  of  elec- 
trical currents  to  induce  other  currents  and 
develope  magnetism,  required  for  the  verifica- 
tion of  the  theory  of  Ampere,  is  found  by  ex- 
periment to  be  a  physical  fact. 

§  102.  Induction  of  Magnetism  by  Electricity. 
To  the  important  discovery  of  magnetic  induc- 
tion by  electrical  currents,  M.  Arago  was  led, 
by  observing  that  iron  filings  are  attracted  by 
the  conducting  wire  of  a  galvanic  battery. 
That  this  property  is  magnetic,  and  not  simply 
electrical,  was  shown  by  the  fact  that  the 
filings  of  other  metals  are  not  similarly  at- 
tracted, and  also  by  permanently  magnetizing 
steel  needles  enveloped  in  electro-dynamical 
helixes.  And  that  the  phenomena  is  one  of 
induction,  was  proved  by  the  fact  that  the 
filings  and  needles  acquire  magnetic  proper- 
ties without  contact  with,  and  even  at  a  dis- 
tance from,  the  conducting  wire. 

Nearly  at  the  same  time  that  M.  Arago  was 
engaged  in  making  these  beautiful  and  valu- 
able experiments  in  France,  Sir  H.  Davy  was 
occupied  with  similar  investigations  in  Eng- 
land; which  resulted  in  the  independent  dis- 
covery of  the  same  facts  by  each  of  those 
distinguished  philosophers. 

Mr.  Sturgeon  substituted  for  the  steel  nee- 
dles used  by  Arago  and  Davy,  pieces  of  soft 
iron  wire  wrapped  in  helixes  of  copper,  and 
found  that  they  were  rendered  intensely  mag- 
netic. 

§  103.  Our  knowledge  of  electro-magnetic 
induction  was  next  extended  by  the  researches 
of  Prof.  Henry,  who  found  that  the  principle 
of  the  galvanic  multiplier  (§  96)  may  be  ap- 
plied to  the  development  of  great  magnetic 
power  in  soft  iron,  by  a  small  galvanic  bat- 
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tery  ;  and  employed  it  for  the  purpose  of  study- 
ing the  inductive  actum  of  i  nrents 
upon  considerable  masses  of  iron,  and  of  in- 
vestigating the  relative  power  of  currents  of 
different  quantity  and  intensity,  as  well  as  of 
the  same  current  when  transmitted  through 
insulated  conducting  helices  of  various  lengths, 
and  opposing  different  degrees  of  resistance 
to  its  motion. 

The  apparatus  used  by  Prof.  Henry  is  re- 
presented in  (fig.  13);  it  consists  of  a  bar  of 
iron,  2  inches  square  and  20  inches  long,  bent 


in  the  form  of  the  letter  U,  or  of  a  horse  shoe 
9^  inches  high,  and  weighing  21  lbs.  avoir- 
dupois; a  piece  of  iron  from  the  same  bar, 
weighing  7  lbs.,  was  filed  fiat  on  one  surface 
for  an  armature  or  lifter;  and  the  extremities 
of  the  legs  of  the  horse-shoe  were  truly  ground 
to  the  surface  of  the  armature.  Around  the 
horse-shoe  540  feet  of  copper  wire,  well  cover- 
ed with  waxed  thread  to  secure  insulation,  were 
wound  in  nine  coils  of  60  feet  each;  these 
coils  were  not  wrapped  continuously  around  the 
whole  length  of  the  bar,  but  each  strand  occu- 
pied about  two  inches,  and  was  wound  several 
times  backward  and  forward  over  itself;  the 
several  ends  of  the  wires  were  left  projecting 
and  numbered,  so  that  the  first  and  last  of 
each  strand  could  be  readily  distinguished. 
In  this  manner  a  large  experimental  magnet 
was  formed,  with  which  several  combinations 
of  wire  could  be  made  by  merely  uniting  the 
different  projecting  ends;  thus,  if  the  last  end 
of  the  first  wire  be  soldered  to  the  first  end  of 
the  second,  and  so  on  through  all  the  series, 
the  whole  will  constitute  a  continuous  coil  of 
one  long  wire ;  and  by  soldering  different  ends, 
a  double  coil  of  half  the  length,  or  a  triple 
coil  of  one-third  the  length,  &c,  could  be 
readily  formed.  The  horse-shoe  was  sus- 
pended in  a  strong  wooden  frame,  and  an  iron 
bar  was  fixed  below,  so  as  to  act  as  a  lever 
of  the  second  order,  graduated  and  counter- 
poised, so  that  the  weights  supported  might  be 
estimated  by  a  sliding  weight,  as  with  the 
common  steelyard. 

§  104.  With  a  small  single  battery,  con- 
sisting of  two  concentric  copper  cylinders 
and  one  of  zinc  between  them,  excited  by  im- 
mersion in  a  cup  of  dilute  acid,  and  exposing 
a  zinc  surface  of  f  ths  of  a  square  foot,  the 
following  results  were  obtained: — 
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Weight  sup- 
ported in  lbs. 
avoirdupois. 


8. 

2. 

:3. 

4. 
(i. 
9. 

<). 


9. 


No.  of  wires 
soldered  to 
the  batiery. 

1.     Each  wire  in  succession 7 

One  on  each  side  of  the  arch  ...  145 
One  from  the  end  of  each  leg. . .  200 
One  from  each  leg,  and  the  other 

from  the  arch 300 

Two  from  each  extremity 507 

Three  on  each  side 570 

All  the  wires  attached 650 

All  the  wires  soldered  to  a  battery 
exposing  one  square  foot  of 

zinc  surface 750 

All  the  wires  attached  to  a  pair 
of    plates    exactly   one    inch 

square 85 

From  the  above  experiments,  it  is  evident 
that  a  very  small  simple  battery  is  capable 
of  producing  great  magnetic  effects,  if  the 
spires  of  the  inducing  helix  are  numerous, 
and  the  resistance  to  the  passage  of  the  cur- 
rent is  not  very  great. 

§  105.  The  effect  of  varying  the  lengths 
of  the  conducting  wires  and  the  intensity  of 
the  current,  was  satisfactorily  shown  by  the 
following  experiments.  Six  wires,  each  30  feet 
long,  attached  to  the  small  cylindrical  battery 
described  above,  caused  the  horse-shoe  bar  to 
lift  375  lbs. ;  and  when  the  same  wires  were 
united  so  as  to  form  three  coils  of  sixty  feet,  it 
supported  290  lbs.  Hence  it  appears  that,  with 
a  simple  galvanic  battery,  six  short  wires  are 
more  powerful  than  three  of  double  the  length. 
The  two  wires  which  had  sustained  200  lbs., 
when  separated,  being  united  so  as  to  form  a 
single  coil  of  120  feet,  lifted  only  60  lbs.  But 
when  a  small  compound  battery  of  two  ele- 
ments, exposing  exactly  the  same  zinc  sur- 
face as  the  single  battery  used  in  the  last  ex- 
periment, was  substituted  for  it,  the  weight 
lifted  was  110  lbs.,  or  nearly  double. 

Also,  a  small  horse-shoe,  £  of  an  inch  in 
diameter,  wound  with  8  feet  of  copper  wire, 
when  attached  directly  to  a  simple  battery 
with  a  zinc  plate  4  inches  by  7,  surrounded  by 
copper,  lifted  4^  lbs. ;  but  when  the  current 
passed  through  a  copper  wire  1060  feet  long 
and  0.045  of  an  inch  in  diameter,  it  supported 
only  half  an  ounce;  through  530  feet,  or  half 
of  the  same  wire,  it  lifted  2  oz.  The  whole 
length  of  the  wire  being  then  attached  to  a 
small  compound  battery  on  Mr.  Cruickshank's 
plan,  containing  25  double  plates,  and  pre- 
senting exactly  the  same  extent  of  zinc  sur- 
face to  the  action  of  the  acid  as  the  simple 
battery  used  in  the  last  experiments,  the  weight 
lifted  was  8  oz. ;  and  when  the  intervening 
wire  was  removed  and  the  trough  attached 
directly  to  the  ends  of  the  wire  around  the 
horse-shoe,  it  lifted  only  7  oz. 

Hence  Prof.  Henry  concluded,  "that  the 
magnetic  action  of  a  compound  battery  is  at 
least  not  diminished  by  passing  through  a  long 
wire,"  a  fact  "directly  applicable  to  Mr.  Bar- 
low's project  of  forming  an  electro-magnetic 
telegraph;"  which  has  since  been  so  success- 
fully accomplished  by  Prof.  Morse  (§  34),  by 
means  of  the  electro-magnets  of  Henry,  com- 
bined with  simple  and  ingenious  mechanical 
arrangements. 
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From  these  experiments,  Prof.  Henry  also 
inferred,  that  "we  may  either  use  one  long 
wire  or  several  shorter  ones,  as  the  circum- 
stances of  the  case  may  require ;  in  the  first 
case  our  galvanic  combination  must  consist 
of  a  number  of  plates,  so  as  to  give  projectile 
force  ■  in  the  second,  it  must  be  formed  of  a 
single  pair." 

§  106.  The  effect  of  increasing  the  quan- 
tity of  the  battery  current  is  in  part  shown 
by  some  of  the  above-mentioned  experiments 
(§  104),  from  which  it  appears  that  85,  650, 
and  750  lbs.  are  the  weights  supported  by  the 
same  horse-shoe,  when  similarly  attached  to 
batteries  exposing  respectively  zinc  surfaces 
of  2  sq.  inches,  fths  of  a  sq.  foot,  and  1  sq.  foot. 
But  when  the  size  of  the  battery  was  still  fur- 
ther increased,  no  greater  effect  was  produced; 
and  a  calorimoter  containing  28  plates  of  cop- 
per and  zinc,  each  8  inches  square,  did  not 
indeed  lift  as  much  as  the  smaller  battery;  so 
that  750  lbs.  was  apparently  the  maximum 
magnetic  power  which  could  be  developed  in 
the  horse-shoe. 

§  107.  A  series  of  experiments  was  sepa- 
rately instituted  by  Dr.  Ten  Eyck,  to  produce 
a  maximum  development  of  magnetism  in  a 
small  quantity  of  soft  iron.  And  he  succeeded 
in  causing  a  horse-shoe  of  round  iron  slightly 
flattened,  1  inch  long  and  0.06  of  an  inch  in 
diameter,  weighing  6  grains  and  wound  with 
3  feet  of  brass  wire,  to  lift  5  oz.  5  dwt.  4  grs., 
or  420  times  its  own  weight.  The  strongest 
magnet  described,  appears  to  be  one  which 
was  worn  in  a  ring  by  Sir  I.  Newton,  which 
lifted  nearly  250  times  its  own  weight.  Hence, 
a  much  more  intense  degree  of  magnetism 
can  be  developed  in  soft  iron  by  an  electrical 
current,  than  in  steel  by  the  usual  methods  of 
making  magnets. 

§  108.  A  number  of  experiments  were  also 
tried  by  Prof.  Henry,  to  determine  the  best 
form  of  the  iron  to  receive  magnetism ;  but 
not  with  very  satisfactory  results.  A  hollow 
iron  cylinder,  which  had  formed  part  of  a  gun- 
barrel,  was  found  to  be  capable  of  receiving 
more  magnetism  than  the  same  quantity  of 
metal  in  a  solid  cylinder  of  less  diameter,  but 
not  as  much  as  a  solid  bar  of  the  same  dimen- 
sions ;  and  this  fact  was  considered  analogous 
to  those  observed  by  Mr.  Barlow  (see  §  85), 
which  led  him  to  conclude  that  "  magnetic 
power  resides  wholly  on  the  surface  of  iron 
bodies,  but  that  a  certain  thickness  of  metal 
is  necessary  for  its  complete  development." 

§  109.  While  the  above  investigations  were 
in  progress  in  this  country,  Prof.  Moll,  of 
Utrecht,  made  some  experiments  with  one  of 
Mr.  Sturgeon's  electro-magnets,  which  he  pro- 
cured of  Mr.  Watkins,  in  London;  the  object 
of  which  was  to  try  the  effect  of  using  power- 
ful single  batteries.  With  a  battery  present- 
ing a  zinc  surface  of  eleven  square  feet,  the 
magnet  lifted  75  pounds ;  but  a  battery  of 
seventeen  feet,  and  also  one  of  very  great 
size,  gave  no  increase  of  magnetic  power. 
This  result  is  confirmatory  of  those  given  in 
(«,  106). 

He  then  sought  to  produce  greater  effects, 
by  using  a  horse-shoe  12£  inches  high  and 
2£  inches  in  diameter,  which  lifted  154  pounds 
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with  the  same  battery.  But  that  he  had  no 
idea  of  the  effect  of  increasing  the  number 
of  spires  of  the  magnetizing  helix,  is  evident 
from  the  fact  that  he  wound  the  larger  magnet 
with  only  forty-four  turns  of  uncovered  copper 
wire,  while  the  number  of  similar  spires  on 
the  smaller  magnets  was  eighty-three,  or  nearly 
twice  as  many. 

Prof.  Moll,  however,  observed  particularly 
the  instantaneous  destruction  and  reproduc- 
tion of  magnetism,  which  takes  place  when 
the  current  is  reversed,  by  changing  the  con- 
nection of  each  end  of  the  helix  from  one  pole 
of  the  battery  to  the  other.  This  prompt  ac- 
tion of  the  magnet  is  essential  to  the  useful- 
ness of  the  electro-magnetic  telegraph,  and  on 
that  account  the  same  fact  has  since  been 
experimented  upon  and  confirmed  by  Mr.  Vail, 
who  is  associated  with  Prof.  Morse  in  his 
valuable  enterprise. 

§  110.  As  the  claims  of  Prof.  Moll  have 
been  asserted  to  the  prejudice  of  those  of  our 
fellow  countryman,  it  may  here  be  remarked, 
that  the  former  employed  one  of  Mr.  Stur- 
geon's magnets,  purchased  of  Mr.  Watkins, 
and  only  thought  of  increasing  the  size  of  the 
horse-shoe  when  he  failed  to  obtain  any  greater 
development  of  magnetism  by  using  much 
larger  and  more  powerful  batteries.  Prof. 
Henry,  on  the  contrary,  thoroughly  investi- 
gated the  effects  of  varying  the  quantity  and 
intensity  of  the  battery  current,  the  size  and 
form  of  the  horse-shoe,  the  number  of  spires 
of  the  helix,  and  the  resistance  of  the  conduct- 
ing wires.  The  experiments  of  Prof.  Moll 
were  very  incomplete,  and  though  they  were 
published  shortly  before  the  researches  of 
Prof.  Henry,  yet  the  latter  had  discovered  in 
1828,  and  exhibited  to  the  Albany  Institute  in 
March,  1829  (two  years  previously),  the  fact 
that  the  current  of  a  small  galvanic  element 
passed  through  a  wire  covered  with  silk  and 
wound  400  times  around  a  horse-shoe  of  soft 
iron,  rendered  it  more  powerfully  magnetic 
than  a  similar  horse-shoe  wrapped  loosely 
with  a  few  turns  of  an  uncovered  wire,  and 
excited  by  a  battery  of  28  plates  of  copper 
and  zinc,  each  8  inches  square. 

§  111.  Having  fully  investigated  the  phe- 
nomena of  electro-magnetic  induction,  Prof. 
Henry  was  enabled  to  make  soft  iron  magnets 
of  wonderful  power.  One  in  the  cabinet  of 
Yale  College,  weighing  59£  lbs.  (exclusive  of 
the  copper  wire  around  it),  was  formed  of  a 
bar  of  iron  three  inches  square  and  thirty 
inches  long;  it  was  wound  with  26  strands 
of  copper  bell-wire  covered  with  cotton  thread, 
and  31  feet  long;  about  18  inches  of  the  ends 
are  left  projecting,  so  that  only  28  feet  actually 
surround  the  iron ;  the  aggregate  length  of  the 
coils  is  therefore  728  feet.  Each  strand  is 
wound  on  a  little  less  than  an  inch;  in  the 
middle  of  the  horse-shoe  the  wire  forms  three 
thicknesses,  and  on  the  ends  or  near  the  poles 
it  is  wound  so  as  to  form  six  thicknesses. 
This  magnet  supported  2063  lbs.,  or  nearly  a 
ton,  with  a  battery  exposing  a  zinc  surface  of 
nearly  five  square  feet.  The  effect  of  a  larger 
battery  was  not  tried. 

Another,  and  the  largest  of  these  magnets 
constructed  by  Prof.  Henry,  is  in  the  cabinet 
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of  the  College  of  New  Jersey,  and  thr  follow- 
ing is  his  description  of  it: — It  is  formed  of  a 
bar  of  rounded  iron,  nearly  four   inch, 
diameter,  weighing  about  100  lbs.,  and  sur- 
rounded with  30  strands  of  copper  bell-wire 
each  about  40  feet  long.     With  a  calom 
on  Dr.  Hare's  plan,  consisting  of  22  pins 
zinc   each  9  inches  by  12,  alternating  with 
plates  of  copper  of  the  same  size,  it  sup 
3500  pounds,  or  more  than  a  ton  ami  b  tialf. 

After  the  connection  with  the  battery  is 
broken,  this  magnet  supports  a  thousand 
pounds  for  several  minutes ;  and  from  year  to 
year  the  lifter  adheres  with  a  force  winch  is 
overcome  only  by  a  weight  of  several  hundred 
pounds.  When  the  lifter,  however,  is  de- 
tached, nearly  all  the  magnetism  disappears. 

It  is  evident  that,  by  increasing  the  size  of 
the  iron  bar,  the  number  of  the  coils,  and  the 
power  of  the  battery,  the  magnetic  power  may 
be  almost  indefinitely  extended. 

§  112.  That  a  force  of  such  great  strength 
may  be  applied  to  the  production  of  mechanical 
effects,  is  an  idea  which  would  naturally  arise 
in  any  mind;  and  that  Prof.  Henry  should, 
therefore,  have  been  the  first  to  attempt  such 
an  application,  is  almost  a  consequence  of  his 
previous  researches.  In  Silliman's  Journal 
for  1831,  vol.  xx.  p.  340,  he  described  a  ma- 
chine for  producing  a  reciprocating  motion, 
"by  a  power  never  before  applied  in  mecha- 
nics,— by  magnetic  attraction  and  repulsion." 
Of  which  he  remarks,  "  Not  much  import- 
ance, however,  is  attached  to  the  invention, 
since  the  article,  in  its  present  state,  can  only 
be  considered  a  philosophical  toy ;  although, 
in  the  progress  of  discovery  and  invention,  it 
is  not  impossible  that  the  same  principle,  or 
some  modification  of  it  on  a  more  extended 
scale,  may  hereafter  be  applied  to  some  useful 
purpose." 

It  consisted  of  a  horizontal  electro-magnet 
of  soft  iron,  a  b  (fig.  14),  seven  inches  long, 
wound  with  three  strands  of  covered  copper 
wire,  and  movable  upon  an  axis  at  its  centre. 
Beneath  the  ends  of  the  horizontal  bar,  two 
vertical  magnets,  c  and  d,  were  placed,  with 
their  north  poles  upwards.  Each  extremity 
of  the  magnetizing  wire  was  divided  into 
two  lateral  branches  at  the  axis,  so  that  by 
the  vibrations  of  the  bar,  contact  would  be 
alternately  made  and  broken  with  cups  of 
mercury  attached  to  dissimilar  plates  of 
two  galvanic  batteries  suitably  placed  at  Ihe 
sides. 

"  When  the  batteries  are  in  action,  if  the 


end  b  is  depressed  until  the  wires  q,  r,  dip  into 
the  cups  s,  t,  the  bar  a  b  instantly  becomes  a 
powerful   magnet,  with  its   north  pole  at  b, 
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which  is  of  course  repelled  by  the  north  pole 
d,  while  at  the  same  time  the  end  a  is  attracted 
by  e;  the  position  is  consequently  changed, 
and  o,  p,  come  in  contact  with  the  mercury  in 
I,  m ;  as  soon  as  this  communication  is  formed 
the  poles  are  reversed,  and  the  position  is 
again  changed." 

Of  the  substitution  of  galvanic  magnets  for 
the  two  perpendicular  steel  ones,  Prof.  Henry 
further  remarks,  that  "  if  an  article  of  this  kind 
was  to  be  constructed  on  a  large  scale,  this 
would  undoubtedly  be  the  better  plan,  as  mag- 
nets of  that  kind  can  be  made  of  any  required 
power;  but  for  a  small  apparatus,  intended 
merely  to  exhibit  the  motion,  the  plan  here 
described  is  perhaps  the  most  convenient." 

§  113.  The  next  person  who  contrived  a 
modification  of  the  above-described  electro- 
magnetic machine,  was  Prof.  Ritchie,  of  the 
London  University,  who  published  an  account 
of  it  in  1833,  in  the  transactions  of  the  Royal 
Society. 

In  1834  Mr.  Davenport,  an  ingenious  black- 
smith of  the  State  of  Vermont,  having  seen  a 
powerful  electro-magnet,  contrived  a  machine 
upon  the  same  principle,  which  was  exhibited 
in  1837,  in  the  principal  cities  of  the  United 
States,  but  resulted  in  no  useful  or  valuable 
application,  though  an  attempt  was  made  to 
drive  a  printing-press  with  it. 

Of  more  recent  attempts  to  apply  this  power, 
one  made  on  the  Edinburgh  and  Glasgow  Rail- 
way, by  Mr.  Davidson,  who  constructed  an 
electro-magnetic  locomotive,  16  feet  long,  6 
feet  broad,  and  weighing  5  tons;  and  another 
by  Prof.  Jacobi,  of  St.  Petersburgh,  at  the  ex- 
pense of  the  Russian  government,  may  here 
also  be  mentioned.  That  of  Mr.  Davidson 
failed  to  propel  the  engine  alone  more  rapidly 
than  four  miles  an  hour;  but  Prof.  Jacobi  drove 
a  boat  28  feet  by  7^,  drawing  2J  feet  of  water, 
at  the  rate  of  three  miles  an  hour  against  the 
stream,  with  a  party  of  about  a  dozen  persons 
on  board. 

It  is  evidently  possible,  when  we  possess  a 
source  of  mechanical  power  to  accumulate  it, 
either  by  employing  one  very  large  engine, 
or  a  number  of  smaller  ones.  The  question 
whether  or  not  electro-magnetic  forces  can  be 
rendered  practically  useful,  depends  not,  there- 
fore, so  much  upon  the  amount  of  power 
required,  as  upon  considerations  of  economy. 
Water  and  fuel  are  found  everywhere  in  Na- 
ture in  the  greatest  abundance,  while  zinc  and 
acids  are  manufactured  articles,  of  high  com- 
parative cost.  An  engine  which  consumes 
such  substances  in  large  quantity  cannot, 
therefore,  be  employed  with  profit  in  compe- 
tition with  steam.  And  this  conclusion,  based 
upon  theoretical  reasons,  is  fully  confirmed  by 
experiments  with  such  machines. 

It  should  also  be  borne  in  mind,  in  estimat- 
ing the  effective  working  power  of  an  electro- 
magnetic engine,  that  the  forces  vary  inversely 
as  the  square  of  the  distance;  and,  therefore, 
that  though  a  magnet,  such  as  those  of  Prof. 
Henry,  acts  with  a  cohesive  attraction  of  more 
than  a  ton  in  contact,  or  at  infinitely  small  dis- 
tances, it  exerts  when  contact  is  broken,  or  at 
appreciable  distances,  a  force  of  only  a  few 
pounds. 
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§  114.  The  fact  mentioned  in  (§  111),  that 
the  armature  or  lifter  of  a  large  electro-magnet 
adheres  with  a  force  of  several  hundred  pounds 
from  year  to  year,  after  connection  with  the 
battery  is  broken,  or  the  magnetizing  cause 
has  ceased  to  act,  shows  that  there  is  nothing 
improbable  in  the  hypothesis  of  Ampere,  that 
electrical  currents  circulate  constantly  around 
the  axes  of  the  magnetic  molecules.  And,  in- 
deed, the  planetary  motions,  as  well  as  correct 
mechanical  ideas,  have  fully  established  the 
truth  that  a  state  of  motion,  in  the  absence 
of  resistance,  will  continue  indefinitely.  In 
the  present  state  of  our  knowledge  of  the 
constitution  of  matter,  we  have  reason  to  be- 
lieve that  no  two  atoms  can  possibly  be 
brought  into  absolute  contact;  and  that  an 
ethereal  fluid,  such  as  electricity  may  be  sup- 
posed to  be,  may  revolve  perpetually  in  their 
intervening  spaces,  is,  therefore,  neither  an 
improbable  hypothesis,  nor  one  without  ana- 
logy in  Nature. 

§  115.  Induction  of  Electricity  by  Magnetism. 
Having  shown,  with  reference  to  the  pheno- 
mena of  attraction  and  repulsion,  that  electro- 
dynamical  cylinders  and  magnets  may  be 
mutually  substituted  for  each  other;  and  that 
they  also  produce  similar  results,  when  they 
act  inductively  upon  ferruginous  bodies;  it 
remains  only,  to  complete  the  exposition  of 
their  analogous  effects,  that  we  should  discuss 
the  subject  of  the  development  of  electrical 
currents  by  magnetism. 

Our  knowledge  of  this  subject  we  owe 
chiefly  to  the  able  researches  of  Dr.  Faraday 
(§  101),  which  were  undertaken  by  him  with 
the  hope  of  obtaining  electricity  from  ordinary 
magnetism,  and  by  reason  of  the  considera- 
tion, that  "  whether  we  adopt  the  beautiful 
theory  of  M.  Ampere  or  another,  or  make  any 
mental  restriction  whatever,  it  seems  very 
extraordinary,  that  as  every  electrical  current 
is  accompanied  by  a  corresponding  intensity 
of  magnetic  action  at  right  angles  to  the  cur- 
rent, good  conductors  of  electricity,  when 
placed  within  the  sphere  of  this  action,  should 
not  have  a  current  induced  through  them,  or 
some  sensible  effect  produced,  equivalent  in 
force  to  such  a  current."  That  his  labors  re- 
sulted in  perfect  success  is  not  only  a  fact  of 
importance  in  the  history  of  electrical  science, 
but  also  one  which  strikingly  illustrates  the 
utility  of  physical  theories,  in  suggesting  and 
directing  experimental  inquiries. 

Dr.  Faraday  began  his  researches  by  the 
careful  study  of  the  phenomena  caused  by 
the  inductive  action  of  electro-dynamical 
helices  upon  each  other;  and  then  substituted 
magnets  in  the  place  of  such  helices,  for  the 
production  of  electrical  currents.  Under  the 
head  of  Electro-dynamical  Induction  (§  58 — 64), 
we  have  presented  all  the  principal  facts  of 
that  subject  as  analytical  consequences  of 
Franklin's  theory,  to  which  Prof.  Henry  has 
satisfactorily  referred  them.  Here  we  shall 
enumerate  such  of  those  facts  as  were  dis 
covered  by  Faraday  before  Prof.  Henry  com- 
menced his  investigations;  not  only  for  the 
purpose  of  doing  justice  to  the  claims  of  both 
of  these  philosophers,  but  also  because  most 
of  the  phenomena  discovered  by  Faraday  may 
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be  referred  to  the  electro-dynamical  theory  of 
magnetism  of  M.  Ampere,  and  are  therefore 
connected  with  this  division  of  our  general 
subject. 

§  116.  Two  covered  metallic  wires,  more 
than  a  hundred  feet  long,  were  wrapped  con- 
tiguously around  a  cylinder  of  wood,  so  as  to 
form  concentric  and  parallel  electro-dynamical 
helices,  the  successive  spires  of  which  were 
close  together,  but  not  in  metallic  conlact. 
With  this  apparatus,  whenever  connection 
with  a  compound  battery  was  formed  with  one 
helix,  a  momentary  inverse  current  took  place 
in  the  other  helix.  During  the  flow  of  the 
battery  connection,  no  induced  current  could 
be  detected;  but  when  it  was  interrupted,  a 
direct  current  was  induced  in  the  second  wire, 
which  also  lasted  only  for  an  instant. 

These  induced  currents,  and  their  directions, 
were  indicated  by  the  deviations  of  the  galva- 
nometer which  they  produced;  and  also  by 
their  magnetizing  effects  upon  steel  needles. 

§  117.  Two  long  and  similar  wires,  bent 
zigzag,  or  in  the  form  of  the  letter  W,  were 
attached  to  pieces  of  board,  which  could  be 
made  to  approach  or  recede  from  each  other. 
One  of  these  wires  being  connected  with  a 
galvanic  battery,  and  the  other  with  a  galvano- 
meter or  magnetizing  spiral,  Dr.  Faraday 
found  that  when  they  were  made  to  approach 
or  recede  from  each  other,  an  induced  current 
takes  place,  the  direction  of  which  is  inverse 
in  the  former,  and  direct  in  the  latter  instance. 
But  when  the  wires  were  stationary,  no  cur- 
rent was  induced. 

§  1 18.  A  round  bar  of  soft  iron,  jjths  of  an 
inch  thick,  was  made  into  a  ring  six  inches  in 
diameter;  and  each  side  of  this  ring  was 
wound  with  an  insulated  copper  wire.  When 
one  of  the  wires  was  attached  to  a  battery, 
and  the  other  to  a  galvanometer  or  magnetiz- 
ing spiral;  it  was  observed  that  an  inverse  cur- 
rent was  induced  at  the  moment  of  forming 
battery  contact,  and  a  direct  current  at  its  end- 
ing; but  no  current  was  induced  while  the 
flow  of  the  battery  current  remained  constant. 

These  induced  currents  were  found  also  to 
be  far  more  energetic  in  their  action  upon  the 
galvanometer  than  those  produced  by  helices 
alone.  And  by  adapting  charcoal  tips  to  the 
ends  of  the  second  helix,  with  the  last  arrange- 
ment, a  spark  was  even  obtained  from  the  in- 
duced current,  at  the  instant  of  interrupting 
the  battery  current  in  the  primitive  helix. 

§  119.  That  the  magnetism  induced  in  the 
iron  ring  is  the  cause  of  the  increase  of  energy 
in  the  secondary  current  of  the  last  experi- 
ment, was  fully  proved  by  the  following 
results. 

Two  concentric  and  insulated  electro-dy- 
namical helices  being  wound  upon  a  hollow 
cylinder  of  pasteboard,  instead  of  a  solid  piece 
of  wood,  as  in  the  arrangements  of  (§  116), 
gave  but  feeble  induced  currents.  But  when 
a  bar  of  soft  iron,  % ths  of  an  inch  thick  and 
12  inches  long,  was  introduced  into  the  interior 
of  the  pasteboard  cylinder  covered  with  the 
wire  helices,  the  induced  currents  were  very 
powerful;  yet  this  arrangement  was  not  as 
energetic  as  that  of  the  iron  ring.  When  a 
bar  of  copper  was  substituted  for  that  of  iron, 
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no  increase  of  the  effect  of  the  helices  alone 
was  produced. 

§  120.     Similar  inductive   effects  were  ob- 
served, when  the  corresponding  ends  of  the 
helices  were  united,  so  as  to  form  a  single 
helix  attached  to  the  galvanometer,  and  the 
opposite  poles  of  two  steel  magnets  were 
denly  brought  into  contact  with,  or  rem 
from  the  ends  of  the  soft  iron  bar  surrou 
by  the  pasteboard  cylinder  and  the  helix 

With  powerful  magnets  induced  currents 
were  also  produced,  by  bringing  their  poles 
near  to,  but  without  touching  the  ends  of  the 
enclosed  iron  bar. 

Lastly,  it  was  found  by  Dr.  Faraday,  that 
induced  currents  are  produced  whenever  either 
pole  of  a  magnet  is  quickly  introduced  into, or 
removed  from  a  helix  of  copper  wire. 

§  121.  In  all  these  experiments,  perfect 
uniformity  was  observed  with  reference  to 
the  directions  of  the  induced  currents,  and 
the  circumstances  of  their  development.  No 
secondary  current  being  produced  except  by  a 
change  either  of  intensity  or  of  distance  in 
the  exciting  current  or  magnet ;  and  the  direc- 
tions of  the  induced  currents  being  always 
opposite  to  those  of  the  inducing  currents, 
whether  the  latter  be  real,  as  in  the  conduct- 
ing wires  of  batteries,  or  hypothetical,  as  re- 
quired by  the  theory  of  M.  Ampere. 

§  122.  These  beautiful  researches  of  Fara- 
day evidently  render  the  existence  of  electrical 
currents  in  magnets  highly  probable.  And 
they  compel  us  to  admit  that,  if  the  close  and 
extensive  analogy  between  the  observed  effects 
of  magnets  and  electro-dynamical  cylinders, 
does  not  justify  us  in  concluding  that  M.  Am- 
pere has  discovered  the  true  connection  be- 
tween all  magnetic  and  electrical  phenomena, 
we  yet  must  consider  his  theory  as  the  expres- 
sion of  some  equivalent  physical  relation  of  a 
very  high  order  of  generality. 

§  123.  There  are  two  facts,  however,  which 
seem  not  to  be  accounted  for  by  M.  Ampin's 
theory: — 1st.  That  the  hypothetical  induced 
currents  of  magnetic  and  electro-magnetic  in- 
duction are  direct,  while  the  secondary  cur- 
rents of  electro-dynamical  and  magneto-elec- 
trical induction  are  inverse.  2d.  That  magnetic 
induction  is  a  permanent  effect  of  a  constant 
cause,  while  the  electrical  currents  induced  by 
magnetism  or  by  similar  currents  are  tempo- 
rary, and  require  a  change  of  intensity  for 
their  production. 

These  apparently  anomalous  truths  require 
further  investigation  for  their  theoretical  ex- 
position ;  and  they  are  doubtless  intimately 
connected  with  the  mysterious  and  hitherto 
inexplicable  fact,  that  iron  and  a  few  other 
metals  only,  of  all  good  electrical  conductors, 
are  susceptible  of  any  considerable  degree  of 
magnetism. 

§  124.  With  reference  to  the  application 
of  Ampere's  theory  to  the  development  of 
magnetism  in  soft  iron,  we  may  either  suppose 
that  electrical  currents  possess  the  power  of 
causing  the  natural  electricity  of  the  metallic 
particles  to  pass  into  a  state  of  rotary  motion 
from  one  of  rest,  or  that  elementary  currents 
flowing  in  every  direction  around  each  mole- 
i  cule,  pre-exist  in  iron,  and  are  only  made  to 
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assume  similar  and  parallel  directions  (see 
§  73),  by  the  influence  of  the  inducing  cur- 
rent or  magnet.  The  latter  of  these  supposi- 
tions would  render  the  phenomena  of  magnetic 
induction  somewhat  analogous  to  those  of  the 
polarization  of  light;  while  it  also  accounts 
for  the  difference  of  direction  and  duration 
(§  123),  found  to  exist  with  reference  to  maj- 
netical  and  electro-dynamical  induction.  Nor 
is  the  pre-existence  of  elementary  currents  in 
a  few  of  the  metals,  a  more  arbitrary  hypothe- 
sis than  that  of  two  magnetic  fluids  of  oppo- 
site natures,  assumed  by  the  theory  of  Cou- 
lomb to  reside  only  in  the  atoms  of  the  same 
metals. 

§  125.  One  of  the  distinguishing  features 
of  a  physical  law  is,  that  it  should  be  capable 
of  embracing  facts  which  appear  inexplicable, 
until  new  light  is  unexpectedly  thrown  upon 
them  by  the  investigation  of  some  analogous 
though  simpler  truth.  This  is  exemplified  by 
the  prompt  application  which  Faraday  made 
of  his  discovery  of  electro-dynamical  induc- 
tion to  explain  certain  singular  phenomena, 
first  observed  and  studied  by  M.  Arago.  When 
a  delicately  suspended  needle,  the  oscillations 
of  which  had  been  previously  observed,  was 
enclosed  in  a  copper  box,  M.  Arago  was  sur- 
prised to  find  that  it  vibrated  through  arcs  of 
smaller  and  rapidly  decreasing  extent.  That 
this  effect  was  due  to  some  action  of  the  me- 
tallic box  upon  the  needle,  he  proved  by  vibra- 
ting the  latter  over  discs  of  pure  copper  of 
various  thicknesses,  with  similar  results ; 
which,  also,  were  not  affected  by  interposing 
membranes  of  paper  and  other  substances. 
M.  Arago  then  tried  the  effect  of  giving  motion 
to  the  disc  instead  of  the  needle,  and  found 
that  when  it  revolved  with  different  degrees 
of  velocity,  the  needle  was  deflected  from  the 
magnetic  meridian,  through  angles  of  propor- 
tional magnitude ;  and  when  the  disc  was 
made  to  rotate  with  great  rapidity,  the  needle 
even  revolved  in  the  same  direction.  In  these 
experiments  a  plate  of  glass  was  interposed, 
to  prevent  the  effects  of  currents  of  air. 

These  phenomena  were  further  investigated 
by  Messrs.  Babbage  and  Herschel,  who  caused 
large  discs  of  copper  and  other  metals  to  re- 
volve with  great  rapidity,  by  the  inductive 
influence  of  a  powerful  rotating  magnet. 
They  also  found,  that  the  impulsive  or  rotary 
force  is  greatly  weakened,  by  cutting  the  disc 
radially,  so  as  to  remove  narrow  slips  from 
the  circumference  to  the  centre ;  and  that  its 
energy  is  restored  by  filling  these  cuts  with 
solder,  so  as  to  re-establish  the  metallic  conti- 
nuity of  the  disc. 

The  limits  of  this  article  do  not  justify  us 
in  giving  a  full  account  of  these  highly  inte- 
resting phenomena,  nor  permit  us  to  do  more 
than  merely  indicate  how  the  discoveries  of 
Faraday  serve  to  explain  them  satisfactorily, 
by  referring  them  to  the  established  laws  of 
electro-dynamical  forces. 

Since  induced  electrical  currents  are  formed 
in  any  metallic  body  by  varying  its  distance 
from  a  magnet  (§  120,  121),  the  direction  of 
which  is  inverse,  or  opposite  to  that  of  the  hy- 
pothetical currents  of  the  magnet,  when  the 
distance   diminishes,  and  direct  when  it  in- 


creases, it  follows  that,  in  the  portion  of  a  cop- 
per disc  which  approaches  a  magnet,  by  the 
rotary  motion  of  either,  inverse  currents  will 
be  developed,  and  that  direct  currents  will  be 
induced  in  the  receding  portion.  The  former, 
according  to  the  theory  of  Ampere,  should 
exert  a  repulsive,  and  the  latter  an  attractive 
force  (§  91);  both  of  which  forces  tend  to 
produce  motion  in  the  same  direction  as  that 
of  the  revolving  body. 

The  existence  of  such  induced  currents  was 
also  proved  by  Faraday,  by  attaching  the  ends 
of  a  metallic  wire  to  the  moving  disc,  in  such 
a  manner  that  the  currents  were  drawn  out  and 
rendered  sensible  by  a  galvanometer. 

§  126.  The  next  important  step  in  the  pro- 
gress of  this  branch  of  electrical  science,  was 
the  independent  invention  of  the  magneto- 
electrical  machine,  by  M.  Pixii,  of  Paris,  and 
by  Mr.  Saxton,  of  Philadelphia,  then  residing 
in  London.  This  ingenious  machine  depends 
upon,  and  was  the  immediate  fruit  of,  the  dis- 
coveries of  Faraday  (§§  118 — 120);  and  by  it 
all  the  effects  of  electrical  currents,  as,  for 
instance,  sparks,  shocks,  decomposition,  defla- 
gration, etc.,  may  readily  be  produced. 

The  magneto-electrical  machine  consists 
essentially  of  a  permanent  magnet,  a  (fig.  15), 
and  of  a  soft  iron  arma- 
ture, />,  wound  with  an 
insulated  copper  wire, 
cc;  either  the  magnet  or 
the  armature  is  made  to 
revolve  rapidly  around 
the  axis  or  middle  line, 
a  b,  so  as  to  bring  each 
pole  of  the  former  suc- 
cessively near  to  either 
end  of  the  latter;  the  '°- 
soft  iron  of  the  armature 
thus  becomes  alternately 
magnetized  with  oppo- 
site polarity,  and  cur- 
rents flowing  in  contrary 
directions  are  induced  in 
the  copper  wire.  If  a 
closed  circuit  be  formed 
by  connecting  the  ends 
of  the  wire  c  c,  all  of  the 
induced  currents  are 
transmitted;  but  if  by 
any  suitable  mechanical  arrangement  contact 
be  broken  during  one  half  of  every  revolu- 
tion, one  half  of  the  currents  will  be  inter- 
rupted, and  those  transmitted  will  all  have  the 
same  direction.  In  the  machine  contrived  by 
M.  Pixii,  the  magnet  revolved  and  the  arma- 
ture was  stationary;  in  that  of  Mr.  Saxton, 
motion  was  given  only  to  the  latter. 

This  ingenious  and  valuable  machine  was 
improved  by  Mr.  Clarke,  by  employing  two 
armatures  instead  of  one  (see  §§  61,  62).  A 
quantity  armature,  wrapped  with  a  short  thick 
wire,  for  effects  of  quantity,  and  an  intensity 
armature,  made  of  a  bar  of  soft  iron  of  one 
half  the  size  of  that  used  in  the  former,  and 
wound  with  a  finer  and  much  longer  wire. 

Another  important  modification  of  the  mag- 
neto-electrical machine  was  made  in  1838  by 
Mr.  Page,  of  the  U.  S.  Patent  Office,  and  subse- 
quently by  Prof.  Wheatstone,  of  London,  with- 
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out  a  knowledge  of  the  invention  of  Mr.  Page.  I 
It  consists  of  a  number  of  such  machines  as 
that  of  Mr.  Saxton,  so  combined  as  to  produce 
a  continuous  current  in  one  direction,  which 
is  done  by  connecting  the  ends  of  each  coil 
with  a  single  conjunctive  wire,  and  fixing;  the 
armatures  upon  a  single  revolving  axis,  at 
such  angles  that  the  induced  current  in  one 
commences  when  that  in  another  ends. 

In  his  original  memoir  on  magneto-electrical 
induction,  Dr.  Faraday  suggests  that,  for  the 
production  of  powerful  effects,  Prof.  Henry's 
electro-magnets  may  be  employed.  And  this 
suggestion  has  been  acted  upon  by  Prof.  Cal- 
lan,  of  Ireland,  who  constructed  a  very  large 
machine,  in  which  an  electro-magnet,  formed 
of  iron  bars  thirteen  feet  long,  was  substituted 
for  a  steel  magnet;  with  this  machine,  small 
animals  are  said  to  have  been  instantly  killed, 
and  other  energetic  effects  produced. 

§  127.  Magnetic  Induction  upon  bodies  which 
are  not  ferruginous.  Besides  iron,  the  only 
metals  which  have  long  been  known  to  be 
susceptible  of  magnetism  in  any  considerable 
degree,  are  nickel  and  cobalt. 

M.  Biot  possessed  a  bar  of  nickel  which  had 
been  purified  by  Thenard  with  all  possible 
care,  and  which  acquired,  when  magnetized 
to  saturation,  a  power  equal  to  one-third  of 
that  of  a  steel  magnet  of  the  same  size. 

§  128.  Hammered  brass  was  found,  by 
Cavallo,  to  be  often  magnetic ;  but  he  could 
detect  no  such  property  in  either  copper  or 
zinc,  of  which  brass  is  formed.  He  also  ob- 
served that  brass  loses  any  magnetism  it  may 
have  acquired  by  hammering,  when  it  is  an- 
nealed. These  facts  are  important  in  their 
relation  to  magnetic  instruments  employed  for 
surveying,  or  for  observing  the  phenomena  of 
terrestrial  magnetism.  Mr.  Barlow  found  a 
piece  of  brass  attached  to  a  compass,  which 
he  examined,  so  strongly  magnetic  that  it 
caused  the  needle  to  vibrate  14  or  15  degrees, 
when  applied  outside  the  glass,  and  retained 
the  same  lj  degrees  out  of  its  true  direction; 
every  screw  and  attached  piece  had  also  ac- 
quired the  same  quality,  so  that  no  dependence 
could  be  placed  upon  the  instrument. 

§  129.  That  magnetism  may  be  developed 
in  substances  generally,  was  first  shown  by 
Coulomb,  in  1812.  The  bodies  experimented 
upon  were  made  into  small  cylindrical  needles, 
which  were  suspended  by  a  silk  fibre,  and 
vibrated  horizontally  between  the  opposite 
poles  of  two  steel  magnets.  They  always 
assumed  a  position  of  equilibrium,  in  the 
direction  of  the  line  joining  the  poles  of  the 
magnets ;  and  when  disturbed,  returned  to  this 
position  by  a  series  of  oscillations.  The  vi- 
brations were  also  much  quicker,  under  the 
influence  of  the  magnets,  than  those  of  the 
same  needles  when  the  magnets  were  re- 
moved: thus  proving  the  existence  between 
them  of  an  attractive  force.  Gold,  silver,  and 
other  metals  purified  with  extreme  care,  as 
well  as  glass,  wood  and  various  substances, 
organic  and  inorganic,  all  gave  like  results. 

To  explain  these  effects,  Coulomb  was  com- 
pelled to  infer,  either  that  all  bodies  are  sus- 
ceptible of  magnetism,  or  that  they  contain 
iron  or  some  other  magnetic  metal  in  suffi- 
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cient  quantity  to  be  appreciable  by  his  delicate 
torsion  balance,  but  too  small  to  be  detected 
by  chemical  analysis. 

To  determine  the  probability  of  the  latter 
hypothesis,  he  formed  small  cylinders  of  iron 
filings  and  bees-wax,  mixed  in  different  pro- 
portions ;  from  the  times  of  vibration  of  which 
he  calculated  the  forces  exerted  upon  them  by 
the  same  magnets  (§  18),  and  found  these 
forces  proportional  to  the  quantities  of  iron 
the  cylinders  respectively  contained. 

Coulomb  then  divided  each  of  the  cylinders 
into  four  or  five  others  of  the  same  length, 
but  of  which  the  masses  were  of  course  much 
less;  by  suspending  and  oscillating  these  por- 
tions under  the  influence  of  the  magnets, 
he  found  their  times  of  vibration  exactly 
equal  to  those  of  the  original  cylinders  from 
which  they  were  made ;  whence  it  follows, 
that  the  forces  exerted  upon  each  needle  are 
exactly  proportional  to  its  mass.  This  result 
was  also  found  to  hold  good  for  small  cylin- 
ders of  the  same  length,  but  of  unequal  thick- 
nesses, made  from  an  ingot  of  silver  separated 
from  iron  by  simple  fusion,  and  which  evi- 
dently retained  a  portion  of  iron,  because 
detached  particles  were  sensibly  attracted  by 
magnets;  though,  when  this  silver  was  dis- 
solved in  nitric  acid  and  tested  with  prussiate 
of  potash,  not  the  slightest  shade  of  blue 
could  be  perceived. 

Having  thus  proved  that  the  forces  exerted 
are  proportional  in  each  instance  to  the  mass, 
and  to  the  quantity  of  iron  in  any  ferruginous 
body,  Coulomb  determined  the  proportion  of 
iron  in  the  above-mentioned  silver  to  be  ^th 
part,  by  comparing  the  oscillations  of  a  needle 
made  of  it  with  those  of  one  of  equal  length, 
composed  of  a  mixture  of  wax  and  iron  filings. 
And  this  result  enabled  him  to  estimate  the 
proportion  of  iron  still  retained  by  metals 
purified  by  chemical  processes  considered  the 
most  exact;  such  as  silver  refined  by  cupella- 
tion,  or  reduced  from  the  chloride  of  silver. 
The  forces  exerted  upon  a  needle  of  such 
purified  silver,  and  one  of  equal  length  com- 
posed of  the  above-mentioned  ferruginous 
silver,  were  found  to  be  in  the  ratio  of  1  to 
415;  so  that  the  proportion  of  iron  which  may 
be  in  the  former  is  -p^th  of  that  in  the  latter,  or 
T-rffioi^h  of  its  own  mass, — a  quantity  far  too 
small  to  be  detected  by  the  most  delicate 
chemical  analysis. 

Hence  it  appears,  that  the  hypothesis  which 
attributes  the  above-mentioned  phenomena  to 
the  accidental  presence  of  iron,  is  fully  suffi- 
cient for  their  explanation;  and  also  that  the 
proportion  of  iron  required  is  so  very  small, 
that  it  may  with  probability  be  supposed  to 
exist  in  all  substances,  and  to  escape  detection 
by  chemical  reactions. 

4  130.  Recently,  this  subject  of  the  action 
of  magnets  upon  all  bodies  has  attracted  par- 
ticular attention,  and  acquired  much  additional 
importance,  in  consequence  of  its  probable 
connection  with  a  very  remarkable  phenome- 
non discovered  in  1845,  by  Dr.  Faraday  (§  134, 
infra),  that  magnets  and  electro-dynamical 
cylinders  possess  the  power  of  acting  induc- 
tively upon  certain  transparent  bodies,  in  such 
a  manner  as  to  cause  a  transmitted  ray  of 
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polarized  light  to  rotate  upon  its  axis;  we  shall, 
therefore,  endeavor  to  state  succinctly  what 
had  been  done  by  others  before  Faraday  made 
his  interesting  experiments. 

§  131.  In  1827,  M.  Becquerel  found  that  a 
small  paper  tube,  containing  a  mixture  of  the 
sesquioxide  and  magnetic  oxide  of  iron,  in 
various  proportions,  assumes  a  direction  per- 
pendicular to  the  axis  of  a  bar  magnet,  when 
its  centre  of  suspension  is  placed  as  near  as 
possible  to  one  of  the  ends  of  the  magnet. 
This  he  attributed  to  the  development  of  mag- 
netism transversely,  instead  of  longitudinally, 
as  in  soft  iron ;  and  he  observed  that  the  trans- 
verse magnetism  of  such  a  mixture  is  some- 
what permanent,  however  small  the  quantity 
of  magnetic  oxide  it  contains.  Also,  by  vary- 
ing the  position  of  the  centre  of  suspension, 
with  reference  to  the  pole  of  the  magnet,  the 
needle  was  made  to  assume  various  directions, 
parallel,  oblique,  or  perpendicular  to  the  axis 
of  the  magnet.  Similar  results  were  obtained 
when  the  paper  tube  was  filled  with  the  ses- 
quioxide of  iron  alone;  but  its  oscillations, 
when  disturbed,  were  much  slower,  thus  indi- 
cating a  less  energetic  action. 

Needles  made  of  gum-lac,  of  wood,  or  of 
any  other  substance,  gave  analogous  effects ; 
but,  as  the  magnetism  of  these  substances  is 
much  feebler  than  that  of  the  oxide  of  iron,  it 
was  necessary  to  employ  two  powerful  mag- 
nets. The  suspended  needle  was  placed  be- 
tween the  opposite  poles  of  the  magnets,  the 
ends  of  which  were  only  a  few  millimetres 
apart,  and  the  point  of  suspension  was  as  near 
as  possible  to  the  interval  which  separated 
them.  The  needle  then  placed  itself  perpendi- 
cularly to  the  line  of  the  poles,  and  not  as  in  the 
experiments  of  Coulomb;  but  when  the  ends 
of  the  magnets  were  gradually  moved  further 
apart,  the  needle  by  degrees  assumed  the  direc- 
tion of  the  line  of  the  poles. 

Hence,  M.  Becquerel  concluded,  that  the 
magnetic  effects  produced  in  iron  and  steel, 
by  the  influence  of  a  magnet,  differ  from  those 
which  take  place  in  bodies  generally,  in  that 
in  the  former  the  distribution  of  the  magnetism 
is  longitudinal,  while  in  needles  of  sesquioxide 
of  iron,  wood,  gum-lac,  etc.,  it  takes  place 
transversely.  Also,  that  this  difference  de- 
pends upon  the  circumstance,  that  the  mag- 
netism of  such  bodies  is  so  feeble  that  we 
may  neglect  the  reaction  of  the  particles  upon 
each  other. 

§  132.  M.  Lebaillif,  in  1829,  having  con- 
trived a  very  delicate  magnetometer,  which  he 
called  a  sideruscope,  found  that  nearly  all  bo- 
dies exerted  upon  it  a  feeble  action,  which 
could  in  most  cases  be  attributed  to  the  pre- 
sence of  iron  in  small  quantity.  Bismuth 
and  antimony  were,  however,  found  to  act 
always  repulsively. 

§  133.  M.  Edmond  Becquerel  observed  that, 
when  the  opposite  poles  of  two  powerful  mag- 
nets are  placed  within  2  or  3  millimetres  of 
each  other,  and  a  needle  of  wood,  copper,  etc., 
5  or  6  centimetres  long,  is  suspended  by  a  silk 
fib  reover  the  interval  which  separates  them, 
at  the  distance  of  about  a  millimetre,  it  will 
place  itself  transversely.  But  if  the  needle 
be  divided  successively,  fragments  will  soon 


be  obtained  which  will  arrange  themselves 
longitudinally.  This  result  he  considered 
a  corollary  of  those  of  his  father  (§  131), 
by  which  it  appears  that  the  same  substance 
may  be  made  to  assume  different  positions, 
by  varying  its    distance  from  the  poles. 

Also,  in  a  memoir  presented  to  the  Academy 
in  June,  1845,  M.  Ed.  Becquerel  stated  that  he 
had  found  the  presence  of  iron  in  much  smaller 
quantity  than  j^t-%-^,  the  proportion  given  by 
Coulomb  (§  129),  to  be  sufficient  to  explain 
the  action  of  magnetism  on  bodies  generally. 
And  that  he  had  determined  the  ratio  of  the 
intensity  of  the  forces  exerted  upon  transpa- 
rent and  other  bodies  to  those  upon  iron, 
nickel  and  cobalt,  to  be  comprised  within  the 
limits  of  zero  and  0.00002,  varying  with  the 
particular  substance.  Hence,  he  concluded 
that,  as  a  mean  result,  magnetism  acts  upon 
transparent  bodies  with  a  force  100,000  times 
more  feeble  than  upon  iron. 

He  also  found  that  the  attractive  and  direc- 
tive action  of  magnets  upon  transparent  sub- 
stances changes  with  the  purity  of  the  speci- 
mens, and  of  some  (silica,  iodine,  etc.),  that 
needles  may  be  obtained  which  seem  not  to 
be  affected  at  all ;  whence  he  infers,  that  such 
bodies  act  like  mixtures  of  inert  matter  with 
magnetic  particles,  and  that  in  many  instances 
the  observed  effects  are  probably  due,  as  Cou- 
lomb supposed,  to  the  presence  of  iron. 

§  134.  Finally,  in  November,  1845,  M.  Fara- 
day presented  to  the  Royal  Society  a  memoir, 
of  which  an  analysis  was  given  by  him  in  a 
letter  to  M.  Dumas,  communicated  to  the  Aca- 
demy of  Sciences  of  Paris  (see  Comptes  JRen- 
dus,  t.  xxii.  p.  113),  and  of  which  letter  the 
following  is  a  translation. 

§  135.  "  If  the  line  of  magnetic  force  produced 
by  a  powerful  electro-magnet,  or  by  a  helix, 
be  made  to  pass  through  a  transparent  body, 
in  a  direction  parallel  to  that  of  a  ray  of  polar- 
ized light,  which  traverses  the  same  body,  the 
ray  of  light  will  undergo  rotation.  This  effect 
is  produced  in  all  transparent  bodies,  liquid  or 
solid,  which  are  not  endowed  with  double  re- 
fraction, but  in  different  degrees  according  to 
the  nature  of  the  substances.  I  consider  it  a 
magnetic  action  exerted  upon  the  luminous 
ray  itself;  but  several  of  my  friends,  who 
however  have  not  had  equal  opportunity  of 
considering  all  the  facts  of  my  memoir,  are 
of  the  opinion  that  this  phenomenon  proves 
no  such  thing.  Hence,  though  my  own  opinion 
remains  unaltered,  I  cheerfully  acknowledge 
that  it  may  be  erroneous. 

§  136.  "  If  the  ray  of  light  suffers  rotation 
to  the  right  for  a  certain  given  direction  of  the 
magnetic  force,  or  of  the  current  in  the  helix, 
it  will  experience  it  to  the  left  for  the  contrary 
direction  of  the  magnetic  or  electrical  forces. 
The  nature  of  the  rotation  depends  essentially 
upon  the  direction  of  those  forces,  which  con- 
stitutes a  remarkable  difference  between  this 
rotation  and  that  of  quartz,  sugar,  oil  of  ter- 
pentine, etc.,  as  shown  in  the  following  man- 
ner : 

§  137.    "Place  side  by  side,  within  a  helix, 

a  tube  of  water  and  a  tube  containing  oil  of 

terpentine.    If  the  oil  possesses  rotation  to  the 

right,   cause    an    electrical   current   to  pass 
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through  the  helix,  in  the  direction  required 
for  rotation  to  the  right,  the  water  in  the  tube 
will  acquire  a  rotary  power  to  the  right,  and 
the  two  liquids  will  possess  the  same  mode 
of  action. 

"Leave  now  the  tubes,  the  helix  and  the 
current  in  the  state  we  have  just  described, 
but  cause  the  ray  of  polarized  light  to  pass  in 
the  reverse  direction  through  each  tube,  and 
observe  it  at  the  opposite  end.  The  oil  of 
terpentine  will  still  rotate  to  the  right,  but  it 
will  not  be  so  with  the  water,  which  will 
rotate  to  the  left.  The  rotation  is  absolutely 
connected  with,  and  governed  by  the  direction 
of  the  electrical  current;  and  when  seen  from 
this  extremity,  is  therefore  to  the  left. 

"If,  instead  of  water,  we  put  oil  of  terpen- 
tine in  the  helix,  and  the  electrical  current  be 
sufficiently  intense  to  produce  a  rotation  of  the 
ray  of  light  equal  to  that  caused  by  the  terpen- 
tine, its  rotary  power  observed  for  a  ray  pass- 
ing in  one  direction  will  appear  to  be  doubled ; 
but  for  a  ray  in  the  opposite  direction,  it  will 
be  reduced  to  zero.  This  fact  is  that  upon 
which  especially  I  base  my  opinion  in  opposi- 
tion to  that  of  my  friends,  or  rather  of  some 
of  them. 

§  138.  "Now,  with  reference  to  the  magnetic 
condition  of  matter,  the  following  are  results 
which  I  have  found: — That  all  matter  in  the 
solid  or  liquid  state  (perhaps  also  in  the 
gaseous),  is  affected  by  magnets,  but  not  as 
iron  would  be.  A  substance  magnetic  after 
the  manner  of  iron,  is  attracted  by  a  magnet; 
and  a  portion  of  such  a  substance  of  an  elon- 
gated shape,  places  itself  in  the  directions  of 
the  lines  of  magnetic  force  ;  while  a  substance 
which  is  not  magnetic  like  iron,  is  repelled  by 
a  magnet;  and  an  elongated  portion  of  such  a 
substance  assumes  directions  transverse  to 
the  lines  of  magnetic  force.  Water,  alcohol, 
ether,  oil,  wood,  flesh,  blood  and  a  thousand 
other  substances,  possess  this  latter  magnetic 
relation  ;  but  the  best  are  perhaps  silico-borate 
of  lead,  phosphorus,  antimony  and  bismuth. 
Probably  you  recollect  that  (nearly  thirty 
years  since,  I  believe)  M.  Lebaillif,  of  Paris, 
observed  the  repulsion  by  magnets  of  anti- 
mony and  bismuth  ;  I  have  mentioned  this 
fact  in  a  general  manner,  and  referred  to  it  in 
my  memoir. 

§  139.  "Having  designated  those  sub- 
stances which  are  not  magnetic  like  iron  by 
the  name  of  diamagnetics,  I  have  kept  this 
name  to  express  this  new  magnetic  state;  and 
in  repetition,  I  may  say  that  every  solid  or 
liquid  substance  exerts  and  suffers  a  magnetic 
influence,  the  nature  of  which  is  either  »itf^- 
netic  or  diamagnetic. 

"  From  this  property  and  its  study  arise  a 
multitude  of  curious  conditions,  for  which  I 
must  refer  you  to  my  memoir.  Among  other 
things,  I  have  found  that  the  ordinary  com- 
pounds of  the  magnetic  metals  are  equally 
magnetic.  Thus,  the  oxides  of  iron  are  not 
the  only  magnetic  compounds  of  that  metal, 
as  M.  Becquerel  and  others  have  supposed; 
but  all  its  salts  are  so  likewise,  as  well  as 
solutions  of  these  salts,  sufficiently  concen- 
trated to  counteract  the  diamagnetic  force  of 
the  water  or  alcohol  used  for  dissolving  them. 
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§  110.     "By  proceeding  thus,  I  have  been 
able  to  determine  that  cerium  is  a  mag 
metal,  for  all  its  salts  are  magnetic;  and  that 
the   same   is   true   for   chrome    and   manga- 
nese." 

§  1  '11  -  The  diiTcrence  of  opinion  to  which 
Faraday  refers  in  the  above  letter  (§§  135, 
137),  seems  to  be  a  matter  rather  of  misappre- 
hension than  of  actual  discordance  of  view  . 
For  no  one  can  deny,  that  a  polarized  i. 
light  is  affected,  when  it  is  decomposed 
rays  of  various  colors,  rotated  through  differ- 
ent angles.  And,  on  the  other  hand,  Faraday 
himself  observes,  in  his  original  memoir 
(2224):  "The  magnetic  forces  do  not  acton 
the  ray  of  light  directly  and  without  the  inter- 
vention of  matter,  but  through  the  mediation 
of  the  substance  in  which  they  and  the  ray 
have  a  simultaneous  existence;  the  substances 
and  the  forces  giving  to,  and  receiving  from 
each  other  the  power  of  acting  on  the  light. 
This  is  shown  by  the  non-action  of  a  vacuum, 
of  air  and  of  gases;  and  it  is  also  further 
shown  by  the  special  degree  in  which  differ- 
ent matters  possess  the  property."  Also,  in 
(2226),  he  says  : — "  It  cannot  be  doubted,  that 
the  magnetic  forces  act  upon  and  affect  the 
internal  constitution  of  the  diamagnetic  just 
as  freely  in  the  dark  as  when  a  ray  of  light  is 
passing  through  it;  though  the  phenomena 
produced  by  light  seem,  as  yet,  to  present  the 
only  means  of  observing  this  constitution  and 
change.  Further,  any  such  change  as  this 
must  belong  to  opake  bodies,  such  as  wood, 
stone  and  metal ;  for  as  diamagnetics,  there 
is  no  distinction  between  them  and  those 
which  are  transparent.  The  degree  of  trans- 
parency can  at  the  utmost,  in  this  respect, 
only  make  a  distinction  between  the  indi- 
viduals of  a  class." 

There  is  certainly  no  discrepancy  between 
such  views  and  those  of  M.  Pouillet  (Comytes 
BenduSj  t.  xxii.  p.  146),  who  first  repeated  and 
confirmed  the  electro-optical  experiments  of 
Faraday,  and  who  thus  expresses  himself: — 
"If  it  ever  happens,  that  bodies  which  are 
very  sensitive  to  the  optical  action,  are  insen- 
sible to  the  mechanical  action  of  magnetism, 
it  would  be  no  reason  for  concluding  that 
magnetism  acts  directly  upon  light  itself,— a 
conclusion  which  would  have  a  definite  mean- 
ing only  in  the  system  of  emission  ;  for,  in  the 
undulatory  theory  which  now  seems  to  be  so 
completely  established,  it  is  the  aether  of  the 
body  which  would  be  modified  by  the  mag- 
netism." 

There  appears,  however,  to  be  some  want 
of  consistency  in  the  expressions  of  Faraday, 
when  we  compare  his  letter  to  M.  Dumas  (see 
§  135)  with  the  passages  of  his  memoir,  given 
above.  But  upon  this  point  we  must,  in  jus- 
tice, refer  the  reader  to  the  entire  memoir 
itself,  rather  than  to  extracts  from   it. 

§  142.  Whatever  may  be  the  correct  theo- 
retical exposition  of  this  electro-dynamical 
inductive  action  upon  a  ray  of  polarized  light, 
and  especially  of  the  remarkable  difference 
between  the  rotation  it  produces,  and  that  of 
circularly  polarizing  substances  (§§  136,  137), 
the  discovery  itself  is  certainly  one  of  the 
highest  importance,  and  constitutes  one  of  the 
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most  brilliant  trophies  of  the  inventive  genius 
and  indefatigable  industry  of  its  distinguished 
author. 

$  143.  Lastly,  in  his  memoir  (2199),  Fara- 
day remarks,  "  The  law  by  which  an  electric 
current  acts  on  a  ray  of  light,  is  easily  ex- 
pressed. When  an  electric  current  passes 
round  a  ray  of  polarized  light  in  a  plane  per- 
pendicular to  the  ray,  it  causes  the  ray  to  re- 
volve on  its  axis  as  long  as  it  is  under  the 
influence  of  the  current,  in  the  same  direction  as 
that  in  which  the  current  is  passing."  Like- 
wise, in  (2239),  "All  bodies  are  affected  by 
helices  as  by  magnets,  and  according  to  laws 
which  show  that  the  causes  of  the  action  are 
identical  as  well  as  the  effects.  This  result 
supplies  another  fine  proof  in  favor  of  the 
identity  of  helices  and  magnets,  according  to 
the  views  of  Ampere." 

§  144.  With  reference  to  the  facts  mentioned 
in  the  second  part  of  Faraday's  letter  to  M. 
Dumas  (§§  138,  139),  and  which  relate  to  a 
repulsive  action  of  magnets  on  bodies  generally, 
the  following  additional  information  may  here 
be  given. 

That  the  force  is  truly  one  of  repulsion,  was 
shown  by  subjecting  cubes,  spheres,  etc.,  to  its 
action.  Thus  (2265),  when  two  pieces  of 
glass  are  hung  up,  one  near  each  pole,  in 
the  line  joining  the  poles  of  a  very  powerful 
electro-magnet,  they  recede  from  their  respect- 
ive poles  and  approach,  seeming  to  attract 
each  other.  But  when  hung  up,  one  on  each 
side  and  at  the  middle  of  that  line,  they  both 
recede  from  it,  and  seem  to  repel  each  other. 

That  the  transverse  directive  tendency  of 
elongated  substances  is  due  to  repulsion,  was 
proved  by  the  fact  (2266)  that,  "  When  a  cube 
was  thus  used  with  the  two  poles,  the  effect 
was  repulsion  or  recession  from  either  pole, 
and  also  recession  from  the  magnetic  axis  on 
either  side." 

%  145.  This  repulsive  action  of  magnets 
on  bodies  was  also  found,  by  Faraday  (2283), 
to  be  independent  of  their  state  of  division. 
Thus,  the  effect  was  the  same  as  to  the  degree 
of  directive  force,  with  a  piece  of  Iceland  spar 
when  entire  or  broken  into  fragments,  or  re- 
duced first  to  a  coarse,  and  subsequently  to  a 
fine  powder.  Similar  experiments  with  silica 
were  made  with  the  same  result.  Also,  vari- 
ous pulverized  bodies  were  found  to  exhibit 
the  action  very  well. 

§  146.  It  is  evident  that,  when  masses  of 
metal  or  of  other  conducting  substances  are 
made  to  vibrate  near  the  poles  of  a  magnet, 
the  effects  of  the  statical  repulsive  forces  will 
be  modified  by  the  action  of  electrical  currents 
fnduced  in  the  moving  body  (§  125),  as  in  the 
phenomena  first  observed  by  Arago.  Such 
modified  effects,  as  exhibited  by  a  suspended 
copper  bar,  were  particularly  studied  by  Fara- 
day, and  form  an  interesting  portion  of  his 
memoir,  to  which,  for  full  information,  the 
reader  is  referred. 

§  147.  It  is  to  be  desired,  that  the  general 
results  of  Faraday,  with  reference  to  the  re- 
pulsion of  bodies  by  magnets,  should  be  con- 
firmed by  equally  skilful  persons.  For  much 
discrepancy  seems  to  exist  between  his  experi- 
ments and  those  of  MM.  Coulomb,  Becquerel 


and  others  (§§  129 — 134);  and  the  forces  are 
so  feeble  (§  133),  that  they  seem  scarcely  to 
be  appreciable,  except  by  means  of  the  most 
delicate  apparatus,  and  with  very  powerful 
magnets. 

§  148.  M.  Pouillet  found  that  bismuth  and 
amber  are  repelled,  when  sprinkled  in  the  state 
of  powder,  and  gently  shaken  upon  a  sheet  of 
paper  over  either  pole  of  a  magnet;  which 
experiment  had  also  been  performed  by  Fara- 
day (2304),  with  the  same  result.  By  this 
method,  M.  Pouillet  likewise  proved  that  "  the 
compounds  of  magnetic  metals  are  more  or 
less  magnetic"  (§  139) ;  but  he  was  unable  to 
detect  any  attractive  or  repulsive  effect  on 
antimony  or  the  other  non-magnetic  metals. 
He,  however,  justly  says,  that  "These  nega- 
tive results  cannot  invalidate  in  the  least  the 
general  proposition  of  Faraday,  who  doubtless 
operated  with  more  delicate  means  or  with 
more  energetic  magnets.  And  they  are  only 
mentioned  to  point  out  the  easy  process  em- 
ployed, and  the  limit  of  its  sensibility."  It 
may  here  also  be  observed,  that  M.  Pouillet 
had  shown  that  manganese  and  chromium  are 
magnetic  metals,  some  time  before  Faraday 
(§  140)  confirmed  the  same  fact. 

§  149.  Musical  Sounds  produced  by  Electro- 
magnetic induction.  In  1837,  it  was  dis- 
covered by  Dr.  Page,  of  the  U.  S.  Patent 
Office,  that  a  musical  sound  may  be  produced 
by  the  magnetization  of  a  bar  of  iron,  owing 
probably  to  some  new  molecular  arrangement 
of  its  particles.  And  this  phenomena  has 
lately  been  particularly  studied  by  M.  de  la 
Rive  and  others.  When  a  discontinuous  cur- 
rent is  sent  through  a  helix  around  a  bar  of 
iron,  or  through  a  stretched  iron  wire,  both 
transverse  and  longitudinal  vibrations  are  pro- 
duced, giving  rise  to  two  distinct  sets  of  sounds. 
That  the  action  is  internal  and  molecular,  M. 
de  la  Rive  considers  as  fully  proved  by  the 
following  facts  : — 1,  a  bar  of  iron,  four  inches 
thick,  gives  a  clear  musical  sound,  and  can- 
not be  supposed  to  suffer  change  from  exter- 
nal mechanical  force ;  2,  the  sound  of  a  wire 
acted  upon  by  a  discontinuous  current  in  a 
helix,  changes  when  a  current  passes  through 
the  wire,  or  when  it  is  magnetized  by  contact; 
3,  a  wire  through  which  a  constant  current 
flows,  gives  no  sensible  sound  when  a  discon- 
tinuous current  passes  through  it,  though  the 
currents  move  in  the  same  direction:  as  if 
the  former  produces  a  permanent  state  or  set 
of  the  particles ;  4,  a  discontinuous  current 
produces  little  or  no  sound  when  sent  through 
a  permanently  magnetic  wire. 

§  150.  Closely  connected  with  the  mole- 
cular changes  just  mentioned,  is  a  fact  ob- 
served by  M.  Guillemin,  that  the  elastic  force 
of  a  bar  of  soft  iron  is  increased  by  magnet- 
izing it.  He  found  that  a  bar  firmly  fixed  at 
one  end,  and  supporting  at  the  other  a  weight 
sufficient  to  bend  it,  sensibly  straightens  itself 
and  elevates  the  weight,  when  a  current  passes 
through  a  helix  tightly  wound  upon  the  bar. 

§151.  Causes  winch  Modify  Magnetic  Induc- 
tion. We  have  already  stated  (§§  77 — 79), 
that  magnetism  is  developed  temporarily  in 
soft  iron,  but  permanently  in  steel  and  the 
loadstone.     Hence  it  appears    that   chemical 
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combination  and  molecular  structure  modify 
the  action  of  magnetic  forces  in  a  very  re- 
markable manner. 

Also,  we  have  seen  (§  80)  that,  to  explain 
such'  phenomena,  ^Epinus  found  it  necessary 
to  suppose  the  magnetic  fluid  of  his  theory  to 
move  freely  in  pure  iron,  but  with  difficulty  in 
steel,  &c;  as  electricity  passes  readily  through 
conductors,  but  is  effectually  resisted  by  non- 
conductors. And  similarly,  in  the  theory  of 
Coulomb  (§  82),  the  separation  of  the  two 
hypothetical  fluids  in  the  molecules,  as  well 
as  their  reflux  from  this  polar  or  separated 
state,  by  virtue  of  mutual  attraction,  is  sup- 
posed to  meet  with  greater  or  less  resistance 
in  different  substances. 

§  152.  This  resistance,  which  is  overcome 
by  the  inductive  force  in  the  development  of 
magnetism,  and  which  tends  to  maintain  a 
state  of  tension  when  established,  has  been 
called  the  coercitive  force.  Whatever  may  be 
the  unknown  physical  cause,  the  term  itself  is 
convenient,  and  we  shall  therefore  employ  it. 

If  we  adopt  the  electro-dynamical  theory  of 
Ampere,  we  are  no  less  at  a  loss,  in  the  pre- 
sent state  of  our  magnetical  knowledge,  to 
account  for  the  various  degrees  of  coercitive 
force  exerted  by  different  bodies  similarly 
acted  upon,  or  by  the  same  body  under  dis- 
similar circumstances.  We  must,  therefore, 
carefully  observe  and  study  all  modifications 
of  the  coercitive  force,  which  present  them- 
selves when  we  vary  either  the  chemical  or 
the  physical  conditions  of  our  experiments, 
if  we  would  seek  to  dispel  the  obscurity  in 
which  this  undeveloped  portion  of  electro- 
dynamical  science  is  now  involved. 

§  153.  Since,  by  combination  with  oxygen 
or  carbon,  iron  acquires  the  power  of  perma- 
nently exerting  magnetic  force,  it  may  readily 
be  supposed  that  chemical  compounds  will  be 
acted  upon  differently  from  the  elements  which 
compose  them.  And  we  have  already  seen 
(§  128)  that  brass  is,  in  some  instances,  sus- 
ceptible of  magnetism,  though  the  copper  and 
zinc  of  which  it  is  formed  are  insensible  to 
its  influence. 

M.  Gay-Lussac  found  that  union  with  phos- 
phorus, arsenic,  or  tin,  enables  iron  to  retain 
magnetism  permanently,  unless  the  proportion 
of  these  substances  exceed  a  certain  limit,  in 
which  case  they  render  the  compound  totally 
insusceptible  of  magnetism.  And  similar  re- 
sults were  obtained  by  Mr.  Hatchett,  with  refe- 
rence to  combinations  with  sulphur,  phos- 
phorus, &c. 

On  the  other  hand,  Mr.  Chenevix  observed 
that  arsenic,  in  very  small  quantity,  deprives 
nickel  of  the  power  of  acquiring  magnetic 
properties.  And  Dr.  Seebeck  even  recom- 
mends an  alloy  of  two  parts  of  copper  with 
one  of  nickel,  for  the  manufacture  of  com- 
passes, as  entirely  insensible  to  magnetism. 
Also,  Dr.  Young  found  that  mere  traces  of  anti- 
mony destroy  the  polarity  of  iron  ;  and  Dr.  See- 
beck could  detect  no  action  exerted  upon  a 
delicate  needle  by  an  alloy  of  one  part  of  iron 
and  four  of  antimony,  even  when  in  rotation. 

This  subject,  however,  requires  further  in- 
vestigation, before  our  knowledge  of  it  can 
be  deemed  other  than  most  imperfect. 
568 


§  154.  The  coercitive  force  of  steel  de- 
pends not  only  upon  the  particular  kind,  but 
also  upon  its  temper;  thus,  soft  steel  retains 
but  little  more  magnetism  than  malleable  iron, 
while  hardened  steel  is  magnetized  with  ttitli- 
culty,  but  permanently.  According  to  Dr. 
Robison,  steel  tempered  to  the  blue  color,  or 
that  degree  which  renders  it  fit  for  watch- 
springs,  readily  acquires  intense  magai 
which  at  first  dissipates  very  rapidly,  but  after- 
wards slowly,  until  it  finally  becomes  constant 
and  equal  to  about  one-third  of  its  original 
intensity.  As  the  coercitive  force  has  been 
found  to  be  proportional  to  the  temper,  it  fol- 
lows that  steel  made  as  hard  as  possible  offers 
a  maximum  resistance  to  the  acquisition  of 
magnetism,  and  retains  it  most  perfectly.  For 
the  construction  of  artificial  magnets,  we  must 
therefore,  in  each  instance,  be  governed  in  our 
selection  of  the  suitable  degree  of  temper,  as 
m  uch  by  the  practical  efficiency  of  the  methods 
we  may  employ  for  magnetizing,  as  by  the  in- 
tensity of  magnetic  power  we  desire  the  mag- 
net permanently  to  possess.  Also,  since 
highly  tempered  steel  is  extremely  brittle, 
consideration  should  be  had  to  the  probable 
circumstances  under  which  the  magnet  will 
be  used,  that  the  temper  given  to  it  may  be 
such  as  not  to  render  it  very  liable  to  acci- 
dental fracture. 

§  155.  Heat  seems  to  exert  two  distinct 
effects  upon  magnetic  development  in  iron 
and  steel:  one  tending  to  diminish  the  coerci- 
tive force  of  the  metal,  the  other  affecting  its 
susceptibility  of  magnetic  induction,  or  the 
magnetism  itself. 

It  has  long  been  known,  and  was  observed 
by  Dr.  Gilbert,  that  when  a  magnet  is  heated  to 
a  bright-red  heat,  it  loses  its  properties  entirely, 
and  is  found  to  be  inactive  when  it  becomes 
cool.  Coulomb  subsequently  ascertained,  by 
the  method  of  oscillations,  that  this  loss  of 
magnetism  takes  place  progressively,  com- 
mencing even  at  low  temperatures. 

When  heated  to  a  white  heat,  iron  and  steel 
not  only  lose  all  magnetic  properties  which 
they  may  have  possessed,  but  also  become 
perfectly  inert,  so  that  they  can  neither  act 
upon,  nor  be  attracted  by  magnets.  At  a  blood- 
red  heat,  however,  Mr.  Barlow  has  shown  that 
the  magnetic  susceptibility  of  all  kinds  of  iron 
and  steel  is  at  a  maximum.  Also,  he  found 
that  between  this  maximum  and  the  zero  state, 
which  occurs  at  a  white  heat,  an  anomalous 
change  of  polarity  generally  takes  place;  by 
which  the  end  of  the  heated  bar,  which  at 
blood-red  heat  acts  positively,  or  as  the  north 
pole  of  a  magnet,  gradually  ceases  to  act,  and 
then  acquires  a  negative  polarity,  or  that  of  a 
south  pole.  A  singular  fact,  which  may  not 
improbably  be  connected  in  some  manner  with 
the  diamagnetic  phenomena  lately  observed  by 
Faraday. 

The  magnetic  power  of  soft  iron  was  found 
both  by  M.  Kupffer  and  Mr.  Christie,  to  in- 
crease with  the  temperature :  an  effect  the  re- 
verse of  that  produced  by  heat  upon  steel 
magnets.  Mr.  Christie  also  observed  that 
equal  increments  of  temperature  do  not  cause 
equal  decrements  of  magnetism  in  steel,  and 
that  the  greater  portion  of  the  whole  effect  is 
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produced  instantaneously,  indicating  that  the 
distribution  of  magnetism  is  superficial  (see 
§  85). 

The  general  conclusions  which  may  be  de- 
duced from  the  above  facts  are,  1st,  that  heat, 
by  overcoming  the  coercitive  force  of  ferrugi- 
nous bodies,  favors  the  production  of  tempo- 
rary inductive  effects,  and  tends  to  destroy 
permanent  magnetism;  2d,  that  while  it  acts 
thus  indirectly  by  changing  the  state  of  the 
metal,  it  tends  directly  to  weaken  the  magnetic 
force  itself. 

§  156.  The  coercitive  force  of  steel  is  also 
affected  by  mechanical  action,  and  especially 
by  such  blows  and  jars  as  will  make  it  vibrate 
with  a  ringing  sound.  These  vibrations  seem 
to  interfere  with  the  peculiar  molecular  state 
to  which  the  coercitive  force  is  due,  and  thus 
co-operate  with  external  disturbing  forces  in 
causing  magnetic  polarity,  and  with  internal- 
actions  in  destroying  it  when  once  developed. 

Hence,  in  handling  magnets  it  is  important 
that  care  should  be  taken  to  avoid  letting  them 
fall,  or  knocking  them  against  any  thing.  For 
the  same  reason  hammering,  filing,  twisting, 
etc.,  aid  in  developing  magnetism  in  iron  or 
steel,  under  the  inductive  influence  of  the 
earth's  magnetism. 

§  157.  Methods  of  making  Magnets.  The 
method  first  employed  for  making  artificial 
magnets,  is  known  as  that  of  smiple  touching: 
it  is  performed  by  rubbing  the  entire  length 
of  the  steel  bar  to  be  magnetized,  with  the 
end  of  a  magnet  or  loadstone:  care  being 
taken  to  rub  it  only  in  one  direction. 

§  158.  In  1745,  Dr.  Knight  invented  a  me- 
thod which  was  at  the  time  a  great  improve- 
ment. Two  bar-magnets  are  held  obliquely 
and  placed  with  their  opposite  poles  close 
together,  upon  the  middle  of  the  steel  bar; 
both  magnets  are  then  drawn  backwards  upon 
the  bar,  and  this  operation  is  often  repeated. 

The  superiority  of  this  method  over  the  for- 
mer is  evidently  owing  to  the  more  intense 
inductive  effects  produced  by  the  conspiring 
action  of  the  opposite  poles  of  the  magnets. 

§  159.  The  next  method  invented,  was  that 
of  Duhamel.  A  parallelogram  is  formed  of 
two  steel  bars  connected  by  two  short  bars  of 
soft  iron ;  and  each  of  the  steel  bars  is  then 
rubbed  in  the  same  manner,  as  in  Knight's 
method;  but  with  two  bundles  of  magnets  in- 
stead of  with  single  magnets  only. 

This  method  is  much  superior  to  Knight's, 
by  reason  of  the  reaction  of  the  induced  mag- 
netism of  the  soft  iron  bars  or  armatures,  and 
the  greater  power  of  a  number  of  magnets 
when  combined,  than  of  two  alone. 

§  160.  In  the  method  known  as  that  of 
^Epinus,  the  bars  are  arranged  as  in  the 
method  of  Duhamel ;  but  steel  magnets  are 
substituted  for  the  soft  iron  armatures,  which 
form  the  ends  of  the  parallelogram.  Each  of 
the  bars  is  then  rubbed  backwards  and  for- 
wards with  the  opposite  poles  of  two  magnets, 
separated  by  a  small  piece  of  cork,  and  in- 
clined so  as  to  form  an  angle  of  140°  with 
each  other,  and  angles  of  20°  with  the  bar  to 
be  magnetized. 

§  161.     The  method  of  double  touch,  as  it  is 
called,  was  invented  by  Mitchell;    the  steel 
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bars  to  be  magnetized  are  placed  end  to  end 
in  a  straight  line,  and  then  rubbed  with  a 
horse-shoe  magnet,  or  with  the  opposite  poles 
of  two  powerful  bar-magnets,  slightly  sepa- 
rated from  each  other.  It  is  preferable  to  ar- 
range the  bars  in  the  form  of  a  parallelogram, 
as  in  the  methods  of  Duhamel  and  ^Epinus,  so 
as  to  constitute  a  closed  circuit.  And  care 
must  be  taken  not  to  reverse  the  direction  of 
the  magnetizing  forces,  by  changing  the  rela- 
tive position  and  motion  of  the  poles  of  the 
horse-shoe  magnet,  as  well  as  to  put  the  lifter 
on  before  breaking  contact  between  the  mag- 
net and  bar. 

The  method  of  double  touch  derives  its  name 
from  the  circumstance,  that  two  opposite  poles 
are  made  to  act  together  upon  successive  por- 
tions of  a  bar.  It  is  evidently  in  conformity 
with  the  molecular  distribution  of  magnetism 
assumed  in  the  theory  of  Coulomb.  But  its 
great  superiority  depends  upon  the  fact,  that 
the  inductive  action  of  a  horse-shoe  magnet 
upon  a  body  between  its  poles,  is  equal  to  the 
sum  of  their  respective  actions,  while  upon  a 
body  beyond  either  pole,  the  action  is  only 
equal  to  the  difference  of  those  actions. 

The  great  defect  of  this  method,  which  is 
used  chiefly  for  making  magnets  of  consider- 
able energy,  is  its  liability  to  produce  consecw 
live  poles,  or  such  an  irregular  distribution  of 
magnetism  as  to  constitute  rather  a  number 
of  colligated  magnets,  than  a  single  one  with 
only  two  poles.  To  this  defect,  however,  all 
the  methods  above  mentioned  are  more  or  less 
subject ;  and  it  is,  indeed,  a  difficult  matter  to 
make  very  large  magnets  free  from  consecu- 
tive poles,  and  charged  to  saturation. 

§  162.  The  late  Mr.  Isaiah  Lukens,  of 
Philadelphia,  employed  a  method  for  making 
horse-shoe  magnets  which  was  remarkably 
efficient,  and  which,  as  he  saw  fit  to  keep  it 
secret  during  his  lifetime,  has  never,  to  our 
knowledge,  been  published. 

The  circuit  formed  of  the  steel  horse-shoe 
to  be  magnetized,  and  its  soft  iron  lifter,  is 
well  rubbed,  according  to  the  method  of  double 
touch,  with  a  powerful  horse-shoe  magnet, 
carrying  it  completely  round  the  circuit,  and 
always  in  the  same  direction ;  after  which  the 
active  magnet  is  removed  in  the  following 
manner: — its  two  legs  are  made  to  straddle 
the  arch  of  the  horse-shoe,  and  then  to  slide 
evenly  down  the  legs  of  the  latter  until  it 
comes  upon  the  iron  lifter ;  in  this  position  its 
own  armature  is  properly  adapted  to  it,  and 
contact  with  the  former  is  then  gently  broken. 

The  distinctive  feature  of  this  method  is  the 
method  of  removing  the  active  magnet,  when 
it  has  developed  the  latent  magnetism  of  the 
closed  circuit.  It  may  be  regarded  as  a  com- 
bination of  the  method  of  double  touch  with 
that  of  single  touch  ;  and  much  of  its  superior 
efficiency  is  doubtless  owing  to  the  circum- 
stance (see  §  111),  that  both  the  active  mag- 
net and  the  steel  horse-shoe,  with  its  iron 
lifter,  form  very  perfect  closed  circuits. 

§  163.  The  best  method  of  making  power- 
ful magnets  is,  however,  that  of  ProE  Henry, 
by  electro-magnetic  induction.  The  coercitive 
power  of  the  steel  bar  being  overcome  by 
heating  it  to  redness,  it  is  plunged  into  a  cylin- 
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rtrical  vessel  of  cold  water,  around  which  a 
powerful  galvanic  current  is  passing  through 
a  wire  helix.  The  intense  development  of 
magnetism  which  takes  place  in  the  heated 
bar,  thus  becomes  fixed,  by  the  restoration  of 
the  coercitive  force. 

§164.  Preservation  of  Magnets.  As  the  mag- 
netism of  steel  bars  is  permanent  only  by  vir- 
tue of  the  coercitive  force,  or  resistance  of  the 
metal,  it  follows,  generally,  that  any  thing 
which  diminishes  that  resistance  or  increases 
the  force  opposed  to  it,  tends  to  destroy  the 
polarity  and  energy  of  the  magnet.  This  pro- 
position may  be  stated  more  clearly  by  refe- 
rence to  the  theory  of  Coulomb,  according  to 
which  permanent  magnetic  development  con- 
sists in  a  molecular  separation  of  two  hypo- 
thetical fluids,  the  particles  of  which  are  in 
instable  equilibrium,  being  kept  apart  by  the 
resistance  or  coercitive  force  of  the  steel,  and 
constantly  tending  to  reunite,  in  obedience  to 
their  attraction  for  each  other.  If,  therefore,  a 
bar  of  steel  be  magnetized  to  saturation,  its 
magnetism  will  be  weakened  either  by  mecha- 
nical or  physical  causes,  such  as  vibration, 
heat,  etc-,  which  affect  its  molecular  state,  or 
by  any  inductive  influence  tending  to  excite  in 
it  an  opposite  polarity.  Hence,  it  is  exceed- 
ingly injurious  to  magnets  to  place  their  simi- 
lar poles  together,  or  to  subject  them  long  to 
the  influence  of  the  earth  s  magnetism  in  po- 
sitions contrary  to  those  which  they  naturally 
assume  under  its  directive  action. 

Filing,  grinding,  polishing,  or  rough  treat- 
ment of  any  sort,  is  found  to  be  very  injurious 
to  magnets.  Also,  oxidation  or  rust  impairs 
their  strength  ;  a  fact,  which  is  probably  con- 
nected with  that  of  the  superficial  distribution 
of  magnetism. 

Since  the  reaction  of  induced  magnetism 
renders  the  inducing  magnet  stronger  (§  79), 
it  follows  that  horse-shoe  magnets  should  al- 
ways be  provided  with  lifters,  armatures  or 
keepers,  as  they  are  indiscriminately  called; 
and  that  bar-magnets  should  be  packed  in 
boxes,  to  avoid  mechanical  injury,  with  their 
poles  in  opposite  directions,  and  either  in  con- 
tact, or  else  united  by  soft  iron  armatures,  so 
as  to  form  a  rectangle. 

Terrestrial  Magnetism. 
§  165.  The  security  of  the  immense  amount 
of  life  and  property  daily  staked,  with  implicit 
confidence,  upon  the  indications  of  the  mari- 
ner's compass ;  the  general  progress  of  reli- 
gion, civilization  and  knowledge,  so  intimately 
connected  with  and  dependent  upon  com- 
merce; and  the  promotion  of  science,  are 
considerations  which  render  the  investigation 
of  the  phenomena  of  terrestrial  magnetism 
certainly  one  of  the  most  important  to  which 
attention  can  be  given.  If  the  magnetic  force 
of  the  earth  were  such  as  to  cause  the  needle 
invariably  to  point  due  north  and  south,  then 
the  navigator  would  possess  in  it  an  infallible 
guide.  Unfortunately,  however,  that  force  va- 
ries from  place  to  place  and  from  time  to  time, 
according  to  laws  of  which  we  are  ignorant; 
and  of  this  ignorance  numerous  shipwrecks 
have  been  the  natural  and  lamentable  conse- 
quence. 
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§  166.     Geographical  variation,  or  Declination, 

That  the  action  of  the  earth  upon  the  magnetic 

needle  is  not  confined  to  particular  places, but 
universal,  has  been  ascertained  by  numerous 
observations  made  by  travellers  in  every  ac- 
cessible portion  of  the  globe.  Before  experi- 
ence had  fully  established  this  fact,  the  mari- 
ner justly  felt  fearful  lest  that  property,  which 
alone  renders  the  compass  useful,  might  fail 
in  certain  regions.  The  declination,  or  gi 
phical  variation,  was  first  observed  by  Colum- 
bus, in  1492,  during  his  celebrated  voyage  of 
discovery;  in  the  language  of  his  biographer, 
Washington  Irving,  "He  perceived,  aboul 
night-fall,  that  the  needle,  instead  of  pointing 
to  the  north  star,  varied  half  a  point,  or  be- 
tween five  and  six  degrees  to  the  north-west, 
and  still  more  on  the  following  morning. 
Struck  with  that  circumstance  he  observed  it 
attentively  for  three  days,  and  found  that  the 
variation  increased  as  he  advanced.  He  at 
first  made  no  mention  of  this  phenomenon, 
knowing  how  ready  his  people  were  to  lake 
alarm;  but  it  soon  attracted  the  attention  of 
the  pilots,  and  filled  them  with  consternation. 
It  seemed  as  if  the  laws  of  nature  were 
changing,  and  that  they  were  entering  another 
world,  subject  to  unknown  influences.  They 
apprehended  that  the  compass  was  about  to 
lose  its  mysterious  virtues;  and,  without  this 
guide,  what  was  to  become  of  them  in  a  vast 
and  trackless  ocean?" 

§  167.  Before  the  time  of  Gilbert,  all  specu- 
lations with  reference  to  the  theory  of  terres- 
trial magnetic  phenomena  were  vague,  and 
many  of  them  were  even  perfectly  ridiculous. 
In  his  celebrated  work,  the  full  title  of  which 
is,  "  de  magnetc,  magnetieisque  corporibus,  et  magno 
magnete  tellure,"  he  attributes  them  to  their  true 
cause,  by  regarding  the  earth  as  a  large 
magnet. 

§  168.  That  the  earth  is  indeed  a  magnet, 
or,  in  other  words,  that  the  forces  it  exerts 
upon  a  needle  are  magnetic,  is  proved  by  the 
following  well-established  facts : — 

1.  Ferruginous  bodies  become  magnetic  by 
induction,  in  the  direction  which  a  needle  as- 
sumes, by  virtue  of  the  earth's  action.  Thus, 
if  a  bar  of  soft  iron  be  held  in  that  direction, 
the  end  turned  to  the  north  will  acquire  a 
polarity  similar  to  that  of  the  north  pole  of  a 
steel  magnet;  and,  if  the  bar  be  turned  end 
for  end,  its  polarity  will  be  reversed.  By  rea- 
son of  this  inductive  action,  bars  of  iron, 
which  are  placed  in  vertical  positions,  such 
as  pokers,  tongs,  balustrades,  etc.,  exhibit 
magnetic  polarity. 

2.  The  directive  force  which  at  any  place 
attracts  the  north  pole  of  a  needle,  repels  its 
south  pole  with  equal  intensity,  if  the  two 
ends  of  the  needle  are  magnetized  to  the 
same  degree. 

3.  Electro-dynamical  coils  and  cylinders  are 
affected  by  artificial  magnets  and  by  the  di- 
rective force  of  the  earth  (§  97),  in  the  same 
manner.  And  a  terminated  electric  current 
(§  73,  Case  3)  revolves  under  the  influence 
of  the  earth's  magnetism,  as  under  that  of  an 
indefinite  current. 

§  169.  The  distribution  of  the  magnetism 
of  the  earth  is  not  symmetrical ;  its  magnetic 
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poles  do  not  coincide  with  those  of  the  axis 
of  revolution,  and  the  magnetic  equator  is  an 
irregular  curve,  with  numerous  flexures,  the 
general  inclination  of  which  is  such  as  to 
form  an  angle  of  about  12°  with  the  plane  of 
the  equinoctial. 

If  a  small  needle,  suspended  horizontally  at 
its  centre  by  a  thread  and  free  to  turn  about 
its  point  of  suspension  in  every  direction,  be 
moved  directly  over  a  bar-magnet,  from  end 
to  end,  the  needle  will  evidently  assume  posi- 
tions of  equilibrium,  which  will  all  lie  in  the 
vertical  plane  passing  through  the  axis  of  the 
magnet;  but  the  horizontal  position  of  the 
needle  will  be  preserved  only  when  it  is  over 
the  middle  of  the  bar;  towards  either  end,  it 
will  dip,  or  form  an  angle  with  the  bar,  of 
greater  magnitude  as  it  recedes  from  the  mid- 
dle point,  by  virtue  of  the  more  powerful  ac- 
tion of  the  nearer  pole.  And  if,  in  this  experi- 
ment, we  substitute  for  the  bar-magnet  one 
which  is  spheroidal,  and  in  which  the  distri- 
bution is  irregular;  then,  if  a  magnetic  needle 
be  moved  over  its  surface,  it  will  form  a 
greater  angle  with  a  tangential  plane,  or  dip 
more  and  more,  as  we  move  it  from  the  equi- 
noctial to  the  polar  positions;  and  the  direc- 
tion of  the  normal  plane  ox  magnetic  meridian, 
in  which  it  will  assume  its  position  of  equi- 
librium at  any  point,  will  be  determined  by 
the  resultant  of  all  the  magnetic  forces  of  the 
spheroid.  Such  an  experiment  would  illus- 
trate roughly  not  only  the  principal  phenomena 
of  the  earth's  magnetism,  but  also  the  method 
which  is  usually  employed  in  their  study. 

§  1 70.  To  determine  a  force,  we  must  know 
its  point  of  application,  its  direction  and  its 
intensity.  For  a  complete  knowledge  of  the 
earth's  magnetic  forces,  these  data  must  there- 
fore be  accurately  observed,  at  places  and 
times  sufficiently  numerous  to  establish  a 
series  of  results,  which  may  be  interpolated 
and  extended  without  appreciable  error. 

§  171.  The  points  of  application  of  ter- 
restrial magnetic  forces  are  known  when  we 
have  the  latitudes  and  longitudes  of  the  places 
of  observation,  which  are  found  by  methods 
given  in  treatises  on  practical  astronomy. 
The  direction  of  the  force  at  any  place  is 
determined  by  its  declination  and  dip,  as  they 
are  usually  called,  or  the  angles  which  are 
formed,  respectively,  by  the  magnetic  meridian 
with  the  true  or  astronomical  meridian,  and  by 
the  force  itself  with  the  horizontal  line  situ- 
ated in  the  magnetic  meridian. 

To  measure  these  angles  accurately,  we 
must  employ  delicate  and  nicely-constructed 
instruments,  and  carefully  eliminate  errors  of 
observation  or  workmanship.  By  means  of  a 
mirror  fixed  vertically  on  the  needle  of  Cou- 
lomb's balance,  and  reflecting  the  divisions 
of  a  distant  graduated  scale,  observed  with 
a  fixed  telescope  that  the  observer  may  be 
removed  from  the  needle,  Prof.  Gauss  has 
succeeded  in  rendering  the  slightest  changes 
in  the  declination  or  intensity  of  the  magnetic 
force  sensible,  as  well  as  free  from  mechanical 
and  other  disturbances,  which  often  happen 
in  observing  at  close  distances:  and  he  has 
thus  given  to  magnetic  observations  a  degree 
of  exactness  equal  to  that  of  modern  astro- 


nomical measurements.  For  descriptions  of 
the  variation  compass  and  of  the  dipping  needle,  as 
well  as  of  the  instruments  of  Gauss  and  the 
manner  of  using  each,  the  reader  is  referred  to 
works  on  magnetism,  which  are  more  com- 
plete than  the  limits  of  this  article  permit  it 
to  be. 

§  172.  To  ascertain  the  intensity  at  differ- 
ent places,  the  times  of  oscillation  of  the 
same  needle,  delicately  suspended,  as  in  the 
balance  of  Coulomb,  evidently  give,  (§  18,) 

n  :  i>2  ::  g'  :  g; 

or  the  forces  inversely  proportional  to  the 
squares  of  the  times  of  oscillation.  The 
force,  however,  by  which  a  needle  thus  sus- 
pended tends  to  return  to  the  magnetic  me- 
ridian, is  the  horizontal  component  of  the 
whole  magnetic  force  acting  upon  it;  if,  there- 
fore, we  denote  the  latter  by /and  the  dip  by 
v,  we  have 

g  =  /cos  V 

as  the  equation,  from  which  we  obtain  the 
whole  intensity  from  that  of  the  horizontal 
force. 

A  very  important  improvement  in  this  me- 
thod of  oscillations,  has  been  made  by  Prof. 
A.  D.  Bache ;  by  vibrating  the  needle  in  a 
vacuum,  he  eliminates  the  errors  which  arise 
from  variations  of  atmospheric  resistance. 

Professor  Gauss  has  given  a  valuable  and 
ingenious  method  for  determining  the  absolute 
intensity  of  the  earth's  magnetic  force,  at  any 
place  and  time,  independently  of  the  variable 
magnetism  of  the  particular  needle  employed. 
This  method  cannot  be  fully  explained  in  an 
article  so  brief  as  this ;  it,  however,  depends 
upon  the  artifice  of  employing  a  second  mag- 
netic needle  to  determine,  by  vibrations  at 
various  distances,  the  ratio  of  the  earth's 
force  to  that  of  the  first  needle ;  and  having 
ascertained,  by  the  method  of  oscillations,  the 
combined  action,  or  product,  of  the  same  forces, 
he  has,  therefore,  two  equations  from  which, 
by  eliminating  the  force  of  the  needle,  he  ob- 
tains the  terrestrial  magnetic  intensity,  inde- 
pendent of  all  instrumental  relations. 

§  173.  Local  Variation.  In  magnetic  obser- 
vations, errors  are  often  produced  by  the  prox- 
imity of  ferruginous  bodies  or  other  accidental 
disturbing  influences.  To  such  effects  the 
term  local  variation  is  usually  applied;  and  too 
much  care  cannot  be  taken  to  prevent  devia- 
tions arising  from  this  source.  On  shipboard, 
and  especially  upon  steamers  and  vessels  of 
war,  the  large  masses  of  iron  contained  in 
their  machinery,  guns,  &c,  always  give  rise 
to  local  variation,  the  amount  of  which  will 
of  course  vary  in  different  ships,  but  is  usu- 
ally quite  considerable,  as  appears  from  the 
following  table  of  observed  deviations,  com- 
piled by  Prof.  Barlow  from  authentic  sources : 

Ship.  Observer.  Place.        Local  Var 

Conway Capt.  Hall Portsmouth  •■  4°  32' 

Leven "      Owen Northfleet 6°    7' 

Barracouta--     "     Cutfield--- •        do.       ••■•14°30' 

Hecla "      Parry do.       ••••  7°  27' 

Fury "     Hopner do.       6°  22' 

Griper "     Wavering.  -Nore 13°36' 

Adventure  •  •     «      King Plymouth 7°  4s' 

Gloucester  ••    "     Stuart Channel 9030 
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The  last  of  these  ships  was  reported  as  having 
been  "invariably  drawn,  in  consequence  of 
this  deviation,  to  the  southward  of  her  intended 
place,  notwithstanding  the  greatest  care  being 
taken  in  steering  her."  The  lateral  errors 
which,  in  sailing  ten  miles,  would  occur  in 
consequence  of  local  variations  of  5°,  10°  and 
15°,  amount  respectively  in  miles  to  0-87,  1-74, 
2-59,  nearly.  From  such  errors  it  is  evident 
that  the  most  disastrous  consequences  may 
often  arise ;  and  Mr.  Barlow  has  shown  that 
many  shipwrecks  may  be  justly  ascribed  to 
this  cause. 

§  174.  The  following  ingenious  method  of 
correction  for  local  variation  was  invented 
by  Mr.  Barlow.  The  ship's  compass  is  care- 
fully compared  in  every  position  of  the  vessel 
with  one  on  shore  removed  from  the  action 
of  all  disturbing  forces;  when  the  deviation 
caused  by  the  ship's  iron  has  thus  been  care- 
fully ascertained,  its  compass  is  taken  on 
shore,  and  a  compensating  plate  of  iron  is  at- 
tached to  the  box  in  such  a  position  as  to  pro- 
duce an  effect  precisely  similar  to  the  local 
variation.  This  plate,  which  is  connected 
with  the  compass  in  such  a  manner  that  it 
may  be  detached  at  pleasure,  is  then  removed 
from  it,  and  the  compass  is  restored  to  its  place 
in  the  ship.  Whenever  the  compensating 
plate  is  used  on  board  the  vessel,  its  action, 
being  exactly  like  the  local  variation  both  in 
direction  and  intensity,  doubles  the  latter,  and 
the  deflection  produced  by  the  plate  is  there- 
fore the  correction  to  be  applied;  thus,  if  the 
ship's  course  were  found  to  be  N.  45°  W.  by 
the  compass  alone,  and  afterwards  N.  50°  W. 
with  the  compensating  plate  attached,  5°  is 
the  quantity  by  which  the  ship's  iron  augments 
the  true  reading,  and  N.  40°  W.  is  therefore 
the  true  course. 

§  175.  Another,  but  less  accurate  mode  of 
determining  the  local  variation  of  a  ship  is  by 
comparing  the  compass  in  the  binnacle  with 
a  standard  compass  fixed  in  some  other  part 
of  the  vessel,  where  it  will  be  least  affected, 
as,  for  instance,  at  the  main-mast  head. 

As  the  action  of  a  ship's  iron  is  due  to  the 
inductive  influence  of  the  earth's  magnetism, 
operating  parallel  to  the  line  of  the  dip,  and 
upon  every  particle  of  iron  in  the  ship ;  it  is 
evident  that  the  resultant  will  be  equivalent  to 
the  action  of  a  single  magnet,  placed,  if  the 
iron  be  distributed  uniformly  on  both  sides  of 
the  vessel,  somewhere  in  the  vertical  plane  of 
the  ship,  with  its  south  pole  upwards  in  north- 
ern latitudes,  and  its  axis  in  the  line  of  dip. 
Hence,  if  the  course  be  in  the  direction  of  the 
magnetic  meridian,  no  deflection  of  the  com- 
pass-needle will  be  produced  by  the  iron. 
But  if  it  be  inclined  to  that  meridian,  the  iron 
will  act  attractively  upon  the  north  pole  of  the 
needle,  and  repulsively  upon  its  south  pole 
(§  88),  producing  deflections  which,  when  the 
course  is  easterly,  are  equal  in  extent,  but 
opposite  in  direction,  to  those  which  take  place 
when  it  is  westerly;  and  which  attain  a  maxi- 
mum when  the  vessel  sails  due  east  or  west. 

From  the  above  it  is  evident,  that  if  the  iron 

of  the  ship  be  distributed  symmetrically  with 

reference  to  both  its  length   and  breadth,  a 

compass  placed  at  the  bow  and  one  in  the  bin- 
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nacle,  or  at  the  stern,  will  be  equally  and  op- 
positely deflected. 

§  176.  Secular  Variation,  This  term  is  usu- 
ally applied  to  a  slow,  progressive  change  of 
declination,  which  from  year  to  year  occurs  at 
any  one  place.  Thus,  for  instance,  at  Paris 
the  observed  position  (if  the  magnetic  meridian 
was,  in  the  year  1580,  about  11°  30'  east; 
in  1660,  nearly  zero,  or  no  v<i>i<iiio>t. ,■  then, 
becoming  west,  the  declination  gradually  at- 
tained a  maximum  value,  at  London,  in  1818, 
of  24°  30',  and  at  Paris,  in  1819,  of  22°  29'; 
and  it  has  since  been  retrograde,  or  decreasing. 
At  New  York  the  declination,  in  1609,  was  13° 
west;  it  gradually  decreased  until  1800,  wheD 
it  amounted  to  about  4°,  and  has  since  in- 
creased, being  at  present  nearly  5J°.  If  a 
line  be  drawn  from  the  north-west  angle  of  the 
State  of  Pennsylvania  to  Cape  Look-out,  in 
North  Carolina,  it  will  pass  through  those 
places  in  the  United  States  where  the  mag- 
netic needle  points  to  the  true  north,  or  will 
be  a  line  of  no  variation.  To  the  east  of  this 
line  the  declination  is  west  and  increasing, 
and  to  the  west  of  it  is  east  and  decreasing, — 
which  is  equivalent  to  a  westward  motion  of 
the  line  itself.  Prior  to  1800,  however,  the 
observed  changes  were  in  the  opposite  direc- 
tion, or  the  line  of  no  variation  was  moving 
to  the  east. 

§  177.  From  the  above  it  is  evident,  that  if  a 
chart  of  magnetic  variation  be  constructed  by 
means  of  actual  observed  declinations  made 
at  any  one  epoch  over  the  entire  globe,  it 
will,  after  a  few  years,  cease  to  be  of  service 
to  navigators.  Nor,  unless  we  know  the 
general  law  of  the  secular  variation  for  every 
place  on  the  earth's  surface,  is  it  possible  to 
apply  to  such  a  chart  the  corrections  requisite 
to  determine  existing  from  previous  declina- 
tions. To  ascertain  this  law,  of  which  we 
are  yet  ignorant,  is  therefore  a  matter  of  the 
highest  importance. 

§  178.  Of  late  years,  at  the  suggestion  of 
the  celebrated  traveller  Humboldt,  who  him- 
self made  many  valuable  magnetic  observa- 
tions during  his  travels,  a  grand  combined 
effort  has  been  made  to  discover  the  laws  of 
terrestrial  magnetism,  by  means  of  frequent  and 
simultaneous  observations,  prosecuted  upon  a 
uniform  system  in  numerous  observatories 
scattered  over  the  world.  Most  of  these  ob- 
servatories are  devoted  exclusively  to  mag- 
netic researches,  and  have  been  established 
by  government  patronage ;  some  of  them,  how- 
ever, are  supported  by  private  munificence; 
and  they  have  all  been  furnished  with  excel- 
lent instruments  for  determining  the  declina- 
tion, the  dip,  and  the  intensity.  In  this  enter- 
prise Russia  and  England  have  been  the  most 
liberal,  though  other  nations  have  generally 
co-operated,  in  proportion  to  their  extent  of 
territory  and  power;  our  own  government, 
however,  has  not  contributed  its  proper  share 
towards  this  object,  than  which  nothing  can 
be  more  important  to  navigation. 

Besides  the  establishment  of  observatories, 
an  expedition  to  the  South  Polar  Sea,  under 
Sir  James  Ross,  and  another  to  the  North 
Polar  regions,  under  Sir  John  Franklin,  were 
fitted  out  by  the  British  government,  with  the 
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view  of  making  magnetic  observations.  The 
previous  expeditions  under  Parry,  Back  and 
others,  in  search  of  a  north-west  passage,  as 
well  as  those  of  Russia  and  France,  and  that 
of  our  own  country,  under  Capt.  Wilkes,  will 
likewise  furnish  valuable  data  for  these  mag- 
netic investigations. 

Magnetic  surveys  of  extensive  districts  have 
also  been  made  in  America,  Europe,  Africa 
and  Asia,  at  the  expense  either  of  individuals 
or  of  governments,  and  designed  to  determine 
the  direction  and  intensity  of  the  magnetic 
force,  in  various  places. 

§  179.  To  reduce  and  discuss  the  mass  of 
observations,  amounting  to  several  millions, 
made  at  all  the  different  observatories,  as  well 
as  by  various  voyagers  and  other  persons,  will 
certainly  be  a  work  of  immense  labor;  but  we 
may  confidently  expect  much  valuable  informa- 
tion to  be  the  result,  though  the  principal  laws 
of  terrestrial  magnetism  may  remain  undisco- 
vered. To  determine  these  laws  exactly,  will 
require  a  considerable  number  of  years ;  for 
accurate  observations  have  not  been  made  in 
many  places,  until  recently;  and  the  correct 
interpolation  of  a  series  from  a  few  scattered 
and  roughly  measured  values,  is  an  imprac- 
ticability. Even  such  values  may,  however, 
give  approximate  and  useful  knowledge. 

§  180.  Jlnnual  Variation.  Besides  the  secu- 
lar variation,  the  declination  is  subject  to  both 
an  annual  and  a  daily  variation,  at  every  place. 
The  annual  variation  was  first  observed  by 
Cassini,  in  1786,  at  Paris,  who  found  the 
change  of  declination  retrograde  from  the 
vernal  equinox  to  the  summer  solstice,  and 
direct  during  the  rest  of  the  year.  This  re- 
sult was  confirmed  by  observations  made  at 
London,  from  1795  to  1805,  by  Gilpin;  but 
the  difference  was  9'  at  Paris  in  1786,  and 
less  than  a  minute  in  1800,  at  London.  From 
1817  to  1819,  at  the  maximum  westerly  decli- 
nation, according  to  the  observations  of  Col. 
Beaufoy,  there  was  no  annual  variation. 
While  at  Salem,  in  Massachusetts,  the  obser- 
vations of  Dr.  Bowditch,  in  1810,  indicate  a 
direct  variation  from  April  to  August,  and  a 
compensating  retrograde  motion  during  the 
autumn. 

Hence,  it  appears  that  the  annual  variation 
differs  from  place  to  place  in  the  northern 
hemisphere,  and  at  the  same  place  from  year 
to  year.  Also,  that  it  is  probably  dependent 
upon  the  secular  variation,  as  well  as  the 
earth's  position  in  its  orbit.  The  observations 
now  in  progress  will  doubtless  furnish  many 
facts  concerning  this  variation,  of  which  it  is 
evident  that  we  at  present  know  almost  nothing 
§  181.  Daily  Variation.  The  daily  change 
in  the  declination  was  first  observed  and  stu- 
died by  Graham,  in  1722;  who  concluded  from 
his  observations,  that  during  the  forenoon  the 
north  pole  of  the  needle  moves  to  the  west 
but  returns  to  its  first  position  in  the  evening! 
and  remains  nearly  stationary  during  the  night! 
Recent  observations  show  that  there  are  two 
maxima  and  two  minima  in  the  daily  variation  • 
or  that  it  consists  of  two  oscillations,  one  oc- 
curring during  the  day,  and  the  other  at  night, 
which  is  similar  to  the  former,  but  of  smaller 
magnitude.     The  extent  of  this  variation  is 


about  twice  as  great  in  summer  as  in  winter. 
It  changes  with  the  latitude,  increasing  as  we 
recede  from  the  magnetic  equator,  where  it  is 
nothing.  In  the  southern  magnetic  hemisphere, 
the  direction  of  the  daily  variation  is  opposite 
to  that  which  it  follows  in  the  northern. 

§  182.  Variations  of  the  Dip  and  Intensity. 
We  have  already  mentioned  (§  169),  that  the 
dip  varies  from  the  magnetic  equator,  where 
it  is  zero,  to  the  magnetic  poles,  at  which  it  be- 
comes 90°.  An  analogous  change  occurs  in 
the  intensity,  which,  if  that  at  the  magnetic 
equator  be  assumed  as  unity,  is  comprised 
within  the  limits  of  1  and  2  nearly,  on  the 
North  American  continent.  Lines  of  equal 
dip  are  not  parallel  to  those  of  equal  intensity : 
and  their  respective  poles  do  not,  therefore,  co- 
incide: according  to  the  observations  of  Capt. 
Ross,  the  dip  is  90°,  or  vertical,  in  lat.  70°  5'  N., 
and  long.  96°  46'  W.,  in  Boothia  Felix ;  while 
the  magnetic  survey  of  Capt.  Lefroy  shows, 
that  the  isodynamical  line  of  1-875  is  an  ellipse, 
580  miles  long  and  220  broad,  with  its  centre 
in  lat.  52°  19'-3  N.  and  long.  91°  59'  W.,  near 
the  head  of  the  Albany  river  in  Canada,  where 
the  intensity  is  1-88;  the  major  axis  of  the 
ellipse  being  inclined  57°  50'  to  the  parallel 
of  geographic  latitude.  Besides  these  geogra- 
phical changes  in  the  dip  and  intensity,  they 
are  subject,  like  the  declination,  to  secular,  an- 
nual and  daily  variation,  according  to  laws 
which  have  not  yet  been  ascertained;  the 
dip,  for  instance,  at  London,  was  74°  42'  in 
1720,  and  69°  38'  in  1830;  similarly,  at  Paris, 
it  was  75°  0'  in  1671,  and  68°  0'  in  1825; 
having  constantly  decreased  at  both  these 
places. 

§  183.  The  line  of  no  dip,  or  the  magnetic 
equator,  experiences  a  secular  variation,  and 
has  moved  from  east  to  west  through  an  angle 
of  10°,  between  1780  and  1825,  as  appears 
from  its  position  at  the  former  epoch,  deduced 
both  by  Hansteen  and  Morlet,  from  observa- 
tions made  by  Capts.  Cook,  Vancouver,  and 
others,  when  compared  with  that  which  it 
occupied  at  the  latter  epoch,  determined  by 
Capt.  Duperrey  from  his  own  observations, 
and  those  of  Capt.  Sabine  and  M.  de  Blosse- 
ville.  Humboldt  has  also  shown  that  a  pro- 
gressive or  secular  change  of  the  dip  is  a 
necessary  consequence  of  this  motion  of  the 
magnetic  equator. 

§  184.  Fitful  Variation.  During  the  occur- 
rence of  an  aurora  borealis,  the  magnetic 
needle  is  disturbed  in  a  remarkable  manner, 
being  often  deflected  several  degrees  to  the 
east  or  west,  not  steadily,  but  by  sudden  fits 
or  intermitting  impulses,  which  give  it  a  very 
irregular  motion.  Of  the  physical  cause  of 
this  peculiar  disturbance,  which  has  been 
called  the  jilful  variation,  we  know  only  that  it 
is  connected  with  a  mysterious  meteorological 
phenomenon,  which,  from  its  appearance,  we 
believe  to  be  electrical,  but  cannot  refer  to 'any 
satisfactory  hypothesis. 

It  has  been  found,  by  observations  made  at 
the  American  observatories,  as  well  as  by 
those  at  Munich,  that  the  fitful  variation  is  in 
a  measure  dependent  upon  the  hour  of  the 
day,  or  the  sun's  position;  the  easterly  per- 
turbations having  a  maximum,  both  in  fre- 
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quency  and  intensity,  in  the  evening,  and  the 
westerly  in  the  morning,  while  both  have  a 
minimum  in  the  afternoon. 

§  185.  Perturbations.  A  remarkable  accord- 
ance,  in  time  and  direction,  of  the  perturbations 
of  the  earth's  magnetic  force  observed  at  differ- 
ent places,  has  been  disclosed  by  observations 
made  in  the  magnetic  observatories.  From 
which  it  appears,  that  the  magnetism  of  the 
earth  is  in  a  constant  state  of  oscillation,  and 
that  the  observed  perturbations  occur  at  the 
same  instant  of  time,  at  places  remote  from 
each  other.  Thus,  for  instance,  observations 
of  the  declination  made  at  Gottingen,  were 
graphically  compared  with  similar  and  simul- 
taneous observations  made  at  Berlin  and  other 
places  in  Europe,  the  observed  results  at  each 
being  represented  by  the  ordinates  of  a  curve, 
of  which  the  abscissas  were  the  correspond- 
ing times;  and  it  was  found,  when  these 
curves  were  placed  side  by  side,  that  their 
flexures  coincided  in  a  striking  manner,  indi- 
cating that  like  disturbances  occurred  at  the 
same  time,  at  all  the  places. 

It  was  interesting  to  ascertain  to  what  ex- 
tent, over  the  earth's  surface,  the  above  coinci- 
dence of  perturbations  takes  place,  and  whether 
they  might  not  even  be  employed  for  determin- 
ing, approximately,  differences  of  longitude 
between  distant  countries.  For  this  purpose, 
observations  were  made  by  Prof.  A.  D.  Bache, 
in  Philadelphia,  and  by  Prof.  Lloyd,  in  Dublin; 
but,  though  it  was  found  that  the  needle,  if 
much  disturbed  in  Dublin  at  any  time,  was  so 
likewise  in  America;  yet  the  flexures  of  the 
curves  no  longer  corresponded,  concavities 
in  the  one  being  frequently  opposite  to  con- 
vexities in  the  other. 

The  same  accordance  in  time  and  direction, 
which  was  found  to  exist  in  perturbations  ob- 
served in  Europe,  has,  however,  been  shown 
to  hold  good  for  observations  made  in  America: 
the  magnetic  curves  of  the  observatories  at 
Toronto,  Philadelphia  and  Boston,  having  the 
same  remarkable  similarity.  Hence,  it  ap- 
pears that  this  result  is  general  for  large  dis- 
tricts of  territory,  though  not  for  the  entire 
northern  hemisphere. 

§186.  Theory  of  the  Earth's  magnetism.  Va- 
rious hypotheses  have  been,  from  time  to  time, 
brought  forward,  to  account  for  the  phenomena 
of  the  earth's  magnetism;  but  of  them  all  it 
may  be  said,  that  we  have  not  yet  attained  to 
a  sufficient  knowledge  of  facts  by  observation, 
to  justify  us  in  making  extended  generaliza- 
tions. Of  the  curve,  which  would  represent 
the  law  of  any  series  of  similar  results,  we 
know  only  a  point  here  and  there,  and  are 
unable  to  draw  its  intermediate  path. 

Dr.  Gilbert  attempted  to  refer  the  observed 
facts  to  the  action  of  a  hypothetical  bar- 
magnet,  having  its  two  poles  or  ends  placed 
near  to  those  of  the  earth's  axis;  but  M.  Biot 
proved  that  the  observed  directions  and  inten- 
sities at  various  places  over  the  earth  would, 
according  to  Gilbert's  theory  of  two  poles,  be 
the  better  represented  the  nearer  these  poles 
were  supposed  to  approach  each  other,  or  if 
they  both  coincided  at  the  centre  of  the  earth. 

Halley,  and  more  recently  Hansteen,  as- 
sumed that  the  earth  has  four  magnetic  poles, 
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two   in  the  Western,  and  two  in  the  Easttrn 
hemisphere;  but  even   this   hypothesis  is   in- 
sufficient,  and  must  be  connected  with  that  of 
the  revolution  of  the  poles,  in  different  pi 
in  order  to  explain  the  phenomena  of  variation. 

Lastly,  Mr.  Barlow  attempted  to  deduce  the 
positions  of  the  magnetic  poles,  from  the 
directions  and  intensities  observed  at  different 
places;  but  found  that  he  obtained  the  most 
discordant  results,  or  that  every  place  indi- 
cated different  magnetic  poles.  This  conclu- 
sion tends  to  show  that  the  magnetic  poles  of 
the  earth  are  rather  regions  having  a  diffused 
and  variable  magnetic  distribution,  than  par- 
ticular points;  and  it  seems  to  be  confirmed 
by  subsequent  observations. 

§  187.  Physical  theories  of  the  earth's 
magnetism  have  usually  been  rather  of  the 
nature  of  vague  speculations,  than  scientific 
hypotheses.  While  some  have  referred  it  to 
the  action  of  magnetic  metals  in  the  globe 
itself,  others  have  been  led  by  such  phenomena, 
as  the  influence  of  the  aurora  borealis  and  the 
falling  of  meteoric  bodies  (usually  metallic, 
and  composed  of  iron,  nickel,  &c),  to  regard 
the  atmosphere  as  the  magnetic  region,  by 
reason  of  ferruginous  and  other  metallic  mat- 
ter contained  in  it. 

We  have  seen,  however,  that  the  annual, 
daily  and  fitful  variations  seem  to  be  intimately 
connected  with,  or  dependent  upon  the  sun's 
action.  And  there  is  also  a  singular  connec- 
tion between  the  mean  temperature  and  mag- 
netic force  at  every  place,  which  tends  to  show 
that  they  are  probably  common  effects  of  the 
same  physical  cause.  The  nature  of  this 
connection  may  be  thus  expressed:  the  iso- 
thermal lines  of  the  earth  correspond  with  its 
isodynamical  magnetic  lines;  or,  in  other  words, 
imaginary  lines  drawn  through  places  having 
the  same  mean  temperature,  will  coincide  with 
lines  passing  through  places  at  which  the 
magnetic  force  is  of  the  same  intensity :  a  fact 
discovered  by  Sir  David  Brewster,  and  con- 
firmed by  Capt.  Duperrey. 

§  188.  As  the  theory  of  Ampere  has  served 
to  connect  and  explain  so  many  magnetic  phe- 
nomena, we  naturally  expect  that  it  should 
throw  light  upon  the  subject  of  terrestrial 
magnetism.  According  to  that  theory,  the 
earth  should  be  a  large  electro-dynamicai 
sphere,  with  currents  passing  round  it  in  the 
direction  of  the  sun's  apparent  motion,  or 
opposite  to  the  earth's  real  motion.  We  have 
already  seen  (§  168),  that  these  views  are  con- 
firmed, by  the  substitution  of  the  earth's  mag- 
netic action  for  that  of  an  artificial  magnet 
in  the  production  of  electro-magnetic  rotation; 
and  by  the  fact  that  currents  are  acted  upon 
directively  by  the  magnetic  force  of  the  earth 
(§  97),  and  by  each  other  in  precisely  the 
same  manner. 

But  that  Ampere's  theory  may  be  used  suc- 
cessfully, to  account  for  the  phenomena  of 
terrestrial  magnetism,  has  been  rendered  in 
the  highest  degree  probable,  by  a  beautiful 
and  ingenious  experiment  of  Prof.  Barlow. 
He  took  a  hollow  globe  of  wood,  16  inches  in 
diameter,  and  turned  parallel  grooves,  4£° 
apart,  around  it;  in  these  grooves  he  wound 
a  copper  wire,  and  then  pasted  over  the  globe 
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a  map  of  the  world,  in  such  a  manner  that  the 
poles  of  the  parallel  wires  corresponded  with 
the  probable  positions  of  the  magnetic  poles, 
and  the  equatorial  wire  with  the  magnetic 
equator.  A  galvanic  current  was  then  passed 
through  the  wire  in  the  direction  required  by 
the  theory  of  Ampere,  and  a  small  magnetic 
needle  suspended  horizontally  by  a  thread, 
was  brought  successively  over  various  parts 
.  of  the  globe;  at  every  geographical  position, 
it  assumed  a  direction  which  corresponded 
with  the  observed  declination  and  dip,  and 
thus  gave  a  correct  representation  of  the 
earth's  magnetism. 

§  189.  To  render  the  explanation  of  ter- 
restrial magnetism,  by  means  of  the  electro- 
dynamical  theory,  complete,  it  is  only  requi- 
site, therefore,  that  we  should  be  able  to 
establish  the  probable  existence  of  electric 
currents  flowing  constantly  around  the  earth, 
by  reason  of  some  adequate  physical  cause, 
operating  according  to  well-known  laws.  The 
remarkable  coincidence  of  the  isothermal  with 
the  isodynamical  magnetic  lines  clearly  indi- 
cates, that  we  must  look  to  the  sun's  action  as 
a  powerfully  modifying,  if  not  the  only  efficient 
and  generating,  cause  of  the  earth's  magnetism. 
That  electrical  currents  are  produced,  by  sub- 
jecting different  parts  of  a  conducting  circuit 
to  unequal  temperatures,  has  been  fully  esta- 
blished, by  facts  which  properly  belong  to, 
and  will  be  treated  of  under,  the  head  of 
Thermo-electiucitf,  in  the  next  general 
division  of  our  subject.  Yet,  in  the  pre- 
sent state  of  our  knowledge,  we  cannot,  it 
must  be  confessed,  show  clearly  how  thermo- 
electric lines,  parallel  to  the  magnetic  equator, 
would  be  produced  by  the  sun's  action;  though 
the  very  different  temperatures  at  the  poles 
and  between  the  tropics,  and  the  daily  pre- 
sentation of  each  successive  meridian  to  the 
sun,  by  the  revolution  of  the  earth,  consti- 
tute real  thermo-electrical  arrangements,  which 
seem  to  be  the  true  sources  of  terrestrial  mag- 
netism, by  the  development  of  electrical  cur- 
rents. Should  this  conclusion  be  established 
by  a  careful  and  sufficiently  extended  induc- 
tion, all  the  observed  phenomena  will  be  sus- 
ceptible of  deduction  from  Ampere's  compre- 
hensive theory;  which,  by  revealing  the  myste- 
ries of  the  earth's  action  upon  the  mariner's 
compass,  will  thus  have  achieved  its  most 
glorious  triumph. 

Thermo-Electricity. 

§  190.  Thermo-electric  crystals.  We  have  al- 
ready alluded  to  heat  (§  8),  as  a  source  of  elec- 
trical development;  and  it  appears  to  have 
been  known,  even  to  the  ancients,  that  the 
tourmaline  acquires  attractive  properties,  when 
heated.  Hence  Linnaeus  gave  to  that  mineral 
the  name  lapis  electrkus ;  and  the  Dutch,  who 
found  it  in  Ceylon,  called  it  aschentrikker,  be- 
cause it  attracts  ashes  when  thrown  into  a 
fire. 

The  thermo-electrical  properties  of  the  tour- 
maline were  first  investigated  by  ^Epinus,  in 
1756.  To  each  side  of  a  segment  cut  perpen- 
dicularly to  the  axis,  he  fitted  a  metallic  disc, 
to  which  a  conducting  wire  was  soldered;  the 
extremities  of  the  wires  were  brought  near  to 
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each  other,  and  a  pith  ball  was  suspended  he 
tween  them.  When  the  tourmaline  was  heated 
by  plunging  it  into  hot  water,  and  then  placed 
between  the  discs,  the  pith  ball  vibrated  rapidly 
for  several  hours  between  the  wires,  being 
alternately  attracted  and  repelled  by  each; 
thus  indicating  that  the  two  faces  of  the. 
mineral  were  in  opposite  electrical  states. 
When  the  two  conducting  wires  were  joined 
by  means  of  a  third  metallic  wire,  all  motion 
of  the  pith-ball  ceased,  the  electricity  being 
freely  conducted  from  one  wire  to  the  other ; 
but  it  commenced  to  vibrate  anew,  when  the 
third  wire  was  removed. 

^Epinus  found  that  the  temperature  of  boil- 
ing water  is  apparently  that  which  causes  the 
most  intense  electrical  development  in  the 
tourmaline ;  that,  if  heated  to  a  much  higher 
degree  upon  burning  coals  or  a  hot  piece  of 
metal,  it  indicates,  when  removed,  little  or  no 
excitement,  until  some  time  has  elapsed;  and 
generally  that,  whenever  a  tourmaline  is  heated 
unequally,  the  polarity  is  at  first  inverted;  the 
end  which  would  have  been  positively  electri- 
fied by  uniform  heating  being  negative,  and, 
conversely,  the  other  end  becoming  positive ; 
after  a  few  minutes  this  state  ceases,  and  no 
sign  of  electricity  can  be  observed;  finally, 
the  mineral  recovers  its  electrical  action,  which 
continues  for  some  hours,  and  its  polarity  is 
then  direct,  or  similar  to  that  developed  when 
the  heat  is  applied  uniformly.  This  irregu- 
larity almost  always  occurs  when  the  mineral 
is  not  heated  in  a  fluid,  and  is  rendered  more 
distinct  by  heating  only  one  end. 

§  191.  The  thermo-electrical  phenomena 
presented  by  the  tourmaline  and  other  crystal- 
lized bodies,  were  subsequently  studied  by  the 
Abbe  Haiiy,  with  that  skill  for  which  he  is  so 
justly  celebrated.  He  found  that  the  Brazilian 
topaz,  the  boracite  (borate  magnesio-calcaire),  the 
oxide  of  zinc,  and  several  other  minerals,  pos- 
sess the  same  properly  as  the  tourmaline;  and 
that  there  is  a  relation  between  the  crystalline 
form  and  the  thermo-electrical  distribution. 
In  his  own  words,  (Ecolcs  Normales,  t.  6,  p.  102,) 
"  one  of  the  summits  always  has  additional 
facettes  produced  by  a  law  of  decrement, 
which  does  not  take  place  at  the  opposite 
summit;  this  is  contrary  to  the  analogy  of 
non-electric  crystals,  the  two  summits  of 
which  are  alike  in  the  number  of  faces.  The 
simpler  summit  seems  also  to  be  that  which 
becomes  negative :  a  fact  which  serves  to 
indicate,  upon  inspection,  which  portion  of  a 
tourmaline  will  be  electrified  either  positively 
or  negatively." 

Haiiy  also  observed  that,  when  an  electrified 
tourmaline  is  broken  in  such  a  manner  as  to 
detach  a  small  fragment  from  one  of  its  ex- 
tremities, this  fragment,  however  short  it  may 
be,  possesses  both  a  positive  and  a  negative 
pole,  like  the  whole  tourmaline;  although  the 
part  of  the  crystal  from  which  it  was  sepa- 
rated indicated  only  one  electrical  state  :  a  fact 
similar  to  that  which  occurs  when  a  magnet 
is  broken  (§  80),  and  which  renders  tne  theory 
of  ^Epinus  imperfect.  When  boracite  is 
heated,  the  simplest  variety  of  which  crystal- 
lizes in  the  form  of  a  cube  with  imperfect 
edges  and  four  truncated  angles,  the  perfect 
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angles  become  negative,  and  the  diagonally- 
opposite  truncated  angles  positive ;  so  that  the 
four  diagonals  of  the  cube  constitute  as  man)' 
electrical  axes.  And  this  phenomenon,  Haiiy 
found  to  hold  good  for  fragmentary  or  mole- 
cular portions  of  the  mineral. 

§  192.  He  also  repeated  the  experiments 
of  ^Epinus  upon  the  tourmaline,  and  found 
that  there  are  two  limits  of  temperature  be- 
yond which  it  gives  no  signs  of  electricity, 
usually  about  10°  and  150°  Centigrade,  varying 
with  the  length  of  the  specimen.  When  heated 
uniformly  between  these  limits,  one  end  be- 
comes positive  and  the  other  negative,  and 
they  remain  so  while  the  temperature  rises; 
if  in  this  condition  the  mineral  be  cooled 
regularly,  an  instant  arrives  at  which  its 
polarity  ceases,  after  which  it  appears  again, 
though  inverted,  the  -plus-minus  state  having 
become  minus-plus ;  and  it  so  remains  as  long 
as  the  temperature  is  variable  and  descending. 
Thus,  the  electrical  condition  seems  to  depend 
upon  the  variation  of  the  temperature  ;  and  at 
any  degree  between  the  limits,  the  mineral  may 
be  either  in  a  natural  state,  or  electrified  with 
direct  or  inverse  polarity,  as  the  temperature 
may  have  been  either  constant,  ascending  or 
descending.  In  some  instances,  Haiiy  observed 
anomalous  changes  of  polarity  during  the  con- 
tinuous rise  or  fall  of  the  temperature. 

§  193.  To  the  list  of  crystallized  bodies 
possessing  thermo-electrical  properties,  Sir  D. 
Brewster  has  added  many  others,  among  which 
are  tartaric  acid,  citric  acid,  and  cane  sugar. 
And  M.  Becquerel  has  shown,  that  a  rourma- 
line  heated  or  cooled  at  one  end,  while  the 
other  end  is  kept  at  a  constant  temperature, 
shows  signs  of  electrical  excitement  only  in 
one  half,  the  other  appearing  natural ;  an 
anomaly,  which  he  supposes  may  be  owing 
to  an  irregular  distribution  within  and  upon 
the  surface  of  the  crystal,  by  which  the  posi- 
tive and  negative  effects  mask  each  other. 

Unequal  distribution  of  heat  in  different 
directions  seems  to  be  the  cause  of  this 
thermo-electrical  excitement  in  the  molecules 
of  crystallized  bodies.  And  as  the  slightest 
difference  of  arrangement  or  structure  in  two 
bodies  rubbed  together  is  sufficient  to  develope 
electricity  (§  9),  it  is  not  improbable,  that 
differences  of  expansion  and  consequent  me- 
chanical actions  among  the  contingent  mole- 
cules are  the  immediate  disturbing  cause:  a 
view,  which  renders  it  possible  that  mecha- 
nical electricity  and  thermo-electricity  are 
analogous  effects  of  a  single  cause. 

§  194.  Thermo-electricity  of  Metals.  In  1822, 
Dr.  Seebeck,  of  Berlin,  discovered  that  an 
electrical  current  is  produced,  when  the  equi- 
librium of  temperature  is  disturbed  in  a  closed 
circuit,  formed  of  two  different  metals  united 
by  soldering,  or  by  simple  contact;  the  exist- 
ence and  the  direction  of  the  current  being 
indicated  by  its  disturbing  action  upon  a  deli- 
cate magnetic  needle.  He  was,  however,  un- 
able to  obtain  from  this  source  currents  of 
sufficient  intensity  to  exhibit  the  more  ordi- 
nary effects  of  electricity,  such  as  sparks, 
chemical  decomposition,  etc. 

§  195.     By  forming  thermo-electric  circuits 
of  various  metals,  Dr.  Seebeck  found  that  the 
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current  passes  from  bismuth  to  any  other 
metal,  or  that  the  former  always  becomes 
negative,  as  the  zinc  plate  does  in  ordinary 
galvanic  circles;  and  also  that  antimony,  on 
the  other  hand,  becomes  positive  with  most  of 
the  other  metals,  or  occupies  the  other  ex- 
tremity of  the  thermo-electric  scale.  He  also 
examined  the  sulphurets,  and  found  thai  galena 
is  negative  even  with  bismuth;  and  that  the 
sulphurets  of  iron,  arsenic  and  copper,  which 
have  a  maximum  of  sulphur,  occupy  places 
near  to  bismuth,  while  all  the  sulphurets  with 
a  ■minimum  of  sulphur,  are  at  the  other  end  of 
the  scale,  and  of  nearly  the  same  power  as 
antimony. 

Various  persons  have  sought  to  determine 
the  relative  positions  of  the  metals  in  the 
thermo-electric  series,  and  the  following  order 
is  that  established  by  the  experiments  of  Prof. 
Cumming,  somewhat  extended,  and  generally 
confirmed  by  those  of  MM.  Oersted  and  Bec- 
querel : 

J.  Galasna,  10.  Titanium,  19.  Iridium, 

2.  Bismuth,  11.  Tin,  20.  Zinc. 

3.  Mercury?  13.  Lead,  21.  Cadmium, 

4.  Nickel,  13.  lirass,  22.  Charcoal, 

5.  Platinum,  14.  Copper,  2'i.  Plumbago. 

6.  Palladium,  15.  Gold,  24.  SteeL 

7.  Cobalt,  16.  Silver.  25.  Iron, 

8.  Uranium,  17.  Molybdenum,      26.  Arsenic, 

9.  Manganese,  18.  Rhodium,  27.  Antimony. 

In  this  table,  as  a  general  rule,  each  metal 
becomes  negative,  or  imparts  electricity  to  any 
one  which  succeeds ;  and  the  more  remote  in 
the  series  any  two  metals  are,  the  more 
powerful  will  be  the  thermo-electric  effects 
produced  by  them  with  each  other.  This  rule 
has,  however,  its  exceptions;  for  instance, 
antimony  is  more  effective  with  cadmium  than 
with  mercury;  and  iron,  if  used  to  form  a 
circuit  with  either  brass,  gold,  copper,  silver, 
or  zinc,  causes  the  deflection  of  the  galvano- 
meter to  increase  gradually  with  the  tempera- 
ture, until,  at  about  600°  Fahr.,  the  deviation 
attains  a  maximum;  after  which  it  decreases 
as  the  temperature  rises,  and  at  a  red  heat 
passes  through  the  zero  point,  and  assumes 
an  opposite  direction;  indicating  that  the 
direction  of  the  electric  current  Avhich  flowed 
to  the  iron,  is  reversed  ;  or  that  iron,  at  high 
temperatures,  is  negative,  relatively  to  the 
above-mentioned  metals.  This  anomaly,  dis- 
covered and  investigated  by  Prof.  Cumming, 
was  found  not  to  occur  with  a  circuit  of  iron 
and  platinum.  Other  exceptions  have  been 
observed,  but  instead  of  enumerating  them,  we 
refer  the  reader  to  complete  treatises. 

§  196.  With  the  view  of  increasing  the 
intensity,  Dr.  Seebeck  attempted  to  form  a 
compound  thermo-electric  circuit,  analogous 
to  the  Voltaic  pile  or  battery;  but  his  re- 
searches were  interrupted,  and  the  subject 
was  investigated  by  MM.  Fourier  and  Oersted. 
By  soldering  together  alternate  bars  of  bis- 
muth and  antimony,  they  formed  a  hexagonal 
circuit  of  three  elements;  the  deviation  pro- 
duced by  two  active  elements  was  greater 
than  that  caused  by  one,  and  the  effect  of  three 
exceeded  that  of  two ;  a  deviation  of  60°,  the 
maximum  result,  was  produced  by  heating 
three  alternate  angles  of  the  hexagon,  and 
cooling  the  other  three  with  ice. 
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When  the  number  of  consecutive  elements 
in  the  circuit  was  increased,  with  the  view  of 
augmenting  the  intensity,  they  found  that  the 
total  deviation  of  the  needle  was  not  equal  to 
the  sum  of  the  deviations  produced  by  the 
separate  elements ;  and  though  each  element 
added  to  the  combined  effect,  the  resistance 
seemed  to  increase  very  rapidly  as  the  length 
of  the  circuit  was  extended ;  in  consequence 
of  which,  the  maximum  effect  seemed  to  be  pro- 
duced by  a  limited  number  of  elements.  Hence 
MM.  Oersted  and  Fourier  concluded,  that  the 
intensity  of  thermo-electric  currents  cannot 
be  indefinitely  increased  by  multiplying  the 
number  of  elements ;  and  they  proved  that 
such  currents  are  of  very  feeble  intensity,  by 
the  fact  that,  when  a  pile  of  twenty  elements 
was  used,  a  short  platinum  wire  transmitted 
^th  only  of  the  original  current;  and  the 
thinnest  stratum  of  an  acid,  alkaline  or  saline 
solution  arrested  it  entirely.  They  were  un- 
able to  produce  chemical  effects ;  and  a  slight 
palpitation  of  the  muscles  of  a  frog  was  the 
only  indication  obtained  of  the  increased  power 
of  a  compound  circuit,  besides  those  shown  by 
the  galvanometer. 

§  197.  By  modifying  the  arrangement  and 
size  of  the  elements,  MM.  Nobili  and  Melloni 
greatly  improved  the  compound  thermo-elec- 
tric battery,  and  rendered  it  capable  of  pro- 
ducing much  greater  effects.  The  elements 
in  their  pile  are  small  bars,  soldered  together 
at  the  ends  in  a  zig-zag  series,  like  the  parts 
of  the  letter  W,  and  insulated  intermediately 
by  some  non-conducting  substance;  so  as  to 
form  a  bundle  which  may  be  heated  at  one 
end,  while  the  other  remains  cool. 

§  198.  With  a  pile  of  120  elements  of  pla- 
tinum and  iron  wire,  each  one  inch  long  and 
0-01  inch  thick,  wound  spirally  upon  a  stick, 
so  that  alternate  junctions  were  on  oppo- 
site sides,  Prof.  Botto,  of  Turin,  decomposed 
water;  and  the  Chevalier  Antinori  subse- 
quently obtained  a  thermo-electric,  spark. 
These  results  were  confirmed  by  MM.  Linari 
and  Wheatstone ;  the  former  of  whom  em- 
ployed a  pile  of  25  elements,  and  an  electro- 
dynamical  spiral  505  feet  long,  aided  by  the 
reaction  of  an  electro-magnet  of  soft  iron; 
with  which  he  obtained  brilliant  sparks,  de- 
composed water  and  the  nitrate  of  silver,  and 
magnetized  steel  needles.  While  Prof.  Wheat- 
stone  used  a  pile  of  33  elements,  forming  a 
bundle  1^  inch  long  and  three-fourth's  of  an 
inch  in  diameter;  which,  with  one  of  Henry's 
ribbon  coils,  50  feet  long  and  1£  inches  broad 
(§  61),  gave  a  very  bright  spark. 

Mr.  Watkins  has  shown  that  the  thermo- 
electric pile  gives  much  brighter  sparks  with 
Henry's  ribbon  coil,  than  with  wire  helices; 
and  that  such  a  coil,  90  feet  long,  with  a  pile 
of  15  to  30  elements,  readily  decomposes 
water,  and  induces  secondary  currents  in  a 
wire  helix,  1500  feet  long,  capable  of  giving 
powerful  shocks.  A  soft  iron  horse-shoe, 
which  he  rendered  magnetic  by  the  thermo- 
electric current,  supported  98  pounds. 

§  199.     By  reason  of  the  general  principle 

that  action  is  always  accompanied  by  equal 

reaction,  it  may  be  inferred  from  the  researches 

of  Dr.  Seebeck,  that  magnets  must  act  simi- 
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larly  upon  thermo-electric  and  galvanic  cur- 
rents. That  such  is  the  fact  was  shown  ex- 
perimentally by  Prof.  Cumming,  by  means  of  a 
toy,  exhibiting  the  rotation  of  a  thermo-electric 
current  under  the  influence  of  a  magnet,  and 
of  which  Marsh's  "  moving  rectangle"  is  a 
very  ingenious  and  pretty  modification.  (See 
§94.) 

§  200.  M.  Pouillet  endeavored  to  ascertain 
the  relative  intensities  of  thermo-electric  and 
galvanic  currents,  by  transmitting  them,  in 
opposite  ('erections,  through  wires  of  such 
lengths  and  diameters  as  to  cause  their  elec- 
tro-motive forces  to  be  in  equilibrium  with,  or 
annul,  each  other.  He  thus  found,  that  the 
current  of  a  galvanic  battery  of  12  elements, 
was  resisted  by  a  platinum  wire,  0-006  of  an 
inch  thick  and  590  feet  long,  to  such  a  degree 
as  to  be  equivalent  to  the  thermo-electric  cur- 
rent of  one  element  of  bismuth  and  antimony, 
excited  by  a  difference  of  temperature  of  76° 
Fahr.,  and  transmitted  by  a  copper  wire  66  feet 
long  and  0-04  of  an  inch  in  diameter.  And  he 
thence  deduced  the  conclusion,  that  the  in- 
tensity of  the  galvanic  current  is  114,000  times 
greater  than  that  of  a  thermo-electric  current, 
produced  by  a  difference  of  temperatures  of 
108°  Fahr. 

§  201.  By  a  method  somewhat  analogous 
to  the  above,  M.  Pouillet  investigated  the  rela- 
tive conductibility  of  metals  for  thermo-elec- 
tric currents,  which  he  found  to  be  nearly  in 
the  following  ratios,  that  of  mercury  being 
taken  as  unity:  palladium  58,  silver  51,  gold 
40,  copper  38,  alloyed  gold  13  to  7,  brass  12 
to  9,  platinum  8J,  steel  8  to  5,  iron  7  to  6£. 
A  difference  of  temperature  which  produced 
scarcely  any  effect  upon  mercury,  was  found 
to  reduce  the  conductibility  of  iron  or  steel  in 
a  very  remarkable  degree. 

When  the  electro-motive  force  of  a  thermo- 
electric current  remains  constant,  M.  Pouillet 
found  that  the  intensity  varies  directly  with 
the  conductibility,  and  inversely  with  the 
length  of  the  circuit.  In  a  conducting  chan- 
nel, formed  of  pieces  of  wire  of  different 
thicknesses,  the  electro-motive  force  in  con- 
secutive elementary  lengths  was  found  to  be 
of  equal  quantity,  and  the  intensity  in  the  in- 
verse ratio  of  the  sectional  area.     (See  §  54.) 

§  202.  From  the  preceding  facts  it  is 
obvious  that,  by  heating  two  different  metals 
at  their  points  of  contact,  electric  currents  of 
great  quantity,  but  of  very  feeble  intensity, 
are  developed,  which  possess  dynamical  pro- 
perties precisely  similar  to  those  of  galvanic 
currents.  Also,  that  by  arranging  thermo- 
electric elements  in  a  pile  or  series,  the  in- 
tensity of  the  current  they  produce  may  be 
almost  indefinitely  increased,  as  in  compound 
galvanic  circles. 

That  the  thermo-electric  current  is  not  due 
to  the  contact  of  dissimilar  metals,  or  to 
chemical  action,  was  proved  by  MM.  Yelin 
and  Becquerel,  who  successively  studied  the 
circumstances  necessary  to  its  development. 
By  riveting  one  end  of  a  band  of  metal  near 
to  the  other,  so  as  to  form  a  ring  of  any  shape, 
with  a  projecting  end,  M.  Yelin  ascertained 
that  currents  were  produced  in  the  circuit, 
whenever  the  projecting  end  was  heated ;  and 
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that  inequality  of  temperature  in  a  single  me- 
tal is  therefore  sufficient  for  thermo-electric 
excitement.  The  same  result  was  obtained 
with  various  metals.  When  pieces  of  various 
figures  were  used,  the  current  varied  with  the 
figure ;  and  when  bars  were  heated  at  one 
end,  their  opposite  sides  and  ends  caused  the 
magnetic  needle  to  move  in  different  directions. 
These  facts  were  confirmed  by  the  experi- 
ments of  Mr.  Sturgeon,  who  showed  that  if  a 
point  at  the  end  of  a  bar  is  heated,  the  cur- 
rent proceeds  longitudinally  from  the  heated 
point  along  one  side  of  the  axis,  and  returns 
upon  the  other,  accompanied  with  trans- 
verse currents  passing  in  opposite  directions, 
and  nearly  at  right-angles  to  the  longitudinal 
ones.  When  one  angle  of  a  rectangular  plate 
was  heated,  the  current  was  in  the  direction 
of  the  diagonal,  and  returned  along  the  edges. 

That  thermo-electric  phenomena  are  not 
caused  by  a  chemical  action  of  the  oxygen  or 
moisture  of  the  air  upon  the  metals,  was 
shown  by  M.  Becquerel,  by  producing  the 
same  effects  in  dry  hydrogen.  And  he  also 
confirmed  the  conclusion  of  Yelin,  that  un- 
equal distribution  of  heat  is  the  true  cause, 
by  forming  a  circuit  of  a  single  wire  soldered 
together  at  the  ends;  when  any  point  of  this 
wire,  remote  from  the  junction,  was  heated,  no 
current  was  produced,  as  should  evidently  have 
been  the  case  by  virtue  of  the  symmetry  of  the 
arrangement;  but  when  a  knot  was  made  in 
the  wire,  and  heat  applied  near  to  it,  a  current 
took  place. 

§  203.  To  the  researches  of  M.  Becquerel, 
we  are  also  indebted  for  the  general  theoretical 
principle  which  connects  and  satisfactorily 
explains  thermo-electrical  phenomena.  It  may 
be  stated  thus :  whenever  a  particle  of  metal 
is  heated,  it  receives  from  the  adjoining  parti- 
cles a  portion  of  their  natural  electricity,  leav- 
ing them  in  a  negative  state.  As  the  heat  is 
conducted  from  particle  to  particle,  a  current 
is,  therefore,  excited  in  the  opposite  direction. 

Hence,  if  a  bar  be  heated  at  one  end,  a  cur- 
rent will  flow  towards  it  from  the  other;  and, 
if  heated  at  the  middle,  currents  will  flow  to 
that  point  from  each  extremity.  To  the  in- 
tensity of  the  current  thus  established,  M. 
Becquerel  gives  the  name  thermo-electric  power ; 
this  power  varies  with  the  kind  of  metal,  and 
increases  with  the  temperature,  but  according 
to  laws  which  are  not  the  same  for  different 
metals ;  nor  in  the  same  substance  do  equal 
increments  of  temperature  of  the  ordinary 
thermometer,  correspond  to  equal  increments 
of  thermo-electric  power. 

If  two  bars  of  different  metals  be  soldered 
together,  and  heated  at  the  point  of  junction, 
then  the  current  of  the  metal  which  has  the 
greatest  thermo-electric  power  will  predomi- 
nate; and  if  the  bars  form  a  closed  circuit,  a 
current  will  therefore  circulate  in  it,  of  which 
the  intensity  will  be  equal  to  the  difference  of 
the  thermo-electric  powers  of  the  two  metals. 

§  204.  As  the  development  of  thermo-elec- 
tric currents  depends  upon  the  propagation  of 
heat  from  molecule  to  molecule,  it  follows  that 
those  metals  should  act  most  energetically 
which  are  the  best  conductors  of  heat.  But, 
as  the  velocity  of  a  current  is  retarded  by  the 
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resistance  which  it  encounters,  the  relative 
conducting  powers  of  metals  for  electricity 
will  also  modify  their  actions.  And,  as  a 
general  result,  M.  Becquerel  states,  that  any 
want  of  homogeneity  in  chemical  composi- 
tion, density,  structure,  or  external  polish, 
which  may  modify  the  transmission  of  heat 
through  a  metallic  wire,  tends  also  to  change 
its  thermo-electric  power.  When,  for  instance, 
a  portion  of  a  closed  circuit  of  iron  wire  has 
been  heated  to  redness  for  some  time ;  if,  after 
it  cools,  heat  be  applied  near  to  that  portion,  a 
current  will  almost  always  take  place  in  the 
wire,  in  consequence  of  the  change  which 
has  occurred  in  its  texture. 

From  the  preceding  facts,  it  is  evident  that 
the  thermo-electric  power  of  metals  must  de- 
pend somewhat  upon  their  specific  capacities 
for  heat ;  but  the  precise  nature  of  this  rela- 
tion has  not  been  ascertained. 

According  to  Dr.  Draper,  of  New  York,  the 
energy  of  the  thermo-electric  current  of  two 
metals  is  not  proportional  to  the  surface  of 
contact,  but,  on  the  contrary,  greatest  when 
mere  points  are  united. 

§  205.  M.  Nobili  has  formed  circuits  of 
substances  of  much  inferior  conducting  power 
to  that  of  the  metals,  such  as  cylinders  of 
porcelain  clay,  moistened  with  water.  And 
Prof.  Andrews  produced  currents  of  consider- 
able energy,  by  bringing  the  unequally  heated 
ends  of  two  similar  platinum  wires  into  con- 
tact with  fused  salts,  having  no  chemical  ac- 
tion upon  the  wires,  such  as  borax,  carbonate 
of  soda,  carbonate  of  potash  and  glass ;  simi- 
lar results  were  also  obtained  by  interposing 
mica  and  other  minerals,  when  strongly  heated. 

§  206.  A  beautiful  experiment  of  M.  Pel- 
tier, serves  to  indicate,  in  a  striking  manner, 
the  reciprocal  relation  which  exists  between 
heat  and  electricity.  In  the  immediately  pre- 
ceding sections,  we  have  seen  that  heat  de- 
velopes  electricity,  and,  in  (§  57),  that  electric 
currents  are  capable  of  producing  powerful 
heating  effects.  Hence,  M.  Peltier  was  led  to 
seek  specific  calorific  differences  correlative 
to  the  variations  of  thermo-electric  power  in 
metals.  With  this  purpose  he  transmitted  a 
galvanic  current  through  a  compound  bar  of 
bismuth  and  antimony,  soldered  end  to  end; 
and  found,  when  the  current  passed  from  the 
bismuth  to  the  antimony,  that  the  junction 
becomes  hot;  but  when  the  direction  of  the 
current  is  reversed,  or  from  the  antimony  to 
the  bismuth,  cold  is  produced.  And  if,  in  this 
experiment,  the  compound  bar  be  laid  in 
melting  snow,  and  a  drop  of  water  be  placed 
in  a  cavity  at  the  point  of  union,  it  soon 
freezes. 

§  207.  By  far  the  most  important  and  in- 
teresting results,  to  which  investigations  of 
thermo-electric  phenomena  have  led,  are  the 
discoveries  relative  to  radiant  heat,  made  by 
MM.  Melloni  and  Nobili,  by  means  of  the 
thermo-electric  pile,  combined  with  a  very 
delicate  torsion  galvanometer,  or  thermo-multi- 
plier  (§  96),  constituting  a  thermometer  of 
most  remarkable  delicacy.  These  discoveries 
would  be  foreign  to  our  subject,  and  the  reader 
is  therefore  referred,  for  full  information  con- 
cerning them,  to  Taylor's  Scientific  Memoirs. 
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§  208.  Recently,  Prof.  Henry  has  made  an 
ingenious  and  useful  combination  of  the  re- 
flecting telescope  with  the  thermo-electric  ap- 
paratus of  Mellni.  By  placing  the  end  of 
the  pile  in  the  position  usually  occupied  by 
the  eyeglass,  he  succeeded  in  rendering  sen- 
sible differences  of  radiant  heat  from  small 
bodies,  at  the  distance  of  several  miles.  With 
this  arrangement,  variations  of  temperature 
produced  by  different  clouds  and  by  different 
parts  of  the  clear  sky,  are  readily  ascer- 
tained; and  a  difference  of  radiation  between 
the  dark  spots  and  other  portions  of  the  sun's 
disc,  is  distinctly  indicated. 

Animal  Electricity. 
§  209.  Electrical  Fishes.  That  a  species  of 
ray,  called  the  torpedo,  which  abounds  in  the 
Mediterranean  and  upon  the  south-western 
coast  of  Europe,  possesses  the  power  of  giv- 
ing benumbing  shocks  to  the  hand  of  a  person 
who  touches  it,  is  a  fact  which  was  known  to 
the  ancients.  They  were,  however,  utterly  at 
a  loss  to  account  for  this  peculiar  phenome- 
non; nor  was  it  explained  until  Muschen- 
broeck  compared  it  to  the  action  of  the  Ley- 
den  jar,  which  he  had  invented. 

That  the  shock  of  the  torpedo  is  electrical, 
was  first  established  experimentally  by  Mr. 
Walsh,  in  1773,  who  ascertained  that  it  is 
transmitted  by  conductors  and  arrested  by 
non-conductors,  and  that  the  two  sides  of  the 
fish  are  in  opposite  electrical  states.  These 
results  were  confirmed  by  the  researches  of 
Dr.  John  Davy,  who  also  succeeded  in  pro- 
ducing chemical  decomposition  and  electro- 
magnetic effects.  M.  de  Blainville  had  pre- 
viously shown  that  the  torpedo  is  capable  of 
causing  deviations  of  the  galvanometer;  and 
recently  MM.  Linari  and  Matteucci  have  ob- 
tained electrical  sparks  from  the  same  source. 
$  210.  According  to  Dr.  Davy,  there  are 
two  species  of  the  torpedo,  the  torpedo  oculata 
and  the  torpedo  diversicolor ;  though  others  have 
classified  them  in  four  species.  Other  fishes 
are  known  to  possess  similar  electrical  pro- 
perties :  the  silurus  electricus,  which  lives  in 
the  rivers  of  Africa ;  the  trichiurus  indicia  and 
the  tetraodon  electricus,  which  inhabit  the  Indian 
ocean  ;  and  the  gymnotus  electricus,  or  electrical 
eel,  found  abundantly  in  South  America.  Of 
these,  the  gymnotus  only  has  been  much  stu- 
died; it  was  first  described  in  1677,  by  Richer, 
and  is  much  the  largest  and  most  interesting 
of  the  electrical  fishes. 

§211.  Mr.  Walsh  procured  several  gym- 
noti  from  Surinam,  with  which  he  performed 
experiments  like  those  he  had  made  with  the 
torpedo.  And  in  1838,  Mr.  Porter  carried  to 
London  and  deposited  in  the  Adelaide  Gallery, 
a  fine  specimen  of  the  gymnotus,  forty  inches' 
long,  which  lived  four  years.  Experiments 
were  tried  with  it  by  Dr.  Faraday  and  others, 
and  all  the  ordinary  effects  of  electrical  cur- 
rents were  readily  produced,  such  as  shocks 
sparks,  chemical  decompositions,  deviations 
of  the  galvanometer,  and  magnetizing  steel 
needles. 

§  212.  The  gymnotus  employs  its  electri- 
cal power  for  self-protection,  and  for  the  de- 
struction of  its  prey.     The  shock  resembles 


that  of  a  very  large  battery  imperfectly 
charged;  and  Dr.  Faraday  thinks  that  the 
medium  discharge  of  the  eel  he  experimented 
with,  could  not  have  been  less  than  that  of  a 
Leyden  battery  of  3500  square  inches  of 
coated  surface,  charged  to  the  highest  de- 
gree. Two  or  three  such  shocks  were  also 
given  by  it  in  a  scarcely  sensible  interval  of 
time. 

The  following  translation  of  the  account 
which  Humboldt  gives  of  the  gymnotus  in  its 
natural  state,  and  of  the  mode  of  catching 
it  practised  by  the  South  American  Indians, 
affords  some  idea  of  the  power  of  this  re- 
markable fish : — 

"  We  started,  early  on  the  morning  of  the 
19th  of  March,  for  the  small  village  of  Rastro 
de  Abaxo.  from  which  the  Indians  conducted 
us  to  a  stream,  which,  in  the  dry  season,  forms 
pools  of  stagnant  water,  surrounded  by  beau- 
tiful trees  and  various  odoriferous  plants. 
They  told  us  that  they  were  going  to  fish  with 
horses;  a  sort  of  fishing  of  which  we  found  it 
difficult  to  form  a  conception;  but  we  soon 
saw  our  guides  returning  from  the  savannah, 
driving  before  them  some  thirty  unbroken 
horses  and  mules,  which  they  forced  into  the 
marsh. 

"The  unusual  noise  produced  by  the  tramp- 
ing of  the  horses,  aroused  the  gymnoti  from 
their  hiding-places,  and  excited  them  to  com- 
bat. These  yellowish  and  livid  eels,  resem- 
bling large  aquatic  serpents,  swim  on  the  sur- 
face of  the  water,  and  thrust  themselves  under 
the  bellies  of  the  horses  and  mules.  A  struggle 
between  animals  of  such  different  organiza- 
tion furnishes  a  very  wild  scene.  The  In- 
dians, with  harpoons  and  long  slender  reeds, 
closely  encompass  the  pool;  some  climb  into 
trees,  the  branches  of  which  extend  horizon- 
tally over  the  water.  By  their  savage  yells 
and  long  reeds,  they  prevent  the  horses  from 
escaping,  or  reaching  the  bank  of  the  pool. 
The  eels,  stunned  with  the  noise,  defend  them- 
selves by  repeated  discharges  of  their  electri- 
cal batteries;  and  for  a  long  while  seem  to 
prove  victorious.  Several  horses  yield  to  the 
violence  of  the  invisible  strokes,  which  they 
receive  on  all  sides  in  organs  the  most  es- 
sential to  life,  and  sink  under  the  water,  para- 
lyzed by  the  force  and  frequency  of  the 
shocks.  Others,  with  bristling  manes  and 
haggard  eyes,  expressing  anguish,  rise  and 
seek  to  fly  from  the  storm  which  overwhelms 
them.  They  are  driven  back  by  the  Indians 
into  the  midst  of  the  water.  Yet  a  few  suc- 
ceed in  eluding  the  active  vigilance  of  the 
fishermen;  these  gain  the  bank,  stumbling  at 
every  step,  and  stretch  themselves  on  the 
sand,  exhausted  with  fatigue,  and  with  limbs 
benumbed  by  the  electric  shocks  of  the  gym- 
noti. 

"In  less  than  five  minutes  two  horses  were 
drowned.  The  eels,  usually  five  feet  long 
press  themselves  against  the  bellies  of  the 
horses,  and  discharge  the  whole  extent  of  their 
electric  organs.  The  heart,  the  viscera,  and 
the  ccehac  plexus  of  nerves  are  all  attacked  at 
once.  It  is  therefore  natural,  that  the  effects 
experienced  by  horses  should  be  more  power- 
ful than  those  produced  by  the  same  fish  upon 
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persons,  who  only  touch  it  at  one  extremity. 
The  horses  probably  are  not  killed,  but  merely 
stunned;  they  are  drowned,  because  the  con- 
tinued strife  between  the  other  horses  and  the 
gymnoti  prevents  them  from  recovering. 

"We  felt  assured  that  this  scene  would 
terminate  only  with  the  successive  deaths  of 
the  animals  employed  in  it ;  but  gradually  the 
impetuosity  of  the  unequal  combat  ceased, 
and  the  exhausted  gymnoti  dispersed.  They 
require  long  repose  and  abundant  nourish- 
ment, to  recover  what  they  have  lost  in  elec- 
trical force.  The  mules  and  horses  appeared 
less  frightened;  their  manes  were  no  longer 
erect,  and  their  eyes  were  less  expressive  of 
terror.  The  gymnoti  timidly  approached  the 
edge  of  the  marsh,  where  they  were  taken 
with  little  harpoons  attached  to  long  cords. 
When  the  cords  are  thoroughly  dry,  the  In- 
dians experience  no  shock  in  raising  the  fish 
into  the  air.  In  a  few  minutes  we  had  five 
large  eels,  most  of  which  were  but  slightly 
wounded.  Others  were  taken  towards  even- 
ing, by  the  same  means. 

"The  temperature  of  the  waters  in  which 
the  gymnoti  usually  live,  is  from  26°  to  27° 
cent.  (80°  Fahr.,  nearly).  It  is  stated  that  their 
electric  force  diminishes  in  colder  water;  and 
it  is  quite  remarkable,  as  has  been  observed 
by  a  celebrated  philosopher,  that  the  animals 
which  are  endowed  with  electro-motive  organs 
capable  of  producing  effects  sensible  to  man, 
should  not  be  found  in  the  air,  but  in  a  fluid 
which  conducts  electricity." 

§  213.  The  anatomical  structure  of  the 
torpedo  and  of  the  gymnotus,  was  first  ex- 
amined carefully  by  the  celebrated  Dr.  John 
Hunter,  who  speaks  of  the  nervous  distribu- 
tion of  their  peculiar  organs,  thus:  "The 
magnitude  and  number  of  the  nerves  be- 
stowed on  these  organs,  in  proportion  to  their 
size,  must,  on  reflection,  appear  as  extraor- 
dinary as  the  phenomena  they  afford.  Nerves 
are  given  to  parts  either  for  sensation  or  for 
action.  Now,  if  we  except  the  more  import- 
ant senses  of  seeing,  hearing,  smelling  and 
tasting,  which  do  not  belong  to  the  electric 
organs,  there  is  no  part,  even  of  the  most  per- 
fect animal,  which,  in  proportion  to  its  size,  is 
so  liberally  supplied  with  nerves ;  nor  do  the 
nerves  seem  necessary  for  any  sensation 
which  can  be  supposed  to  belong  to  the  elec- 
tric organs.  And  with  respect  to  action,  there 
is  no  part  of  any  animal  with  which  I  am 
acquainted,  however  strong  and  constant  its 
natural  actions  may  be,  which  has  so  great  a 
proportion  of  nerves.  If,  then,  it  be  probable 
that  these  nerves  are  not  necessary  for  the 
purposes  of  sensation  or  action,  may  we  not 
conclude  that  they  are  subservient  to  the  for- 
mation, collection,  or  management  of  the  elec- 
tric fluid,  especially  as  it  appears  evident  from 
Mr.  Walsh's  experiments,  that  the  will  of  the 
animal  does  absolutely  control  the  electric 
powers  of  the  body,  which  must  depend  upon 
the  energy  of  the  nerves." 

§  214.  Electro-physiology.  When  Galvani, 
in  1789,  discovered  that  muscular  contraction 
is  produced  by  forming  a  circuit  with  two 
different  metals  and  the  limbs  of  a  recently 
killed  frog,  one  of  the  metals  being  connected 
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with  the  muscle,  and  the  other  with  its  princi- 
pal nerve,  he  concluded  that  the  eflect  was  due 
to  a  sort  of  animal  electricity,  developed  by  vital 
energy  in  the  nerves,  and  conducted  to  the 
muscular  fibres  by  the  metallic  channel.  This 
explanation  of  the  phenomenon,  analogol 
the  theory  of  the  Leyden  jar,  was  received  with 
entire  satisfaction,  except  by  Volta  (§  43), 
and,  when  the  researches  on  electrical  fishes, 
of  Walsh  and  Dr.  John  Hunter  (§§  209,  213), 
which  were  then  fresh  in  the  recollection  of 
physiologists,  are  borne  in  mind,  the  th. 
cal  views  of  Galvani,  based  upon  and  sus- 
tained by  such  well-established  analogies,  cer- 
tainly appear  to  have  been  most  natural  and 
probable.  To  the  mind  of  Volta,  however, 
more  familiar  with  electrical  than  anatomical 
ideas,  the  theory  of  Galvani  seemed  to  fail; 
because,  it  offered  no  explanation  of  the  fact 
that  two  different  metals  are  requisite  to  pro- 
duce considerable  effects.  In  answer  to  this 
objection,  Galvani  proved,  by  experiment,  that 
a  single  metal  is  sufficient,  though  less  effec- 
tive than  two,  and  that  contraction  may  be 
produced  by  bringing  the  nerves  and  mus- 
cular fibres  into  direct  contact,  instead  of  con- 
necting them  by  a  conducting  channel. 

In  the  controversy  which  ensued,  in  conse- 
quence of  these  conflicting  views,  it  was  con- 
tended by  the  followers  of  Galvani,  that,  though 
the  communication  between  the  nerves  and 
muscular  fibres  must  be  made,  either  directly 
or  by  a  conductor  of  electricity,  it  does  not 
therefore  follow,  that  galvanic  and  ordinary 
electricity  are  identical,  but  only  that  they  are 
analogous  in  one  of  their  properties.  Nor, 
while  they  admitted  the  force  of  Volta's  objec- 
tion of  the  unexplained  superior  efficacy  of 
dissimilar  metals,  could  they,  as  physiologists, 
without  overwhelming  proof,  agree  to  con- 
sider ordinary  electricity  as  the  agent  of  mus- 
cular contraction,  in  substitution  for  that  mys- 
terious power,  which,  in  life,  the  nerves  exert, 
more  or  less  in  obedience  to  the  will.  Aldini, 
a  nephew  of  Galvani,  produced  powerful  con- 
tractions by  bringing  warm-blooded  into  con- 
tact with  cold-blooded  animals,  as,  for  in- 
stance, the  nerve  and  muscle  of  a  frog  with 
the  bloody  neck  of  a  recently  slain  ox;  and  he 
also  found  that  the  nerve  of  one  animal  acted 
with  the  muscle  of  another.  But  when  Volta, 
with  his  pile,  produced  muscular  action  and 
electrical  sparks  and  shocks  by  the  same 
means,  and  furnished  to  science  a  new  and 
powerful  instrument  of  research,  which  soon 
led  to  numerous  and  brilliant  discoveries,  the 
views  of  Galvani  ceased  to  be  advocated;  and 
electro-physiological  investigations  were  gene- 
rally abandoned  for  other  and  more  attractive 
fields  of  inquiry. 

§  215.  That  electricity  may  really  be  sub- 
stituted for  vital  energy,  in  the  production  of 
various  physiological  effects,  was  fully  esta- 
blished, in  1816,  by  the  interesting  experi- 
ments of  Dr.  Wilson  Philip: — 

"  The  eighth  pair  of  nerves,  distributed  to 
the  stomach  and  subservient  to  digestion,  were 
divided  by  incisions  in  the  necks  of  several 
living  rabbits.  After  the  operation,  the  pars- 
ley which  they  ate  remained  without  altera- 
tion in  their  stomachs,  and  the  animals,  after 
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evincing  much  difficulty  in  breathing,  seemed  I 
to  die  of  suffocation.  But  when,  in  other  rab- 
bits similarly  treated,  the  galvanic  power  was 
transmitted  along  the  nerve,  below  its  section, 
to  a  disc  of  silver  placed  closely  in  contact 
with  the  skin  of  the  animal,  opposite  to  its 
stomach,  no  difficulty  of  breathing  occurred. 
The  voltaic  action  being  kept  up  for  twenty- 
six  hours,  the  rabbits  were  then  killed,  and 
the  parsley  was  found  in  as  perfectly  digested 
a  state  as  that  in  healthy  rabbits  fed  at  the 
same  time;  and  their  stomachs  evolved  the 
smell  peculiar  to  that  of  a  rabbit  during  diges- 
tion. These  experiments  were  several  times 
repeated,  with  similar  results." 

Dr.  Philip  obtained  like  results  with  dogs  ; 
and  he  was  led  by  analogy  to  apply  the  galvanic 
current,  successfully,  from  the  nape  of  the 
neck  to  the  pit  of  the  stomach,  for  the  relief 
of  asthma.  By  numerous  experiments,  he 
also  proved,  that  voltaic  electricity  is  capable 
of  carrying  on  the  functions  of  respiration 
and  digestion;  from  which  he  concluded  that 
"  galvanism  seems  capable  of  performing  all 
the  functions  of  the  nervous  influence  in  the 
animal  economy;  but,  obviously,  it  cannot  ex- 
cite the  functions  of  animal  life,  unless  when 
acting  on  parts  endowed  with  the  living  prin- 
ciple." The  experiments  of  Dr.  Philip  were 
repeated,  with  confirmatory  results,  by  Dr. 
Clarke  Abel,  and  by  some  of  the  French 
physiologists. 

§  216.  When  large  animals  and  powerful 
batteries  are  substituted  for  the  frogs  and  small 
pieces  of  metal,  employed  by  Galvani  in  his 
first  experiments,  effects  are  produced  which 
are  very  striking.  Thus,  if  the  wires  of  a  bat- 
tery of  100  plates  be  inserted  into  the  ears  of 
a  newly-slaughtered  ox,  the  muscles  of  the 
head,  if  it  be  removed  from  the  neck,  are 
thrown  into  violent  action ;  the  eyes  roll  in 
their  sockets,  the  jaws  open  and  shut,  the  nos- 
trils dilate,  and  the  whole  head  seems  to  ex- 
press endurance  of  the  most  cruel  torture. 
If  the  body  of  a  horse  be  subjected  to  similar 
treatment,  the  limbs  move  convulsively  with 
such  force  as  to  require  the  strength  of  several 
men  to  restrain  them. 

Among  such  experiments,  those  performed 
by  Dr.  Ure,  upon  the  body  of  an  executed 
murderer,  are  worthy  of  brief  notice.  With 
a  battery  of  270  pairs  of  four-inch  plates,  the 
current,  when  passed  from  the  neck  to  the 
heel,  caused  the  leg,  previously  bent,  to  extend 
so  powerfully  as  nearly  to  overturn  an  assist- 
ant. One  wire  being  connected  with  the 
phrenic  nerve,  and  the  other  inserted,  in  the 
region  of  the  diaphragm,  under  the  cartilage 
of  the  seventh  rib,  contact  was  rapidly  made 
and  broken,  by  running  the  end  of  the  con- 
ducting wire  along  the  top  of  the  plates  in  the 
last  trough.  "  Full,  nay,  laborious  breathing 
instantly  commenced;  the  chest  heaved  and 
fell ;  the  belly  was  protruded  and  again  col- 
lapsed, with  the  relaxing  and  retiring  dia- 
phragm." 

This  action  took  place  without  interruption, 
as  long  as  the  electric  discharges  were  con- 
tinued. One  conductor  being  applied,  at  the 
eyebrow,  to  the  supra-orbital  nerve,  and  the 
other  to  the  heel :  "  most  extraordinary  grim- 
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aces  were  exhibited  every  time  the  electric 
discharges  were  made ;  every  muscle  in  his 
countenance  was  simultaneously  thrown  into 
fearful  action ;  rage,  horror,  despair,  anguish 
and  ghastly  smiles,  united  their  expression  in 
the  murderer's  face.  At  this  period  several 
of  the  spectators  were  forced  to  leave  the 
apartment  from  terror  or  sickness,  and  one 
gentleman  fainted." 

§  217.  Dr.  Ure  concludes  his  account  of 
the  above  experiments,  with  the  following 
valuable  remarks: — 

"  It  is  known  that  cases  of  death-like  leth- 
argy, or  suspended  animation,  from  disease 
and  accidents,  have  occurred,  where  life  has 
returned  after  longer  interruption  of  its  func- 
tions, than  in  the  subject  of  the  preceding  ex- 
periments. It  is  probable,  when  apparent  death 
supervenes  from  suffocation  with  noxious  gases, 
etc.,  and  when  there  is  no  organic  lesion,  that  a 
judiciously  directed  galvanic  experiment  will, 
if  any  thing  will,  restore  the  activity  of  the  vital 
functions.  The  plans  of  administering  voltaic 
electricity,  hitherto  pursued  in  such  cases,  are, 
in  my  humble  apprehension,  very  defective. 
No  advantage,  we  perceive,  is  likely  to  accrue 
from  passing  electric  discharges  across  the 
chest,  directly  through  the  heart  and  lungs. 
On  the  principles  so  well  developed  by  Dr. 
Philip,  and  now  illustrated  on  Clydesdale's 
body,  we  should  transmit  along  the  channel 
of  the  nerves  that  substitute  for  nervous  influ- 
ence, or  that  power  which  may  perchance 
awaken  its  dormant  faculties.  Then,  indeed, 
fair  hopes  may  be  formed  of  deriving  exten- 
sive benefit  from  galvanism;  and  of  raising 
this  wonderful  agent  to  its  expected  rank 
among  the  ministers  of  health  and  life  to 
man." 

§  218.  He  also  observes, — "It  is  a  matter 
of  primary  importance,  that,  for  the  purpose 
of  resuscitating  dormant  irritability  of  nerves, 
or  contractility  of  their  subordinate  muscles, 
the  positive  pole  must  be  applied  to  the  former 
and  the  negative  to  the  latter."  Which  con- 
clusion he  bases  upon  experiments  with  frogs' 
legs,  showing  that  the  convulsive  motions 
caused  by  bringing  a  zinc  rod  into  contact 
with  the  crural  nerves,  and  one  of  silver  with 
the  muscles,  are  much  greater  than  those  pro- 
duced when  the  order  of  the  metals  is  reversed. 

§  219.  Recently,  M.  Matteucci,  of  Tuscany, 
has  made  a  number  of  most  interesting  electro- 
physiological researches ;  from  which  it  ap- 
pears, that  the  conversion  of  arterial  into 
venous  blood,  which  Liebig  has  shown  to  be 
a  species  of  combustion  and  the  true  source 
of  animal  heat,  is  attended  also  with  the  for- 
mation of  electrical  currents.  By  inserting 
one  end  of  a  conducting  wire  into  an  incision 
transverse  to  the  fibres  of  a  muscle,  in  a  living 
or  recently  killed  animal,  and  connecting  the 
other  end  with  the  external  tendinous  expan- 
sion, these  currents  may  be  shown,  by  very 
delicate  galvanometers,  to  circulate  from  within 
outwards.  Hence  living  muscular  fibres,  ar- 
terial blood  and  cellular  tissue  constitute  a 
galvanic  circle,  in  which  the  two  former,  like 
the  zinc  and  the  acid  of  ordinary  arrange- 
ments, play  the  part  of  electro-motive  elements 
by  their  chemical  reaction,  while  the  latter 
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performs  the  office  of  the  copper  or  conduct- 
ing plate.  Such  currents  exist  in  all  the  tis- 
sues, as  a  necessary  consequence  of  nutrition, 
but  are  most  sensible  in  the  muscles.  Their 
intensity  is  in  direct  proportion  to  respiration. 
They  do  not  circulate  in  living  animals  in  the 
nerves,  or  in  the  muscles  as  masses,  at  times 
of  voluntary  exertion ;  and  are  rendered  evi- 
dent, most  readily,  by  judicious  connections 
between  unequally  distributed  tendinous  ex- 
pansions and  muscular  fibres.  When  life 
ceases,  they  continue  only  for  a  short  time, 
but  longer  in  cold-blooded  than  in  warm- 
blooded animals.  By  successively  connecting 
the  tendinous  expansion  of  one  muscle  with 
the  fibres  of  another,  a  compound  muscular 
pile  or  battery  may  be  formed,  which  will  act 
very  distinctly  upon  the  galvanometer;  and 
M.  Matteucci  has  obtained  signs  of  electro- 
chemical decomposition,  with  such  piles. 

§  220.  M.  Matteucci  has  also  investigated 
the  differences  in  the  excitability  of  nerves 
produced  by  voltaic  currents  in  opposite  direc- 
tions. He  confirms  and  extends  the  views  of 
Dr.  Ure  (§  218);  and  deduces  from  his  ex- 
periments the  following  general  conclusions: 

The  passage  of  the  electric  current  through 
a  mixed  nerve,  produces  a  variation  in  the 
excitability  of  the  nerve,  differing  essentially 
in  degree,  according  to  the  direction  of  the 
current  through  the  nerve.  This  excitability 
is  weakened  and  ultimately  destroyed,  more 
or  less  rapidly  according  as  the  direct  current 
(one  through  the  nerve  from  the  centre  to  the 
periphery)  is  more  or  less  intense.  On  the 
other  hand,  by  the  passage  of  the  same  current 
in  the  opposite  direction,  or  the  inverse  current, 
the  excitability  is  preserved  and  increased. 

If  the  same  current  be  made  to  act  upon  a 
mixed  nerve,  the  contraction  which  occurs  at 
the  first  moment  of  its  introduction  is  very 
different,  according  to  its  direction ;  the  direct 
current  always  producing  a  stronger  contrac- 
tion than  the  inverse. 

When  the  current  ceases,  the  variations  in 
the  excitability  produced  by  its  passage  dis- 
appear more  or  less  rapidly.  If  the  nerve  be 
taken  from  a  living  animal,  so  that  its  excita- 
bility is  very  great,  they  last  only  as  long  as 
the  current  circulates ;  while,  if  the  nerve  has 
lost  some  of  its  excitability,  they  survive  the 
cessation  of  the  current  from  one  to  fifteen 
seconds. 

In  the  treatment  of  cases  of  paralysis,  lock- 
jaw, etc.,  Matteucci  thinks  that  electrical  cur- 
rents may  be  used  with  success  ;  and  recom- 
mends that  the  operation  should  not  be  kept 
up  long  at  any  time;  for  paralysis  ensues 
when  a  current  passes  through  a  nerve  in  one 
direction  for  a  length  of  time ;  though  it  may 
usually  be  promptly  removed  by  reversing  the 
current.  The  more  powerful  the  current,  the 
shorter,  therefore,  should  be  the  time  of  its 
application.  For  paralysis  of  the  muscles,  he 
recommends  that  the  current  should  be  directed 
from  the  extremities  to  the  centre,  and  inversely 
for  paralysis  of  the  nerves  of  sensation. 

§  221.     Of  the  physiological  effects  of  the 

discharge  of   a  Leyden  jar  or  battery  little 

need  be  said,   for  most  persons  are  more  or 

less  familiar  with  them.     It  is  amusing  to  read 
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the  earlier  accounts  of  the  sensation  and  I 
quences  of  trifling  shock's.  They  furnish  an 
instructive  lesson  of  the  tendency  of  the 
imagination,  when  excited  by  wonder  and 
dread,  to  mislead  the  mind  in  its  operations, 
and  cause  it  to  substitute  absurd  conceit 
misapprehensions  for  simple  truths.  If  the 
stories  referred  to  are  to  be  believed,  the 
most  horrible  convulsions,  excruciating  pain, 
fevers,  haemorrhages  and  paralyses,  were  the 
result  of  very  slight  shocks.  This  disposi- 
tion of  the  human  mind  should  be  borne  in 
mind,  in  estimating  the  probability  of  testi- 
mony with  reference  to  the  effects  of  atmo- 
spheric electricity,  concerning  which  most 
marvellous  statements  are  often  made. 

Voltaic  electricity  with  inductive  coils  should 
always  be  used  for  medicinal  purposes,  in- 
stead of  mechanical,  when  shocks  are  to  be 
given ;  for  the  reason  that,  by  varying  the 
distance,  etc.,  the  intensity  of  the  shock  may 
be  modified  at  pleasure. 

§  222.  Conclusion.  The  plan  of  this  article 
and  its  necessarily  restricted  limits  have  pre- 
vented our  giving  descriptions  of  the  various 
apparatus  employed  for  telegraphic  purposes, 
and  caused  us  to  pass  over,  with  regret,  some 
of  the  recent  inventions  of  Dr.  Page,  Prof. 
Locke  and  others,  which  are  very  ingenious 
and  worthy  of  attention. 

If,  in  attentively  reading  this  essay,  the 
reader  should  find  that  it  presents  the  iheory 
of  electrical  phenomena  intelligibly  and  me- 
thodically, though  in  some  instances  too 
briefly  for  complete  satisfaction;  that  we 
have  clearly  distinguished  facts  from  opinions 
and  suppositions ;  that  we  have  adhered 
uniformly  to  our  plan  of  treating  electricity 
as  part  of  the  science  of  pure  physics,  and 
not  as  belonging  to  chemistry;  that  we  have 
abstained  from  descriptions  of  apparatus  and 
particular  experiments,  except  in  instances 
where  they  have  been  of  service  in  establish- 
ing general  conclusions;  and  that  we  have 
given  much  more  full  accounts  of  recent  re- 
searches, than  of  those  which  have  been  long 
established,  and  are  to  be  found  in  every  sys- 
tematic treatise;  then  the  writer  will  have  ac- 
complished every  end  which  he  has  sought  to 
attain.  He  is,  however,  aware  that  he  is  far 
from  having  been  so  successful;  and  he  re- 
spectfully refers  the  reader,  who  would  acquire 
thorough  and  accurate  information,  to  the 
various  original  memoirs  of  persons  who  have 
contributed  to  electrical  science;  and  to  the 
excellent  treatises  of  M.  Becquerel  and  other 
French  writers,  as  well  as  to  those  of  Dr.  Roget, 
in  the  Library  of  Useful  Knowledge,  and  of  Prof. 
Robison  and  Sir  D.  Brewster,  in  the  Encyclope- 
dia Britannica. 

ELECTRO-CHEMISTRY.  The  influence 
which  electricity  has  exerted  upon  chemical 
science,  demands  a  special  notice  of  the  more 
important  facts  embraced  in  electro-chemistry. 
For  theoretic  views,  refer  to  the  art.  Elkc- 
tiucity.  It  is  by  means  of  the  decomposing 
power  of  the  galvanic  current,  that  the  ele- 
mentary character  of  bodies  has  been  esta- 
blished: i.e.,  the  elements  are  regarded  as  un- 
decomposable,  because  they  have  not  yet  been 
resolved  into   simpler  forms  of  matter.    By 
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the  behavior  of  the  elements  to  each  other 
under  electric  action,  a  series  has  been  esta- 
blished, by  arranging  the  elements  from  the 
most  electro-negative  to  the  most  electro-posi- 
tive, in  which  the  alkaline  metals  are  the 
latter,  and  the  metalloidal  elements,  oxygen, 
chlorine,  &c,  are  electro-negative.  In  gene- 
ral, where  a  compound  is  resolved  by  galvanic 
action  into  its  elements,  the  more  electro- 
negative body,  as  oxygen,  will  be  developed 
at  the  positive  pole  of  a  battery,  and  the  more 
positive  body,  as  hydrogen  or  potassium,  at 
the  negative  pole. 

But,  although  chemists  agree  in  the  main 
on  the  order  of  bodies  in  the  series,  yet  they 
differ  in  some  of  its  details,  in  consequence 
of  the  differing  behavior  of  the  same  elements 


when  acted  upon  by  different  agents.  These 
differences  are  most  striking  with  the  proper 
metals, — iron,  lead,  copper,  silver,  &c,  be- 
cause they  are  more  readily  obtained  for  the 
purpose  of  experiment.  In  the  following  table 
the  first  of  a  column  is  more  electro-positive, 
and  each  one  is  positive  to  the  one  below  it, 
and  negative  to  the  one  above  it. 

The  authority  for  each  series,  and  the  liquid 
in  which  the  experiments  were  performed,  are 
given  at  the  head  of  each  column.  The  yel- 
low sulphuret,  in  column  10,  was  made  by 
fusing  equal  weights  of  sulphur  and  caustic 
potassa,  dissolving  in  water,  and  then  diluting 
1  vol.  of  the  strong  solution  with  7  vols,  water. 
The  colorless,  11,  was  made  by  saturating  a 
solution  of  potassa  by  sulphuretted  hydrogen. 


1. 

Fechner. 

2. 

Davy. 

3. 

Pfaff. 

4. 

Faraday. 

5. 

Marianini. 

6. 

Faraday. 

In  Water. 

Dilute  Acid. 

Dilute  Acid. 

1  Sulphuric,               Very  dilut. 
1  Water.                    Sulphuric. 

Strong 
Muriatic. 

Zinc 

Lead 

Tin 

Iron 

Antimony 

Bismuth 

Copper 

Silver 

Gold 

Zinc 

Cadmium 

Tin 

Iron 

Bismuth 

Antimony 
'     Lead 

Copper 

Silver 

Palladium 

Gold 

Platinum 

Rhodium 

Zinc 

Cadmium 

Lead 

Iron 

Bismuth 

Antimony 

Copper 

Silver 

Gold 

Tellurium 

Platinum 

Palladium 

Zinc 

Cadmium 

Tin 

Lead 

Iron 

Nickel 

Bismuth 

Antimony 

Copper 

Silver 

Zinc 

Lead 

Tin 

Iron 

Copper 

Bismuth 

Nickel 

Antimony 

Silver 

Mercury 

Platinum 

Gold 

Zinc 

Cadmium 

Tin 

Lead 

Iron 

Copper 

Bismuth 

Nickel 

Silver 

Antimony 

7. 
Faraday. 

8. 
Faraday. 

9. 

Faraday. 

10. 

Faraday. 

11. 

Faraday. 

12. 

Fechner. 

1  Nitric, 
7  AVater. 

Strong 

Nitric. 

Solution 
Potassa. 

Yellow 

Sulphuret. 

Colorless 
Sulphuret. 

Solution 
Com.  Salt. 

Zinc 

Cadmium 

Lead 

Tin 

Iron 

Nickel 

Bismuth 

Antimany 

Copper 

Silver 

Cadmium 

Zinc 

Lead 

Tin 

Iron 

Bismuth 

Copper 

Antimony 

Silver 

Nickel 

Platinum 

Zinc 

Tin 

Cadmium 

Antimony 

Lead 

Bismuth 

Iron 

Copper 

Nickel 

Silver 

Zinc 

Copper 

Cadmium 

Tin 

Silver 

Lead 

Antimony 

Bismuth 

Nickel 

Iron 

Platinum 

Cadmium 

Zinc 

Copper 

Tin 

Antimony 

Silver 

Lead 

Bismuth 

Nickel 

Iron 

Zinc 

Lead 
Tin 

Iron 

Antimony 

Bismuth 

Copper 

Silver 

Gold 

Platinum 

It  will  be  observed  that  there  is  a  general 
agreement  of  the  different  series,  and  the  differ- 
ences may  be  partly  attributed  to  different  de- 
grees of  purity  in  the  metals  employed,  partly 
to  a  chemical  action,  according  to  the  nature 
of  the  liquid  and  a  resultant  compound  it  may 
form,  and  partly  to  limited  investigation. 

There  are  other  reasons,  however,  which 
have  determined  the  electro-chemical  series, 
as  it  is  generally  adopted,  such  as  the  simi- 
larity in  composition  and  properties  of  the 
corresponding  compounds  of  the  different  ele- 
ments. In  the  present  state  of  our  knowledge 
it  is  impossible  to  present  a  correct  arrange- 


ment of  the  elements,  either  according  to  their 
pure  chemical,  or  their  electric  relations.  Ber- 
zelius  divides  them  into  two  classes,  according 
to  their  relations  with  oxygen,  the  most  electro- 
negative element;  into  electro-positive  bodies, 
which  certainly  form  an  electro-positive  com- 
pound with  oxygen,  and  electro-negative  bo- 
dies, which  either  form  no  electro-positive 
compound  with  oxygen,  or  one  which  may  be 
regarded  as  well  negative  as  positive,  this 
division  which  follows,  is  chiefly  based  on  the 
electric  relations  of  oxidized  compounds,  and 
is  regarded  by  him  as  only  approximately 
correct* 
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■  E.    Oxygen, 
Sulphur, 
Selenium, 
Nitrogen, 
Fluorine, 
Chlorine, 
Bromine, 
Iodine, 
Phosphorus, 
Arsenic, 
Chromium, 
Vanadium, 
Molybdenum, 
Tungsten, 
Boron, 
Carbon, 
Antimony, 
Tellurium, 
Columbium, 
Titanium, 
Silicium, 
Hydrogen. 


4-E 


Gold, 

Osmium, 

Iridium, 

Platinum, 

Rhodium, 

Palladium, 

Mercury, 

Silver, 

Copper, 

Bismuth, 

Tin, 

Lead, 

Cadmium, 

Cobalt, 

Nickel, 

Iron, 

Zinc, 

Manganese, 

Uranium, 

Cerium, 

Thorium, 

Zirconium, 

Aluminum, 

Didymium, 

Lanthanum, 

Yttrium, 

Glucinum, 

Magnesium, 

Calcium, 

Strontium, 

Barium, 

Lithium, 

Sodium, 

Potassium. 


O,  S,  Se,  Te 
2.    F,  CI,  Br,  I 

3.    N,  P,  As,  Sb 
4.     C,  B,  Si 
5.    M,  V,  Cr 

6.     Ti,  Ta,  Nb,  Pp,  W 
7.     H,  Os,  I,  Pt,  R,  Pd, 


There  is  a  remarkable  analogy  between  sets 
of  3  or  4  elements,  by  which  we  may  ai 
tiieui  into  groups,  and  these  again  into  a  series 
more  or  less  electrical.  Tin'  followii 
similar  to  the  arrangement  ofl'ered  by  Gmelin, 
and  for  the  sake  of  perspicuity  as  well  as  a  more 
rapid  oversight,  the  elements  are  only  repre- 
sented by  their  symbols. 

Gmelin  places  oxygen  over  the  left  hand 
column,  hydrogen  over  the  right  and  nitrogen 
in  the  middle,  between  them,  because  "  they 
are  isolated,  and  have  no  analogous  elements." 
To  show,  however,  how  defective  such  an 
electro-chemical  arrangement  is,  silicon,  Si,  in 
group  4,  is  in  some  respects  allied  to  alumi- 
num, Al,  in  11 ;  for  alumina  sometimes  seems 
to  occupy  the  place  of  silica  in  minerals;  Cr, 
in  5,  is  allied  to  Fe,  in  10,  and  Al,  in  11 ;  for 
the  sesquioxides  of  chrome  and  iron  and  alu- 
mina are  isomorphous,  and  replace  each  other; 
antimony,  Sb,  in  3,  is  closely  allied  to  bismuth, 
Bi,  in  8,  and  yet  it  appears  to  be  more  nearly 
related  to  arsenic.  But  the  chemical  behavior 
of  the  different  series  of  compounds  formed 
by  the  elements,  conjoined  with  electrical 
indications,  has  been  made  the  basis  of  all 
the  arrangements  which  are  now  adopted  by 
chemists. 


+ 
L,  Na,  K     14. 

Mg,  Ca,  Sr,  Ba     13. 

D,  La,  Y,  G     12. 

Ce,  Zr,  Th,  Al     11. 

Ni,  Co,  Fe,  Mn,  U     10. 
Sn,  Cd,  Zn      9. 
Au      Ag,  Hg,  Cu,  Pb,  Bi      8. 


Electrolysis.  When  successive  discharges  of 
electricity  of  high  tension,  as  from  a  Leyden 
jar,  are  passed  through  some  compound  gases, 
they  are  resolved  into  their  elements  or  sim- 
pler compounds.  Thus,  the  carbo-hydrogens 
are  resolved  into  carbon  and  hydrogen;  sul- 
phuretted and  phosphuretted  hydrogen,  chloro- 
hydric,  iodohydric  and  ammoniacal  gases,  are 
respectively  resolved  into  sulphur,  phosphorus, 
chlorine,  iodine  and  nitrogen  on  the  one  side, 
and  hydrogen  on  the  other.  Carbonic  acid  is 
partly  resolved  into  oxygen  and  carbonic  ox- 
ide. A  few  solids  are  similarly  decomposed, 
as  oxide  of  mercury,  chloride  of  silver,  and 
even  caustic  potassa. 

When  a  constant  current  of  low  tension 
from  a  galvanic  battery  is  passed  through  a 
compound  liquid,  which  completes  the  circuit, 
then,  if  the  liquid  be  a  good  conductor,  it  re- 
mains unaltered ;  if  it  be  a  non-conductor,  it 
also  remains  unaltered,  unless  the  current 
have  a  high  tension  ;  but  if  the  liquid  be  an 
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imperfect  conductor,  it  is  decomposed  and  re- 
solved into  its  elements,  or  into  simpler  com- 
pounds. Gases  being  non-conductors,  are  not 
decomposed;  solids  mostly  remain  unchanged, 
because  their  particles  are  destitute  of  freedom 
of  motion. 

The  wires  or  conductors,  from  the  two  poles 
of  the  battery,  which  terminate  in  the  liquid 
without  contact  with  each  other,  are  termed 
by  Faraday  the  Electrodes;  that  conveying 
the  -f-  or  positive  current  being  the  anode, 
zincode  or  oxode;  that  conveying  the  —  or  nega- 
tive current,  the  kathode,  platinode,  chlorode  or 
hydrogode.  Such  decompositions  are  termed 
electrolysis,  and  the  decomposable  liquid  an 
electrolyte.  The  electro-negative  body  appear- 
ing at  the  anode,  is  termed  an  anion;  the  elec- 
tro-positive body  issuing  at  the  kathode,  is  a 
kation ;  and  the  two  together  are  termed  ions. 
The  vessel  in  which  electrolysis  is  performed, 
is  termed  the  decomposing  cell. 

The  phenomena  of  decomposition  are  differ- 
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ent,  according  to  the  nature  of  the  substances 
decomposed,  appearing  as  gas,  as  oxygen  and 
hydrogen  from  water;  in  solid  form,  as  silver 
from  cyanide  of  silver;  dissolved  in  the  liquid, 
as  potassa  and  sulphuric  acid  from  sulphate 
of  potassa;  combined  with  the  electrode,  as 
fluorine  from  fluoride ;  or  combining  with 
parts  of  the  liquid,  to  form  secondary  products. 
Only  such  binary  compounds  are  electro- 
lytes, as  consist  of  one  equivalent  of  each 
element;  as  water,  the  hydracids  and  simple 
metallic  oxides;  while  sulphuric,  S03,  sul- 
phurous, S02,  and  boracic  acid,  B03,  chlorides 
of  phosphorus,  PC13,  of  sulphur,  S2C1,  of  car- 
bon, C4Clg,  of  antimony,  SbCl.,  &c,  although 
liquid,  are  not  decomposable.  A  few  are  ex- 
cepted to  this  rule.  It  is  probable  that  all  the 
elements  are  ions.  The  anions  are  oxygen, 
chlorine,  bromine,  iodine,  fluorine,  the  ele- 
mentoid  cyanogen,  and  probably  sulphur  and 
selenium  ;  the  kations  are  hydrogen,  the  alka- 
line metals,  ammonium,  manganese,  antimony, 
bismuth,  zinc,  cadmium,  tin,  lead,  iron,  cobalt, 
nickel,  copper,  mercury,  silver,  gold,  platinum. 
In  ternary  compounds,  salts,  the  acids  are 
anions  or  electro-negative,  and  the  bases 
kations  or  electro-positive. 

The  quantity  of  electricity  entering  an  elec- 
trolyte, is  in  direct  proportion  to  the  ions 
evolved,  so  that  the  amount  of  the  last  may 
be  employed  to  determine  the  quantity  of  elec- 
tricity. By  inserting  an  inverted  and  gradu- 
ated tube  filled  with  acidulated  water  in  the 
circuit,  the  measured  volume  of  oxyhydrogen 
gas,  generated  in  a  given  time,  may  serve  to 
determine  the  amount  of  electricity.  Such  an 
apparatus  is  termed  a  voltameter. 

The  same  quantity  of  electricity  will  decom- 
pose equivalent  quantities  of  bodies.  If  fused 
chloride  of  tin  be  decomposed  by  a  battery,  in 
the  circuit  of  which  the  voltameter  is  inserted, 
for  every  9  pts.  (=  1  eq.)  of  water  decomposed 
in  the  latter,  58-53  pts.  of  melted  tin  were  pro- 
duced (1  eq.  tin  =  58-9).  By  decomposing 
chloride,  iodide  and  oxide  of  lead,  the  quanti- 
ties of  lead  were  somewhat  less  than  the 
equivalent  of  lead;  but  by  employing  lead  as 
the  positive  electrode,  the  quantities  indicated 
for  9  pts.  water  decomposed,  were  101-5  and 
103-5  (1  eq.  lead  =  103-8).  (Faraday.)  By 
passing  a  current  through  the  solutions  of  two 
different  metals,  they  are  precipitated  in  equiva- 
lent quantities,  or  nearly  4  times  as  much  sil- 
ver as  copper.    MatteUcci. 

The  quantity  of  a  body  decomposed  is  equiva- 
lent to  the  quantity  of  the  body  which,  by  its 
chemical  action,  produces  the  galvanic  cur- 
rent; or  rather  it  approaches  so  closely  to  this 
proportion,  that  the  variation  may  be  attributed 
to  imperfection  of  the  apparatus.  For  every 
9  pts.  (=  1  eq.)  water  decomposed  in  the  volta- 
meter, a  little  more  than  32-2  pts.  (1  eq.)  zinc 
are  dissolved  in  each  cell  of  the  battery. 
(Faraday.)  In  Daniell's  constant  battery  with 
amalgamated  zinc,  33-6  pts.  zinc  are  dissolved 
in  each  cell,  for  every  9  pts.  water  decom- 
posed.    Jacobi. 

Some  decompositions  are  effected  with  the 
feeblest    currents,   as    iodide   of   potassium ; 
while  acidulated  water  apparently  requires  a 
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current  of  much  higher  tension  for  decompo- 
sition. According  to  Jacobi,  feeble  currents 
pass  through  water  without  effecting  electro- 
lysis. Water  will  not  conduct  the  electric 
current  without  decomposition.  (Grove.)  A 
single  pair  decomposing  iodide  of  potassium, 
does  not  decompose  water,  unless  nitric  be 
added  to  the  sulphuric  acid  of  the  pair,  whereby 
the  tension  is  increased.  (Faraday.)  A  pair 
of  zinc  and  copper  of  a  square-meter  surface, 
with  sulphuric  acid  alone,  without  nitric  acid, 
decomposes  nitrate  of  silver,  so  that  the  de- 
composition depends  wholly  on  the  quantity 
of  electricity.     Matteucci. 

The  chemical  nature  of  an  electrolyte  influ- 
ences its  decomposition.  Pure  water  is  de- 
composed with  much  more  difficulty  than  when 
certain  acids,  salts,  or  the  fixed  alkalies,  are 
dissolved  in  it.  With  a  battery  of  40  pair, 
water  acidulated  with  sulphuric  acid  gives  15 
times  as  much  hydroxygen  as  pure  water. 
(Faraday.)  A  zinc-copper  pair  excited  by 
water,  with  copper  electrodes,  gives  a  stronger 
current  through  dilute  sulphuric  acid,  than 
one  excited  by  dilute  sulphuric  acid  through 
water.  (Buff.)  The  electrolyte  is  more  ra- 
pidly decomposed  when  hot  than  when  cold; 
and  by  heating  the  kathode,  the  current  is  in- 
creased, which  may  perhaps  be  due  to  the 
freer  escape  of  gas.  Water  continues  to  de- 
compose even  under  a  pressure  of  150  atmo- 
spheres. The  nature  of  the  electrode  influ- 
ences the  facility  of  decomposition,  by  adding 
its  own  attraction  for  the  ion,  which  it  de- 
velopes  from  the  electrolyte. 

In  experimenting  on  the  decomposition  of 
bodies,  various  forms  of  apparatus  may  be 
employed,  according  to  the  nature  of  the  elec- 
trolyte and  the  ions.  The  former  is  usually 
contained  in  a  vessel  which  will  not  act  on  it 
chemically;  and  if  the  latter  be  gaseous,  the 
gas  or  gases  may  be  collected  in  inverted 
vessels  filled  with  liquid.  Thus  the  adjoining 
cut  represents  an  apparatus  for  collecting 
separately  the  gaseous  products  from  the  de- 
composition of  water, 
and  consists  of  two 
test  tubes,  a  and  b, 
fastened  in  a  wooden 
shelf,  which  will  sink 
and  be  steadied  by  a 
weight  of  lead.  The 
tubes  are  filled  with 
acidulated  water,  and 
being  closed  by  the 
fingers,  are  inverted 
in  a  tumbler  or  other 

convenient  vessel,  filled  with  the  same  liquid. 
Platinum  electrodes  from  the  poles  of  the  bat- 
tery terminate,  each  in  one  of  the  tubes.  By 
this  arrangement  the  two  gases,  oxygen  and 
hydrogen,  are  collected  separately,  the  former 
or  anion  being  evolved  from  the  anode,  -f-  or 
zinc  pole,  and  the  hydrogen  or  kation,  from 
the  kathode  or  —  pole.  Their  relative  quan- 
tity may  be  measured  by  the  eye,  or  by  having 
the  tubes  graduated.  For  the  mixed  gases  or 
for  a  single  gas,  one  tube  is  employed,  in  which 
one  or  both  electrodes  terminate  without  con- 
tact.   Instead  of  the  above   arrangement,  a 
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single  decomposing  cell  may  be  employed, 
divided  by  a  porous  diaphragm,  on  either  side 
of  which  an  electrode  terminates,  and  allows 
of  a  separation  of  the  ions.  For  the  decom- 
position of  a  salt,  as  sulphate  of  soda,  three 
cups  or  watch-glasses,  a,  b  and  r,  may  be  em- 
ployed, the  three  being  connected  by  moistened 
asbestus  fibres;  b  containing  the  solution  of 
salt,  a  a  solution  of  turmeric,  and  c  a  solution 
of  litmus ;  the  kathode  terminates  in  a,  and 
the  anode  in  c.  By  passing  a  current  through, 
the  browning  of  turmeric  and  reddening  of 
litmus  show  the  passage  of  the  alkali  to  the 
kathode,  a,  and  of  the  acid  to  the  anode,  c. 
For  the  precipitation  of  metals,  see  Electro- 
type. 

The  following  examples  may  illustrate  varia- 
tions in  the  decompositions.  Dilute  acids  in 
general  facilitate  the  decomposition  of  water, 
without  being  themselves  decomposed.  Dilute 
sulphurous  acid  gives  oxygen  and  sulphuric 
acid  at  the  -f-  pole,  and  hydrogen  and  sulphur 
at  the  kathode.  Strong  nitric  acid  gives  oxy- 
gen at  the  -f-  pole,  and  nitric  oxide  at  the  — 
pole.  Strong  muriatic  gives  chlorine  at  the  -f-, 
and  hydrogen  at  the  —  pole ;  but  if  the  anode 
consist  of  iron,  copper,  silver,  &c,  a  chloride 
is  formed  and  remains  in  solution,  except 
chloride  of  silver ;  iodo,  bromo  and  cyanohydric 
acids,  when  strong,  yield  the  halogen  body  at 
the  -|-,  and  hydrogen  at  the  —  pole.  In  all 
these  hydracids,  the  more  dilute  the  acid  or 
the  stronger  the  current,  the  more  oxygen  and 
the  less  of  the  halogen  body  is  developed. 

Slightly  moistened  potassa  and  soda  yield 
to  a  strong  current  oxygen  at  the  anode,  and 


hydrogen  wi,th  potassium  or  sodium,  at  the 
kathode;  the  metal  hangs  in  drops  on  the  pla- 
tinum wire,  and  burns.  Hydrates  of  baryta, 
strontia,  lime  and  magnesia,  are  not  decom- 
posed, unless  the  kathode  dip  in  mercury,  when 
an  amal'_Tani  of  their  metal  is  produced. 

The  fused  metallic  chlorides  and  iodides 
give  metal  at  the  kathode,  and  the  halogen  at 
the  anode.  Solutions  of  alkaline  chlorides, 
with  the  kathode  dipping  in  mercury,  give  an 
amalgam  at  this  pole  and  chlorine  at  the  anode. 
A  solution  of  protochloride  of  iron  gives  black 
magnetic  iron  at  the  kathode.  Solutions  of 
fluorides  give  at  the  anode  fluorine,  which 
unites  with  it,  even  if  platinum  be  used.  Sal- 
ammoniac  solution  yields  chlorine  at  the 
anode,  and  hydrogen  and  ammonia  at  the 
kathode.  If  mercury  be  used  at  the  ka- 
thode, it  swells  up,  forming  the  ammoniacal 
amalgam. 

The  alkaline  sulphates,  phosphates  and  bo- 
rates in  solution,  generally  yield  alkali  and 
hydrogen  at  the  kathode,  acid  and  oxygen  at 
the  anode.  Salts  of  the  metals  proper  are 
usually  resolved  into  oxygen  and  acid  at  the 
anode,  and  reduced  metal  at  the  kathode;  but 
if  the  current  be  very  strong,  hydrogen  also 
appears  at  the  kathode.  If  the  electrodes  con- 
sist of  the  same  metal  as  the  base  of  the  elec- 
trolyte, the  anode  is  dissolved  by  the  oxygen 
and  acid  there  evolved,  and  an  equivalent 
quantity  deposited  on  the  kathode.  Salts  of 
manganese,  lead  and  silver,  yield  hyperoxides 
at  the  anode.  In  these  cases  there  is  little 
or  no  evolution  of  gas.  See  farther,  under 
Electrotype. 
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ELECTRIC  CALAMINE.  Min.  Syn.  Si- 
liceous Oxide  of  Zinc.  Ger.  Galraei  (in  part). 
Zinkglas.  Cryst.  Right  Rhombic,  consisting 
of  the  vertical  and  horizontal  prisms,  main 
end-plane  and  second  side-plane,  cleaving  per- 
fectly parallel  to  the  vertical  prism.  Generally 
imperfectly  crystallized,  fibrous ;  also  massive 
and  granular.  H.  =  4-5  —  5.  G.  3-38  —  3-43. 
Color  white,  variously  tinted ;  lustre  usually 
vitreous;  transparent,  translucent;  brittle,  with 
uneven  fracture.  Becomes  electric  by  friction 
or  heat. 

Chem.  Relat.  Yields  water  in  a  closed  tube, 
fuses  with  difficulty  ou  the  edges,  gives  the 
zinc  coating  to  charcoal  alone  or  with  soda, 
becomes  green  with  cobalt-solution  and  on  the 
fused  edges  blue.  Easily  soluble  in  acids, 
gelatinizing,  and  partly  in  caustic  potassa. 
Form.  2  (3  ZnO,  SiO?)  -j-  3  HO. 

Local.  It  occurs  in  Siberia ;  Hungary ;  at 
Bleiberg,  Carinthia;  Altenberg;  near  Aix  la 
Chapelie;  Mendip  Hills,  Wanlockhead,  Scot- 
land. In  the  U.  S.,  Hamburg,  near  Franklin 
Furnace, N.  J.;  Perkiomen,  Penn.;  Wythe  Co., 
Virginia;  Jefferson  Co.,  Missouri :  at  the  lead 
mines  of  Iowa,  Wisconsin,  and  Illinois.  To- 
gether with  Calamine  it  yields  the  greater  part 
of  the  zinc  of  commerce.     See  Calamine  and 

WlLLEMITE. 


ELECTROTYPE.  Syn.  Galvanotype,  Elec- 
tro-metallurgy, Galvanoplastic.  An  art  first 
made  known  by  Jacobi  and  Spencer.  Through 
the  agency  of  voltaic  electricity  metals  are 
precipitated  from  their  solutions  in  thin  layers, 
and  in  this  manner  can  be  produced  facsimi- 
les of  medallions,  indented  or  raised  surfaces, 
and  moulds  generally. 

The  piles  in  which  this  power  is  generated 
are  of  several  forms,  those  in  general  use  be- 
ing known,  respectively,  as  Grove's,  Smee's, 
Bunsen's,  and  Daniell's  batteries. 

Grove's  Battery.  This  apparatus  is  one  of 
the  greatest  intensity,  and  hence  is  not  so  well 
adapted  for  galvanoplastic.  Although  con- 
structed of  small  dimensions,  with  four  or  five 
elements,  it  may  develope  the  most  energetic 
effects,  and  produce  every  decomposition,  and 
redden  a  platinum  wire.  Thus  the  dimensions 
of  each  pair  may  be  three  centimetres  only, 
in  taking  for  diaphragms  bowls  of  earthen 
pipes  closed  at  their  base.  In  the  interior,  the 
amalgamated  zinc  is  plunged  into  the  saline  so- 
lution, and  on  the  exterior  platinum  is  im- 
mersed in  nitric  acid.  The  zinc  is  negative, 
and  the  platinum  positive. 

Smee's  Battery.  This  apparatus  (fig.  62)  is 
very  simple.  A  plate  of  platinized  silver  is  sur- 
rounded by  a  plate  of  zinc ;  the  zinc  is  the  posi- 


Fig.  62.     Smee's  Battery. 
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tive,  and  the  platinized  plate  the  negative  pole. 
The  only  liquid  requisite  for  exciting  this  bat- 
tery consists  of  1  pt.  sulphuric  acid  and  7  pts. 
water.  Its  power  may  be  increased  by  adding 
more  acid,  which  ought  not,  however,  to  ex- 
ceed one-fourth  of  the  whole  liquid.  The  ad- 
dition of  a  few  drops  of  nitric  acid  augments 
the  intensity,  but  as  it  might  attack  the  silver, 
it  is  better  to  employ  it  only  when  the  nega- 
tive plate  consists  wholly  of  platinum. 

The  silver  plate  is  platinized  by  roughening 
the  surface  with  a  little  strong  nitric  acid,  and, 
after  washing,  putting  it  in  a  vessel  of  water, 
acidulated  with  sulphuric  acid,  added  to  which 
are  a  few  drops  of  chloride  of  platinum.  A 
porous  vessel,  containing  dilute  sulphuric  acid, 
is  plunged  into  the  liquid,  and  receives  in  its 
turn  a  plate  of  zinc.  Communication  being 
established  between  the  two  metals,  the  plati- 
num is  precipitated  upon  the  silver  surface  as 
a  blackish  metallic  powder. 

Bunsen's  Battery.  It  is  founded  upon  the 
same  principles  as  Grove's  battery,  but  with  a 
cylinder  of  porous  coal  instead  of  platinum. 
Fig.  63  represents  this  convenient  and  econo- 
mical apparatus. 

A  B  is  a  glass  vessel,  filled  up  to  B'  B'  with 


Fig.  63.     Bunsen's  Battery. 
Pi 


commercial  nitric  acid ;  C  and  C  hollow  char- 
coal cylinders,  dipping  into  the  acid  as  far  as 
B"  B",  and  resting  on  the  edge  of  the  glass  by 
a  flange.  A  ring  of  zinc,  or  better  of  copper, 
P,  is  adjusted  by  gentle  friction  upon  the  char- 
coal cylinder,  and  terminates  in  an  appendage, 
P',  for  establishing  communication  either  with 
the  zinc  of  another  element,  or  with  the  soluble 
electrode  of  a  precipitating  trough,  if  only  a 
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Fig.  64. 
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single  cell  is  employed.  D  D  are  diaphragms 
of  porous  earthenware,  containing  dilute  sul- 
phuric acid,  and  the  hollow  cylinder  of  amal- 
gamated zinc,  Z  Z,  which  also  terminates  in 
an  appendage,  P",  for  communicating  the  zinc 
with  the  charcoal  element  of  another  pair,  or 
for  connecting  with  the  conductor  of  the  model 
to  be  covered. 

The  different  connections 

are  established  by  a  clamp, 

A  B,  and  screw,  V,  as  shown 

separately  in  fig.  64,  or  in 

^-  place  at  H,  in  fig.  63. 

It  is  necessary  to  care- 
fully brighten  with  sandpa- 
per the  appendages  of  the 
two  poles  and  the  copper 
ribbons,  which  are  prefera- 
ble to  copper  wire  for  establishing  communi- 
cation. The  interior  of  the  clamps  should 
also  be  cleansed,  and  the  screws  so  adjusted 
as  to  ensure  a  perfect  contact  of  all  the  parts. 
Fig.  63  represents  the  whole  apparatus. 

The  battery  is  charged,  by  half  filling  the 
glass  vessel  with  commercial  nitric  acid,  di- 
luted with  its  volume  of  water,  and  the  dia- 
phragm with  water  slightly  acidulated  by  sul- 
phuric acid. 

In  intensity,  this  apparatus,  says  the  in- 
ventor, is  scarcely  inferior  to  that  of  Grove's, 
a  single  pair  being  sufficient.  The  coal  cy- 
linder is  made  by  intimately  mingling  one 
part  of  caking  coal  and  two  parts  of  coke,  the 
proportions  varying  according  to  the  caking 
property;  some  add  to  the  mixture  two  parts 
of  rye  flour.  The  mixture  is  introduced  into 
a  cylindrical  mould  of  sheet  iron,  in  the  centre 
of  which  is  placed  a  core  of  wood  or  paste- 
board, to  facilitate  the  escape  of  gas  during 
calcination.  The  mould  is  closed  by  a  mov- 
able cover  well  fitted  on  and  luted;  the  whole 
heated  gradually  to  redness,  and  the  calcina- 
tion continued  until  the  disengagement  of  gas 
ceases.  The  cylinder  may  be  finished  with  a 
file  or  saw,  or  on  a  lathe.  Before  proceeding  to 
this  last  operation,  in  order  to  increase  the  cohe- 
siveness  of  the  cylinders,  it  is  necessary  to  soak 
them  in  a  strong  solution  of  molasses,  dry  them, 
and  subject  them  to  a  very  intense  calcination. 


But  the  apparatus  most  generally  used  in 
electrotype,  especially   for   the        jPup.  65 
more  costly  metallic  solutions, 
is  shown  by  fig.  65.    It  is  a  sin- 
gle cell  containing  the  copper 
or  other  metallic  solution,  c,  to 
be  precipitated.     Z  is  a  rod  of, 
amalgamated  zinc,  m  the  mould 
from  which  the  facsimile  is  to 
be    taken,  w  the  wire   joining 
them,  p  a  tube  of  porous  earth- 
enware, holding  the  dilute  acid. 
To  put  this  in  action  pour  in 
the  copper  solution,  fill  the  tube 
with  the  acid-water,  and  place  it 
as  shown  in  the  figure.  Last  of  ' 
all,  put  in  the  bent  wire,  having 
the  zinc  at  one  end  and  the  mould  at  the  other. 

Another  form  of  this 
apparatus  is  shown  by 
fig.  66.  The  zinc  is  con- 
nected by  a  wire  and 
binding  screw,  with  a 
metal  rim,  and  on  the 
latter  can  be  hung  seve- 
ral moulds.  Jacobi's 
improvement  upon  the 
above  form  enables  the 
taking  copies  of  the 
same  medal  simultane- 
ously, to  an  indefinite 
extent,  merely  by  in- 
creasing the  number  of  cells,  and  without  any 
further  consumption  of  material  in  the  battery, 
as  for  every  ounce  of  copper  released  from 
the  solution  in  the  generating  cell,  an  ounce 
will  be  deposited  in  each  mould,  and  about  an 
ounce  of  zinc  will  be  consumed  in  effecting 
this ;  this  amount  of  zinc  will  be  required 
whether  there  are  one  or  twenty  moulds  in  the 
series.     Walker. 

The  arrangement,  called  the  battery  appa- 
ratus, will  be  better  understood  from  fig.  67. 
A  is  a  cell  of  Daniell's  battery,  B  the  decom- 
position cell,  filled  with  the  dilute  acid  solution 
of  sulphate  of  copper,  r  the  sheet  of  copper  to 
furnish  a  supply,  m  the  moulds  to  receive  the 
deposit.  To  charge  this,  pour  in  the  several 
solutions  :  hang  a  piece  of  copper  on  the  brass 


rod,  c;  connect  this  rod  with  the  copper  of  the 
generating  cell  by  the  wire,  z;  and  the  other 
rod  m,  with  the  zinc,  by  the  wire,  x;  then,  and 
not  till  then,  hang  the  moulds  on  the  rod,  m. 

By  the  galvanic  action,  the  copper  from  the 
solution  is  transferred  to  the  mould;  and  the 
copper   sheet  is   dissolved,  being   converted 
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with  the  sulphuric  acid  into  sulphate  of  cop- 
per; thus  keeping  up  the  strength  of  the  solu- 
tion. The  time  is  somewhat  longer  by  this 
method:  two  days  will  produce  a  medal  of 
very  good  substance,  firm  and  pliable. 

Fig.  68  is  an  engraving  of  a  Daniell's  bat- 
tery, connected  with  a  series  of  six  cells,  in 
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each  of  which  is  a  mould.  A,  the  battery; 
B,  the  trough;  z,  wire  connecting  copper- 
plate, C,  with  the  negative  plate  of  the  battery; 
x,  wire  connecting  mould,  m,  with  the  zinc  of 
battery  ;  a  a  a  a  a,  five  bent  wires,  each  having 
a  mould  at  one  end  and  a  piece  of  copper  at 
the  other.  A  little  management  is  requisite  in 
charging  this,  in  order  to  preserve  the  bright 
surface  of  the  medals  produced.  Charge  the 
battery ;  connect  the  copper  plate,  C,  with  the 
battery;  place  a  wire  with  its  extreme  ends 
dipping  in  the  extreme  cells  of  the  trough;  then, 
having  previously  connected  the  zinc  and 
mould  with  the  wire,  x,  place  the  zinc  in  the 
porous  cell  and  the  mould  in  its  place  at  m. 
The  latter,  in  about  two  minutes,  will  be  co- 
vered with  copper;  after  which  there  is  no 
fear  of  chemical  action.  Then  remove  the 
end  of  the  copper  wire  from  cell  containing 
vi,  and  place  it  in  the  next  cell;— complete  the 
circuit  with  the  bent  wire,  a,  having  a  mould 
at  one  end,  and  a  sheet  of  copper  at  the  other; 
after  waiting  two  minutes  for  a  deposit  of 
copper,  remove  the  end  of  the  wire  one  cell 
further  forward ;  and  so  continue  till  the  six 
moulds  are  placed  in. 

The  copies  of  objects  are  taken  from  moulds 
which  are  placed  at  the  negative  pole  of  the 
battery.  These  moulds  are  made  of  fusible 
and  type  metals,  wax,  stearin,  plaster  of  Pans, 
and  a  composition  of  wax,  stearin,  and  black- 
lead,  or  wax  and  flake  white.  Those  from  non- 
conducting material  are  metallized  or  rendered 
conductors  by  the  application  of  dry  plum- 
bago, which  must  be  rubbed  briskly  over  their 
surface. 

If  the  fusible  metal  mould  is  placed  in  the 
copper  solution  before  the  battery  is  in  action, 
a  dark  precipitate  will  be  chemically  formed 
upon  its  face,  and  to  guard  against  this,  and  to 
ensure  the  instantaneous  deposit  of  a  metallic 
lilm,  free  of  oxide,  the  arrangements  should  be 
all  made,  and  the  circuit  completed,  before  the 
immersion  of  the  mould.  Upon  the  plum- 
bagoed  surfaces  the  deposition  of  copper  is 
more  gradual,  and  as  these  moulds  become 
wetted,  and  lose  their  metallic  covering,  they 
should  be  recoated  previous  to  being  used 
again. 

The  necessary  manipulations  are  detailed 
in  two  small  manuals  upon  the  subject  by 
Walker. 

Busts,  statues,  vases,  &c,  are,  by  proper 
arrangements,  as  readily  copied  as  medals,  and 
though  copper  is  the  metal  generally  alluded 
to,  yet,  with  proper  care,  all  of  the  metals  may 
be  obtained  from  their  several  solutions. 


As  experiment  has  shown  that  cyanogen, 
nascent  at  the  positive  plate,  in  a  decomposi- 
tion cell,  will  combine  with  silver,  and  also 
with  gold,  so  gilding  and  plating  can  be 
effected,  as  copper  deposits  are  obtained,  by 
the  use  of  a  generating  cell  to  furnish  the 
electricity,  and  a  decomposition  cell  to  contain 
the  cyanide  solution.  A  longer  time  is,  how- 
ever, required.  In  all  cases  where  adhesion 
is  desired,  the  deposition  of  the  metal  should 
be  assisted  by  heat. 

The  gold  bath  is  prepared  by  dissolving  a 
quarter  of  an  ounce  of  oxide  of  gold,  in  a  so- 
lution of  two  ounces  of  cyanide  of  potassium, 
in  a  pint  of  warm  pure  water. 

Silver  Bath.  Substitute  the  oxide  of  silver 
for  that  of  gold,  and  prepare  as  directed  for 
the  gold  bath. 

Platina  Bath.  A  double  chloride  of  ammo- 
nium and  platinum,  to  which  some  drops  of 
liquid  ammonia  are  added,  at  a  moderate  tem- 
perature. Basttger  obtained  from  this  solution 
whilst  warm,  a  brilliant  adhesive  deposit, 
which  resisted  the  action  of  acids. 

Nirkel  Bath.  Either  the  nitrate  or  the  am- 
moniacal  sulphate  of  the  protoxide  of  nickel 
can  be  employed. 

Tin  Bath.  This  metal,  as  also  lead,  are  de- 
posited with  difficulty.  Its  solution  in  aqua 
regia,  acidulated  with  nitric  acid,  is  most  ap- 
plicable. Sometimes  it  is  deposited  from  a 
solution  of  its  oxide  in  potassa,  or  of  the  me- 
tal itself  in  super  tartrate  of  potassa. 

Co/ijier  Bath.  The  sulphate  is  the  salt  most 
used,  and  some  acidulate  the  solution  with 
nitric  acid,  but  this  addition  is  contrary  to  the 
advice  of  .lacobi  and  Spencer.  The  sulphate 
of  copper  solution  should  be  kept  always 
saturated  with  large  crystals. 

The  application  of  the  electrotype  has  been 
extended  to  the  plating  of  objects  of  ornament, 
for  use  in  the  arts,  and  for  domestic  pur- 
poses. Cast  iron  can  be  silvered  with  a  solu- 
tion of  chloride  of  silver  in  cyanide  of  potas- 
sium (Ch.  Gaz.  i.  583),  and  even  lace  can  be 
metallized  by  covering  it  with  plumbago, 
stretching  it  over  a  frame  of  copper  wire,  and 
subjecting  it  to  voltaic  action  between  two 
plates  of  copper  positively  electrified. 

The  objection  to  this  method  of  silvering 
copper  vessels  for  domestic  purposes,  is,  says 
Warrington,  the  porosity  of  the  plated  surface 
allowing  the  permeation  of  corrosive  liquids. 
Hence  they  are  readily  acted  upon  by  dilute 
acids. 

Elcrtro-ctrhing,  by  which  the  tracing  upon  a 
prepared  ground,  or  even  Daguerreotype  pic- 
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tures,  are  rendered  bold  enough  to  be  printed 
from,  is  accomplished  at  the  positive  terminal 
of  the  battery.     The  process  is  as  follows  : 

Take  a  burnished  copper  plate,  and  solder 
to  it  a  stout  wire;  heat  the  plate,  and  rub  its 
surface  with  etching  ground  (consisting  of  as- 
phalte,  wax,  black  pitch,  and  Burgundy  pitch) 
wrapped  in  silk;  be  careful  to  obtain  an  even 
coating;  then  smoke  the  covered  surface  over 
the  flame  of  a  candle.  Varnish  the  back  of 
the  plate,  as  well  as  the  wire,  with  shell-lac. 
Trace  the  design  through  the  etching  ground 
with  a  fine  point.  This  done,  place  it  in  a  de- 
composition cell,  and  connect  it  with  the  cop- 
per of  a  Daniell's  battery,  placing  opposite  to 
it  a  plate  of  somewhat  similar  size;  after  the 
lapse  of  ten  minutes  remove  it,  and  "  stop  out'' 
the  fine  parts  with  Brunswick  black;  return  it 
to  the  decomposition  cell  for  a  second  ten  mi- 
nutes ;  and  again  stop  out  the  half  tints ;  again 
submit  it  to  action  for  ten  minutes,  and  the 
operation  is  complete.  Remove  the  etching 
ground  by  means  of  heat,  and  a  perfect  en- 
graving will  be  found  on  the  plate. 

The  engraving  or  etching  of  the  Daguerreo- 
type plates  is  effected  in  a  different  manner, 
and  by  more  careful  and  difficult  manipulation. 
In  Walker's  manuals,  before  referred  to,  will 
be  found  all  the  necessary  instruction. 

ELEMI  RESIN.  Chem.  A  product  of  the 
Amyris  elimifera  of  the  West  Indies,  or  Ceyla- 
nica  of  the  East  Indies.  Its  formula  is  C40, 
H330  (Rose),  or  C20H,6O  (Hess).  Spec.  grav. 
1-08. 

Of  the  two  resins  which  it  contains,  one  is 
crystallizable  and  soluble  in  cold  alcohol,  and 
the  other  amorphous  and  less  carbonated,  but 
more  oxygenated  than  the  former.  This  dis- 
crepancy is  attributed  by  Rose  to  the  assump- 
tion of  the  elements  of  water  during  the  slow 
crystallization  of  the  first  resin ;  and  the  form- 
ation of  the  amorphous  resin,  and  the  mixture 
of  its  hydrate  thus  accounts  for  differing 
analytic  results.  Rose's  formula  corresponds 
with  that  given  by  Laurent  to  Anime.  The 
silver  and  lead  salts  produce  no  precipitates 
in  the  alcoholic  solution,  but  ammonia  trans- 
forms it  into  a  jelly. 

By  distillation  with  water,  it  yields  a  color- 
less limpid  oil,  which  polarizes  to  the  left,  and 


is  of  spec.  grav.  0-849  at  52°.  Its  boiling  point 
is   330°   (Stmhduse),  or  315°  (Devilk).    It  js 

inflammable,  and  has  the  same  composition 
and  density  of  vapor  as  essence  of  terpentine. 
In  water,  it  is  insoluble,  and,  in  dilute  alcohol, 
only  slightly,  but  with  alcohol  and  ether  it 
mixes  in  all  proportions.  With  chlorhydric 
gas  it  forms  a  liquid  and  a  solid  camphor, 
consisting  of  C]0H8HC1. 

Nitric  acid  colors  it  brownish  yellow,  and 
on  the  application  of  heat,  explosion  occurs, 
and  resin  is  produced. 

ELEMENTS.  Chem.  The  term  Elementary, 
when  applied  to  a  body,  designates  it  as  sim- 
ple andundecompounded.  An  element,  there- 
fore, is  a  substance,  which  has  resisted  at- 
tempts to  decompose  it  into  constituent  parts. 
There  are  63  accredited  simple  bodies,  and  of 
one  or  more  of  this  number,  all  the  known 
compounds  in  nature  are  composed. 

The  best  classification  of  the  elements  is 
that  founded  on  their  electro-chemical  rela- 
tions. A  convenient  arrangement  divides 
them  into  two  classes,  the  metalloids  and  me- 
tals. The  former  include  oxygen,  sulphur, 
selenium,  hydrogen,  nitrogen,  and  phospho- 
rus; carbon,  boron,  and  silicon;  fluorine, 
chlorine,  bromine,  and  iodine.  It  will  be  ob- 
served, that  they  are  subdivided  according  to 
their  mutual  relations.  Those  of  the  last  sub- 
division are  termed  halogen  bodies.  The  me- 
tals may  be  subdivided  into  the  bases  of  the 
earthy  bodies,  and  the  metals  proper;  the 
former  of  which  comprise  potassium,  sodium, 
and  lithium,  forming  alkalies;  barium,  stron- 
tium, calcium,  and  magnesium,  forming  alka- 
line earths,  and  alumina,  glucina,  zirconia, 
yttria,  and  thorina,  forming  earths. 

The  metals  proper  comprise  those  whose 
lower  oxides  are  strong  bases,  as  cerium,  lan- 
thanum, manganese,  iron,  zinc,  cobalt,  nickel, 
which  more  easily  decompose  water  than  ura 
nium,  lead,  and  copper;  those  whose  oxides 
are  less  strong  bases,  and  are  decomposed  by 
heat,  as  mercury,  silver,  gold,  platinum,  palla- 
dium, rhodium,  iridium,  and  osmium;  those 
whose  higher  oxides  are  acids,  as  tin,  titani- 
um, tungsten,  columbium,  molybdenum,  vana- 
dium, chromium,  bismuth,  antimony,  arsenic, 
and  tellurium.    Below  is  an  alphabetical  table. 


Names. 


Sym- 
bols. 


Equivalents. 


o  =  too. 


H  =  l. 


Specific 
Gravity. 
Water=l. 


Spec. Grav. 

of  Gas. 
Air  =  iOOO. 


Specific 

Heat. 

Water=l. 

Fusing 
Points. 
Fahr. 

1 

1 

•0508 

800° 

•0814 

356° 

1 

1 

•0308 
1 

500° 
1 

•1350 

liquid 

•10567 
1 

442° 

•2000 
7 

Atomic 
Number. 


Aluminium 

Antimony  (Stibium) 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cerium 

Chlorine 

590 


Al 

Sb 

As 

Ba 
Bi 
B 

Br 

Cd 
Ca 
C 
Ce 

CI 


171-17 
1612-9 

940-08 

856-88 
2660-7 
136-2 

978-31 

696-77 

251-94 

75-12 

574-701 

442-65 


13-72 

129-2 

75-3 

68-66 
213- 
10-8 

78.39 

55-8 
20-15 

6- 
46-05? 

35-4 


6-7 
5-7 


9-8 


2-97 

8-635 
1 

3-5 


1-333 


10302 


5540 


2454-3 


•0519 
•0757 
137-6 
1 

•046 


7(1- 


•038 

•1547 

•5833 


•0376 
69-3 
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Names. 

Sym- 
bols. 

Equivalents. 

Specific 
Gravity. 
Water=l. 

Spec.Grav. 

of  Gas. 
Air=1000. 

1 
Specific 
Heat. 
AVater=l. 

Fusing 
Points. 
Fahr. 

Atomic 

O  =  100. 

H  =  l. 

Cr 

Co 

Ta 

Cu 

Di 

E 

F 

G 

Au 

H 

11 

I 

Ir 

Fe 

La 

Pb 

L 

Mg 

Mn 

Hg 

Mo 

Ni 

Nb 

N 

No 

Os 

0 

Pd 

Pe 

P 

Pt 
K 

R 
Ru 

Se 
Si 

Ag 
Na 
Sr 

S 

Te 

Th 

Sn 

T) 

W 

T 

U 

V 

Y 

Zn 

Zr 

351-82 
368-99 

2307-43 

395-70 
1 
i 
233-80 
58-08 
2486-02 
12-47 
7 

1579-50 

1233-50 
339-21 
i 

1294-50 

80-33 

158-35 

345-89 

1265-82 

598-52 
369-68 
7 

177-04 
7 

1244-49 
100-00 
665-90 
7 

392-28 

1233-50 
489-92 
651-39 
7 

494-58 
277-31 
1351-61 
290-90 
547-29 

201-17 

801-76 
744-90 
735-29 
303-66 
1183-00 
7 

750- 

856-89 

402-51 

403-23 

420-20 

28-16 
29-60 

184-90 

31-71 

i 

i 
18-74 

4- 
199- 

1-00 

7 

126- 

98-7 

27-18 

7 

103-7 
6-4 
12-69 
27-6 

101-4 

48- 
29-62 
7 

14- 
7 

99-7 

8- 
53-3 

7 

31-4 

98-8 
39-2 
52-20 
? 

40- 
22-22 
108-30 
23-3 
43-85 

16-12 

64- 
59-88 
59- 
24-3 
95- 
7 

60- 

68-6 

32-25 

32-3 

33-67 

5-9 
8-538 
1 

8-920 
i 
7 
1 
1 
19-25 

! 
7 

4-948 

7 

7-8 
7 

11-35 

7 

1 

8.? 

13-559 

8-6 
8-637 
7 

9-76 

7 

10- 

11-4 
■j 

1-77 

21-5 

0-865 
11-2 

8-6 

4-31 
7 

10-474 
0-972 

7 

198 

6-25 
i 

7-29 

5-28 
17-4 
i 
i 
1 
1 

6-915 

? 

7 

69-3 
8716 

6976 

970-6 
1109-3 

4420 
6900 

7 
•1070 

7 

•0951 

7 
7 
7 
7 

•0324 
3-2936 

7 

•0541 

•0368 
•1138 

7 

•0314 

7 
7 

•1441 

•0333 

•0722 
•1086 

7 

•2754 

7 

7 

•2361 
•0593 

7 

•1887 
•0324 

7 
7 
7 

•0837 

7 

•0570 

7 
7 

•2026 
•0515 

7 

•0562 

7 

•0364 

7 

7 
7 
7 

•0955 

7 

7 
7 

7 

1996° 

7 
1 

1 
7 

2016° 

7 

225° 

7 

2850° 

7 

617° 

7 

7 
7 

—39° 

7 
7 
7 

7 
7 

7 
J 

115° 
7 

136° 

7 
7 

215° 

7 

1873° 
190° 

7 

226° 
700°] 

7 

446° 

7 

7 
7 
7 
7 

773° 

7 

•21 

Cobalt    

•2885 

Copper  (Cuprum)  .. 

7 

•2814 

7 

7 

7 

7 

•0961 

69-3 

7 

C        -039 
}     69-1 

7 

•2883 

7 

Lead  (Plumbum). . . . 

•1090 

7 

7 

7 

C         -1337 

i     68-8 

•1792 
•2918 

(Hydrargyrum).  5 

7 

69-3 

i 

•1000 

138-6 

•2133 

7 

C         -0557 
I  140-8 

•2176 

Potassium  (Kalium) . 

•022 
•2146 

7 

•1077 

7 

Silver  (Argentum)  . . 
Sodium  (Natrium)  . . 
Strontium 

•096 
.0416 

7 

Sulphur 

C         -1228 
I  428-0 

•0978 

7 

•1236 
•2173 

Tungsten  (Wolfram) 

•1831 

7 

7 

7 

7 

•2145 

7 

| 

Where  two  numbers  are  given  for  the  same 
element  in  the  column  of  atomic  numbers,  the 
fractional  number  is  obtained  by  dividing  the 
specific  gravity  compared  with  water  by  the 
equivalent,  and  the  larger  number  from  its 
spec,  grav.,  in  the  gaseous  form,  compared 
with  air. 

ELIQUATION.   Met.  Syn.  Liquation.  The 


term  originates  from  liqueo,  to  dissolve  or  to 
melt,  and  is  applicable  to  the  separation  by 
heat  of  a  more  fusible  metal  from  its  less  fusi- 
ble alloy.  For  example,  the  slow  and  gradual 
cooling  of  a  mixture  of  several  metals  of  dif- 
ferent densities  and  fusing  points,  developes 
each  in  a  separate  stratum.  Liquation  is  the 
process  used  for  the  purification  of  tin  con- 
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ELLAGIC  ACID. 

tainirig  a  little  copper  and  lead;  and  also  in 
the  treatment  of  argentiferous  copper  ores. 
See  the  metallurgic  treatment  of  Antimony, 
Bismuth,  Copper. 

ELLAGIC  ACID.  See  Tannin  and  Galls. 
ELUTRIATION.  Chcm.  Tech.  Syn.  Wash- 
ing over.  From  elutrio,  I  cleanse.  In  metal- 
lurgy it  applies  to  the  cleansing  and  washing 
of  pulverized  ores  with  large  quantities  of  wa- 
ter, so  as  to  suspend  their  finer  portions,  and 
thus  separate  them  from  the  heavier  or  metal- 
lic particles  merely  by  drawing  off  the  water 
before  complete  subsidence  ensues.  The  pro- 
cess is  entirely  mechanical,  and  in  chemical 
and  other  arts  is  used  for  freeing  precipitates 
and  powders  of  their  grosser  parts.  Whiting, 
for  example,  is  made  from  crushed  chalk  by 
elutriation, — by  stirring  a  given  quantity  in 
water  and  drawing  it  off  into  another  vessel  as 
soon  as  the  weightier  particles  have  settled. 
A  careful  management  secures  the  separation 
of  all  the  valuable  portion  without  unnecessary 
loss. 

EMBRITHITE.     See  Boulangerite. 
EMERALD.     See  Beryl. 
EMERALD  COPPER.     See  Dioptase. 
EMERY.     See  Corundum. 
EMETIN.     See  Ipecacuanha. 
EMMONSITE.     See  Stuontianite. 
EMPYREUMA.     Chcm.     From   i^Tru^a,  to 
inflame.     It  is  the  burned  odor  peculiar  to  the 
products  of  Dry  Distillation.     More  or  less 
modified  by  attendant  circumstances,  it  is  a 
general  accompaniment  of  the  imperfect  com- 
bustion of  organic  substances. 

EMPYREUMATIC  OILS.  So  called  from 
their  diffusive  empyreuma.  They  form  that 
portion  of  the  products  of  the  Dry  Distilla- 
tion of  wood  and  organic  matter  which  has 
an  oleaginous  aspect.  Its  volatile  ingredients, 
consisting  partially  of  ammonia,  uncombined, 
and  as  subcarbonate  and  acetate,  when  sepa- 
rated by  repeated  distillations  with  water,  leave 
a  resinous  residuum,  which  is  capable  of  ready 
union  with  alkalies.  The  title  of  Empyrcu- 
matic  is  frequently  applied  to  Dippel's  Ani- 
mal Oil. 

EMULSIN.  Chem.  Syn.  Synaptase,  Aman- 
din. An  animo-vegetable  albuminous  white 
substance,  existing  abundantly  in  the  trees  of 
the  genus  Rosacea?,  and  constituting  the  mass 
of  the  cotyledon  of  sweet  and  bitter  almonds. 
Its  peculiar  reaction  upon  the  Amygualin 
component  results  in  the  decomposition  of 
both,  and  the  formation  of  volatile  oil  of  al- 
monds. 

Prep.  Emulsin  was  first  obtained  by 
Wohler  and  Liebig,  from  an  emulsion  of 
sweet  almond,  the  oil  of  which  had  been  pre- 
viously removed  by  ether.  The  transparent, 
syrupy  liquid  remaining,  treated  with  alcohol, 
drops'  an  abundant  white  precipitate,  which, 
when  dried,  forms  a  horny,  opake  mass,  and 
decomposes  with  the  evolution  of  much  am- 
monia when  boiled  with  barytic  water  or  solu- 
tion of  caustic  alkali.  Under  the  name  of 
•synaptase,  it  was  procured  by  Robiquet,  from 
the  marc  of  sweet  almonds,  after  the  expres- 
sion of  the  oil  by  macerating  it  for  two  hours 
in  twice  its  weight  of  water,  and  then  pressing 
out  the  liquid  portion.  This,  when  filtered, 
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contains  vegetable  albumen,  which  is  thrown 
down  by  acetic  acid,  and  gum,  which  is  pre- 
cipitated by  acetate  of  lead.    The  remaining 

liquid  contains  free  acetic  acid,  acetate  of  lead, 
sugar, and  synaptase;  the  lead  is  thrown  down 
by  sulphuretted  hydrogen,  and  the  synaptase 
by  alcohol,  while  the  free  acid  and  sugar  re- 
main in  solution.  The  precipitated  synaptase 
is  to  be  washed  in  alcohol,  and  dried  in  vacuo. 
This  and  emulsin  are  identical,  but  myrosin, 
with  which,  by  some  chemists,  it  is  also  class- 
ed, possesses  distinct  properties.  The  last 
exists  in  the  seeds  of  black  and  white  mustard, 
but  can  only  be  extracted  from  the  latter,  as 
the  first  contains  some  myronates ;  among  them 
that  of  lime,  upon  which  it  reacts  as  soon  as 
water  is  present,  transforming  it  into  volatile 
oil  of  mustard,  whilst  synaptase  has  the  dis- 
tinct power  of  determining  the  benzoic  fermen- 
tation. 

Prop.  Synaptase  is  soluble  in  water,  but 
insoluble  in  alcohol  and  ether.  In  a  fresh 
solution  iodine  produces  a  deep  rose  color, 
(not  observed.  Ortloff.)  Rennet  precipitates  it 
completely.  At  140°  it  coagulates  like  albu- 
men, unless  mineral  and  vegetable  acids  be 
present,  which  distinguishes  it  from  that  sub- 
stance. {Ortloff.)  It  is  coagulated  by  acetic 
acid,  and  redissolves  in  an  excess,  and,  by 
this  property,  resembles  vegetable  casein.  It 
is  evidently  allied  to  these  last  substances, 
though,  according  to  Dumas's  analysis,  it  dif- 
fers widely  in  composition  from  that  of  those 
two  groups  of  bodies. 

Emulsin.         Protein. 

Carbon 50-9  55- 

Hydrogen 6-5  7- 

Nitrogen 18-5  16- 

Oxygen 24-1  22- 

Notwithstanding  this  discrepancy,  says  Bau- 
drimont,  and  independent  of  the  before-noted 
properties,  amandin,  like  all  the  protein  groups, 
dissolves  in  chlorohydric  acid,  imparting  to  it 
a  deep  blue  color;  but,  according  to  Ortloff,  it 
dissolves  in  that  acid,  forming  a  colorless  so- 
lution. If  it  belong  to  the  protein-group,  the 
protein  exists  in  union  with  a  more  azotized 
matter.  It  may  also  be  said,  with  some  rea- 
son, that  the  animal  albumen  originating  from 
vegetable  albumen,  is  the  latter  de-azotized,  or 
in  combination  with  another  containing  less 
nitrogen. 

Comp.  The  difficulty  attending  the  analysis 
of  amorphous  organic  bodies,  and  the  impos- 
sibility of  eliminating  them  free  of  foreign 
matter,  has  prevented  an  accurate  estimation 
of  the  composition  of  emulsin.  The  follow- 
ing analyses  are  by  Dr.  R.  D.  Thomson  and 
Richardson. 

48-555 
7-677 
25-026 
18-742  R. 


Carbon 49-025 

Hydrogen 7-788 

Oxygen 24-277 

Nitrogen 18-910  T. 

But  the  analyses  given  by  Ortloff  differ 
widely  from  these,  and  it  seems  that  he  has 
succeeded  in  separating  albumen  from  emul- 
sin, whence  both  the  difference  in  properties 
and  composition  determined  by  him.  Dried 
at  212°,  after  deducting  17-55  pr.  ct  ash,  he 
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found,  as  an  average  of  3  analyses,  27-832 
carbon,  5-379  hydrogen,  and  9-273  nitrogen, 
corresponding  to  the  formula  C20H25N2O32, 
but  he  places  little  confidence  in  these  results, 
from  the  difficulty  of  obtaining  constant  com- 
binations of  emulsin.  (Orthff.  Chan.  Gaz.  v. 
307.) 

EMULSION.  Chem.  From  emulgeo,  to  milk 
out.  The  term  applies  to  those  milky  liquids 
procured  by  triturating  almonds,  beans,  &c., 
with  water.  The  mucilaginous  portion  of  the 
nuts  enables  a  suspension  of  a  part  of  their 
oily  component,  and  the  water  thus  becomes 
turbid  and  whitish.  In  Pharmacy,  emulsions 
are  artificial  unions  of  oil  and  water,  rendered 
miscible  by  the  intervention  of  mucilage. 

ENAMEL.  Tech.  Fr.  Email.  Ger.  Schmelz- 
glas.  The  vitreous  coating  given  to  surfaces 
of  metal  either  as  an  embellishment  or  a  pro- 
tection against  the  influence  of  corrosive  re- 
agents. The  basis  is  an  opake  glass,  prepared 
by  melting  10  pts.  of  lead  with  3£  to  4  pis.  of 
tin,  calcining  the  alloy  under  a  muffle,  and 
fusing  it  with  10  pts.  of  pure  silex  and  2  pts. 
of  carbonate  of  soda.  Borax  is  frequently 
added.  Its  whitish  opacity  is  due  to  oxide  of 
tin,  and  may  be  variously  tinted  by  the  addi- 
tion of  other  metallic  colors.  The  fused  mix- 
ture above  mentioned  is  applied  with  a  brush, 
in  the  state  of  an  impalpable  powder,  to  the 
surface  to  be  enameled.  The  painted  article 
is  then  heated  in  a  muffle  until  commencing 
fusion  of  the  enamel.  A  similar  opake  enamel 
is  employed  as  a  coating  for  colored  earthen- 
ware, to  give  it  the  imitation  of  fine  white 
earthenware. 

The  term  enamel  is  sometimes,  but  incor- 
rectly, given  to  the  glazing  of  porcelain  and 

fine  POTTERY. 

Enameled   Cast-iron    Vessels.      The  porcelain- 
lined  iron  vessels  of  extensive  use  in  domestic 
economy  are   now  made  so  that  their  inner 
white  coating  can  resist  the  action  of  the  fire, 
as  well  as  that  of  acid  and  alkaline  solutions. 
The  first  step  of  Clark's  process  is  to  cleanse 
the  iron  vessels,  by  steeping  them  in  water 
sensibly  acidulated  with   sulphuric   acid  for 
two  or  three  hours,  and  afterwards  washing 
them  in  boiling  water.     This  done,  chey  are 
ready  to  be  painted  interiorly  to  one-sixth  of 
an  inch  thickness  with  the  composition,  which 
consists  as  follows :  100  lbs.  calcined  ground 
silex  or  flints,  mixed  with  50  lbs.  calcined  bo- 
rax.   Forty  pounds  of  this  mixture,  after  it 
has   been  fused   and    gradually   cooled,   are 
ground  with  water,  and  5  lbs.  of  potter's  clay, 
free  from  iron,  to  a  pasty  consistence.    The 
first  coat  having  become  set  by  the  assistance 
of  the  warmth  of  a  heated  room,  it  is  covered 
by  a  second  composition,  of  the  following  in- 
gredients :  pulverize,  mix  together,  and  vitrify 
125  lbs.  white  glass,  free  of  lead,  25  lbs.  borax, 
20  lbs.  crystallized  carbonate  of  soda.     To  45 
lbs.  of  this  mixture,  ground  and  dried,  add  1 
lb.  of  soda,  and  commingle  the  whole  with  hot 
water.     Dry,  and  then  pulverize,  and  with  the 
sifted  powder  dust  over  the  first  coating  evenly 
and  uniformly  whilst  it  is  yet  moist.   The  ves- 
sel now  glazed  is  to  be  dried,  as  before,  in  a 
hot  room  at  212°,  and  then  placed  in  a  muffle, 
or  at  the  mouth  of  a  glazing-kiln,  heated  to  full 
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heat,  and  as  it  gradually  increases  in  tempera- 
ture, is  pushed  into  the  interior,  so  as  to  per- 
fect the  fusion  of  the  glaze.  The  enamel  is 
improved  in  smoothness  and  hardness  by  a 
second  application  of  the  glaze-powder  over 
the  fused  glaze  and  fluxing  anew  in  the  oven. 

ENDELLIONITE.     See  Bourxoxitk. 

ENERGIATYPE.  A  convenient  photo- 
graphic process,  devised  by  Mr.  Hunt,  for  the 
fixation  of  objects  upon  sensitive  paper.  The 
rays  effecting  the  chemical  change  are  inde- 
pendent of  solar  light  or  heat.  The  manipu- 
lations are  simple,  and  readily  performed. 
The  first  consists  in  washing  over  good  letter 
paper  with  the  following  mixture  : — 

A  saturated  solution  of  succinic  acid,  2  drs. 

Mucilage  of  gum  arabic ^   " 

Water H  " 

Common  salt 5  grs. 


When  the  paper  is  dry,  it  is  again  washed 

with  a  solution  of  1  drachm  of  nitrate  of  silver 
in  1  ounce  of  distilled  water,  and  dried  anew 
in  the  dark.  Thus  prepared,  it  can  be  laid  by 
in  a  portfolio  until  wanted  for  use,  as  it  re- 
tains its  pure  white  color  unaltered.  The 
time  of  exposure  in  the  camera,  requisite  to  a 
perfect  impression,  varies  with  the  intensity 
of  the  sunshine ;  some  specimens  were  pre- 
pared by  the  inventor  which  required  less 
than  30  seconds.  When  the  paper  is  removed 
from  the  camera,  there  is  no  trace  of  the  pic- 
ture apparent.  Another  operation  is  requisite 
to  develope  it.  Its  surface  must  be  uniformly 
swept  over,  so  as  to  prevent  spotting,  with  a 
camel's  hair  brush,  moistened  in  a  mixture  of 
1  drachm  of  saturated  solution  of  sulphate  of 
iron,  and  2  or  3  drachms  of  the  mucilage  of 
gum  arabic.  A  few  seconds  reveals  a  pleas- 
ingly negative  photographic  picture,  and  as 
soon  as  the  best  effect  appears,  the  iron  is  to 
be  washed  off  with  a  sponge  and  clean  water, 
which  removes  all  superficial  blackness.  If 
the  lights  become  in  any  way  discolored,  a 
little  very  dilute  hydrochloric  acid  will  restore 
them  to  their  proper  degree  of  whiteness,  but 
the  acid  must  be  instantaneously  washed  off, 
or  else  the  shadows  will  be  impaired.  The 
drawing  is  then  soaked  in  water  for  a  short 
time,  and  can  be  permanently  fixed  by  a  wash 
of  aqua  ammonias,  or  solution  of  hyposulphite 
of  soda,  taking  care  to  remove  the  salt  after- 
wards by  thorough  soaking  in  water. 

When,  from  a  too  brief  exposure,  the  image 
is  slow  in  developing,  a  slight  warmth,  or 
holding  the  picture  near  the  fire,  brings  it  out 
forcibly  and  rapidly.  These  pictures  can  be 
multiplied  indefinitely  from  the  same  picture, 
and  with  equal  perfection  as  to  light  and  sha- 
dow, by  exposure  of  the  same  succinated  pa- 
per to  sunshine  for  five  to  ten  minutes. 

EPIDERMIS.  Anat.  The  scarf  skin,  nr 
cuticle  of  the  laminated  exterior  of  animals 
and  vegetables  ;  hence  its  name,  from  eri,upon, 
and  Jiz/ux,  skin.  That  of  animals  is  insoluble 
in  water,  alcohol,  and  dilute  acids,  but  concen- 
trated nitric  and  sulphuric  acids,  and  the  caus- 
tic alkalies,  soften  and  ultimately  dissolve  it 

EPIDOTE.     Mm.    Syn.    Pnsmatoidal  Au- 
gite-spar.  Mohs.  Zoisite,  Pistacite,  Withamife 
Thalhte,  Acanticone,  Scorza,  Delphinite,  Arenl 
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dalite,  Thulite,  Puschkinite,  Bucklandite.    Ei- 
senepidot,  Manganepidot. 

Descrip.  Cryst.  Oblique  Rhombic,  combin- 
ing vertical  prisms,  many  front  and  back- 
planes, oblique  side-planes,  and  end-planes. 
One  perfect,  and  one  imperfect  cleavage  ;  par- 
allel to  the  latter,  and  to  the  shorter  diagonal 
it  is  sometimes  twinned.  Also  columnar  and 
granular.  H.  6  — 7.  G.  =  3  — 3-5.  Colors 
various,  green  and  gray  prevailing;  also  white. 
reddish  brown;  lustre  vitreous;  generally  sub- 
translucent,  also  subtransparent  and  opake: 
brittle,  with  uneven  fracture,  and  streak  lighter 
than  the  solid  specimen. 

Chan.  Eclat.     There  are  three  divisions  of 
Epidote,  varying  in  composition,  characters, 
and   behavior.     1.  Zoisite.     Swells   before  the 
blowpipe,   making  bubbles,  which   disappear 
by  a  stronger  heat;  fusing  on  the  edges  lo  a 
clear,  yellowish  glass,  forming  a  vitreous  slag  ; 
swells  up  with  borax,  and  forms  a  transparent 
glass  ;  intumesces  with  mic.  salt,  effervesces 
in  dissolving,  and  leaves  a  siliceous  skeleton ; 
fuses  readily  with  a  little  soda  to  a  greenish 
glass,  but  only  swells  with  more   soda,  and 
shows  manganese  on  platinum;  gives  a  blue 
with  cobalt-solution.     2.  Pistacitc.    It  fuses  on 
the  edges,  and  then  swells  up  to  a  dark-brown 
mass,  which  is  rounded  but  not  wholly  fused 
by  a  stronger  heat;  it  acts  like  zoisite  with  the 
fluxes,  but  shows  more  iron  and  manganese. 
3.  Manganesian  Epidote.     It  fuses  readily  with 
intumescence  into  a  black  glass,  and  behaves 
like  the  preceding  to  the  fluxes,  but   shows 
still  more  iron  and  manganese.     Nearly  all 
epidotes  give  a   trace  of  tin,  with  soda  and 
charcoal,  one  variety  from  Orrijarfvi,  Finnland, 
nearly  1  pr.  ct.     It  is  partially  decomposed  by 
muriatic  acid,  but  after  strong  ignition,  and  in 
fine  powder,  readily  even  in  the  cold,  with  ge- 
latinous silica.     General  formula,  3  RO,  Si03 
-f  2  (R203,  Si03),  in  which  the  RO  is  chiefly 
lime,  partly  replaced  by  magnesia,  protoxides 
of  iron,  and  manganese,  and  perhaps  by  al- 
kali; the  R203  is  principally  alumina  in  zoi- 
site, partly  replaced  in  the  other  two  varieties 
by  sesquioxides  of  iron  and  manganese. 

Local.  Among  the  numerous  localities  of 
epidote,  zoisite  occurs  at  Baireuth,  Carinthia, 
&c;  pistacite  at  Arendal,  Taberg,  Bourg 
d'Oisans,  Hellestad,  &c;  manganesian  epi- 
dote, at  St.  Marcel,  Piedmont,  &c.  Thulite 
is  from  Tellemarken.  Puschkinite,  from 
Jakowleff's  lands,  west  side  of  the  Ural, 
exhibits  dichroism.  Bucklandite  is  probably 
a  pure  iron-epidote.  In  the  U.  S.,  at  Fran- 
conia,  well  crystallized  pistacite,  and  War- 
ren N.  H. ;  gray  columnar  masses  at  Wills- 
bor'o,  at  Montpelier,  Vt.;  Hadlyme,  Chester, 
Newberry,  Nahant,  fine  crystals  at  Aihol, 
also  at  Goshen,  Chesterfield,  Williamsburg, 
&c,  Mass.;  at  Milford,  large  and  fine  crystals 
at  Haddam,  Conn.;  at  Amity,  Carmel,  Mon- 
roe, n.  y. 

EPITHELIUM.  Anal.  The  cuticle  of  the 
mucous  membrane. 

EPSOM  SALT.     Chan.     See  Magnesium. 
EPSOM   SALT.     Mm.     Syn.    Bitter   Salt. 
Gcr.  Bittersalz,  Haarsalz.    Cryst.  Right  Rhom- 
bic, with  one  perfect  cleavage;  also  fibrous. 
H.  =  2-25.     G.  =  1-75.     Color    and    streak 
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white;    lustre    vitreous;    transparent,   trans- 
lucent; taste  bitter,  saline. 

Readily  and  wholly  soluble  in  water;  gives 
neutral  water  in  a  closed  tube,  ami  fuses;  o- 
luble  in  borax  and  mic.  salt,  forming  a  cloud; 
bead  when  cold;  with  soda  gives  a  hepar 
without  fusion  ;  with  cobalt-solution  gives  a 
rosy  tint.  Its  composition,  when  pure,  is  ex- 
pressed by  MgO,  S03-|-  7  HO,  to  which  seve- 
ral of  the  native  specimens  approximate. 

Local.  Neusohl,  Hungary;  Idria;  Cata- 
laynd,  in  Ar'ragonia;  South  Africa.  In  U.S., 
in  limestone  caves,  Kentucky,  Tennessee, 
Indiana,  with  coal  measures  of  Western 
Pennsylvania  {M.  II.  Boyd);  Heldeberg,  N. 
Y.  Epsom  salt  is  an  almost  constant  consti- 
tuent  of  saline  waters,  some  of  which  owe  to 
il  then-  taste  and  value. 

EQUISETIC  ACID.     See  Aconitic  Acid. 
EQUIVALENTS.     Chcrn.     Equivalents  are 
the  proportional  weights  or  numbers  according 
to  which,  or  to  their  multiples,  bodies  com- 
bine.   Thus,  if  1  part,  by  weight,  of  A  combine 
with  2  pts.  of  B,  and  with  3  pts.  of  C;  then  B 
and  C  will  unite  in  the  proportion  of  2  B,  or  a 
multiple  of  it,  to  3  C,  or  to  a  multiple  of  it, 
i.  c.  2  B,  4  B,  6  B,  &c,  to  3  C,  or  6  C,  or  9  C, 
&c.     In  water,   1  pt.,  by  weight,  hydrogen,  A,  '> 
unites  with  8  pts.  oxygen,  B;  and  in  sulphur- 
etted hydrogen,  the  proportion  is  1  pt.  hydro- 
gen to  16  sulphur,  C.     Then,  in  oil  of  vitriol, 
16  pts.  sulphur,  C,,  unite  with  24  pts.  oxygen, 
or  (3x8)  B3.     One  pt.  hydrogen  is,  therefore, 
considered  equivalent  to  8  pts.  oxygen,  and  10 
pts.    sulphur.     The    terms    atom,   equivalent, 
combining  weight,  atomic  weight,  have  been 
indiscriminately  employed,  but  the  terms  equi- 
valent, and  combining  weight,  being  expres- 
sions of  fact,  with  little  reference  to  theory, 
are    preferable,  and  the  former   is  generally 
used  in  the  present  work.     For  the  difference 
between  atom  and  equivalent,  see  Atom;  for 
the    mode    of    determining    equivalents,  see 
Combining   weight,  and  the  former  part  of 
Affinity  ;  for  the  equivalents  of  the  elements, 
see  Elements.     For  the  equivalents  of  com- 
pounds, refer  to  those  compounds  under  each 
element  for  inorganic  bodies,  and  to  the  or- 
ganic base,  acid,  or  other  organic  compound, 
in  their  alphabetical  place.     If  a  formula  only 
be  given,  add  together  the  equivalent  of  each 
element  in  the    compound,  first   multiplying 
each  equivalent,  or  combining  weight,  by  the 
number  of  equivalents  which  the  formula  ex- 
presses.    Thus,  the  combining  weight  of  sul- 
phur being  16,  and  of  oxygen  8,  the  equiva- 
lent of  dry  sulphuric  acid,  SO,,  is  1 6  — |—  3  X  8 
=  40,  and  of  oil  of  vitriol,  S03,  HO;  16-1-3 
X  8  -|-  9  =  49.     Refer  also  to  Formula. 
ERCR1NITE.     See  Hahmotome. 
EREMECAUSIS.     Chan.     From    »&*,  »y 
degrees,  K*Z<rts,  burning.     A  term  applied  to  the 
change  in  form  and  properties  which  compound 
organic  substances  undergo  when  separated 
from  their  organism,  and  exposed   to  the  in- 
fluence of  air,  water,  and  a  certain  tempera- 
ture.    (Licbig.)     It  is,  in  other  words,  the  gra- 
dual combination  or  low  combustion  of  the 
elements  of  organic,  and,  especially,  vegetable 
structures,  with  the  oxygen  of  the  air,  attended 
with  disengagement  of  heat,  and,  occasionally, 
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of  light  also.  The  temperature  at  which  ere- 
mecausis  occurs  varies  in  different  bodies,  but 
never  below  32°  F.  It  always  precedes  fer- 
mentation and  putrefaction,  which  are  pheno- 
mena analogous  to  it,  with  this  difference,  that 
access  of  air  is  indispensable  to  eremecausis. 

The  substances  capable  of  eremecausis  are 
f  lassified,  by  Liebig,  into  those  which  unite 
'with  the  oxygen  of  the  air,  without  evolving 
carbonic  acid,  and  such  as  evolve  carbonic 
acid  by  absorption  of  oxygen.  Azotized  bo- 
dies are  the  most  susceptible  of  this  change. 
The  eremecausis  of  substances,  rich  in  hy- 
drogen, is  so  far  similar  to  the  putrefaction  of 
nitrogenized  bodies,  that  in  either  instance 
there  are  two  affinities  in  action,  the  affinity 
of  nitrogen  for  hydrogen,  and  of  carbon  fur 
oxygen:  and  both  facilitate  the  disunion  of 
elements.  The  conditions  determining  this 
phenomenon  are  various,  but  the  presence  of 
decaying  matter  is  in  most  instances  promotive 
of  it.  It  is  retarded  or  prevented  by  the  usual  an- 
tiseptics, as  the  mineral  acids,  mercurial  salts, 
aromatic  substances,  and  empyreumatic  oils. 

The  conversion  of  wood  into  Humus,  the 
formation  of  Acetic  Acid  from  alcohol,  and 
Nitrification,  are  processes  of  this  nature. 

A  very  remarkable  kind  of  eremecausis 
takes  place  in  many  vegetable  substances 
when  they  are  exposed  to  the  influence  of  air, 
water,  and  ammonia.  They  absorb  oxygen 
very  rapidly,  and  form  splendid  violet  or  red 
colored  liquids,  as  in  the  case  of  orcia  and  trij- 
thrin.     See  Liebig's  Vegetable  Physiology. 

ERGOT.  Chem.  Phar.  Syja.  Clavus,  Sparred 
Rye.  Lat.  Secale  Cornutum.  A  hard,  violet- 
black,  spike-shaped  grain,  formed  from  the 
ovary  of  diseased  rye  that  has  been  attacked 
and  destroyed  by  fungi.  Wigger's  analysis,  to 
which  a  later  one  by  Chevalier  is  similar,  gave 

Ergotin 1-25 

Peculiar  fixed  oil 35-00 

White  crystallizable  fat 1-05 

Cerin 0-76 

Fungin 46-19 

Vegetable  osmazome 7-76 

Peculiar  saccharine  matter 1-55 

Gummy  extractive,  with   red   coloring 

matter 2-33 

Albumen 146 

Superphosphate  of  potassa 4-42 

Phosphate  of  lime,  with  trace  of  iron  . .  0-29 
Silica (HI 

T02-20 
Ergotin.  Syn.  Secalin.  Is  the  active  prin- 
ciple of  ergot,  obtained  by  macerating  the 
rasped  grains  in  ether,  to  separate  their  oily 
and  resinous  portion,  treating  the  residue  with 
alcohol,  evaporating  the  solution  to  a  syrupy 
consistence,  and  adding  water  to  precipitate 
the  ergotin. 

It  is  an  amorphous,  pulverulent,  dull  red 
substance,  of  a  nauseous  smell,  and  bitter  acrid 
taste  ;  soluble  in  alcohol  and  concentrated  sul- 
phuric and  acetic  acids,  but  insoluble  in  wa- 
ter and  ether.  Nitric  acid,  aided  by  heat,  de- 
composes it,  without  forming  oxalic  or  mucic 
acid.  It  dissolves  also  in  caustic  potassa,  but 
is  precipitated  again  by  the  acids. 

Oil  of  Ergot.    The  expressed  oil  is  that  used 


ERINITE. 
ERINITE 

groups,   of 
H.  =  4-5 


5. 


in  medicine.  The  fatty  matter,  extracted  by 
ether,  is  resinous,  and,  unlike  that  obtained  by 
heat  or  expression,  is  not  saponifiable.  Treated 
by  potassa,  glycerin  is  eliminated  with  two  fatty 
acids,  analogous  to  those  of  the  fixed  oils. 

EREMITE.     See  Monazite. 
See  Bole. 

Min.  Mammillary,  crystalline 
concentric  fibrous  structure. 
G.  =  4-043.  Emerald  green, 
with  a  paler  streak;  lustre  resinous,  rather 
dull;  subtranslucent ;  brittle.  Behavior  pro- 
bably similar  to  olivenite,  liroconite,  &c.  Ac- 
cording to  Turner's  analysis,  its  composition 
may  be  expressed  by  5  CuO,  AsOs  -{-  2  HO 
It  occurs  in  Limerick  county,  Ireland. 

EPISTILBITE.  Min.  Cryst.  Right  Rhom- 
bic, cleaving  perfectly  parallel  to  shorter  dia- 
gonal; also  granular.  H.  =  4  —  4-5.  G.  = 
2-249  —  2-25.  White;  lustre  vitreous  on  vert, 
prism,  pearly  on  cleavage;  transparent,  sub- 
translucent;  uneven  fracture.  Behaves  like 
stillute,  which  it  closely  resembles;  soluble 
in  muriatic  acid,  leaving  pulverulent  silica; 
after  ignition,  insoluble.  Form.  CaO,  Si03 
4-  3  (A1203,  3  Si03)  +  5  HO,  with  soda  re- 
placing a  portion  of  lime. 

ERYTHRIN.     See  Orchil. 

ERYTHRITE.     See  Felspar. 

ERYTHROLEIN.     See  Litmus. 

ERYTHROLEIO  ACID.     See  Orchil. 

ESCHSCHOLTZIA  CALIFORNICA.  Chem. 
Waltz  has  recently  found  three  bases  in  the 
root: — 1st,  One  soluble  in  water,  and  giving 
bright  red  crystallizable  salts  with  acids. 
2d,  A  colorless  acrid  base,  soluble  in  ether, 
and  forming  colorless  salts.  3d,  A  colorless 
base,  soluble  in  water,  alcohol,  and  ether.  The 
salts  of  the  latter  are  very  soluble,  and  even 
in  very  minute  proportion  impart  to  the  liquid 
a  rich  violet  color  upon  the  addition  of  sul- 
phuric acid. 

ESMARKITE.  See  Chlorophtllite.  Its 
formula  is  the  same  as  that  of  Fahlunite  ana 
Biii.vk  :tk,  with  half  as  much  water,  and  with 
magnesia,  protoxides  of  iron,  and  manganese, 
as  the  RO  bases. 

ESSENCES.  \      Chem.     Tech.     Syn. 

ESSENTIAL  OILS.  5  Volatile  Oils,  Distilled 
Oils,  Murones.  These  oils  are  sometimes  also 
called  essences,  but  the  term  essence,  properly 
belongs  to  their  solution  in  alcohol. 

The  volatile  or  essential  oils  are  the  product 
of  every  part  of  plants,  but  not  in  all  parts 
of  the  same  plant.  Sometimes  they  are  found 
only  in  the  leaves,  then  in  the  flowers,  again 
in  the  rind,  or  the  wood  and  fruits,  and  some- 
times the  envelopes  of  seeds,  but  not  in  the 
cotyledons.  Some  few  plants,  however,  as  the 
thyme  and  scented  labiatce,  contain  volatile  oil 
in  nearly  all  their  parts.  In  some  certain 
plants  it  occasionally  occurs  that  different 
parts  of  the  same  contain  different  oils,  for  in- 
stance, the  orange  furnishes  one  oil  from  its 
flowers,  another  from  the  leaves,  and  a  third 
from  the  rind  or  epidermis  of  the  fruit,  each 
varying  from  the  other.  In  most  plants,  the 
oil  is  contained  in  little  sacs  or  vesicles,  so 
well  confined  that  the  oil  is  retained  even 
during  the  drying  of  the  plant  and  for  some 
time   after:   whilst   in   other   species,   again, 
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especially  in  the  flowers,  the  oil  is  constantly 
produced  at  the  surface,  and  escapes  at  the 
moment  of  its  formation.  A  few  oils  are  ob- 
tained by  expression,  snch  as  those  of  oranges 
and  lemons,  where  the  oil  resides  in  the  epi- 
dermis of  the  fruit;  others,  again,  which  are 
not  contained  in  vessels,  such  as  those  of  vio- 
let, jasmine,  &c,  are  procured  by  maceration 
of  the  flowers  in  oil  of  ben,  an  inodorous  fixed 
oil,  and  are  used  in  this  state  in  perfumery. 
Volatile  oils  are  distinguished  from  the  fixed 
oils  by  their  volatility,  and  being  mostly  ob- 
tained by  distillation,  have  been  called  essen- 
tial oils.  They  are  considered  as  the  source 
of  the  aroma  of  plants,  which  they  diffuse  by 
their  exhalation.  These  oils  are  of  an  acid, 
burning  taste,  a  very  mild,  agreeable,  a  pun- 
gent, or  an  unpleasant  odor;  mostly  colorless, 
when  properly  rectified,  but,  as  found  in  com- 
merce, some  are  yellow,  some  red  or  brown, 
and  others,  again,  green,  and  a  few  blue ;  and, 
with  few  exceptions,  are  lighter  than  water. 
They  are  not  greasy  to  the  touch,  and  their 
specific  gravity  ranges  between  0-759  and 
1-096 ;  the  first  number  denoting  the  density 
of  oil  of  coriander,  and  the  second,  that  of  oil 
of  sassafras.  Most  of  them  congeal  at  differ- 
ent temperatures ;  some  acquire  viscidity  at 
the  ordinary  temperature  of  the  atmosphere 
and  become  solid.  They  burn  with  a  brilliant 
flame  and  much  smoke.  Although  they  are 
styled  volatile  oils,  the  tension  of  their  vapor, 
as  well  as  its  specific  heat,  is  much  less  than 
that  of  water,  and  though  volatile  at  the  ordi- 
nary temperatures,  their  boiling  point  usually 
is  not  less  than  316°  to  320°.  It  varies  in  dif- 
ferent oils,  and  this  distinctive  property  serves 
as  a  characteristic,  and,  under  some  circum- 
stances, to  isolate  them. 

In  contact  with  air  or  oxygen,  they  acquire 
thickness,  and  are  eventually  converted  into 
a  resin  by  the  absorption  of  that  gas.  Indeed, 
they  naturally  exist  in  some  instances  com- 
bined with  resins  and  balsams,  both,  frequent- 
ly, originating  either  from  the  hydration  or 
oxygenation  of  a  portion  of  the  oil.  The  ab- 
sorption of  oxygen  varies  with  different  oils, 
and  gives  rise  to  carbonic  acid  gas,  but  no 
water  is  formed.  Light  contributes  power- 
fully to  this  action.  A  volume  of  concrete 
oil  of  anise  absorbed  159  times  its  volume  of 
oxygen  gas  in  two  years,  and  emitted,  at  the 
same  time,  56  volumes  of  carbonic  acid  gas. 
A  volume  of  oil  of  lavender,  during  four  of 
the  colder  months,  absorbed  52  volumes  of 
oxygen,  and  gave  out  two  of  carbonic  acid 
gas,  without  the  production  of  water,  and 
without  being  even  yet  completely  saturated 
with  oxygen.  These  facts  are  stated  upon  the 
authority  and  results  of  Saussure's  experi- 
ments. "  It  has  been  observed,  that  the  odor 
of  oils  is  closely  related  with  this  chemical 
change.  Those  which  oxidate  most  rapidly 
have  the  strongest  smell,  and  the  characteris- 
tic odor  of  no  oil  can  be  perceived,  immedi- 
ately after  its  distillation,  in  an  atmosphere  of 
carbonic  acid  gas." 

Prep.  The  few  oils  existing  in  the  rind  of 
fruits  are  obtained  by  expression,  but  of  infe- 
rior quality.  The  best  mode  of  preparation 
is  that  of  distillation,  the  only  method  appli- 
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cable  to  the  separation  of  the  majority  of  them. 
The  requisite  apparatus  is  a  copper  still,  en- 
closing a  wicker  fender,  and  the  material  be- 
ing heated  therein  with  water,  parts  with  its 
volatile  portion,  which  passes  over  in  th 
of  vapor  with  the  water,  and,  upon  congela- 
tion, separates  into  an  oily  layer,  occu] 
the  lower  or  upper  stratum  in  the  recipient, 
according  as  its  density  is  greater  or  less  than 
that  of  water.  Although  the  boiling  point  of 
the  oil  is  higher  than  that  of  water,  under  must 
circumstances,  yet  their  vapours  become  in- 
volved and  pass  over  together,  and  for  the  rea- 
son, that  water,  in  its  attenuated  state  and  ele- 
vated temperature,  dissolves  the  gaseous  oils, 
as  it  were,  for  the  time  being,  and  drops  them, 
upon  an  appreciable  abstraction  of  heat.  For 
the  less  volatile  essences,  those  requiring  a 
more  elevated  temperature  than  212°  F.  for 
their  elimination,  the  point  of  ebullition  of  the 
concomitant  water  should  be  increased  by  the 
addition  of  some  salt.  To  entirely  exhaust 
some  plants  of  their  oil,  it  is  necessary  to  co- 
hobate  repeatedly  with  the  same  water.  A 
like  necessity  occurs  with  those  plants  mea- 
gre in  volatile  component,  but  in  such  in- 
stances, the  cohobation  must  be  over  fresh 
material.  For  conveniently  separating  the 
lighter  oil  from  the  water  which  passes  over 
with  it,  a  Florentine  glass,  of  suitable  form,  is 
generally  used  as  their  recipient.  The  oil 
accumulating  at  a  b  (fig.  69),  and  occupy- 
ing-. 69. 


ing  the  upper  stratum,  retains  its  position, 
while  the  water  beneath  escapes  at  c.  When 
the  oil  is  heavier  than  the  water,  a  different 
arrangement  must  be  adopted,  as  is  shown 
by  fig.  70.  The  receiver  for  this  purpose 
must  be  cylindrical,  and  funnel  shaped  at  the 
bottom,  with  a  stopcock  in  its  barrel,  so  that 
the  heavy  oil  can  be  drawn  off  as  it  collects. 

Comp.  Most  of  the  essential  oils  exist,  al- 
ready formed,  in  the  plants,  as  secreted  by 
their  proper  organs,  whilst  a  few  are  generated 
only  by  distillation,  and  take  their  rise  during 
a  kind  of  fermentation.  As  examples  of  these 
latter,  we  treat  under  their  proper  heads,  of  the 
oils  of  mustard  seed  and  bitter  almonds.  The 
essential  oils  are  divided  into  three  classes, 
those  containing  only  carbon  and  hydrogen, 
those  containing  also  oxygen,  and  those  con- 
taining sulphur.  Another  characteristic  of 
essential  oils  is,  that  some,  by  a  direct  absorp- 
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tion  of  oxygen,  become  acidified,  and  others, 
again.by  a  more  indirect  application  of  the  same 
gas,  become  resinous.  Experience  has  demon- 
strated, that  most  of  the  essential  oils  consist  of 
two  oils,  both  fluid,  and  of  different  volatility,  or 
one  solid  and  the  other  fluid  at  common  tempe- 
rature or  below  it,  but  these  constituents  have 
no  analogy  whatever  to  the  olein  and  stearine 
of  the  fixed  oils.  Bizio  called  these  principles 
sereusine  and  igrusinc,  or,  in  more  modern  lan- 
guage, elaopten  and  steahoptex;  the  latter  of 
which  is  separable  from  the  former  by  pres- 
sure, when  the  oil  is  congealed  at  a  sufficiently 
low  temperature.  Sometimes  the  two  compo- 
nents are  liquid,  and  being  of  different  boiling 
points,  are  separable  by  properly  managed 
distillation.  As  a  general  rule,  the  solid  prin- 
ciples are  oxygenated  and  the  liquid  mostly 
carbo-hydrogens.  The  oil  of  camphor,  and 
essence  of  lavender,  are,  however,  exceptions. 
If  the  analyses  of  the  essential  oils  are  com- 
pared with  those  of  the  fixed  oils,  the  differ- 
ence in  their  constitution  will  appear  evident, 
for,  whilst  the  former  are  richer  in  carbon, 
many  of  them  are  much  more  deficient  in 
oxygen,  some  even  entirely  destitute  of  it,  and 
a  few,  as  said  above,  contain  a  little  sulphur, 
and,  according  to  some  chemists,  nitrogen 
also.  The  proportion  of  hydrogen  varies  in 
different  oils,  but,  as  a  general  rule,  they  are 
more  hydrogenated  than  the  fixed  fats.  The 
source  whence  is  obtained  the  gaseous  com- 
ponents of  these  oils,  and,  as  a  consequence, 
the  nourishment  of  the  plants  which  yield 
them,  is  the  atmosphere,  for  the  carbon  and 
nitrogen;  water,  for  the  hydrogen;  and  sul- 
phuric acid  for  the  sulphur;  all  of  which  are 
withdrawn  from  the  surrounding  media  con- 
taining them  by  the  vegetable  organism,  and 
assimilated  as  above.  Containing  little  or  no 
oxygen,  they  have  been  evidently  subjected 
to  a  great  degree  of  reduction. 

The  stearopten,  or  crystallizable  portion  of 
those  oils,  thus  constituted,  is  commonly  called 
the  camphor  of  the  plant,  and  not  unfrequently 
forms  artificially,  when  the  oils  are  in  contact 
with  water. 
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As  regards  the  camphors  of  the  oils,  they 
vary  in  properties,  some  containing  only  car- 
bon and  hydrogen,  and  others,  these  two  in- 
gredients, and  oxygen  additional,  the  stearop- 
ten of  the  otto  of  rose  being  an  example  of  the 
former.  The  stearopten  is  generally  very  fusi- 
ble, and  seldom  retains  its  solidity  beyond  68°. 

The  essential  oils  are  but  little  soluble  in 
water;  alcohol,  ether,  and  the  fixed  oils,  how- 
ever, dissolve  them  readily. 

Chlorine,  bromine,  iodine,  cyanogen,  and 
fluorine  act  by  displacing  the  hydrogen.  The 
first  three,  in  rare  instances,  form  direct  com- 
binations. 

Potassium  displaces  in  some  oils,  one  atom 
of  their  hydrogen,  but  only  deoxodizes  those 
whose  oxygen  belongs  to  the  combined  water. 

The  oxidizing  agents  (chromates,  manga- 
nates,  &c),  aided  by  sulphuric  acid,  convert 
these  oils  into  hydrates.  The  more  recent 
experiments  of  Persoz  show,  that  the  oxidizing 
effect  of  chromic  acid  upon  essential  oils 
transforms  them  into  new  products;  thus,  for 
instance,  from  fennel  and  anise  oils  he  ob- 
tained acetic  acid,  and  two  other  acids,  spa- 
ringly soluble.  One,  the  wmbellic,  closely  allied 
to  benzoic,  is  separable  from  the  other  (badi- 
anic)  by  cold  ether,  which  dissolves  the  latter. 
In  like  manner  the  oil  of  cumin  is  converted 
into  acetic  acid,  and  two  crystallizable,  differ- 
ently soluble  acids  (cyminic  and  cumino-cuminic); 
the  oil  of  cinnamon  into  acetic  and  benzoic 
acids.  Oil  of  tansy,  similarly  treated,  gave  a 
considerable  quantity  of  common  camphor. 

Concentrated  nitric  acid  acts  violently,  and 
sometimes  with  explosion.  When  diluted, 
and  aided  by  heat,  it  transforms  the  essences 
into  peculiar  crystallizable  acids.  In  this  ac- 
tion of  dilute  nitric  acid  upon  essential  oils 
and  resins,  Sobrero  says,  there  is  generated  an 
appreciable  quantity  of  prussic  acid,  which  is 
given  off  when  the  oil  has  thickened.  Mono- 
hydrated  sulphuric  acid  gives  rise  to  compli- 
cated bibasic  salts  (sulfo-murones),  analogous 
to  the  sulfo-vinates.     Baudrimont. 

The  small  portion  of  nitrogen  occasionally 
found  in  some  of  the  oxy-oils,  is  probably 
owing  to  azotized  impurity. 

Carbo-hydrogens.  The  oils  of  this  group, 
with  one  or  two  exceptions,  are  simple  carbo- 
hydrogens,  and  are  remarkable  for  being  uni- 
formly of  the  formula  (C.H4),  or  one  express- 
ing some  multiple  of  these  numbers,  and  even 
those  which  differ  from  this  formula,  may, 
upon  closer  examination,  be  found  to  belong  to 
another  class  of  oils.  There  are  several  mo- 
difications of  oil  of  terpentine,  which  have  the 
same  composition  as  that  oil,  but  differ  in  their 
relations  to  polarized  light,  and  in  some  other 
respects.  See  Camphine.  There  being  some 
difficulty  in  ascertaining  the  boiling  points  of 
the  essential  oils,  the  degrees  given  in  the  an- 
nexed table  cannot  be  regarded  as  definitely 
fixed,  although  they  are  not  far  from  the  truth. 
The  composition  of  some  of  these  oils  has 
not  been  determined  with  accuracy,  but  the 
annexed  table  comprises  the  greater  part  of 
those  which  belong  to  the  non-oxygenated  class 
of  essential  oils,  of  which  those  of  terpentine, 
lemons,  camphor,  and  copaiva  have  been  most 
fully  investigated. 
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Names  of  the  Oils. 


Oil  of  Terpentine 

"      Pine  top 

"      Juniper 

"  „    Sabine 

"     Elemi 

"      Storax 

"      Lemons 

"      Oranges 

"     Neroli 

"      Portugal 

"      Copaiva 

"      Pepper 

"      Cubebs 

"      Cedrat 

"      Bigarade 

"  Petit-grain  . . . . 

"  Amber(rectf'd) 

"      Namur 

"  Cedar  (liquid) . 

"  Athamanta... . 


Botanic  Names  of  the  Plants  from 
which  extracted. 


Pinus  sylvestris 

"        Abies 

Juniperus  communis 

"  Sabina 

Amyrus  Elemifera 

Storax  liquidi 

Citrus  Limonum 

"        Aurantium 

"  "         (flowers) . 

(peel).... 

Copaifera  multijuga 

Piper  Nigrum 

"      Cubeba  

Citrus  medica 

"      bigarea    


Succinum , 

Andropogon  Ivaracusa  ., 
Juniperus  Virginiana. . . . 
Athamanta  oreoselinum 


Spec. 
Gray. 


0-864 
0-856 
0-839 

()•!)  1 5 
0-852 


Circular  Polar- 
izing Power. 


0-85 

0-835 

0-930 

0-835 

0-96 

0-864 

0-929 


0-87!) 


0-98 
0.843 


C.H«  .. 
CBH.. 
C8H 

C.„HD  . 


—  43°  3'  left 

—  3°  5'  left 


-f-  80°  9'  right 
right 


CioH8- 

C15H12 

c-ii... 


—  34°  3'  left  . 


■40°  1'  left 


t-^inil,/;.  •  .  . 


Boiling 


315°F 

333° 

311° 

315° 

330° 


343° 
356° 


356° 
473° 
333° 
490° 


266° 
297° 
507° 
325° 


Oxygenated  Oils.  The  oxy-oils,  when  dis- 
tilled with  anhydrous  phosphoric  acid,  gene- 
rally lose  oxygen  and  hydrogen  in  the  propor- 
tions which  constitute  water,  and  give  rise  to 
carburets  of  hydrogen,  whose  names  terminate 
in  en,  as  menthen,  cedren,  &c. 

Distilled  upon  anhydrous  baryta,  the  result 
is  a  carbonate  and  a  less  oxygenated  product, 
of  formula  the  same  as  its  derivative  oil, 
minus  carbonic  acid.     The  termination  of  its 


title  is  in  one,  as  campholone,  or  sometimes  in 
ole,  as  anisole. 

The  action  of  lime,  potash,  and  soda  differs 
according  as  they  are  hydrated  or  anhydrous. 
Gerhart  and  Cahours  aver,  that  most  of  the 
oxy-oils  are,  by  the  action  of  fused  hydrate  of 
potassa,  separable  into  an  acid,  and  an  oil 
destitute  of  oxygen. 

Below  is  a  table  of  the  most  important  oxy- 
oils. 


Names  of  the  Oils. 


Oil  of  Cinnamon 
Cassia 

Cloves 
Sassafras  . 
Sweet-bay. 


Culiliban 

Chervil 

Saffron 

Limette 

Bergamot 

Roses 

Rhodium 

Rose-geranium 

Cajeput 

Semen-contra  . 
Wormwood  . . . 

Tarragon 

Mugwort 

Cherry-laurel  . 
Bird  cherry  . . . 
Peach-kernel. . 
Bitter  almond  . 

Aspic 

Basil 

Cat-thyme 

Yarrow 

Zeodoary  

Calamus 

Valerian 

Camphor 

Cascarilla 
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Botanic  Names  of  the  Plants  from 
which  extracted. 


Laurus  Cinnamomum 

"        Cassia 

Caryophyllus  aromaticus. . . 
Laurus  Sassafras 

"        nobilis 

Pichurium  

"        Culiliban 

Scandix  cerefolium 

Crocus  Sativus 

Citrus  limetta 

"      Bergamotta 

Rosa  centifolia 

Convolvulus  Scoparius  .... 

Pelargonium  radula 

Melalenca  Cajeputi 

Artemisia  Castra 

"  Absinthium 

"  Dracunculus  . . . 

"  vulgaris 

Prunus  laurocerasus 

"        Padus 

Persica  vulgaris 

Amygdalus  communis 

Spica  latifolia 

Ocymum  basilicum 

Teucrium  Marium 

Achillea  Millefolium 

Curcuma  Zedoaria 

Acorns  Calamus 

Valeriana  officinalis 

Dryobalanops  aromatica  . . . 
Croton  Eleuteria 


Spec. 
Grav. 


1-03 
1-09 

1-60 
1-08 

0-914 


0-931 

0-856 
0-832 


0-978 
0-936 
0-897 
0-945 


0-92 


0-962 
0-944 
0-945 
0-938 


Formulae. 


C20HM°2 

CMH„02 
C24H1505 

C10H5O2. 
C,„HlcO. 


o::H;:°o!.m: 


C20H22°6- 


^t2H10O2 
C,„H..O. 


Circular  Polar- 
izing Power. 


-f29°  3' right 
right 


Boiling 
Point. 


470° 
257° 


361c 


347° 


356° 
391° 
212° 


392° 
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_..             Botanic  Names  of  the  Plants  from 
Names  of  the  Oils.                         which  extracted. 

Spec. 

Urav. 

Formulae. 

Circular  Polar- 
izing Power. 

Boiling 
Point. 

0-931 

.  If!    HO. 

410° 

c 

0-938 
0-860 
0-759 

401° 

3    H  ,0„ 

418° 

0-917 
0-925 
0-914 
0-969 

«     Pennyroyal  . . . 
"     Spear-mint .... 
"      Curled-mint... 

"     Sw't-marjoram 

395° 

331° 

"        crispa 

0-946 
0-867 
0-975 
0-872 
0-897 
0-905 

354° 

"     Thyme 

365°  1 

c'w!;:: 

365° 

0-837 
0-924 
0-908 

('HO 

446° 

"     Wildcham'mile 
"     Chamomile  . . . 
"     Tea 

0-905 

325° 

Juniperus  Lycia ^ 

1-18 
1-173 

0-866 

CJO, 

435° 

380° 

"     Lycian  Juniper 

C,H^O 

323° 

"     Spanish  Juniper 
"     Myrrh 

Galbanum  officinale 

0-92 

"     Sagapenum  . . . 

"     Thuja  (Amer'n) 
"     Serpentaria  . . . 
"     Brasiletto 

374° 

Hedwigia  balsamifera 

Betula  alba 

0-847 

313° 

"     Sweet-birch  . . . 

1-173 

"      Winter-bark  . . 

"     Black-poplar . . 

"     Wormseed .... 

Chcnopodium  Anthelmintic'm 

0-908 

"     Ginger 

"      Parmelia(wall) 

Sambacus  niger  . . 

Syringa  vulgaris 

Diosma  crenata 

"      Sweet-gale  . . . 

Myrica  Gale 

0-87C 
0-92 

Myristicha  Moschata 

Maranta  Galanga 

C,nHo0 

Alpinia         « 

Amomum  repens 

Pimpinella  Anisum 

0-98J 
0-98' 
0-881 

>C    H   O 

Illicium  Anisatum 

'•• 

Apium  Graveolens 
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Names  of  the  Oils. 

Botanic  Names  of  the  Plants  from    Spec, 
which  extracted.                  J  Grav. 

Formulae. 

Circular  Polar- 
izing Power. 

Boiling 
I'oint. 

Oil  of  Fennel 

0-997 

"      Pimento 

1-021 

"     Asarabacca  . . . 

CoH„0 

"      Castor 

"      Cedar  (solid). . 
"      Tonka  

540° 

The  Sulphuretted  Oils.  A  distinctive  pecu- 
liarity of  these  oils  is  their  diffusive  aliaceous 
odor.  Sulphur,  in  their  composition,  takes 
the   place   of  oxygen,  and   they  are   related, 


doubtless,    to    other   groups    not    yet    deter- 
mined. 

Annexed  is  a  table  of  the  principal  oils  of 
this  class. 


Names  of  the  Oils. 

Botanic  Names  of  the  Plants  from 
winch  extracted. 

Spec. 
Grav. 

Formulae. 

Circular  Polar- 
izing Power. 

Point. 

Oil  of  Black  Mustard 

1-038 

CCH  NS„ 

298° 

"      Horse-radish  . . 

1-01 

C8H.NS2 .... 

"      Cochlearia .... 

OJBLNSom. 

318° 

CfiILS 

"      Assafcetida. . . . 

0-942 

326° 

"     Water-pepper  . 
"      Wake-robin. . . 

0-910 

i 

Practical  .Application.  The  majority  of  these 
oils  are  only  useful  for  flavoring  or  aromatiz- 
ing. Some  few  are  applicable  to  medicinal 
purposes,  and  one  or  two  are  employed  in  the 
arts.  They  have  no  positive  affinity  for  al- 
kaline bases,  and  are  therefore  only  useful,  in 
soap  making,  to  impart  a  perfume.  A  sort  of 
feeble  combination  may,  with  time  and  diffi- 
culty, be  effected  between  caustic  alkali  and 
the  oils  of  cloves,  cinnamon  and  cedar  wood. 
The  products  are  styled  "Savonules." 

That  soap  called  Starkey's,  may  be  classed 
under  this  head.  It  consists  of  soda  and  es- 
sence of  terpentine.  It  is  prepared  by  tritu- 
rating recently  fused  caustic  soda  in  a  mortar 
with  a  little  oil  of  terpentine,  added  dropwise, 
until  the  mixture  has  acquired  the  consistence 
of  soap.  The  compound  is  to  be  dissolved  in 
spirits  of  wine,  filtered  and  distilled.  What 
remains,  after  the  spirit  is  drawn  off,  consists 
of  soda  combined  with  a  resin  formed  in  the 
oil  during  the  act  of  trituration. 

Adulterations.  The  most  prevalent  adulte- 
rations are  fat  or  fixed  oils,  resins,  balsam 
copaiva,  and  spirits  of  terpentine.  Either  of 
me  first  three  may  easily  be  detected,  by  put- 
ting a  drop  of  the  oil  on  paper,  and  heating  it, 
for,  if  pure,  it  will  evaporate,  without  leaving 
any  stain  or  residuum,  whilst  an  oil,  mixed 
with  any  one  of  them,  leaves  a  translucent 
spot  upon  the  paper.  The  presence  of  alco- 
hol, which  is  also  sometimes  used  to  sophisti- 
cate essential  oils,  is  recognised  by  their  being 
less  odorous,  and  more  fluid.  It  is,  however, 
difficult  to  detect  it  with  accuracy.  One  me- 
thod is  to  pour  a  portion  of  the  suspected 
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essence  in  a  graduated  glass  tube  of  deter 
mined  length,  and  agitate  it  with  water 
charged,  but  not  saturated,  with  common  salt. 
The  water  abstracts  the  alcohol,  and  the  addi- 
tional space  then  occupied  will  determine  the 
proportion  of  the  adulterating  liquid. 

Boisarelli  proposes  chloride  of  calcium  as 
a  test  for  the  presence  of  alcohol.  Perfectly 
dry  chloride  of  calcium  dissolves  in  oils  con- 
taining alcohol,  and  forms  a  liquid  stratum  at 
the  bottom  of  the  vessel.  When  but  little 
alcohol  has  been  mixed  with  them,  the  pieces 
change,  at  least  with  regard  to  their  form,  but 
in  pure  oils  the  chloride  of  calcium  remains 
unaltered.     Archiv.  de  Pharm.,  xxiv. 

A  few  years  since,  Mero  discovered  a  pro- 
cess for  detecting  the  presence  of  spirits  of 
terpentine,  founded  on  the  circumstance  that 
this  oil  dissolves  the  fixed  oils  with  great  fa- 
cility; while  the  essential  oils,  above  men- 
tioned, do  not.  He  considers,  therefore,  that 
it  will  serve  to  indicate  the  presence  of  oil  of 
terpentine,  mixed  with  pure  essential  oils, 
whose  powerful  smell  conceals  that  of  the 
terpentine.  Experience  gives  the  preference 
to  the  oil  of  poppies,  for  this  purpose,  because 
of  its  uniform  consistence,  regardless  of  tem- 
perature. About  three  grammes  of  oil  of  pop- 
pies are  poured  into  a  graduated  tube,  and  an 
equal  quantity  of  the  essential  oil  to  be  tested 
added;  the  mixture  is  then  shaken,  and  should 
become  of  a  milky  white,  if  the  essential  oil 
is  pure,  whilst  it  remains  transparent,  if  it 
contain  any  oil  of  terpentine. 

The  value  of  this  method  may  readily  be 
ascertained,  by  first  testing  a  pure  essential 
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oil,  and  then  some  essential  oil  of  terpentine ; 
if  the  essential  oil  is  then  mingled  with  the  oil 
of  terpentine,  even  in  proportions  so  small 
that  no  advantage  could  accrue  to  traders  by 
the  admixture,  it  is  found  to  act  like  the  es- 
sential oil  of  terpentine  itself,  that  is  to  say, 
the  mixture  is  not  rendered  turbid. 

To  make  the  experiment  successful,  the  two 
essential  oils  should  be  very  intimately  blend- 
ed. The  method  employed  in  commerce  for 
this  purpose  is  as  follows  : — The  pure  essen- 
tial oil  and  the  quantity  of  oil  of  terpentine 
which  is  to  be  added  to  it,  are  placed  in  a  hot 
water  bath-basin,  and  this  is  heated  until  the 
mixture,  which  is  at  first  turbid,  becomes 
transparent.  The  medley,  which  is  obtained 
by  adding  oil  of  terpentine  in  the  process  of 
distilling  the  plants,  is  detected  in  the  same 
manner.  This  process,  though  available  for 
the  detection  of  adulteration  in  several  of  the 
essential  oils  most  in  use,  is,  however,  not  of 
general  application,  for  it  furnishes  no  proof 
of  the  presence  of  essence  of  terpentine  in 
the  oils  of  thyme  and  rosemary. 

M.  Voget  considers  concentrated  sulphuric 
acid  as  the  best  reagent  for  detecting  adulte- 
rations of  essential  oils,  with  oil  of  terpentine. 


The  peculiar  color  which  the  former  assumes 
with  sulphuric  acid,  is  much  altered  by  the 
intense  reddish  brown  color  which  the  oil  of 
terpentine  yields ;  and,  moreover,  the  heat 
evolved  with  the  oil  of  terpentine,  is  greater 
than  that  with  other  oils.  In  testing,  the  oils 
are  best  dropped  upon  a  glass  plate,  beneath 
which  is  placed  a  piece  of  white  paper ;  five 
drops  of  the  oil  are  then  added  to  one  drop  of 
fuming  (Nordhauscn)  sulphuric  acid,  and  the 
two  are  mixed  with  a  glass  rod. 

Violet  and  Guenaud,  perfumers  in  Paris, 
announced,  some  years  since,  an  instrument 
for  estimating  the  value  of  the  essential  oils 
by  their  specific  gravity.  It  is  merely  a  very 
sensitive  areometer,  which,  by  means  of  a 
small  weight,  was  rendered  proper  for  testing 
those  oils  heavier  than  water,  and  without  the 
weight,  for  such  as  are  lighter  than  water. 
Bussy  and  Chevalier,  who  reported  favourably 
upon  this  instrument,  verified  its  exactness  by 
experiments,  but  specific  gravity  is  not  always 
a  reliable  test. 

Below  is  a  table  of  concrete,  crystalline, 
volatile  principles  of  plants,  which  are  anal- 
ogous to  the  essential  oils,  and,  like  them,  can 
be  extracted  by  distillation  with  water. 


Names. 

Botanic  Names  of  Plants. 

Spec. 
Gray. 

Formula;. 

Boiling' 
Point. 

0-95 

J>H,6NO30)  •• 

C16H11°4 

<Vf202 

G14H9°2 

536° 

530° 

Tanghinia  Madagascariensis  . . . 

ETHAL.     See  Cettl. 

ETHOGEN.  Prep.  Heat  to  redness  in  a 
brasked  crucible  7  pts.  finely  powdered  anhy- 
drous boracic  acid,  and  9  pts.  melone ;  or,  ig- 
nite 5  pts.  sulphur,  58  pts.  cyanide  of  mer- 
cury, and  7  pts.  anhydrous  boracic  acid. 

Prop.  A  white  powder,  evolving  ammonia  by 
exposure  to  air,  or  much  more  by  heating  with 
hydrate  of  potassa;  burns  rapidly  before  the 
blowpipe,  giving  a  green  color,  without  phos- 
phorescing. Ethonide  of  potassium  is  made 
by  igniting  7  pts.  boracic  acid  and  20  pts.  cy- 
anide of  potassium  in  a  brasked  crucible,  or 
by  directly  heating  ethogen  and  potassium. 
Other  metallic  ethonides  are  prepared  by  heat- 
ing together  sulphur,  cyanide  of  mercury,  bo- 
racic acid,  and  the  metallic  sulphuret.  Etho- 
gen contains  boron  and  nitrogen.  {Balmain.) 
Accurate  chemical  investigation  is  wanted  to 
ascertain  the  nature  of  these  bodies. 

ETHYL.  Syn.  Aethyl,  Ethule.  The  as- 
sumed radical  of  a  series  of  compounds  de- 
rived from  alcohol,  composed  according  to  the 
formula  C4H5,  the  oxide  of  which,  C4H50,  is 
oxide  of  ethyl,  or  common  ether,  and,  accord- 
ing to  most  chemists,  alcohol  is  the  hydrated 
oxide,  C  H.O,  HO  (C4H602,  or  C2H30).  Al- 
though Berzelius  gives  good  reasons  for  not 
considering  alcohol  as  hydrated  ether,  and 
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writes  as  its  formula  C2H30,  yet  the  formation 
of  alcohol  in  many  decompositions  of  ethylic 
bodies  is  so  like  the  precipitation  of  a  hydrated 
metallic  oxide,  that  we  may  view  it  as  hy- 
drated oxide  of  ethyl.  A  former  view,  still 
followed  in  France,  was  that  ether  was  the 
hydrate  of  ethen  (etherole),  C4H4HO,  and  al- 
cohol its  bihydrate.  This  view  is  favoured  by 
the  fact,  that  compounds,  C4H4,  have  been 
isolated,  and  may  be  obtained  from  many 
ethylic  compounds ;  and  it  is  probable,  that 
ethen,  C4H4,  demands  an  equiv.  of  water  to 
form  the  oxide  of  a  radical,  C4H.,  O,  just  as 
ammonia,  NH3,  requires  HO  to  form  oxide  of 
ammonium,  NH4,  O. 

The  difference  of  these  views  is  unimportant 
at  present,  but  it  does  seem  more  convenient 
to  regard  ether  as  a  basic  oxide,  since  it  forms 
numerous  compounds,  resembling  both  am- 
phid  and  haloid  salts. 

Ethyl,  and  its  Simple  Compounds. 

1.  Ethyl.    Form.  C4H5.    Not  isolated. 

2.  Ether.  Syn.  Oxide  of  Ethyl,  Sulphuric 
Ether,  Hydrate  of  Ethen.  Form.  C.H.O,  or 
C4H4,  HO.     Sym.  E. 

Prep.     1.    Pour  1  pt.  alcohol,  of  0-83,  into  a 
capacious  retort,  let  a  fine  stream  of  1  pt.  oil 
of  vitriol  (1-85),  flow  into  the  retort,  kept  in 
3E  601 


ETHYL. 


ETHYL. 


agitation,  and  attach  a  well-cooled  recipient 
to  the  retort,  which  is  set  in  a  warm  sand-bath. 
The  temperature  rises  by  the  mixture  to  160°, 
and  by  maintaining  gentle  ebullition,  the  ether 
condenses  in  the  recipient;  whereas,  by  first 
cooling  the  mixture,  a  large  portion  of  alco- 
hol would  pass  over  unchanged. 

2.  Five  pts.  alcohol,  of  -822  (90  pr.  ct.),  are 
mixed  in  a  cooled  vessel  with  9  pts.  oil  of  vi- 
triol, and  introduced  into  a  glass  retort  or  lead- 
still.  A  tube  is  passed  into  the  retort,  so  that 
its  end,  drawn  out  finely,  dips  slightly  beneath 
the  surface  of  the  liquid,  while  the  other  end 
is  connected  with  a  reservoir  of  alcohol  of  the 
above  strength.  The  retort  is  slowly  heated 
to,  and  maintained  at,  ebullition,  and  as  the 
ether  and  water  pass  over,  alcohol  is  suffered 
to  flow  in  to  keep  the  liquid  at  the  same  height. 
In  the  leaden  still,  the  proportion  of  alcohol 
allowed  to  flow  in  is  estimated  by  experience. 
The  ether  is  passed  through  a  tube  or  worm, 
kept  well  cooled ;  on  a  small  scale,  a  con- 
denser (Distillation,  fig.  53)  is  conveniently 
employed,  and  the  use  of  ice  for  cooling  is 
economical. 

To  obtain  ether  pure,  repeated  distillation 
with  lime  and  chloride  of  calcium  are  neces- 
sary, the  best  plan  being  to  mingle  the  crude 
distillate  with  milk  of  lime  and  an  equal  vo- 
lume of  water,  which  separate  acid  and  alco- 
hol, to  draw  off  the  lighter  liquid,  to  digest  it 
for  some  time  with  chloride  of  calcium  or 
quick  lime,  and,  finally,  to  rectify  it  with  one 
of  the  two  last  substances. 

Theory  of  the  Ether  Process.  Beside  oil  of 
vitriol,  phosphoric  and  arsenic  acids,  terfluo- 
ride  of  boron,  chloride  of  zinc,  tin,  and  other 
chlorides,  effect  a  similar  transformation  or 
decomposition  of  alcohol ;  and  from  the  known 
affinity  of  these  substances  for  water,  it  might 
be  supposed  that  the  decomposition  is  due  to 
this  property,  since  alcohol,  less  water,  =ether; 
but,  1,  there  are  other  substances  with  a  strong 
affinity  for  water,  which  do  not  affect  the  same 
change ;  and,  2,  the  decomposition  with  sul- 
phuric acid  is  found  to  be  more  complex. 
The  acid  catalyses  alcohol,  forming  sulpho- 
vinic  acid,  and  a  more  hydrated  sulphuric 
acid,  and,  at  a  proper  temperature,  the  sulpho- 
vinic  acid  boils  by  its  decomposition  with  the 
escape  of  ether.  Oil  of  vitriol,  diluted  with 
55  pr.  ct.  water,  forming  S03HO+  3  HO,  does 
not  decompose  alcohol  at  ordinary  tempera- 
tures, but  does  so  when  the  mixture  boils. 
When  equal  pis.,  by  weight,  of  oil  of  vitriol 
and  alcohol  are  heated  to  boiling,  and  satu- 
rated at  this  temperature  with  milk  of  lime, 
filtration  separates  sulphate  of  lime  from  the 
solution  of  sulphovinate  of  lime ;  but  if  the 
mixture  were  cooled  or  diluted  before  the  satu- 
ration, the  quantity  of  sulphovinate  obtained  is 
less,  alcohol  being  reproduced.  As  free  alco- 
hol is  decomposed  by  chlorine,  and  the  sulpho- 
vinates  are  not,  and  since  the  above  product 
is  not  decomposed  by  chlorine,  it  would  seem 
that  all  the  alcohol  is  decomposed,  and  con- 
stitutes, with  lime,  the  sulphovinate  of  lime. 
When  100  pts.  oil  of  vitriol  are  mixed  with 
55  pts.  of  alcohol,  of  85  pr.  ct.,  the  mixture 
contains  the  elements  of  1  eq.  sulphovinic 
acid,  and  3  eq.  water ;  and  when  this  mixture 
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is  heated  above  284°,  the  sulphovinic  acid, 
which  is  actually  formed,  is  decomposed  into 
ether  and  water,  which  pass  over  about  in  the 
proportion  in  which  they  exist  in  alcohol. 
The  addition  of  sulphuric  acid  to  the  mixture 
raises  the  boiling  point  and  retards  the  escape 
of  ether.  It  appears  that  the  water  present  is 
essential,  and  expels  the  ether  by  assuming  its 
place  in  the  ethylic  compound;  but  if  more 
water  be  used,  so  as  to  bring  the  boiling  point 
of  the  mixture  below  259°,  alcohol  alone 
passes  over.  If  the  sulphuric  acid  be  mixed 
with  excess  of  alcohol,  the  latter  passes  over 
until  the  boiling  point  rises  to  259°,  when 
ether  begins  to  distil  over,  but  the  greater  part 
passes  over  between  284°  and  302°.  At  320°, 
sulphurous  acid  begins  to  form,  but  ether  still 
distills  off,  although  constantly  diminishing  to 
near  400°.  The  catalysis  of  alcohol  is  differ- 
ent at  these  higher  temperatures,  elayl,  &c, 
being  formed.  It  appears,  then,  that  a  certain 
mixture  of  alcohol,  sulphuric  acid,  and  water, 
maintained  at  and  above  284°,  is  first  resolved 
into  sulphovinic  acid,  and  3  eq.  water,  that 
this  is  decomposed  into  ether  and  water,  which 
pass  over,  and  oil  of  vitriol  with  3  eq.  water, 
which  remains  ;  that  new  portions  of  alco- 
hol introduced  into  the  acid  are  similarly  re- 
solved, so  that  there  appears  to  be  no  limit  to 
this  catalytic  action  of  oil  of  vitriol  -f-  3  eq. 
water.  In  fact  experience  has  shown,  that  on 
a  manufacturing  scale,  a  small  quantity  of  oil 
of  vitriol  serves  to  produce  a  large  amount  of 
ether,  and  that  even  then,  the  remaining  acid 
may  be  used  for  other  purposes. 

Properties  of  Ether.  Ether  is  a  colorless, 
transparent,  thin-flowing  liquid,  of  a  peculiar 
penetrating  aromatic  odor,  a  sharp  and  aro- 
matic taste;  spec,  grav.,  at  68°,  0-7155  (Saus- 
sure),  0-7154  compared  with  water  of  greatest 
density  (Gay-Lussac),  0-713  {Dumas  and  Boul- 
lay,  jr).  It  is  one  of  the  most  volatile  liquids, 
boiling  at  96-2°  (Bar.  0«-76),  Gay-Lussac, 
93-2°  (Bar.  0m-745),  Dumas,  in  consequence 
of  which  it  evaporates  rapidly,  producing  a 
considerable  degree  of  cold,  so  that  water  may 
be  frozen  by  its  more  rapid  evaporation  under 
the  air-pump;  the  tension  of  its  vapor,  at 
64-4°,  is  0m-38,  or  J  the  barometric  column; 
the  gas  weighs  2586  (air  =  1000),  Gay-Lvssac, 
by  theory  2564,  consisting  of  8  vols,  of  carbon 
vapor,  10  vols,  hydrogen,  and  1  vol.  oxygen 
condensed  into  2  vols. 

Ether  mixes  with  alcohol  in  all  proportions, 
but  may  be  separated  again  by  agitation  with 
2  vols,  water;  it  is  soluble  in  9  pts.  water, 
and  the  solution  has  a  spec.  grav.  0-95;  on  the 
other  hand,  1  pt.  water  is  soluble  in  36  pts. 
ether;  it  dissolves  -Jn  of  sulphur,  and  ^  of 
phosphorus,  and  each  may  be  obtained  in 
crystals  from  the  solution ;  it  dissolves  many 
salts;  it  is  useful  for  dissolving  organic  bo- 
dies, certain  acids,  alkaloids,  oils,  resins, 
wax,  &c,  but  its  solvent  powers  are  in  gene- 
ral less  than  those  of  alcohol,  and  hence  af- 
fords a  mean  of  separating  bodies  from  each 
other. 

Ether  left  a  long  time  in  contact  with  water, 
is  converted  into  alcohol,  by  absorbing  an  eq. 
of  water ;  by  the  action  of  air  ether  is  con- 
verted into  acetic  acid  and  water  more  readilv 
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at  higher  temperatures,  and  still  more  rapidly 
by  the  presence  of  alkali ;  ether  absorbs  am- 
monia in  large  quantity;  lead,  iron,  zinc,  &c, 
oxidize  slowly  under  ether,  forming  acetates  ; 
potassium  and  sodium  slowly  evolve  hydrogen 
from  it;  ether  absorbs  chlorine,  dissolves  bro- 
mine and  iodine,  forming  compound  ethers 
and  hydracids;  oil  of  vitriol,  with  ether  in 
equal  parts,  yields,  at  133°,  oil  of  wine,  olefi- 
ant  gas,  acetic  acid,  and  water;  with  nitric 
acid,  there  result  carbonic,  acetic,  and  oxalic 
acids;  ether  dissolves  nitric  oxide,  cyanogen, 
cyanhydric,  and  chlorohydric  acids,  and  a  sa- 
turated solution  of  the  last  yields,  by  distilla- 
tion, chlorohydric  ether. 

Ether  burns  readily,  with  a  clear,  white 
flame,  being  converted  into  carbonic  acid  and 
water,  and  from  its  volatility,  its  explosive  na- 
ture, when  mingled  with  air,  demands  care  in 
its  preparation  and  use.  By  low  combustion 
(Apblogistic  Lamp),  it  forms  a  very  acrid 
vapor,  containing  acetic,  formic,  and  aldehy- 
dic  acids.  When  passed  through  an  ignited 
tube  of  glass  or  porcelain,  it  is  resolved  into 
hydrocarbons,  oxycarbons,  aldehyde,  and  other 
products,  not  closely  studied,  the  nature  and 
proportions  of  which  vary  with  the  tempera- 
ture. 

3.  Alcohol  Syn.  Hydrate  of  oxide  of  Ethyl, 
Bihydrate  of  Ethen.     See  Aicohol. 

4.  Chloride  of  Ethyl.  Syn.  Muriatic  or  Chlor- 
hydric  Ether.  Gcr.  Aethylchloriir,  Leichler 
Salzather.  Form.  EC1  (C4H.C1).  Prep.  Dis- 
til, 1,  alcohol  saturated  with  chlorohydric  gas; 

2,  equal  vols,  alcohol  and  strong  muriatic  acid; 

3,  alcohol,  with  dry  chlorides  of  tin,  bismuth, 
arsenic,  antimony,  zinc,  &c. ;  4,  one  pt.  oil  of 
vitriol,  with  1  pt.  alcohol  and  2  pts.  common 
salt.  The  most  important  point,  its  conden- 
sation, must  be  effected  by  ice,  or  ice  and  salt, 
as  this  ether  is  gaseous  at  summer  tempera- 
tures. A  convenient  arrangement  is  to  pass 
the  gas  from  the  retort  into  a  flask  of  water, 
which  retains  alcohol  and  acid,  and  then 
through  an  inverted  syphon,  placed  in  a  cylin- 
der filled  with  ice  and  salt.  It  should  also  be 
digested  with  chloride  of  calcium  in  ice-cooled 
vessels. 

Prop.  Muriatic  ether  is  colorless,  with  a 
strong,  penetrating,  ethereal,  slightly  garlick 
odor  and  taste ;  of  spec.  grav.  0-869,  at  32° ; 
very  volatile,  boiling  at  54°;  spec.  grav.  of 
gas  =  2219 ;  soluble  in  24  pts.  water,  and  the 
solution  is  neutral  to  litmus,  and  does  not  pre- 
cipitate nitrate  of  silver;  soluble  in  alcohol 
in  every  proportion;  dissolves  sulphur,  phos- 
phorus, oils,  &c,  like  ether.  It  is  decomposed 
by  chlorine,  sulphuric  and  nitric  acids,  slowly 
by  alkalies,  forming  chlorides.  Suffered  to 
escape  from  a  fine  opening  it  burns  with  an 
emerald-green,  from  a  larger  opening  with  a 
yellowish  green,  smoky  flame.  Passed  through 
a  porcelain  tube  at  low  ignition,  it  is  resolved 
into  equal  volumes  of  chlorhydric  and  defiant 
gases. 

5.  Bromide  of  Ethyl.  Bromohydric  Ether. 
Form.  EBr  (C4H5Br).  Prep.  By  distilling 
40  pts.  alcohol,  of  0-84,  8  pts.  bromine,  and  1 
pt.  phosphorus;  phosphorus  and  bromhydric 
acids  are  formed,  and  decompose  the  alcohol 
during  distillation.     It  is  separated  from  alco- 


hol and  acid  by  water  and  weak  alkali,  respect- 
ively. It  is  a  colorless,  very  volatile  liquid,  of 
a  strong  ethereal  odor  and  taste;  heavier  than 
water,  under  which  it  may  be  kept;  soluble  in 
alcohol. 

6.  Iodide  of  Ethyl.  Iodohydric  Ether.  Form 
EI  (C4H5I).  Prep.  1.  By  distilling  liquid 
iodohydric  acid,  of  1*7,  with  alcohol,  or  5  pts. 
iodide  of  phosphorus,  with  2  pts.  alcohol,  of 
0-854;  the  residue,  treated  with  alcohol,  yields 
more  ether.  2.  Dissolve  iodine  in  alcohol,  of 
0-85,  lay  phosphorus  in  it,  and  keep  the  liquid 
cold ;  when  it  has  become  colorless,  remove 
the  phosphorus,  dissolve  more  iodine  in  the 
liquid,  and  replace  the  phosphorus  until  the 
liquid  becomes  colorless;  finally,  distil  and 
separate  the  ether  by  water.  (E.  Kopp.)  Add 
50  pts.  iodine  to  2 — 300  pts.  absolute  alcohol, 
hang  a  piece  of  phosphorus  by  a  platinum 
wire  in  the  liquid,  so  as  not  to  touch  the  iodine. 
Phosphoric  and  iodohydric  acids,  and  iodide 
of  ethyl  are  produced.     Marchand. 

It  is  a  colorless,  ethereal  liquid,  of  spec, 
grav.  1-9206,  at  72°,  boils  at  161°,  and  its  gas 
has  a  spec.  grav.  =  5409,  by  experiment.  It 
is  difficultly  soluble  in  water,  readily  in  alco- 
hol, slowly  and  slightly  decomposed  by  alkali, 
nitric  acid,  and  chlorine,  rapidly  by  oil  of  vi- 
triol. It  is  not  inflammable,  and  when  passed 
through  an  ignited  porcelain  tube  is  resolved 
into  a  smeary  mass,  resembling  white  wax 
after  fusion,  and  with  an  ethereal  odor. 

7.  Fluoride  of  Ethyl.  Fluohydric  Ether.  EF. 
Pass  fluohydric  acid  from  1  pt.  fluor  spar  into 
1  pt.  absolute  alcohol,  distil  off  },  and  mix  the 
distillate  with  twice  its  volume  of  water,  which 
separates  the  ether.  It  is  colorless,  smells 
like  horseradish,  very  volatile,  burns  with  a 
blue  flame,  decomposes  glass,  forming  alcohol 
and  silicofluoride  of  potassium.     Reinsch. 

8.  Cyanide  of  Ethyl.  Cyanhydric  Ether. 
Form.  ECy  (C4H5,  NCa).  Prepared  by  dis- 
tilling equal  equivalents  of  cyanide  of  potas- 
sium and  sulphovinate  of  potassa,  KCy-|-EO, 
KO,  2  S03  =ECy+2  KO,  2  SD3.  A  colorless, 
inflammable  liquid,  of  a  strong,  garlicky  odor; 
spec.  grav.  =  0-787,  at  59°;  boiling  at  180°; 
scarcely  soluble  in  water,  in  every  proportion 
in  alcohol  and  ether,  and  not  precipitable  by 
nitrate  of  silver;  poisonous.  Sulphocyanide  of 
ethyl  appears  to  be  formed  by  distilling  1  pt. 
sulphocyanide  of  potassium,  2  pts.  oil  of  vi- 
triol, and  3  pts.  alcohol,  (80  pr.  ct.)  An  oily 
liquid,  heavier  than  water,  with  a  strong  odor 
of  assafoelida. 

9.  Sulphuret  of  Ethyl.  Sulphohydric  Ether. 
Form.  ES  (C4H5S).  Prepared,  1,  by  mixing 
anhydrous  alcohol  with  muriatic  acid,  and 
dissolving  in  it  sulphuret  of  iron;  the  sulph- 
ether  is  precipitated  by  water;  2,  by  heating 
in  a  retort  sulphovinate  of  potassa,  with  pro- 
tosulphuret  of  potassium  or  barium,  when  the 
ethyl  and  metal  exchange  places  in  their  com- 
binations ;  the  distillate  is  washed  with  water, 
and  rectified  over  chloride  of  calcium. 

Prop.  A  colorless,  fluent  liquid,  with  a 
strong  odor  of  assafostida,  a  sweetish  taste; 
burns  with  a  blue  flame,  is  not  decomposed  by 
boiling  potassa  ley  ;  and  makes  a  yellow  pre- 
cipitate with  acetate  of  lead. 

10.  Bisulphuret  of  Ethyl.  Form.  ES„  fCHS) 
603     4    5  2)' 
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Distil  2  pts.  sulphovinate  of  potassa,  3  pts. 
pentasulphuret  of  potassium,  and  5  pts.  water, 
adding  more  water  as  long  as  it  passes  over 
with  oil;  dry  the  distillate  over  chloride  of 
calcium,  and  distil  until  the  boiling 
reaches  374°;  rectify  repeatedly,  until  the  dis- 
tillate has  a  fixed  boiling  point  of  304°.  It  is 
a  colorless,  oily  liquid,  of  garlicky  odor;  spec. 
grav.  =  1-00;  neutral,  unchangeable  in  air; 
almost  insoluble  in  water,  readily  soluble  m 
alcohol  and  ether;  burns  with  a  blue  flame; 
decomposed  by  heated,  not  by  cold  sulphuric 
acid;  not  acted  on  by  muriatic  acid;  nitric 
acid  changes  only  a  part  of  the  sulphur  into 
sulphuric  acid.     Morin. 

11.  Sulphydratc  of  Ethyl.  Mercaptan,  (Zeise). 
Form.  ES,  HS  (C4H5S,  HS),  resembling  al- 
cohol with  sulphur  instead  of  oxygen.  Prep. 
By  distilling  equal  volumes  of  a  solution  of 
sulphovinate  of  lime,  of  1-28,  and  a  solution  of 
potassa,  of  1-28,  previously  saturated  with 
sulphohydric  gas ;  or  by  transmitting  chlor- 
hydric  ether  through  a  similar  solution  of  po- 
tassa. It  is  obtained  in  a  well-cooled  recipi- 
ent, and  purified  by  redistilling  from  a  little 
oxide  of  mercury,  and  digesting  with  chloride 
of  calcium. 

Prop.  A  colorless,  ethereal  liquid,  of  a  gar- 
licky odor  and  taste,  with  a  neutral  reaction  ; 
spec.  grav.  0-842,  at  59° ;  boils  at  98°  ;  is 
very  combustible,  with  a  blue  flame ;  scarcely 
soluble  in  water,  freely  miscible  with  alcohol 
and  ether.  It  readily  decomposes  metallic 
oxides  and  salts,  water  being  eliminated,  and 
double  sulphurets  of  ethyl  and  of  metal  being 
formed,  which  were  termed  by  Zeise  mercap- 
tides. 

Sulphuret  of  Ethyl  and  Potassium,  KS,  ES,  ob- 
tained by  the  action  of  the  metal  on  the  sulphy- 
drate  of  ethyl,  is  a  white,  granular  mass,  not 
decomposed  at  212° ;  soluble  in  water  and 
alcohol.  The  double  salt  of  lead,  PbS,  ES,  ob- 
tained by  adding  slowly  an  alcoholic  solution 
of  acetate  of  lead  to  an  alcoholic  solution  of 
mercaptan,  is  yellow,  crystalline.  The  salt 
of  copper,  CuS,  ES,  obtained  by  the  action  of 
mercaptan  on  the  finely  powdered  oxide,  or 
by  mixing  the  potassium  salt  and  blue  vitriol, 
is  pale  yellowish  white,  bears  considerable 
heat  without  decomposition,  and  burns  with  a 
bluish  green  color.  Mercaptan  shows  the 
strongest  affinity  for  oxide  of  mercury,  (whence 
its  name,  mercurium  caplans),  and  readily  forms 
a  double  salt,  HgS.  ES,  by  digesting  them  to- 
gether; it  is  colorless  and  crystalline  after 
fusion,  almost  inodorous,  soft  and  fatty  to  the 
touch,  fuses  at  about  187°,  begins  to  decom- 
pose at  257°,  is  combustible,  slightly  soluble  in 
water  and  alcohol,  crystallizing  from  the  last 
boiling  hot  solution  in  silvery  lamina;  unal- 
tered by  fusion  under  water,  by  boiling  caustic 
ley,  by  dilute  acids.  The  salts  of  silver  and 
gold  are  white,  that  of  platinum  yellow;  the 
two  last  withstand  a  heat  of  342°,  and  more 
than  500°,  respectively,  without  decomposition. 

12.  Oxysulphethyl-sulphuric  Acid.  Into  dilute 
heated  nitric  acid  drop  mercaptan,  letting  each 
portion  dissolve  previous  to  adding  another, 
evaporate  in  a  water-bath,  to  remove  the  ex- 
cess of  nitric  acid,  saturate  with  carbonate  of 
barvta,  to  obtain  the  crystallized  barytic  salt, 
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which  may  be  decomposed  by  sulphuric  acid, 
to  procure  the  acid.  Form,  of  the  acid,  HO* 
SO.j+C.H.SO;  in  its  sails,  the  HO  is  re- 
placed by  metallic  oxide.     Ldwig, 

The  salts  are  all  soluble  in  water,  and  con- 
tain a  different  number  of  cquivs.  of  cn 
water.  Distil  mercaptan  with  dilute  nitric 
acid,  and  separate  the  oil  which  sinks  under 
the  distillate.  It  is  composed  of  (',11  su 
which  may  be  sulphurous  acid  and  sulphuret 
of  ethyl,  or  bisulphuret  of  ethyl  and  oxysulph- 
ethyl-sulphuric  acid.  When  this  body  is  dis- 
tilled with  potassa,  bisulphuret  of  ethyl  passes 
over,  and  the  potassa  is  united  with  an  acid 
of  the  composition  C4H6S407,  with  2  KO,  which 
may  be  in  the  salt  2  (KO,  S03)-f  C4H5S24-H0. 
Ldwig  and  Wcidmann. 

13.  The  Tclluret  and  Seleniuret  of  Ethyl  are 
obtained,  like  the  sulphuret,  from  the  telluret 
and  seleniuret  of  potassium  or  sodium.  The 
former  is  yellowish  red,  similar  to  bromine, 
with  a  disagreeable,  garlicky  odor,  boils  below 
212°;  burns  with  a  white  flame,  and  with  a 
bluish  edge,  giving  off  white  fumes  of  tellu- 
rous  acid. 

14.  Sulphocarbonate  of  Ethyl-oxide.  Sulpho 
carbonate  of  Oxide  of  Ethyl.  Xantheliu 
(Zeise).  Form.  EO,  CS2  =  C5H5S20.  Fine- 
ly powdered  sulphocarbonate  of  ether  and 
potassa,  is  mixed  to  a  paste  with  alcohol, 
and  iodine  added  portionwise  as  long  as  the 
mixture  remains  colorless.  The  liquid  is  fil- 
tered  and  distilled;  the  liquid  is  poured  off 
from  precipitated  iodide  of  potassium  and  sul- 
phur, and  the  distillation  continued  at  a  gentle 
warmth  until  a  pale  yellow  liquid  of  peculiar 
odor  remains.  The  residue  is  shaken  several 
times  with  water,  and  the  oil  which  separates 
is  rectified  over  chloride  of  calcium.  It  is  an 
oily  liquid,  of  a  strong  disagreeable  odor,  and 
burning  taste;  spec.  grav.  1-0703,  at  644°; 
boils  between  410  and  419°;  insoluble  in  wa- 
ter, readily  in  alcohol  and  ether ;  tincture  of 
potassa  separates  it  in  16  to  24  hours  into 
carbonate  of  potassa,  which  precipitates,  and 
mercaptan,  which  dissolves.     Zeise. 

15.  Sulphocarbonate  of  Oxide  of  Ethyl  and 
Water.  EO,  CS2+  HO,  CS2,  and  is  obtained 
by  dissolving  1  pt.  fused  potassa  in  12  pts. 
alcohol,  of  0-8,  or  in  6  pts.  absolute  alcohol, 
and  adding  bisulphuret  of  carbon  until  the 
liquid  has  no  longer  an  alkaline  reaction, 
whereby  the  salt  of  potassa  is  formed,  which 
is  separated  in  crystals  by  cooling  to  32°;  and 
by  precipitating  the  excess  of  sulphuret  of  car- 
bon in  the  mother  liquor  by  water,  decanting 
the  clear  liquid,  and  evaporating  carefully  in 
vacuo,  or  over  oil  of  vitriol,  more  of  the  salt 
is  obtained.  Oil  of  vitriol  or  muriatic  acid, 
previously  diluted  with  4  or  5  vols,  water,  is 
poured  on  the  salt  in  a  tall  glass  cylinder,  and 
when  a  milky  liquid  forms,  it  is  mixed  with  4 
or  5  vols,  water  slowly,  and  without  stirring 
the  deposit;  50  or  60  vols,  water  are  then 
added,  and  the  bisulphocarbonate  collected  at 
the  bottom  of  the  vessel  is  repeatedly  and 
carefully  washed  with  water.     Zeise. 

A  better  mode  of  preparing  the  potassa  salt 
is  to  saturate  absolute  alcohol  with  fused  po- 
tassa, and  add  an  excess  of  bisulphuret  of 
carbon ;  the  whole  liquid  congeals  to  a  mass 
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of  fine  crystals,  and  is  strongly  pressed  out, 
■washed  with  ether,  and  dried  over  oil  of  vi- 
triol.    Sacc. 

Prop.  A  colorless,  oily  liquid,  heavier  than 
water,  with  a  strong  odor,  and  a  taste  at  first 
pungent  and  acid,  then  bitter  and  astringent; 
very  inflammable;  heated  to  75°,  it  boils  and 
distils  over  sulphuret  of  carbon,  then  the  same 
with  alcohol,  lastly,  alcohol;  when  water  is 
present,  the  former  distils  off  alone;  decom- 
poses in  the  air;  expels  carbonic  acid  from 
alkalies  and  alkaline  earths,  with  which  it 
unites.  It  forms  a  peculiar  class  of  salts,  in 
which  the  sulphuret  of  carbon  is  united  with 
oxidized  bases ;  those  of  the  alkalies  and  alka- 
line earth»  are  soluble  in  water  and  alcohol, 
most  others  insoluble;  they  are  combustible, 
decomposed  by  distillation,  yielding,  among 
other  products,  mercaptan,  and  a  peculiar  oil 
of  strong  odor  and  taste,  termed  by  Zeise 
Xanthogen  oil. 

The  salts  of  potassa  and  soda,  KO  (NaO), 
CS„4-EO,  CS2,  are  colorless  and  crystalliza- 
ble,  that  of  ammonia  obtained  in  a  dry  state 
with  difficulty.  The  barytic  salt  is  obtained 
by  agitating  anhydrous  baryta  with  a  solution 
of  sulphuret  of  carbon  in  absolute  alcohol,  and 
evaporating  in  vacuo ;  by  the  addition  of  a 
little  water  to  the  tough  mass  it  congeals  to  a 
mass  of  crystals,  and  is  dissolved  by  a  little 
more  water,  yielding  crystals  on  evaporation, 
with  2  eq.  water;  the  lime-salt  dries  to  a  gum- 
my mass.  The  metallic  salts  are  obtained  by 
double  decomposition  with  the  alkaline  salts. 
The  salts  of  zinc  and  lead,  and  oxide  of  mer- 
cury, are  white  and  crystalline ;  that  of  copper 
is  yellow,  and  exhibits  the  greatest  resistance 
to  decomposition ;  those  of  suboxide  of  mer- 
cury, of  oxides  of  silver,  bismuth,  antimony, 
and  tin,  are  yellow  precipitates. 

16.  Sulphocarbonate  of  Ethyl.  Form.  ES,  CS?. 
Dissolve  potassa  in  alcohol,  of  80  pr.  ct.,  di- 
vide it  in  two  parts,  saturate  one  with  sulphur- 
etted hydrogen,  and  mix  them  together;  it 
forms  a  solution  of  sulphuret  of  potassium, 
KS,  in  alcohol.  Pass  the  vapor  of  chloride  of 
ethyl  into  this  solution,  let  it  stand  several 
days,  when  chloride  of  potassium  separates; 
pass  the  chloride  again  into  the  liquid,  and  re- 
peat until  all  the  potassium  salt  is  supposed 
to  be  decomposed;  on  adding  water,  an  oily 
body  separates,  from  which  sulphuret  of  car- 
bon is  separated  by  repeatedly  shaking  it  with 
a  cold,  aqueous  solution  of  sulphuret  of  po- 
tassium.    Heat  acts  decomposingly. 

It  is  a  yellow,  oily  liquid,  of  a  garlicky  odor, 
and  an  agreeable,  sweetish,  aromatic  taste; 
boils  at  320° ;  burns  with  a  blue  flame. 

Oxt-salts  op  Ethyl-Oxide. 

As  ether  does  not  directly  unite  with  acids, 
its  salts  are  formed  by  the  action  of  acids  on 
alcohol,  whereby  acid  salts  are  formed:  thus  a 
double  sulphate  of  ether  and  water  is  formed 
by  the  action  of  oil  of  vitriol  on  alcohol,  which, 
from  its  forming  salts  with  other  bases,  is 
termed  sulphovinic  acid.  In  like  manner,  we 
have  the  arseniovinic,  phosphovinic,  &c, 
acids.  They  all  have  little  stability.  "When 
these  acids  or  acid  salts  unite  with  a  base,  the 
latter  replaces  the  equivalent  of  water,  form- 


ing a  double  sulphate  of  ether,  and  of  the  base, 
which  is  neutral. 

The  simple  neutral  salts  are  partly  derived 
from  the  acid  salts.  They  differ  from  inor- 
ganic salts,  since  neither  the  acid  nor  ether 
can  be  replaced  by  double  decomposition. 
They  are  decomposed  by  alkaline  hydrates, 
with  the  assistance  of  heat,  their  acid  uniting 
with  the  alkali,  and  their  ether  with  the  water 
of  the  alkali,  to  form  alcohol.  Some  of  them 
are  only  partially  decomposed  by  alkali  and 
other  oxides,  forming  double  salts. 

1.  Sulphate  of  Oxide  of  Ethyl  and  Water,  a. 
Syn.  Sulphovinic  Acid,  Sulphethylic  Acid, 
Etherosulphuric  Acid.  Form.  EO,  S03+HO, 
S03.  Prep.  1.  By  passing  vapor  of  ether 
through  oil  of  vitriol  as  long  as  absorption 
ensues.  2.  Treat  alcohol  with  oil  of  vitriol, 
as  directed  under  "Theory  of  the  Ether  Pro- 
cess," dilute  with  water,  add  carbonate  of  ba- 
ryta or  lead,  which  separates  as  sulphate,  and 
after  filtration  evaporate  the  nitrate  to  expel 
alcohol.  Decompose  the  soluble  salts  of  ba- 
ryta exactly,  by  sulphuric  acid,  or  that  of  lead 
by  sulphuretted  hydrogen,  and  evaporate  in 
vacuo  over  oil  of  vitriol.  3.  Heat  gently  sul- 
phate of  ethyl  and  etherole  (heavy  oil  of  wine) 
with  4  pts.  water ;  etherole  rises  to  the  surface, 
and  the  sulphovinic  acid  is  dissolved  in  the 
water. 

Prop.  It  cannot  be  obtained  very  concen- 
trated; Vogel  reduced  it  to  1-319,  when  it  was 
oily  and  had  a  caustic  acid  taste ;  at  a  boiling 
heat  it  is  so  decomposed  that  water  unites  the 
sulphuric  acid,  and  with  ether  to  form  alcohol. 
The  salts  of  sulphovinic  acid  are  soluble  in 
water  and  spirit  of  wine;  their  sulphuric  acid 
is  not  detected  by  the  ordinary  reagents ;  they 
are  not  decomposed  by  chlorine-gas,  nor  the 
alkaline  salts,  when  boiled  with  excess  of 
caustic  alkali. 

Sidphovinate  of  Potassa,  EO,  S03+  KO,  S03, 
crystallizes  readily  in  large,  transparent  tabu- 
lar crystals,  by  the  spontaneous  evaporation 
of  a  concentrated  solution ;  they  are  anhy- 
drous, permanent  in  air,  with  a  sweetish  sa- 
line taste,  very  soluble  in  water,  insoluble  in 
ether  and  absolute  alcohol,  infusible,  begins 
to  decompose  at  212°.  The  soda  salt,  EO  S03 
-f-NaO,  S034-2H0,  forms  transparent  tables, 
efflorescent  in  dry,  deliquescent  in  moist  air, 
soluble  in  water  and  alcohol,  insoluble  in 
ether,  fusible  at  187°,  decomposing  above 
212°.  The  ammonia  salt  is  soluble  in  water, 
alcohol,  and  ether,  fusible  at  144°,  decompos- 
ing at  226°,  evolving  alcohol  and  oil  of  wine. 
Marchand  obtained  a  crystallized  compound  of 
1  eq.  of  this  salt  with  2  eq.  of  the  potassa  salt, 
which,  when  heated  to  248°,  yields,  among 
other  products,  prussic  acid.  The  salt  of  lithia 
is  similar  to  that  of  soda  in  composition  and 
properties. 

The  barytic  salt,  with  2  eq.  water,  forms 
transparent  rhombic  prisms,  permanent  in  air, 
soluble  in  0-92  pt.  water,  at  62^°,  slightly  in 
boiling  alcohol.  The  salt  of  strontia  is  simi- 
lar to  the  preceding,  but  is  anhydrous.  The 
lime  salt,  EO,  S03  -f  CaO,  SOq  -J-2HO  sepa- 
rates by  spontaneous  evaporation  of  a  syrupy 
solution  in  4-sided  tables,  soluble  in  1  pt.  wa- 
ter, at  46°,  in  0-635  pt.,  at  86°,  and  in  every 
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proportion  at  212°,  heated  to  230°,  it  at  first 
gives  off  ether;  it  contains  17-35  pr.  ct.  lime, 
and  22-82  pr.  ct.  ether.  The  salts  of  magnesia 
contain  4  eq.  water,  crystallize  in  quadratic 
plates,  soluble  in  water,  not  in  alcohol  or 
ether. 

The   aluminous   salt,    3  (EO,  S03)  +  A1203, 

3  S03  -j-  mHO,  forms  an  Dncrystallizable, 
gummy   mass.     The   salt  of  manganese,   with 

4  HO,  forms  rose-red  plates,  very  permanent 
in  air,  soluble  in  water  and  alcohol,  not  in 
ether.  The  salt  of  protoxide  if  iron,  obtained 
by  dissolving  iron  in  sulphovinic  acid,  forms 
greenish  4-sided  prisms;  that  of  peroxide  forms 
yellow  plates  with  some  difficulty.  The  salt 
of  cobalt  forms  large,  dark-red  crystals,  that  of 
nickel  is  green  and  granular,  those  of  zinc  and 
cadmium  colorless,  soluble  in  water  and  alco- 
hol, and  all  contain  2  HO.  The  neutral  salt 
of  lead,  with  2  HO,  forms  large,  clear  plates, 
soluble  in  water  and  alcohol,  with  an  acid  re- 
action, and  yields  the  largest  amount  of  oil  of 
wine;  the  basic  salt,  EO,  S034-  PbO,  S03  -f 
PbO,  is  neutral,  evaporates  to  an  uncrystal- 
lized  mass,  and  is  more  fixed  than  the  neutral 
compound.  The  copper  salt,  with  4  HO,  forms 
large  blue  8-sided  plates,  permanent  in  air, 
soluble  in  water  and  alcohol.  The  salt  of 
silver,  with  2  HO,  forms  small  crystalline 
scales;  that  of  mercury  is  a  yellowish,  deli- 
quescent mass. 

h.  Modified  Sulphovinic  Acid.  Add  2  pts.  oil 
of  vitriol,  in  small  portions,  to  1  pt.  alcohol,  of 
0-83,  so  that  the  temperature  does  not  rise 
above  32°  for  12  hours,  add  ice-water,  satu- 
rate with  carbonate  of  lime,  filter,  and  evapo- 
rate in  vacuo.  This  sulphovinate  of  lime,  of 
the  same  composition  as  the  ordinary  salt,  dif- 
fers in  its  properties,  but  passes  into  the  latter 
by  a  gentle  heat.  The  salt  of  potassa,  formed 
by  carbonate  of  potassa  and  the  above,  at  a 
little  above  32°,  crystallizes  with  1  eq.  water. 
The  soda  salt  contains  3  eq.  crystal-water. 
The  salts  of  lead  and  baryta,  obtained  by  di- 
rect saturation  of  the  acid  with  their  carbon- 
ates, contain  each  2  eq.  water.  All  these  salts 
are  more  fixed  in  their  dry  state  than  the  ordi- 
nary sulphovinates,  and  are  much  more  soluble. 

2.  Phosphate  of  Water  and  Ether.  Syn.  Phos- 
phovinic,  Phosphethylic,  Ether-phosphoric 
Acid.  Form.  EO+2HO,  P05.  Prep.  Al- 
cohol, of  95  pr.  ct.,  is  mixed  with  a  syrupy 
solution  of  phosphoric  acid  (of  greater  spec, 
grav.  than  1-2),  heated  for  some  minutes  to 
176°,  suffered  to  stand  for  24  hours,  diluted 
with  7  to  8  volls.  of  water,  saturated  with  car- 
bonate of  baryta,  boiled  to  separate  alcohol, 
cooled  to  158°,  and  filtered.  The  solution  de- 
posits the  salt  of  baryta  in  crystals,  which 
are  dissolved  in  water,  exactly  decomposed  by 
sulphuric  acid  (for  300  pts.  of  the  salt,  76  pts. 
of  acid),  filtered,  and  the  filtrate  evaporated 
by  heat,  and  then  in  vacuo  to  a  syrupy  con- 
sistence. A  similarly  made  salt  of  lead  is  de- 
composed by  sulphuretted  hydrogen. 

Prop.  It  is  a  very  acid  liquid,  miscible  in 
water,  alcohol,  and  ether,  is  much  less  easily 
decomposed  by  heat  than  sulphovinic  acid,  to 
which  it  is  not  analogous,  for  in  its  neutral 
salts  the  2  eq.,  HO,  are  replaced  by  2  eq.  me- 
tallic oxide,  so  that  the  ether  appears  not  to 
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perform  the  part  of  base.  The  other-phos- 
phates are  conveniently  prepared  by  ,i 
decomposition  of  the  barytic  salt  with  soluble 
sulphates,  or  by  saturating  the  acid  with  car- 
bonates. Ether-phosphates  of  potassa  and 
soda,  EO-f  2KO  (2NaO),  P05,  are  very  Bota- 
blc,  and  difficult  to  crystallize.  The  salt  of 
baryta,  EO-f  2  BaO,  P05+  12HO  =  30Jpr. 
ct.  water,  crystallizes  in  hexagonal  plates,  in- 
soluble in  alcohol  and  ether,  100  pts.  water 
dissolve  3-4  pts.,  at  32°,  2-8  pts.,  at  212°,  and 
9-36  pts.,  at  104°,  which  is  its  point  of  greatest 
solubility;  it  bears  almost  a  red  heat  without 
decomposition.  The  salt  of  strontia  is  simi- 
lar to  the  preceding ;  that  of  lime  is  almost 
insoluble;  that  of  lead  is  the  most  insoluble, 
and  contains  no  crystal-water;  the  salt  of  sil- 
ver resembles  that  of  lime.     Pelouze. 

3.  Jlrscniale  of  Water  and  Ether.  Ether-ar- 
senic, Arseniovinic  Acid.  Form.  2  E04-H0, 
As05.  In  the  barytic  salt  the  HO  is  replaced 
by  1  eq.  of  a  metallic  oxide,  (d'Arcef) ;  but 
the  analogy  of  phosphoric  and  arsenic  acids 
would  lead  to  a  different  formula. 

4.  Nitrate  of  Oxide  of  Ethyl.  Nitrous  Ether. 
EO,  N03.  Prep.  The  action  of  nitric  acid  on 
alcohol  is  violent,  and  may  even  be  explosive, 
carbonic  acid,  water,  aldehyde,  and  other  pro- 
ducts being  formed,  while  the  nitric  acid,  re- 
duced to  nitrous,  combines  with  ether.  1.  Dis- 
til 3  pts.  strong  alcohol  with  2  pts.  nitric  acid, 
of  1-3,  applying,  occasionally,  a  gentle  heat, 
and  surrounding  the  receiver  with  ice.  2.  Dis- 
til 16  pts.  alcohol,  of  0-83,  with  5  pts.  sulphu- 
ric acid,  of  1-85,  and  8  pts.  fused  and  coarsely 
powdered  saltpeter;  receive  12  pts.  of  the  dis- 
tillate, and  rectify  it.  (Bucholz.)  3.  Pour  9 
pts.  alcohol,  of  0-83,  into  a  cylindric  bottle; 
through  a  funnel-tube  with  a  fine  opening 
passing  to  the  bottom,  pour  4  pts.  water,  and 
then  8  pts.  strongest  nitric  acid;  placed  in  a 
temperature  of  59°,  the  three  layers  gradually 
unite  to  form  nitrous  ether.  Carbonic  acid 
first  passes  over  alone,  then  mingled  with 
nitric  oxide,  and  to  catch  the  ether  which  these 
gasses  carry  off,  pass  through  the  cork  of  the 
bottle  a  tube  which  is  twice  bent,  and  passes 
beneath  alcohol  in  another  bottle.  This  alco- 
hol can  be  employed  for  another  operation. 
The  ether  is  finished  in  2  or  3  days,  and  is 
drawn  off  from  the  acid  liquid.  (Black.) 
4.  Heat  a  large  retort  in  a  water-bath  a  mix- 
ture of  1  pt.  starch  and  10  pts.  nitric  acid,  of 
1-3,  and  pass  the  nitrous  gas  produced  through 
2  pts.  alcohol,  of  85  pr.  ct.,  and  1  pt.  water, 
the  ether  is  conducted  from  the  latter  mixture, 
through  a  condenser,  into  a  well-cooled  re- 
cipient. 5.  Dissolve  11  pts.  crystallized  ni- 
trate of  ammonia  in  a  mixture  of  9  pts.  alco- 
hol, and  8  pts.  oil  of  vitriol,  and  distil.  The 
distillation  goes  on  quietly,  and  may  be  easily 
conducted  on  a  large  scale.     Pedroni. 

To  purify  nitrous  ether,  it  is  shaken  with 
an  equal  volume  of  water,  containing  a  little 
more  potassa  than  will  saturate  the  free  acid, 
drawn  off  from  the  aqueous  solution  and  rec- 
tified over  a  little  chloride  of  calcium  and  cal- 
cined magnesia. 

Prop.  A  pale-yellow  liquid,  with  an  ethereal 
odor,  resembling  that  of  apples;  with  a  sweet- 
ish, biting   taste;    spec.  grav.  0-886,  at  39°, 
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(Dumcu  and  Boullay),  0.947,  at  59°  ;  it  boils  at 
61.5°  (69-8°,  Thenard);  it  is  very  inflammable, 
burning  with  a  clear,  white  flame;  it  is  con- 
verted by  an  alcoholic  solution  of  potassa  into 
saltpeter  and  alcohol;  it  gradually  suffers 
spontaneous  decomposition,  becoming  acid; 
its  solution  in  water  (1  pt.  in  48  pts.),  becomes 
acid  in  a  few  days,  and  then  contains  nitric 
and  saccharic  acids;  it  mixes  freely  with 
alcohol,  which  solution  is  employed  in  medi- 
cine, under  the  name  of  sweet  spirits  of  nitre. 
Sweet  Spirits  of  Nitre.  Mix  4  pts.  alcohol,  of 
0-833,  with  1  pt.  fuming  nitric  acid,  distil  off 
3  pts.,  and  rectify  the  distillate  over  calcined 
magnesia  or  neutral  tartrate  of  potassa.  Spec, 
grav.  =  0-85.  (Swed.  Pharm.)  Distil  2  pts. 
powdered  saltpeter,  2  pts.  oil  of  vitriol,  diluted 
with  water,  to  a  spec.  grav.  1-63,  and  10  pts. 
alcohol,  of  95  pr.  ct. ;  shake  the  distillate  with 
a  little  slacked  lime,  decant,  and  rectify  over 
dried  nitrate  of  lime,  rejecting  the  first  acid 
portion.  Spec.  grav.  =  0-81.  (Duflos.)  Sweet 
spirits  of  nitre  is  much  less  alterable  than 
nitrous  ether,  and  may  be  kept  for  a  long  time 
in  a  well-closed  vial,  provided  it  be  perfectly  dry. 

5.  Nitrate  of  Oxide  of  Ethyl.  Nitric  Ether. 
Form.  EO,  N05.  Mix  equal  weights  of  nitric 
acid,  of  1-401,  and  alcohol,  of  0-835;  to  3  or  4 
ounces  of  this  mixture  in  a  retort,  add  15  to 
30  grains  of  nitrate  of  urea,  and  distil  off  §ths 
at  a  gentle  warmth ;  it  is  freed  from  alcohol, 
acid,  and  water  in  the  usual  way.  Nitric  acid 
tends  to  pass  into  nitrous  acid  by  its  action 
with  alcohol,  and  to  form  nitrous  ether,  but 
urea  and  nitrous  acid  mutually  and  readily 
decompose,  so  that  in  the  above  mixture,  the 
nitrous  acid  generated,  acts  on  the  urea,  while 
the  nitric  unites  with  ether.  It  is  a  colorless 
liquid,  of  an  agreeable  odor,  different  from 
that  of  the  nitrite,  of  a  sweetish,  then  bitter 
taste;  spec.  grav.  1-112;  boils  at  185°;  burns 
with  a  white  flame,  often  with  explosion ;  in- 
soluble in  water,  soluble  in  alcohol;  forms 
saltpeter  with  an  alcoholic,  not  with  an  aque- 
ous solution  of  alcohol.     Millon. 

6.  Pcrchlorate  of  Oxide  of  Ethyl.  Perchloric 
Ether.  Form.  EO,  C107.  Mix  intimately  in 
a  mortar  70  to  90  grains  of  anhydrous  sul- 
phovinate  of  potassa  with  an  equal  weight  of 
dry  perchlorate  of  baryta,  introduce  the  mix- 
ture into  a  small  retort,  and  connect  the  latter 
with  a  tube,  closed  at  one  end,  as  a  recipient, 
containing  a  little  anhydrous  alcohol,  and 
cooled  by  ice.  The  ether  begins  to  evolve 
when  the  temperature  of  the  oil-bath  is  above 
212°,  and  the  heat  is  gradually  increased 
nearly  to  338°,  which  should  not  be  exceeded. 
The  alcoholic  solution  not  being  explosive,  the 
ether  is  precipitated  from  it  by  water  and  fil- 
tered. It  is  a  colorless,  transparent  liquid,  of 
a  peculiar,  agreeable  odor,  with  a  sweetish, 
then  pungent  taste,  heavier  than,  and  insoluble 
in,  water,  soluble  in  alcohol,  and  when  not  too 
concentrated,  this  solution  burns  without  ex- 
plosion ;  it  neither  boils  nor  explodes  in  boil- 
ing water ;  by  precipitation  with  water  from 
its  alcoholic  solution,  it  is  partially  decom- 
posed; a  tincture  of  potassa  immediately  se- 
parates perchlorate  of  potassa.  It  is  one  of 
the  most  dangerous  substances  to  handle,  ex- 
ploding  violently   by   flame,   spark,   friction, 


stroke,   and    often   without    apparent    cause. 
Clark  Hare  and  M.  H.  Boye. 

7.  Carbonate  of  Oxide  of  Ethyl.  Carbonic 
Ether.  Form.  EO,  C02.  Prepared  by  warm- 
ing potassium  or  sodium  under  pure  oxalic 
ether  in  a  retort,  when  carbonic  oxide  is 
chiefly  evolved,  and  a  dark-red  mass  remains ; 
when  this  is  mixed  with  water,  the  ether  rising 
to  the  top  is  separated,  dried,  by  contact  with 
chloride  of  calcium,  decanted,  heated,  to  drive 
off  alcohol  and  ether,  and  rectified  over  sodi- 
um, to  free  it  from  oxalic  ether. 

Prop.  A  thin,  colorless  liquid,  of  an  agree- 
able aromatic  odor,  and  a  sharp,  aromatic 
taste ;  spec.  grav.  0-975,  at  66° ;  very  soluble 
in  alcohol  and  ether,  insoluble  in  water;  boils 
at  258°;  not  very  inflammable,  burning  with 
a  blue  flame ;  its  alcoholic  solution,  warmed 
with  caustic  soda,  produces  carbonate  of  soda 
and  alcohol.     Ettling. 

Carbonate  of  Ether  and  Potassa.  Form.  KO, 
C02-f-  EO,  C02.  Hydrate  of  potassa,  previ- 
ously fused  at  a  red  heat,  is  dissolved  in  abso- 
lute alcohol,  and  carbonic  acid  passed  into 
the  well-cooled  solution  until  it  congeals;  an 
equal  volume  of  anhydrous  ether  is  added, 
filtered,  and  the  precipitate  washed  with  an- 
hydrous elher.  Absolute  alcohol  is  then 
poured  through  the  filter,  which  leaves  car- 
bonate and  bicarbonate  of  potassa,  and  dis- 
solves the  ether-carbonate,  the  filtrate  dropped 
into  anhydrous  ether,  and  the  precipitated 
salt  rapidly  dried  in  vacuo.  It  is  anhydrous, 
pearly,  and  instantly  changed  by  water  into 
alcohol  and  bicarbonate  of  potassa.  Dumas 
and  Peligot. 

Chlorocarbonic Ether.  Chloroxicarbonic  Ether, 
Carbonic  Ether,  and  Chloride  of  Carbonic  Ox- 
ide. Form.  EO,  C02-|-CO,  CI.  Formed  when 
alcohol  absorbs  chlorocarbonic  acid  (see  un- 
der Cahbon),  whereby  it  separates  into  two 
layers,  the  upper  aqueous  and  acid,  the  lower 
containing  this  ether;  it  is  rectified  over  chlo- 
ride of  calcium  and  oxide  of  lead,  to  remove 
water  and  muriatic  acid.  It  is  a  fluent,  color- 
less liquid,  of  neutral  reaction,  with  a  strong 
odor,  attacking  the  eyes;  spec.  grav.  1-139,  at 
59°;  boils  at  201°;  is  inflammable,  burning 
with  a  green  color ;  is  insoluble  in  cold,  par- 
tially decomposed  by  warm  water. 

Urethun.  Carbonic  Ether  and  Amide  of  Car- 
bonic Oxide.  Form.  CgH7N04,  or  EO,  C02 
-f-CO,  NH2.  Dissolve  chlorocarbonic  ether  in 
ammonia,  evaporate  to  dryness  in  vacuo,  and 
distil  in  an  oil-bath.  Urethan  passes  over  as 
a  liquid,  but  congeals  in  the  recipient  to  a 
colorless,  sperm-like  mass,  fusible  below  212°, 
and  may  be.  distilled,  when  dry,  at  226-4°;  so- 
luble in  cold  or  warm  water,  in  alcohol ;  the 
latter  solution  does  not  precipitate  nitrate  of 
silver,  and  yields  fine  crystals  by  spontaneous 
evaporation.     Dumas. 

8.  Biborate  of  Oxide  of  Ethyl.  Borovinic 
Acid.  EO,  2  B03.  Mix  in  a  retort,  provided 
with  a  thermometer,  equal  pts.  of  finely  pow- 
dered, anhydrous  boracic  acid  and  absolute 
alcohol,  and  distil  off  alcohol  until  the  tempe- 
rature is  230°  ;  treat  the  mass,  when  cold, 
with  anhydrous  ether,  which  dissolves  the 
boracic  ether,  and  distil  the  solution  until  the 
temperature  of  392°  is  attained.     The  retort 
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contains  the  fused  ether,  a  colorless,  trans- 
parent solid,  of  ethereal  odor  and  a  burning 
taste,  moderately  hard,  may  be  drawn  into 
threads  between  104°  and  122°,  is  soluble  in 
alcohol  and  ether,  fumes  in  the  air,  is  con- 
verted by  water  into  alcohol  and  boracic  acid; 
at  572°  it  separates  into  pure  defiant  gas,  and 
hydrate  of  boracic  acid.     Ebelmen. 

9.  Silicic  Ethers.  Absolute  alcohol  is  added 
portionwise  to  perchloride  of  silicon,  and  when 
the  volume  of  the  former  slightly  exceeds  that 
of  the  latter,  there  is  an  elevation  of  tempera- 
ture ;  it  is  now  distilled,  its  boiling  point  be- 
ing between  310°  and  338°,  when  the  greater 
part  passes  over  and  is  caught  separately;  the 
distillation  is  continued  until  the  boiling 
nearly  reaches  600°,  and  this  distillate  con- 
tains another  ether.  The  former  is  rectified 
until  it  has  a  constant  boiling  point  of  322^° 
to  324^°,  when  the  ether  passes  over,  as  a 
colorless  liquid,  of  a  penetrating  odor  and  pep- 
pery taste ;  spec.  grav.  0-932 ;  miscible  with 
alcohol  and  ether,  insoluble  in  water,  which 
slowly  decomposes  it;  its  alcoholic  solution, 
mixed  with  potassa,  forms  silicate  of  potassa ; 
dropped  upon  ignited  platinum,  it  burns  with 
a  white  flame  ;  form.  3  EO,  SiOs.  When  the 
second  distillate  is  also  rectified,  and  that  por- 
tion caught  when  the  boiling  point  has  reached 
574°,  another  ether  is  obtained,  differing  from 
the  preceding,  in  its  having  but  little  odor,  a 
bitter  taste,  a  spec.  grav.  =  1-035,  and  a  form- 
ula 3  EO,  2  Si03 ;  otherwise,  it  resembles  the 
former.     Ebehncn. 

10.  Cyanite  of  Oxide  of  Ethyl  and  Water.  Cy- 
anivinic  Acid.  Form.  EO,  CyO  +  HO,  CyO. 
Formed  by  distilling  dry  cyanuric  acid,  and 
receiving  it  in  absolute  alcohol;  the  distillate, 
h)rdrated  cyanic  acid,  changes  again  into  cy- 
anuric acid,  one  part  of  which  unites  with 
the  ether,  and  another  with  the  water  of  the 
alcohol,  and  the  two  unite,  forming  a  cyanite 
of  ether  and  of  water,  which  deposits  in  a 
solid  form  in  the  recipient.  The  alcohol  is 
poured  off,  and  the  cyanovinic  acid  dried  ;  by 
solution  with  boiling  in  a  mixture  of  alcohol 
and  ether,  by  gradual  cooling,  and  spontane- 
ous evaporation,  it  is  obtained  in  colorless 
pearly  crystals.  It  is  soluble  in  alcohol  and 
ether,  almost  insoluble  in  cold  water,  but  so 
very  soluble  in  hot  that  the  saturated  solution 
congeals  on  cooling  to  a  mass  of  fine,  silky 
crystals;  soluble  without  decomposition  in 
sulphuric  and  nitric  acids,  with  decomposition 
in  hot  alkali ;  its  vapor  burns  with  a  purple 
flame. 

Organic  Ethers. 

There  is  generally  more  difficulty  in  prepar- 
ing compounds  of  ether  with  organic  acids,  in 
consequence  of  the  greater  facility  with  which 
these  acids  are  decomposed.  The  principle 
involved  is  the  same,  the  catalysis  of  alcohol, 
whether  by  a  strong  mineral  acid  in  the  pre- 
sence of  an  organic  acid,  or  by  the  organic 
acid  itself.  There  are  several  methods  by 
which  this  is  accomplished.  One  method  is  to 
set  the  acid  free  from  a  state  of  combination 
in  the  presence  of  alcohol,  thus  in  Wohler's 
process  for  butyric  ether,  butter  is  saponified 
with  strong  potassa  ley,  dissolved  with  warmth 
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in  a  small  quantity  of  strong  alcohol,  treated 
with  a  mixture  of  sulphuric  arid  and  alcohol, 
until  it  has  a  strong  acid  reaction,  and  distilled 
as  long  as  the  distillate  has  the  odor  of  ripe 
apples.  By  rectification  and  treatment  with 
chloride  of  calcium  it  is  obtained  pure,  In 
this  case,  the  sulphuric  acid  both  sets  the  bu- 
tyric acid  free,  and  catalyzes  the  alcohol.  In 
a  similar  manner,  by  decomposition  of  salts 
of  organic  acids  by  sulphuric  acid,  many  ethers 
may  be  formed,  as  oxalic,  acetic,  formic.  See 
Butyric  Acid. 

Another  method  is  simply  to  catalyze  alco- 
hol by  sulphuric  or  muriatic  acid,  in  the  pre- 
sence of  the  organic  acid.  Thus  Cahours 
prepares  spirylic  ether,  by  distilling  :i  ptg. 
crystallized  spyrylic  acid  (salicylic  acid)  with 
4  pts.  absolute  alcohol,  and  2  pts.  oil  of  vitriol, 
stopping  the  distillation  when  sulphurous  acid 
is  evolved.  Repeated  rectification  with  water 
containing  a  little  ammonia,  to  separate  acid, 
and  with  chloride  of  calcium  to  dry  it,  is  re- 
quisite for  purification.  In  like  manner,  by 
the  presence  of  sulphuric  acid,  stearic,  oleic, 
citric,  camphoric,  suberic,  &c,  ethers  are 
formed. 

Muriatic  acid  is  similarly  employed;  thus  by 
distilling  f  of  a  mixture  of  4  pts.  alcohol,  of 
0-83,  2  pts.  benzoic  acid,  and  1  pt.  concen- 
trated muriatic  acid,  a  small  quantity  of  ben- 
zoic ether  passes  over,  but  the  greater  part 
remains,  and  by  repeated  rectification  of  the 
distillate  over  the  residue,  nearly  all  the  ben- 
zoic acid  is  converted  into  ether,  which  is 
farther  purified  by  washing  with  water,  and 
distilling  with  oxide  of  lead.  In  like  manner, 
succinic  ether  is  obtained  by  repeated  distilla- 
tion of  2  pts.  succinic  acid,  4  pts.  alcohol,  and 
1  pt.  strong  muriatic  acid.  The  muriatic  also 
presents  this  convenience,  that  it  may  be 
passed  into  an  alcoholic  solution  of  an  organic 
acid;  thus  cocostearic  ether  is  prepared,  by 
passing  muriatic  gas  into  a  saturated  solution 
of  cocostearic  acid  in  alcohol,  adding  water, 
and  boiling  the  solid  ether  with  a  solution  of 
carbonate  of  soda.  This  method  is  especially 
applicable  to  ethers  of  the  fat  acids,  whether 
dissolved  or  partly  suspended  in  alcohol. 

By  repeated  distillation  of  very  concentrated 
acetic  or  formic  acid  and  alcohol,  acetic  or 
formic  ether  is  formed,  although  the  addition 
of  sulphuric  acid  greatly  facilitates  the  forma 
tion  of  the  ether. 

M.  de  Claubry  has  shown,  that  the  more 
fixed  organic  acids  may  catalyze  alcohol  alone, 
by  being  heated  nearly  to  their  point  of  de- 
composition, and  then  dropping  strong  alcohol 
upon  them,  such  as  the  oxalic,  benzoic  and 
succinic.  Although  this  fact  is  interesting;, 
the  process  must  yield  in  convenience,  and 
speed  to  the  other  methods  of  catalyzing  alco- 
hol by  a  stronger  mineral  acid  in  presence  oi 
the  organic  acid. 

For  a  description  of  the  organic  ethers,  see 
the  organic  acids,  such  as  Acetic,  Crriuc, 
Margaric,  &c. 

Other  Phoducts  of  the   Catalysis  of  Al- 
cohol. 

1.  Distillation  with  Oil  of  Vitriol,  a  Oil  of 
Wine.     An  oily  body,  long  since  known,  and 
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obtained  in  preparing  defiant  gas  from  alco- 
hol and  oil  of  vitriol,  by  passing  the  gas  into 
a  well-cooled  vessel  in  which  a  solution  of  oil 
of  wine  in  ether  condenses.  It  is  an  oily 
body;  spec.  grav.  0-914;  insoluble  in  water, 
slightly  in  alcohol,  readily  in  ether.  Analyses 
by  Dumas,  and  Boullay,  and  Liebig,  give  the 
formula  C4H3.  Masson  observed  that  the 
compound  of  chloride  of  zinc  and  alcohol 
gave  ether  and  water,  when  heated  to  284°, 
and  between  320°  and  393°,  two  liquid  hydro- 
carbons, one  boiling  at  212°,  with  the  formula 
CgH7,  and  the  other  boiling  at  572°,  with  the 
formula  CgH9;  the  sum  of  which,  C16H16,  re- 
presents the  composition  of  olefiant  gas. 

b.  Sulphate  of  Oxide  of  Ethyl  and  of  Etherok. 
Sweet  or  Heavy  Oil  of  Wine.  Form.  C4H50, 
S034-C4H  S03,  or  2  (C4H4),  S03+HO.  Ob- 
tained by  distilling  equal  pts.  of  dry  sulpho- 
vinate  of  lime  and  caustic  lime,  and  freeing 
the  distillate  from  alcohol  in  vacuo  over  oil  of 
vitriol.  It  is  a  colorless,  oily  body,  of  a  pene- 
trating, aromatic  odor  and  taste;  spec.  grav. 
1-33;  boils  at  536°  ;  is  decomposed  by  boiling 
water,  acids,  and  alkali,  into  sulphovinic  acid 
and  etherole. 

c.  Etherok.  Syn.  Etherin,  Ethene,  Light  Oil  of 
Wine.  Form.  C4H4.  Obtained  from  the  pre- 
ceding by  alkali,  &c. ;  is  exposed  for  some 
days  to  a  low  degree  of  cold,  whereby  crystals 
of  etherin  separate.  Etherole  is  a  yellowish 
oil,  of  a  peculiar,  aromatic  odor;  spec.  grav. 
0-917;  boils  at  536°,  and  solidifies  at  —  31°; 
soluble  in  alcohol  and  ether. 

d.  Etherin.  Form.  C4H4.  The  solid,  sepa- 
rating from  crude  etherole,  forms  long,  hard, 
brittle,  colorless,  and  lustrous  prisms,  taste- 
less, resembling  etherole  in  odor,  when  heat- 
ed ;  spec.  grav.  0-98 ;  fusing  at  230°,  boiling 
at  500°,  distilling  over  unaltered;  soluble  in 
alcohol  and  ether. 

2.  Action  of  Anhydrous  Sulphuric  Acid. 
a.  Carbyl-sulphate.  Form.  CH,  S03.  Pass  the 
vapor  of  dry  sulphuric  acid  into  a  flask, 
into  which  introduce  a  tube  containing  abso- 
lute alcohol,  and  close  the  flask;  when  the 
mutual  action  has  ceased,  place  the  tube  in 
another  vessel  of  the  acid,  and  thus,  succes- 
sively, until  the  alcohol  is  changed  to  a  crys- 
talline mass.  Put  this  mass  upon  a  tile  of  por- 
celain biscuit,  and  the  latter  in  vacuo  over  oil 
of  vitriol,  until  the  mass  ceases  to  fume  in  the 
air.  The  crystals  may  be  fused  with  care,  and 
congeal  again  to  a  crystalline  mass.     Magnus. 

b.  Ethionic  Acid.  Formed  by  the  action  of 
water  on  carbyl-sulphate;  thus,  4  (CH,  S03) 
+  3  HO  =  C4H50,  2  S03+2  (HO,  S03);  which 
is  ethionic  acid,  whose  salts  are  formed  by  the 
substitution  of  2  eq.  metallic  oxide,  for  the  2 
eq.  water.  The  salts  are  most  conveniently 
formed  from  the  barytic  salt,  and  other  solu- 
ble sulphates.  The  former  is  obtained  by  sa- 
turating the  acid  with  carbonate  of  baryta, 
concentrating  the  solution  much  below  212°, 
and  when  the  salt  begins  to  deposit,  adding 
absolute  alcohol,  until  the  clear  liquor  has  a 
spec.  grav.  =  0-9,  which  prevents  the  preci- 
pitation of  isethionate  of  baryta.  The  preci- 
pitate is  washed  with  alcohol,  of  65  pr.  ct.,  re- 
dissolved  in  a  little  water,  and  reprecipitated 
win  alcohol,  in  order  to  get  it  pure;  and 
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finally  left  to  spontaneous  evaporation,  to  free 
it  from  alcohol.  It  is  soluble  in  10  pts.  water, 
at  68°,  and,  by  heating,  is  readily  converted 
into  sulphate,  and  is  ethionate  of  baryta  ;  a 
similar  decomposition  commences  even  with 
the  dry  salt,  at  212°.  The  salt  of  potassa  is 
readily  crystallizable,  and  is  anhydrous.  The 
soda  salt  crystallizes  with  1  eq.  water.  The 
salts  of  lime  and  lead  crystallize,  and  resemble 
ethionate  of  baryta.  The  copper  salt  crystal- 
lizes with  difficulty.     Magnus. 

By  the  action  of  anhydrous  sulphuric  acid 
on  olefiant  gas,  a  crystalline  compound  is  ob- 
tained, with  the  formula  C2H2,  S03  (Regnault) ; 
it  coincides  in  its  properties  with  ethionic  acid, 
and  has  1  eq.  more  of  sulphuric  acid,  or  1  eq. 
less  of  CH  than  given  in  the  formula.  Magnus. 

c.  Isethionic  Acid.  Ethionic  acid,  and  its 
salts,  are  readily  converted,  by  boiling,  into 
sulphuric  and  isethionic  acids.  Ether,  at  32°, 
is  saturated  with  anhydrous  sulphuric  acid, 
the  syrupy  mass  is  mixed  with  an  equal  vo- 
lume of  ether,  and  then,  with  4  vols,  of  water, 
whereby  ether  and  oil  of  wine  separate  and 
are  removed;  the  liquid  is  boiled  several 
hours,  until  every  trace  of  sulphurous  acid 
and  alcohol  are  removed,  fresh  water  being 
added  to  replace  the  evaporation,  then  satu- 
rated with  carbonate  of  baryta,  filtered  and 
evaporated;  during  this  and  the  cooling,  a 
crystalline  body  separates.  The  liquid  is 
mixed  with  an  equal  vol.  alcohol,  which  re- 
moves more  of  the  same  salt,  filtered  and  eva- 
porated to  a  syrupy  consistence,  from  which 
pure  isethionate  of  baryta  crystallizes.  (Liebig.) 
The  salt  of  baryta  boiled,  and  exactly  decom- 
posed by  sulphuric  acid,  forms  a  solution  of 
isethionic  acid,  which  may  be  evaporated  to  a 
syrupy  consistence.  (Magnus.)  Both  isethi- 
onic and  ethionic  acids,  and  the  isethionates, 
are  isomeric  with  sulphovinic  acid  and  its 
salts,  respectively,  save  in  the  amount  of  crys- 
tal-water. The  isethionic  is  a  strong  acid, 
evolving  muriatic  and  acetic  acids  from  com- 
mon salt,  and  an  acetate,  without  forming  mu- 
riatic or  acetic  ether;  it  forms  neutral,  solu- 
ble salts,  of  which  those  of  the  alkalies  and 
alkaline  earths  bear  at  least  600°,  without  de- 
composition. 

Methionic  Acid.  This  acid  is  in  the  barytic 
salt  insoluble  in  alcohol,  obtained  in  preparing 
the  isethionic  acid  by  Liebig's  method.  The 
barytic  salt  has  the  composition  BaO,  S03-f- 
CH3S04,  but  we  know  not  yet  what  the  ra- 
tional formula  of  the  last  body  should  be. 
Liebig. 

Allhionic  Acid  is,  according  to  Magnus,  a 
mixture  of  ethionic  and  isethionic  acids. 

Thwmelanic  Acid.  Mix  8  to  10  pts.  oil  of  vi- 
triol with  1  pt.  absolute  alcohol,  heat  gradually, 
and  not  beyond  356°,  until  it  forms  a  lumpy 
mass,  mix  with  water  to  a  paste,  dilute  with 
more  water,  pour  off"  the  acid  liquid,  add  and 
pour  off  boiling  water  until  chloride  of  barium 
shows  the  absence  of  sulphuric  acid,  and  dry 
the  mass.  It  is  black  and  shining,  like  coal, 
loses  much  water  before  302°,  at  which  it  has 
the  composition,  Cg0H24S3O20,  bears  338°  with- 
out decomposition.  (Erdmann.)  Probable 
formula  2  SO3-|-C80H24SOI4,  and  the  conjugate 
may  be  Og0H24O]2-{-  S02.     Berzelius. 
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Ether  as  Letheon.  The  following  remarks 
on  letheon  were  furnished,  by  request,  by  E. 
R.  Mayer,  M.  D.,  Philadelphia. 

Letheon  is  the  name  proposed  by  the  patentee 
for  sulphuric  ether,  when  used  for  rendering 
the  inhaler  insensible  to  the  pain  of  surgical 
operations,  or  for  other  important  indications 
in  the  treatment  of  disease.  Too  little  time 
has  elapsed  since  the  first  practical  employ- 
ment of  this  agent,  to  justify  a  very  decided 
opinion  upon  its  merits ;  and  it  may  be  ex- 
pected, that  until  data  enough  have  been  col- 
lected for  exact  statistical  information,  scien- 
tific men  will  be  divided,  as  at  present,  into 
warm  supporters,  and  violent  denouncers  of 
its  use.  If  it  should  only  prove  the  means  of 
alleviating  necessary  pain,  and  warding  off  the 
shock  which  this  always  produces  on  a  sensi- 
tive, nervous  system,  it  will  perhaps  be  as 
great  a  blessing  to  mankind  as  ingenuity  has 
ever  developed. 

The  intoxicating  powers  which  ether  and 
nitrous  oxide  gas  possess,  when  inhaled,  seem 
to  have  been  known  from,  or  before,  the  time 
of  Dr.  Beddoes ;  and  the  former  was  early 
used  by  a  few  persons  as  a  therapeutic  agent 
for  various  affections  of  the  bronchia  and  the 
lungs.  Sir  Humphrey  Davy  seems  to  have 
had  a  faint  foreshadowing  of  its  future  use. 
Mr.  Wells,  of  Hartford,  Connecticut,  and  others, 
claim  the  honor  of  having  first  employed  ni- 
trous oxide  as  an  anodyne ;  but  to  Drs.  Morton 
and  Jackson,  of  Boston,  is  certainly  due  the 
credit  of  first  promulgating  the  discovery  as 
now  known.  The  respective  claims  of  these 
gentlemen  have  not  been  satisfactorily  settled, 
but  the  former,  an  energetic  young  dentist,  un- 
doubtedly first  administered  the  agent,  and  took 
the  most  active  part  in  investigating  and  mak- 
ing it  known. 

The  ether  used  for  inhalation,  in  order  to 
produce  satisfactory  results,  should  be  perfect- 
ly pure  and  anhydrous,  and  particular  care 
should  be  taken  that  it  do  not  change  the  color 
of  litmus  paper. 

The  administration  of  the  vapor  is  effected 
in  various  ways.  Most  American  surgeons 
prefer  a  sponge,  saturated  with  the  fluid,  and 
held  to  the  nose  and  mouth.  This  simple 
mode,  though  more  wasteful,  is  the  most  con- 
venient, perhaps  the  best,  as  it  allows  the  due 
intermixture  of  atmospheric  air  with  the  va- 
pour. Various  expensive  and  complicated 
apparatuses  have  been  devised  for  the  same 
purpose,  but  most  of  them  consist  of  a  vessel 
like  a  retort-receiver,  containing  a  little  ether, 
with  one  orifice  to  admit  the  air,  and  another 
for  a  mouth-piece,  which  is  the  most  important 
part  of  the  apparatus.  This  is  constructed 
with  a  nipple  for  the  mouth,  with  or  without  a 
caoutchouc  shield  fitting  accurately  to  the 
cheeks,  and  tied  behind  the  neck,  and  contain- 
ing two  valves  of  opposite  action,  which  allow 
the  expiration  at  the  side,  of  the  air  which  has 
already  passed  through  the  lungs  from  the 
ether  receptacle.  To  some  of  these  instru- 
ments is  added  a  nose-compressor. 

When  given  as  a  tranquillizer,  ether  very 

seldom  produces  the  furious  intoxication  which 

we  see  in  those  who  are  under  the  influence 

of  nitrous  oxide;  and  even  where  it  does,  a 
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persistence  in  its  use  is  soon  followed  by  in- 
sensibility. Although  peculiar  constitutions 
are  differently  affected,  the  following  symp- 
toms are  usually  presented.  Upon  first  in- 
spiring the  vapor,  a  little  irritation  of  the 
bronchia,  and  coughing,  are  produced.  These 
soon  subside,  and  the  inspirations  become 
short,  and  the  expirations  slow  and  feeble. 
The  arms  become  relaxed,  the  eyelids  tremble, 
and  perception  is  lost.  The  head  now  drops 
on  one  side,  the  patient  is  perfectly  insensible, 
and  cannot  be  roused  by  the  infliction  of  pain. 
In  this  condition  the  imagination  is  most  ac- 
tive, and  the  most  vivid  dreams  follow  each 
other  in  rapid  succession. 

There  is  a  strange  difference  between  the 
effects  of  ether,  when  employed  as  above  de- 
scribed, and  those  generally  seen  when  it  is 
taken  for  the  purposes  of  amusement.  We 
have  often  seen  it  soused;  but,  while  entire 
insensibility  was  produced,  it  was,  in  a  few 
cases,  only  preceded  by  violent  excitement, 
such  as  the  rest  labored  under.  It  is  proba- 
ble, that  the  position  of  the  inhaler,  and  the 
preoccupation  of  his  mind,  may  so  impress 
his  nervous  system,  as  to  make  it  susceptible 
of  different  modes  of  action. 

It  would  be  out  of  place  here,  to  enter  into 
a  discussion  of  the  remote  physiological  effects 
of  ether;  it  being  sufficient  for  our  purpose  to 
know,  that  it  temporarily,  but  completely, 
abolishes  sensibility,  and  the  ordinary  reflex 
actions  of  the  medulla  oblongata  and  spinal 
marrow,  which  are  unconnected  with  neces- 
sary vital  processes. 

Many  hundreds  of  operations  have  now 
been  performed  in  this  country  and  in  Europe, 
upon  patients  insensible  from  the  use  of  ether, 
and,  while  failures  have  been  reported,  and 
rumors  have  been  rife,  of  the  dangerous,  and 
even  fatal,  results  from  both  the  inhalation  nf 
the  agent,  and  from  operations  performed  upon 
those  having  inhaled  it,  the  great  majority  of 
medical  men  who  have  seen  its  use,  warmly 
recommend  it.  There  can  be  no  doubt  of  the 
entire  immunity  from  pain  conferred  by  it. 
Whether  injurious  or  fatal  effects  often  follow 
its  use,  remains  to  be  seen. 

But  few  cases  of  death  following  operations 
upon  etherized  persons,  have  been  as  yet  re- 
ported, and  these  have,  by  the  advocates  of 
the  use  of  ether,  been  attributed  to  the  direct 
effect  of  the  operation  alone  ;  in  other  words, 
the  shock  upon  the  nervous  system  of  the  pa- 
tient. On  the  other  hand,  one  great  argument 
in  favor  of  its  employment  has  been,  that 
this  shock  is,  in  such  cases,  much  diminished 
by  the  abolition  of  its  chief  cause — physical 
agony. 

Letheon  has  also  been  used  in  various 
diseases  not  requiring  the  knife.  It  has  been 
effectual  in  dissipating,  temporarily  removing, 
or  permanently  relieving,  the  pain  of  neural- 
ilia  ;  and  conflicting  accounts  have  been  given 
of  its  use  in  tetanus,  asthma,  insanity,  and 
whooping-cough.  But  perhaps  the  most  won- 
derful results  yet  known,  have  been  derived 
from  its  administration  in  obstetrical  practice. 
It  has  been  most  positively  shown,  that  while 
parturient  women  are  rendered,  by  it,  insensi- 
ble to  pain,  it  does  not  in  the  least  degree 
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control  or  diminish  the  contractions  of  the 
womb,  or  the  power  by  which  the  foetus  is 
expelled.  It  has,  accordingly,  been  used  in 
cases  of  severe  and  instrumental  delivery 
with  perfect  success,  not  one  fatal  result  hav- 
ing yet  been  made  public.  Indeed,  the  opi- 
nion has  been  advanced,  that  before  long  it 
will  be  used  for  the  purpose  of  making  every 
natural  labor  a  painless  process.  In  the  pre- 
sent state  of  our  knowledge,  however,  too 
much  caution  cannot  be  used  in  its  applica- 
tion to  this  branch  of  medical  practice. 

It  remains  to  mention  another  mode  of  ad- 
ministering ether,  which  the  characteristic  in- 
genuity of  a  French  surgeon  has  made  known. 
M.  Pirogoff  has  stated,  that  the  anodyne  effects 
of  ether  may  be  readily  produced  by  causing 
its  vapor  to  ascend  into  the  rectum.  If  expe- 
riment should  confirm  the  truth  of  his  state- 
ment, and  prove  the  safety  of  his  process ;  it 
may  be  well  worthy  of  trial  in  cases  where 
diseases  of  the  lungs,  heart,  or  bronchia,  make 
the  inhalation  dangerous. 

The  notoriety  which  this  subject  has  of  late 
acquired  from  the  novel  and  marvellous  results 
afforded  by  it,  has  given  rise  to  an  excited 
state  of  the  public  mind,  which  may  do  much 
harm.  The  same  love  of  excitement  which 
makes  consumers  of  alcohol  and  opium,  may 
induce  rash  persons  first  to  venture  upon,  and 
then  to  accustom  themselves  to  the  use  of 
ether. 

Such  perversion  of  a  good  mean  to  bad  ends 
cannot  be  too  strongly  reprehended.  The  fact 
should  be  generally  known,  that  if  its  use  is 
at  first  fascinating,  its  devotee  must  very  soon 
be  ruined  in  health,  and  become  an  idiotic 
and  degraded  debauchee. 

Whether  the  dangers  flowing  from  the  use 
of  ether  have  been  exaggerated  or  not,  it  is 
but  reasonable  to  believe,  that  an  agent  so 
powerful  for  good  may  be  equally  so  for  evil ; 
and  experience  in  our  own  country  has  shown 
that — in  the  hands  of  ignorant  persons — it 
has  increased  a  tendency  to  apoplexy,  conges- 
tion of  the  brain,  and  diseases  of  the  lungs. 

The  inference  is,  that  no  one  with  a  disposi- 
tion to  disease  of  the  brain,  the  heart,  the  lungs, 
and  several  other  organs,  should  use  it;  and 
that  it  should  never  be  administered  by  per- 
sons unable  to  judge  of  the  existence  of  such 
disease.  A  competent  medical  or  other  man, 
acquainted  with  the  principles  of  physiology 
and  pathology,  and  the  practice  of  ausculta- 
tion, should  invariably  see  the  patient  previous 
to  the  inhalation  of  the  ether,  so  as  to  be  en- 
abled, by  a  close  examination,  particularly  of 
the  heart  and  lungs,  to  decide  upon  the  pros- 
pects of  benefit  or  injury.  By  such  a  pre- 
caution, many  risks  to  life  and  health  may  be 
prevented. 

ETCHING.  That  species  of  engraving 
upon  metal  by  which  the  delineations  are  first 
drawn  upon  a  resinous  resist-coating  of  the 
metallic  surface,  and  then  bit  out  with  nitric 
acid.  The  depth  of  the  lines  are  proportional 
to  the  time  of  action  of  the  acid,  and  can  be 
rendered  very  delicate  by  diluting  it  with  alco- 
hol. The  process  being  completed,  and  the 
covering  removed,  the  plate  is  ready  to  be 
printed   from.     Glass,   similarly   coated,   can 


also  be  etched  upon,  by  substituting  fluohydric 
gas  for  the  nitric  acid. 

EUCHROITE.  Min.  Cryst.  Right  Rhom- 
bic, with  distinct  lateral  cleavage.  H.  =  3-75. 
G.  =  3-389.  Emerald-green,  with  pale-green 
streak;  vitreous;  transparent,  translucent; 
doubly  refractive;  rather  brittle,  with  uneven, 
small  conchoidal  fracture. 

Yields  water  in  a  tube,  becoming  yellowish 
green,  pulverulent,  otherwise  behaving  like 
Olivkvite.  Furmula  4  CuO,  As  0-4-7  HO 
or  (3  CuO,  AsO.+  6  HO)  +  CuO,  HO. 

It  occurs  at  Libethen,  in  Hungary,  in  crys- 
tals of  considerable  size. 

EUCLASE.  Min.  Prismatic  Emerald.  Cryst. 
Oblique  Rhombic;  cleavage  perfect,  parallel  to 
base.  H.  =  7-5.  G.  =  2-9  — 3-1.  Pale  moun- 
tain-green, passing  into  blue  and  white;  vitre- 
ous ;  transparent;  doubly  refractive;  very 
brittle,  with  conchoidal  fracture  and  white 
streak;  electric  by  friction. 

Chem.  Eelat.  Swells,  when  strongly  heated, 
and  fuses  in  thin  films  to  a  white  enamel,  dis- 
solves in  the  fluxes,  and  gives  traces  of  tin 
with  soda;  insoluble  in  acids.  The  older 
formula  is  G203,  Si03  -f  2  (A1203,  Si03),  but 
by  the  late  determinations  of  Awdejew  for 
Glucina,  it  is  2  (3  GO,  Si03)  -f  2  A1203.  Si03. 

It  occurs  in  Peru;  Villa  Rica,  in  Brazil;  at 
Trumbull,  Connecticut. 

EUDIALITE.  Min.  Cryst.  Hexagonal,  he- 
miforms";  the  radical  R  combined  with  its 
lateral-edged  scalenohedron,  with  the  second 
obtuse  R,  and  the  terminal  plane,  parallel  to 
which  its  cleavage  is  perfect.  H.  =  6.  G.  = 
2-9.  Brownish  or  rose-red  ;  vitreous;  opake, 
subtranslucent;  conchoidal  or  splintery  frac- 
ture, and  white  streak. 

Chem.  Relate  Fusible  to  a  gray-green,  opake 
glass  ;  in  mic.  salt  the  silica  swells  up  the 
bead;  with  soda  it  forms  a  difficultly  fusible 
glass.  Gelatinizes  with  muriatic  acid,  and  is 
wholly  decomposed.  Form.  2  (3  RO,  2  Si03) 
-fZr20;),  2Si03,  in  which  RO  is  lime,  soda, 
potassa,  protoxides  of  iron  and  manganese. 
The  iron  and  manganese  were  formerly  sup- 
posed to  be  sesquioxides.     Rummclsberg. 

Found  only  at  Kangerdluarsuk,  in  West 
Greenland. 

EUDIOMETER.  Chem.  An  instrument 
used  in  determining  the  amount  of  oxygen  in 
a  given  volume  of  atmospheric  air,  or  other 
gaseous  body.  The  eudiometer  of  Dr.  Ure  is 
an  excellent  instrument.  It  is  formed  of  a 
straight  tube,  moderately  stout,  of  about  |thor 
fths  of  an  inch  internal  iw_  71, 

diameter,  sealed  at  one 
end, and  about  22  inches 
long.  The  closed  end  of 
this  tube  being  softened 
by  heat,  two  stout  plati- 
num wires  are  thrust 
through  the  glass  from  fc==^l 
opposite  sides  of  the  tube,  f  ^ 

so  that  their  extremities 
in  the  tube  approach 
within  one-tenth  of  an 
inch  of  each  other.  These 
are  intended  for  the 
transmission  of  the  elec- 
tric spark,  and  are  retained,  as  if  cemented,  in 
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the  apertures  of  the  glass  when  the  latter 
cools.  One  half  the  tube  next  the  closed  end 
is  afterwards  graduated  into  hundredths  of  a 
cubic  inch,  and  the  tube  is  bent  in  the  middle, 
like  a  syphon,  as  represented  by  a  in  fig.  71. 
By  a  little  dexterity,  a  portion  of  the  gaseous 
mixture  to  be  exploded  is  transferred  to  the 
sealed  limb  of  the  instrument,  at  the  water  or 
mercurial  trough,  and  the  measure  noted  with 
the  liquid  at  the  same  height  in  both  limbs. 
The  mouth  of  the  open  limb  may  then  be 
closed  by  a  cork,  which  can  be  fixed  down  by 
soft  copper  wire.  A  chain  being  now  hung 
to  the  one  platinum  wire,  the  other  is  present- 
ed to  the  prime  conductor  of  an  electric  ma- 
chine, or  to  the  knob  of  a  charged  Leyden 


phial,  b,  so   as   to   take  a  spark  through  the 
mixture,  which  is  thereby  exploded.    The  risk 
of  the    tube   being  broken   by  the   explosion, 
which    is  very  considerable    in   the  01 
form  of  the  eudiometer,  is  completely  a 
in  this  instrument  by  the  compre 
air  retained  by  the  cork  in  the  open  limb,  this 
air  acting  as  a  recoil  spring  upon  the  occur- 
rence  of  the   explosion   in   the   other    limb. 
Graham. 

Fig.  72  represents  Hare's  aqueous,  hydro- 
oxygen  eudiometer,  for  the  analysis  of  explo- 
sive mixtures.  The  measurements  are  made 
by  a  sliding  rod,  and  the  explosions  are  effect- 
ed  by  the  galvanic   ignition  of  a  platinum 


Fig.  72. 


In  this  instrument,  the  igniting  wire  is  sol- 
dered into  the  summits  of  the  two  brass 
wires,  which  pass  through  the  bottom  of  the 
socket,  parallel  to  the  axis  of  the  glass  re- 
cipient, within  which  they  are  seen.  One  of 
the  wires  is  soldered  to  the  socket,  the  other 
so  that  it  has  no  metallic  communication  with 
the  other  wire,  except  through  the  filament  of 
platinum  by  which  they  are  connected  above. 
The  glass  has  a  capillary  orifice  at  the  apex, 
A,  closing  by  means  of  a  spring  and  lever. 
The  sliding  rod,  R,  is  accurately  graduated  to 
about  160  degrees. 

EUGENESITE.     See  Palladium. 

EUKAIRITE.  Min.  Syn.  Seleniuret  of  Sil- 
ver and  Copper.  Ger.  Selenkupfersilber.  Mas- 
sive; color  between  silver-white  and  lead-gray; 
metallic;  soft;  streak  shining.  Fusible,  with 
evolution  of  selenic  vapors,  forming  a  gray, 
soft,  brittle  globule;  in  an  open  tube  yields  a 
red  sublimate  of  selenium  and  selenic  acid; 
gives  the  reaction  of  copper  with  fluxes,  and 
yields  silver  on  a  cupel,  by  means  of  lead; 
soluble  in  nitric  acid.  Form.  Cu2Se -f-  AgSe, 
analogous  to  Stromeyerite  with  selenium  in- 
stead of  sulphur.  It  occurs  at  Skrickerum, 
Smaland,  Sweden. 

EULEBRITE.     See  Riolite. 

EUPHORBIA.  Chum,  The  E.  esula,  and 
E.  cypanssias,  both  contain  a  beautiful  yellow 
coloring  substance,  which  may  be  precipitated 
from  an  alum  decoction  of  the  plant  by  basic 
acetate  of  lead,  or  protochloride  of  tin.  Its 
alcoholic  tincture,  by  long  standing,  deposits 
a  volatile,  white,  crystalline  camphor,  and  the 
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liquid  remaining  upon  evaporation  yields  a 
green  resin,  similar  to  Euphorbiion.  Riegel 
found  in  the  E.  cypanssias,  both  an  alkaloid  (?) 
and  a  new  acid  (1  euphorbic),  which  crystallizes 
in  acicular  or  verrucous  groups. 

Euphorbinin.  Formula  C|4H]20  (Rose).  A 
crystallizable  resin,  from  the  Euphorbia  officina- 
lis, and  E.  Cananencis.  When  pulverized,  its 
taste  and  odor  are  very  pungent.  Buclmer  and 
Herberger  consider  it  a  compound  of  an  acid 
resin  with  a  basic  resin,  the  first  of  which  is 
termed  by  Berzelius,  alpha  resin,  and  the  lat- 
ter, beta  resin,  or  euphorbin.  A  third  resin,  also 
contained  therein,  is  styled  gamma  resin.  The 
acid  resin  is  precipitated  from  its  tincture  by 
sugar  of  lead,  and  the  beta  resin  from  the  re- 
maining solution  by  water.  The  gamma  resin 
is  obtained  from  that  portion  of  eupherbinin 
insoluble  in  water,  first  by  cold,  and  then  by 
boiling  alcohol,  from  which  last  it  crystallizes. 
Its  analogy  to  crystallized  elemi  resin  is  very 
near. 

Euphorbin  is  colorless,  vitreous,  and  bitter, 
insoluble  in  water,  ether,  and  the  alkalies,  but 
soluble  in  alcohol. 

EUPION.  See  Wood,  Destructive  distil- 
lation of. 

EUPYRCHROITE.     See  Apatite. 
EUTHOTIDE.    Geol.    Serpentine  rock,  with 
an  excess  of  felspar  and  diallage. 

EUXENITE.  Mm.  H.  =  7.I  G.  =  4;6. 
Massive;  brownish  black;  lustre  metallic, 
greasy;  in  thin  splinters  reddish  brown,  trans- 
lucent; fracture  subconchoidal,  with  reddish 
brown  streak.    Infusible;  soluble  in  the  fluxes, 
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yielding  yellow  glasses  ;  not  attacked  by  acids. 
It  contains  columbic  and  titanic  acids,  yttria, 
lime,  oxides  of  uranium,  cerium,  lanthanum, 
&c,  and  hence  a  formula  cannot  be  given.  It 
occurs  at  Jolster,  Norway. 

EUZEOLITE.    See  Heulandite. 

EVAPORATION.  Chem.  Tech.  An  im- 
portant operation  in  chemistry  and  the  arts, 
having  for  its  object  the  separation  of  the 
more  volatile  portions  of  a  liquid,  which  are 
not  required  as  in  distillation.  It  is  effected 
either  by  exposure  to  the  air  without  ebulli- 
tion, evaporation,  or  by  the  aid  of  sufficient  heat 
to  produce  ebullition,  vaporization.  Some  of 
the  attendant  circumstances  varying,  it  is  more 
convenient  to  consider  the  two  methods  sepa- 
rately. 

1.  General  Principles,  a.  Evaporation.  Most 
liquids  evaporate  at  common  temperatures 
without  the  appearance  of  ebullition,  their 
vapor  rising  only  from  the  surface  of  the 
liquid,  and  not  from  the  interior,  as  in  ebulli- 
tion. Water  exposed  in  a  shallow  vessel  to 
the  air,  will  disappear  in  a  few  days,  and  a 
solution  of  common  salt  will  also  dry  up, 
leaving  crystals  of  salt.  Even  many  solids 
are  subject  to  evaporation.  Ice,  far  below  32°, 
will  gradually  disappear,  without  melting,  in 
clear,  frosty  weather;  camphor  readily  volatil- 
izes at  common  temperatures  without  fusing, 
and  metallic  arsenic  does  the  same  by  the  ap- 
plication of  heat.  Evaporation  takes  place 
more  rapidly  in  some  liquids  than  in  others, 
and  those  which  have  the  lowest  boiling  points 
evaporate  with  the  greatest  rapidity.  Thus 
ether  evaporates  more  rapidly  than  alcohol, 
and  the  latter  more  rapidly  than  water. 

It  was  ascertained  by  Dalton,  that  vapors 
and  gases  enter  the  air  as  into  a  vacuum,  and 
Graham  has  more  fully  investigated  the  sub- 
ject with  respect  to  gases,  under  the  term 
Diffusion.  Since  vapors  diffuse  into  the  air 
only  from  the  surface  of  liquids,  an  extension 
of  surface  greatly  facilitates  evaporation.  The 
dryness  of  the  air  exerts  an  important  influ- 
ence on  rapid  evaporation,  especially  on  the 
diffusion  of  aqueous  vapor.  When  a  vapor 
diffuses  itself  through  the  air  above  the  sur- 
face of  a  liquid,  the  air  becomes  charged,  and 
hinders  the  tendency  of  the  liquid  to  evapo- 
rate. Hence  a  current  of  air  passed  over  the 
surface  of  a  liquid,  facilitates  its  evaporation, 
but,  since  time  is  requisite  for  the  diffusion, 
the  current  need  not  be  rapid. 

Heat  promotes  evaporation,  without  ebulli- 
tion, by  its  diminishing  the  force  of  cohesion 
between  the  particles  of  a  liquid.  A  diminu- 
tion of  pressure  also  facilitates  evaporation. 

It  follows,  from  the  principles  laid  down, 
that  to  attain  the  most  rapid  evaporation,  a 
liquid  should  be  heated  in  a  shallow  vessel, 
while  a  current  of  dry  air  is  passed  over  its 
surface,  or  a  current  of  dry  air  should  be 
forced  through  the  liquid. 

Since  liquids  and  solids  emit  vapor  below 
their  boiling  points,  even  in  vacuo,  it  would 
be  interesting  to  inquire  at  how  low  tempera- 
tures they  will  evaporate.  Few  direct  experi- 
ments have  been  made  to  determine  this 
point.  The  point  where  vapor  ceases  to  be 
'  mined  is  different  for  different  bodies :  thus 


oil  of  vitriol  seems  to  give  off  no  vapor  below 
120°,  and  mercury  none  below  40°,  whereas, 
water  still  evaporates  far  below  its  solidifica- 
tion, 32°. 

b.  Vaporization.  Some  of  the  circumstances 
attendant  upon  the  evaporation  of  a  liquid  by 
boiling,  are  different  from  those  just  noticed. 
See  Ebullition.  Since  vaporization  takes 
place  from  all  the  interior  of  a  liquid,  extent  of 
surface  has  no  influence  in  promoting  it;  on 
the  contrary.it  is  facilitated  by  partially  cover- 
ing the  containing  vessel,  for  if  aqueous  va- 
por, at  212°,  rise  from  a  surface  of  moderate 
extent,  the  cooling  action  of  the  air  condenses 
a  portion,  which  falls  back  into  the  vessel. 
The  smoothness  of  the  interior  surface  of  the 
vessel  hinders  the  free  escape  of  vapor  from 
a  liquid  heated  to  boiling,  and  hence  the  ad- 
vantage of  roughness,  angular  points,  of  scraps 
of  platinum,  iron-filings,  &c. 

Every  peculiar  liquid  has  its  definite  and 
fixed  point  of  temperature  when  ebullition 
takes  place,  pressure  and  other  things  being 
the  same.  At  30  inches  of  the  barometer,  and 
in  a  metallic  vessel,  water  boils  at  212°. 

The  following  table  comprises  the  boiling 
points  of  a  few  liquids,  not  all  determined 
with  accuracy,  i.  e.  with  reference  to  pressure, 
nature  of  the  containing  vessel,  &c.  The  de- 
termination of  the  boiling  point,  like  the  fus- 
ing point  of  solids,  is  often  of  use,  especially 
in  organic  chemistry,  for  ascertaining  the  na- 
ture and  purity  of  a  substance. 

Chlorhydric  ether 53° 

Common  ether 98° 

Bisulphuret  of  carbon 1 14° 

Methylic  alcohol 140° 

Absolute  alcohol 172° 

Water 212° 

Glacial  acetic  acid 248° 

Amylic  alcohol 294° 

Oil  of  terpentine 314° 

Oil  of  lemons 343° 

Oil  of  lavender 397° 

Camphoric  acid 482° 

Phosphorus 554° 

Oil  of  vitriol 620° 

Mercury 662° 

The  temperatures  given  are  for  the  pure 
liquids,  for  if  they  contain  fixed  matters  in  so- 
lution, their  boiling  points  are  higher.  A  so- 
lution of  28  pts.  common  salt  in  100  pts.  wa- 
ter, boils  at  230°;  a  solution  of  212  pts.  dry 
chloride  of  calcium  in  100  pts.  water  boils  at 
320°. 

A  vessel  may  be  heated  too  hot  to  boil  off 
water,  for  if  a  few  drops  of  water  be  thrown 
on  a  metallic  surface,  heated  much  above 
212°,  they  spring  briskly  over  the  surface,  and 
evaporate  the  more  slowly  the  hotter  the  sur- 
face is.  This  phenomenon  is  due  to  the  re- 
pulsive action  of  heat,  which  more  or  less 
prevents  the  contact  of  the  water  and  metallic 
surface. 

The  pressure  of  the  atmosphere  exerts  an 
important  influence  in  elevating  the  boiling 
point  of  a  liquid.  Thus,  with  the  barometer 
at  29-8  inches,  water  boils  at  212°,  at  27f 
inches,  at  208°;  variations  which  actually  take 
place  on  the  earth's  surface.  If  the  pressure 
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be  increased  the  boiling  point  may  be  greatly 
elevated,  as  in  Papin's  digester,  to  400°  or 
more.  See  Ebullition  and  Digester.  On 
the  other  hand,  by  greatly  diminishing  the 
pressure,  or  producing  a  partial  vacuum,  the 
boiling  point  of  a  liquid  is  materially  lowered. 
This  may  be  effected  by  expelling  air  from  a 
tight  vessel  by  steam,  and  condensing  the 
steam,  or  by  an  air-pump.  When  a  good 
vacuum  is  produced,  water  will  boil  at  67°, 
or  145°  lower  than  its  ordinary  boiling  point. 
An  important  application  is  made  of  this  fact 
to  boiling  Scgah  under  diminished  pressure. 

2.  Evaporation  for  Smaller  Chemical  Operations. 
There  are  many  peculiar  circumstances  occur- 
ring in  chemical  investigations,  in  which  the 
evaporation  of  a  liquid  must  be  performed, 
where  the  mode  of  conducting  it  may  exert  an 
important  influence  on  the  result. 

Evaporation  is  generally  conducted  in  (he 
open  air  by  the  aid  of  heat. 

a.  In  analysis,  it  should  rarely  be  performed 
by  ebullition,  since  the  spirting  occasioned  by 
the  turbulence  of  the  boiling  liquid  may  occa- 
sion loss,  but  when  ebullition  is  necessary,  it 
may  be  performed  in  a  matrass.  Evaporation 
may  be  performed  in  capsules,  filtering  glasses 
(figs.  10  and  11,  p.  169,  Analysis),  or  other 
convenient  vessels,  placed  over  a  lamp,  on  a 
sand-bath,  in  a  water-bath,  &c,  but  to  prevent 
dust  from  falling  in,  they  should  be  covered 
by  unsized  paper,  folded  and  pleated  under  the 
rim.  The  vapor  will  readily  pass  through,  but 
care  must  be  taken  not  to  suffer  the  liquid  to 
spirt  upon  the  cover.  The  escape  of  vapor  is 
facilitated  by  placing  the  vessel  in  a  gentle 
current  of  air.  If  a  heavy  powder  deposit 
during  evaporation,  the  heat  accumulating 
around  it  at  the  bottom  is  apt  to  generate 
steam  suddenly,  and  to  throw  out  portions  of 
liquid.  This  may  be  obviated  by  heating  the 
inclined  and  rather  deep  vessel,  such  as  a  pla- 
tinum crucible,  upon  the  lower  side,  and  above 
the  deposit.  On  evaporating  to  dryness,  also, 
as  in  the  case  of  gelatinizing  silica,  the  extri- 
cation of  the  last  portions  of  water  from  the 
solid  matter  is  apt  to  throw  out  particles  of 
the  solid,  which  may  be  prevented  by  con- 
stantly stirring  the  mass  towards  the  last  un- 
til dry,  or  by  placing  the  vessel  in  a  gentle 
heat,  in  a  water  or  sand-bath,  or  far  above  a 
low  flame.  If  a  substance  effloresce,  and  tra- 
vel up  the  sides  of  the  evaporating  vessel,  its 
progress  may  be  stopped  by  heating  the  sides 
more  than  the  bottom,  whereby  a  deposit  of 
the  dry  substance  checks  the  rise  of  the  rest. 

b.  Spontaneous  evaporation  in  the  air  is  em- 
ployed where  a  higher  temperature  might  in- 
jure the  substance  contained  in  the  liquid,  or 
for  obtaining  larger  and  well-formed  crystals. 
In  the  former  case,  the  vessel  should  be  very 
shallow,  but  deeper  for  obtaining  good  crys- 
tals. As  the  operation  requires  time,  it  is  bet- 
ter to  cover  the  vessel  with  linen,  muslin,  or 
paper,  to  prevent  dirt  from  falling  in,  although 
the  use  of  these  requires  a  longer  time  than 
otherwise.  The  vessel  should  be  placed  in  a 
current  of  air. 

c.  The  air  containing  moisture,  some  sub- 
stances are  placed  in  an  enclosed  space,  together 
with  oil  of  vitriol,  chloride  of  calcium,  caustic 
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lime,  or  potassa,  or  other  absorbenl  material, 
an  arrangement  especially  adapted  to  crystal- 
lize deliquescent  bodies.     The  sub 
tained  in   a   small  capsule   is  placed  over  a 
shallow   dish    containing    the    absorbent,  the 
whole  put  on  a  glass  or  porcelain  plate 
covered  with   a  bell-glass,  the   lower  rim  of 
which  is  made  to  fit  more  or  less  air-tight  upon 
the  plate,  by  grinding,  by  tallow,  or  in  many 
cases  without  either.     More  convenient  is  it 
if  the  bell-glass  be  stoppered,  so  that  the 
stance  may  be  reached  without  removir 
glass.     The  small  capsule  may  i 
triangle  of  lead-wire,  or  on  a  low  wine-glass, 
and   after  crystallization   may  be  inclined  to 
drain  off  the  mother  liquor. 

d.  Evaporation  in  vacuo  is  often  resorted  to, 
not  only  to  hasten  it  by  a  diminution  of  pres- 
sure,  but  also  where  a  substance  might  be  in- 
jured  by  drying  in  the  air.  The  vacuum  is 
effected  by  an  air-pump,  and  the  substance 
usually  placed  above  an  absorbent,  as  in  the 
preceding  case.  The  most  convenient  ar- 
rangement is  to  have  detached  plates  of  ground 
plate-glass,  with  their  ground  bell-glasses, 
having  a  cap  and  stopcock  to  which  a  tube 
may  be  attached  from  the  pump. 

e.  Where  the  air  might  act  injuriously,  and 
a  vacuum  is  unnecessary,  or  where  the  vapor 
might  injure  an  air-pump,  a  substance  may  be 
evaporated  in  another  atmosphere,  as  in  car- 
bonic acid,  or  better  in  hydrogen  gas.  This  is 
conveniently  done  in  a  tubulated  retort,  with 
its  beak  passing  into  a  balloon,  from  the  tubu- 
lure  of  which  passes  a  glass  tube  drawn  to  a 
fine  opening,  and  thrust  through  a  cork.  A 
glass  tube  entering  the  tubulure  of  the  retort, 
airtight,  is  connected  with  an  apparatus  for 
evolving  carbonic  acid  or  hydrogen.  (Berze- 
Uus.)  Another  method,  by  Liebig,  is  described 
in  Analysis,  p.  197,  §  130,  and  illustrated  by 
fig.  1,  PI.  II.,  where  a  substance  is  dried  by  the 
aid  of  heat. 

Evaporating  Vessels.  They  may  be  evaporat- 
ing dishes  or  capsules,  filtering  glasses,  cruci- 
bles, &c,  made  of  metal,  platinum,  gold,  silver, 
if  porcelain  or  glass.  Tin  and  tinned  copper 
at^  employed  in  making  pharmaceutic  prepa- 
rations. Copper,  lead,  and  iron,  are  used  in 
technical  operations.  For  chemical  purposes 
a  platinum  capsule  is  superior  to  any  other 
evaporating  vessel,  and  may  be  employed  for 
nearly  all  purposes,  except  where  chlorine  or 
bromine  are  developed,  where  nitromuriatic 
acid  is  used.  Gold  may  be  similarly  used 
with  similar  precaution.  Pure  silver  is  espe- 
cially adapted  to  evaporating  alkaline  solu- 
tions, but  is  to  be  rejected  for  acid  solutions. 
Next  to  platinum,  porcelain  is  the  most  useful 
material  for  capsules,  and  should  be  as  thin 
as  practicable,  proportioned  to  their  size. 
Glass,  although  subject  to  fracture  from  sud- 
den changes  of  temperature,  is,  nevertheless, 
very  convenient,  especially  in  the  form  of  the 
filtering  glass,  fig.  10,  p.  169,  since  digestion 
and  other  operations  may  be  performed  in  the 
same  vessel.  The  bottom  of  a  retort,  or  por- 
tions of  a  flask  cracked  off  by  a  hot  iron  or 
burning  pastille,  constitute  good  capsules.  For 
minute  operations,  watch-glasses  are  found  to 
be  very  convenient. 
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3.  For  technical  purposes,  lead  and  copper  are 
chiefly  employed,  iron  less  frequently,  and  pla- 
tinum only  for  concentrating  sulphuric  acid. 
The  use  of  pure  tin,  porcelain  and  glass,  is 
confined  to  making  the  finer  chemical  and 
pharmaceutic  preparations,  and  the  two  last 
are  used  in  refining  gold  and  silver.  For 
larger  manufacturing  purposes,  lead  is  un- 
questionably the  most  suitable  material,  as  it 
is  easily  wrought  into  any  desired  form,  and 
is  very  slightly  subject  to  corrosion,  unless 
■when  heated  with  nitric,  acetic,  or  muriatic 
acid,  and  even  then  its  corrosion  is  trifling, 
especially  if  sulphuric  acid  or  a  sulphate  be 
present.  Evaporation  may  be  performed  by 
air,  by  fire  direct,  by  water  or  steam,  all  under 
ordinary  pressure,  or  by  a  diminution  of  atmo- 
spheric pressure. 

a.  Spontaneous  Evaporation  is  resorted  to  in 
a  few  instances,  the  removal  of  the  water  be- 
ing due  to  the  air  alone,  or  generally  to  the 
sun  and  air  combined.  In  the  manufacture  of 
salLfrom  salines,  the  weak  brine  being  raised 
to  the  top  of  the  graduating  house  or  shed,  is 
suffered  to  flow  down  in  fine  streams  upon 
bundles  of  fagots,  which  divide  it  still  more 
in  its  descent,  and  thus  expose  a  large  surface 
to  the  action  of  the  wind.  Weak  salines,  and 
sea-water  on  the  coast,  are  also  evaporated  in 
very  shallow  wooden  vats  by  simple  exposure 
to  the  sun  and  air.  Moist  solids,  glue,  starch, 
&c,  are  dried  by  being  placed  in  the  air. 

b.  Hot  Air.  Montgolfier  proposed  in  1794 
to  evaporate  vegetable  juices  which  were  very 
liable  to  fermentation,  by  driving  through  them 
air  heated  to  100°  to  120°;  others  have  since 
employed  hot  air  for  evaporation,  but  generally 
with  little  success.  M.  Brame-Chevalier  forced 
a  current  of  hot  air  beneath  the  false  bottom 
of  a  vessel  containing  syrup,  and  this  bottom 
being  perforated  by  minute  holes,  suffered  the 
air  to  pass  up  through  the  solution,  which  was 
too  thick  to  pass  downward  through  the  holes 
after  the  current  of  air  ceased.  The  blast 
giving  10  cubic  metres  of  air  per  minute,  the 
air  entered  at  275°,  and  escaped  at  200°,  re- 
moving 30  kil.  of  water  per  minute,  while 
the  syrup  remained  at  165°  to  175°.  Mont- 
golfier's  method,  at  low  temperatures,  has  lat- 
terly been  applied  to  desiccating  milk. 

c.  Evaporation  by  fire  direct  is  the  most  fre- 
quently employed,  although  in  most  cases  it 
is  inferior  in  convenience  to  steam,  and  the 
amount  of  heat  regulated  with  less  certainty. 
The  quantity  of  water  evaporated  is  propor- 
tional to  the  tension  of  the  vapor  at  different 
temperatures. 

It  is  found  that  a  square  foot  of  surface, 
brought  to  ebullition  (212°),  will  throw  off'  725 
grains  of  water  per  minute  with  a  tension  of 
30  inches  of  the  barometer,  which  is  about 
one  lb.  of  water  for  every  10  square  feet  of 
surface.  To  know  the  quantity  evaporated 
from  a  square  foot  of  surface  per  minute  at 
any  other  temperature,  say  100°,  we  find  by 
the  table  (see  Vapor),  that  the  elastic  force  of 
vapor  at  that  temperature  =  1-86  inches  of  the 
barometer.  Then  30  :  1-86  : :  725  *W  =  44-95 
grains  evaporated  per  minute  at  100°.  The 
quantity  evaporated  from  each  square  foot  of 
surface  per  minute,  at  any  temperature  below 


212°,  may  be  readily  found  by  the  following 
formula,  in  which  t  expresses  the  tension  of 
vapor  in  inches  of  mercury  at  the  required 
temperature,  and  is  found  by  reference  to  the 
table  of  the  tension  of  vapor;  w  is  the  weight 
of  water  required  in  grains.  w=24^  t.  But 
as  the  air  always  contains  vapor  of  some  ten- 
sion, this  should  be  ascertained,  and  subtract- 
ed from  the  tension  found  by  the  table,  pre- 
vious to  multiplying  it  by  24^.  Thus,  in  the 
above  case,  where  t=  1-86,  suppose  the  vapor 
in  the  air  to  have  a  tension  of  0-54,  then 
£=1-86  —  0-54=  1-32,  and  the  quantity  eva- 
porated at  100°  would  be  31-9  grains  per 
square  foot. 

If  evaporation  is  to  take  place  at  ebullition, 
extension  of  the  surface  of  the  liquid  is  of  less 
importance  than  where  a  lower  temperature  is 
employed.  The  surface  of  the  vessel  should 
be  partially  covered,  to  prevent  the  return  of 
vapor  condensed  by  the  colder  air.  Ure  infers 
from  experiment  that  thick  metallic  boilers 
rather  accelerate  than  retard  evaporation ;  and 
that  over  the  fire  direct,  a  roughened  bottom 
and  sides  does  not  facilitate  evaporation. 

Various  kinds  of  fuel  are  employed  for  eva- 
poration, and  with  different  results.  It  is  not 
fully  determined  whether  the  amount  of  water 
evaporated  is  proportional  to  the  fixed  carbon, 
or  to  both  the  fixed  and  volatile  carbon  of  fuel. 
It  is  certain  that  coals,  anthracite,  bituminous, 
coke,  or  charcoal,  will  evaporate  double  as 
much  as  an  equal  weight  of  wood.  One  c  m- 
venience  in  wood  over  a  nameless  coal  lies  in 
the  facility  of  throwing  the  heat  to  a  great  dis- 
tance from  the  fire-place,  under  a  very  long 
pan  or  a  series  of  boilers.  The  greatest  eco- 
nomy is  of  course  attained  by  making  the 
flame  circulate  around  a  range  of  boilers,  so 
that  previous  to  the  exit  of  the  heated  products 
of  combustion,  they  circulate  around  a  cold 
boiler.  For  convenience,  a  second  boiler  may 
be  placed  on  a  higher  level,  so  that  its  heated 
liquid  may  be  run  into  the  adjoining  boiler 
nearer  the  fire,  for  continuing  or  finishing 
evaporation.  Due  attention  should  be  paid  to 
setting  a  boiler,  according  to  the  nature  of  the 
fuel  employed,  so  as  to  ensure  a  rather  per- 
fect combustion  of  the  fuel  before  the  gaseous 
matter  reaches  the  cold  metal,  where  it  would 
otherwise  deposit  sooty  matters.  Where  a 
smoky  fuel  is  employed,  some  distance  be- 
tween the  fire  and  boiler  should  be  allowed, 
and  even  then  small  openings  for  the  admis- 
sion of  a  little  air  would  prove  advantageous 
to  effect  a  more  perfect  combustion.  In  the 
case  of  anthracite  and  other  flameless  fuel, 
the  distance  between  fire  and  boiler  should  be 
much  less,  and  the  coal  may  even  be  thrown 
directly  under  the  evaporator  in  order  to  pro- 
duce its  full  effect.  See  Fuel,  for  the  eva- 
porating power  of  wood,  coal,  &c.  See  PI.  II., 
fig.  3,  for  a  wort-boiler,  described  under  Beer. 

d.  Water-bath.  Many  solutions,  whicli 
would  be  injured  by  a  temperature  much 
above  212°,  may  be  evaporated  with  safety 
by  setting  the  evaporator  in  water,  or  one  pan 
in  another,  and  introducing  water  into  the 
space  between  them.  The  lower  pan  being 
directly  over  the  fire  cannot  be  heated  beyond 
212°,  if  there  be  an  escape-pipe  for  the  steam 
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generated.  If  a  heat  be  required  a  little  be- 
yond 212°,  it  is  effected  by  using  a  saline  so- 
lution instead  of  water,  and  any  given  tempe- 
rature below  300°  may  be  thus  attained.  One 
advantage  of  such  a  solution  is,  that  if  not 
saturated  at  first,  it  becomes  more  so  by  the 
escape  of  steam,  and  its  boiling  point  is 
raised;  for  in  concentrating  some  liquids,  a 
higher  degree  of  heat  is  required  for  rapid 
evaporation.  By  observing  the  escape  of 
steam  from  a  small  pipe,  experience  teaches 
the  operative  how  to  regulate  his  fire  for  boil- 
ing the  saline  solution.  Where  a  uniform 
heat  is  required,  water  must  of  course  be  sup- 


plied to  the  saline  bath  in  proportion  as  its  water 
evaporates.  The  following  table,  by  Legrand, 
from  Gnielin,  i.,  239,  shows  the  boiling  points  of 
saline  solutions ;  the  left-hand  column  Bhow- 

ing  the  temperature  of  ebullition,  the  othere 
the  quantity  of  dry  salts  dissolved  in  100  pis. 
water.  Column  1  is  chloride  of  calcium; 
2,  acetate  of  potassa;  3,  carbonate  of  potassa; 
4,  acetate  of  soda;  5,  nitrate  of  soda;  6,  ni 
trate  of  potassa;  7,  muriate  of  ammonia; 
8,  chloride  of  sodium;  9,  carbdnal 
At  the  bottom  of  the  columns  is  the  boiling 
point  of  the  saturated  solution,  together  with 
the  quantity  dissolved. 


Boiling 
Point. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

213-8° 

10-0 

10-5 

13-0 

9-9 

9-3 

12-2 

7-8 

4-4 

215-6° 

16-5 

20-0 

22-5 

17-6 

18-7 

26-4 

13-9 

7-7 

7-5 

217-4° 

21-6 

28-6 

31-0 

24-1 

28-2 

42-2 

19-7 

10-8 

14-4 

219-2° 

25-8 

36-4 

38-8 

30-5 

37-9 

59-6 

25-2 

13-4 

20-8 

221-0° 

29-4 

43-4 

46-1 

36-7 

47-7 

78-3 

30-5 

15-9 

26-1 

222-8° 

32-6 

49-8 

53-1 

42-9 

57-6 

98-2 

35-7 

18-3 

224-6° 

35-6 

55-8 

59-6 

49-3 

67-7 

119-0 

41-3 

20-7 

86-8 

226-4° 

38-5 

61-6 

65-9 

55-8 

77-9 

140-6 

47-3 

23-1 

41-H 

228-2° 

41-3 

67-4 

71-9 

62-4 

88-3 

163-0 

53-5 

25-5 

44-7 

230-0° 

44-0 

73-3 

77-6 

69-2 

98-8 

185-9 

59-9 

27-7 

47-9 

231-8° 

46-8 

79-3 

83-0 

76-2 

1 09-5 

209-2 

66-4 

31-8 

220-3° 
48-5 

233-6° 

49-7 

85-3 

88-2 

83-4 

120-3 

233-0 

73-3 

35-8 

235-4° 

52-8 

91-4 

93-2 

90-9 

131-3 

257-6 

80-8 

39-7 

237-2° 

55-6 

97-6 

98-0 

98-8 

142-4 

283-3 

88-1 

40-2 

239-0° 

58-6 

103-9 

102-8 

107-1 

153-7 

310-2 

237-6° 

240-8° 

61-6 

110-3 

107-5 

115-8 

165-2 

240-6° 
335-1 

88-9 

242-6° 

64-6 

116-8 

112-3 

125-1 

176-8 

244-4° 

67-6 

123-4 

117-1 

134-9 

188-6 

246-2° 

70-6 

130-1 

122-0 

145-2 

200-5 

248-0° 

73-6 

136-9 

127-0 

156-1 

212-6 

251-6° 

79-8 

150-8 

137-0 

175-3 

249-8° 

224-8 

255-2° 

86-2 

165-1 

147-1 

204-5 

258-8° 

98-2 

180-1 

157-3 

256° 
209-0 

262-4° 

92-4 

196-1 

167-7 

266-0° 

104-6 

213-0 

178-1 

269-6° 

110-9 

230-6 

188-8 

276-8° 

123-5 

267-5 

275° 
205-0 

284-0° 

136-3 

308-3 

291-2° 

149-4 

354-9 

298-4° 

163-2 

407-9 

305-6° 

178-1 

467-6 

312-8° 

194-3 

534-1 

320-0° 

212-1 

607-4 

327-2° 

231-5 

687-6 

334-4° 

252-8 

775-0 

341-6° 

276-1 

336-2° 
798-2 

348-8° 

301-4 

355-1° 

325-0 

e.  Evaporation  by  steam  has  many  advan- 
tages over  all  other  methods.  1.  A  single  fire 
and  chimney  is  sufficient  to  heat  a  large  num- 
ber of  vessels.  2.  Steam  may  be  conveyed  to 
any  required  point  by  pipes,  with  little  loss  by 
condensation.  3.  The  supply  of  steam  to  an 
evaporator  may  be  regulated  with  ease,  and  a 
greater  or  less  degree  of  heat  obtained  for 
vaporization  or  evaporation.  4.  Neither  the 
evaporating  vessel,  nor  the  vegetable  or  other 
substances  in  solution,  can  be  injured,  as  the 
'emperature  does  not  rise  much  beyond  212°. 
5.  A  somewhat  higher  temperature  may  be 
attained  by  increasing  the  pressure  in  the 
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steam-boiler;  thus  at  the  high  pressure  of  60 
inches,  or  2  atmospheres,  the  temperature  of 
the  steam  would  be  about  250°.  Against  the 
use  of  steam  may  be  urged  the  greater  cost  of 
the  arrangement,  and  the  loss  of  heat  by  con- 
veyance to  a  distance,  but  there  is  equal  or 
greater  cost  in  maintaining  many  different 
fires,  and  loss  by  conveyance  is  obviated  by 
wrapping  the  steam-pipes. 

Steam  exhibits  no  higher  temperature  than 
water  frofli  which  it  rises,  but  the  quantity  of 
heat  which  it  contains  is  much  greater.  A 
cubic  inch  of  water  becomes  a  cubic  foot  of 
steam,  or  more  exactly,  1694  cubic  inches    If 
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it  require  one  hour  over  a  steady  fire  to  heat 
a  volume  of  water  from  32°  to  212°,  it  will 
require  5£  (5-j)  hours  to  boil  it  off  over  the 
same  fire;  consequently,  there  has  entered 
into  the  steam  180°  X  5f=  1000°,  which  is 
termed  latent  heat,  and  is  given  off  when  the 
steam  is  condensed.  If  condensed  in  cold 
water,  1  lb.  of  steam  will  heat  5^  lbs.  of  water 
from  32°  to  212°,  and  nearly  the  same  effect 
is  obtained  by  condensing  it  in  tubes  which 
circulate  in  the  water.  But  equal  weights  of 
vapor  at  any  temperature  contain  equal  quan- 
tities of  heat,  for  where  the  sensible  heat  is 
lower,  the  latent  heat  is  proportionally  higher, 
and  hence  there  is  no  economy  of  fuel  in  em- 
ploying temperatures  below  ebullition.  The 
quantity  evaporated  by  steam  is  the  same  as 
by  fire  direct,  10  square  feet  of  surface  in  the 
evaporator  throwing  off  about  1  lb.  of  water 
as  steam. 

The  methods  of  applying  steam  are  by  pass- 
ing the  steam-pipes  into  the  liquid,  or  into  a 
steam  casing.  In  the  former  case,  the  pipe 
should  circulate  at  least  once  around  the  eva- 
porator, if  nearly  all  the  heat  of  condensation 
is  to  be  saved,  and  a  spicket  should  be  attach- 
ed to  the  lowest  level  of  the  pipe  for  running 
off  condensed  water.  The  casing  around  an 
evaporator  may  be  of  wood,  lead,  copper,  or 
iron,  but  the  first  is  apt  to  leak  and  the  metals 
radiate  heat  externally.  To  obviate  the  last 
objection,  the  metallic  casing  may  be  sur- 
rounded with  wood. 

f.  Evaporation  in  Vacuo.  It  has  been  stated 
(1,  b)  that  ebullition  takes  place  at  lower  tem- 
peratures under  diminished  pressure,  and 
hence  evaporation  may  be  conducted  rapidly, 
and  without  fear  of  injury  by  heat  to  the  or- 
ganic substances  in  solution.  This  is  effected 
in  two  ways.  The  air-tight  evaporator  is 
filled  with  steam,  to  expel  the  air,  and  the 
access  of  steam  being  stopped,  a  tube  is 
opened,  which  connects  with  a  cold-water 
condenser,  thus  effecting  a  more  or  less  per- 
fect vacuum.  Steam  admitted  to  the  double 
casing  of  the  evaporator,  produces  ebullition 
at  a  very  low  temperature.  The  other  method 
is  to  drive  steam  into  the  case,  or  jacket,  as 
before,  and  to  pump  out  air  and  steam  by  an 
air-pump  driven  by  a  steam-engine.  See  Su- 
gar. It  appears,  from  Kuhlmann's  experi- 
ments, that  the  vacuum  principle  may  be  ap- 
plied to  other  purposes  with  advantage.  While 
sulphuric  acid  from  the  lead-chambers  may- 
be concentrated  by  evaporation  in  leaden  boil- 
ers to  61°  Baume,  at  ordinary  atmospheric 
pressure,  it  can  be  brought  to  66°  B.,  in  vacuo, 
without  subjecting  the  lead  to  any  more  cor- 
rosion than  what  ordinarily  occurs. 

EXCREMENTS.  Those  portions  of  ani- 
mal food  which,  being  non-digestible  and  in- 
susceptible of  absorption,  are  ejected  from  the 
body  in  a  solid  form,  more  or  less  mixed  with 
foetid  secretions  of  the  intestines.  In  a  gene- 
ral sense,  the  term  applies  to  both  fasces  and 
urine.  The  evacuating  organs  of  birds  dis- 
charge both  the  liquid  and  solid  excrement 
through  one  conduit,  and  hence  the  presence 
of  urea  in  the  dung  of  birds,  for  example,  in 
Guano. 

The  excrements  of  man  contain  about  25 
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pr.  ct.  of  solid  matter,  very  little  of  which  is 
soluble  in  water.  This  solid  portion  varies 
with  the  nature  of  the  food,  and  differs  in  dif- 
ferent animals.  Those  of  man  and  the  her- 
bivera,  says  Liebig,  contain  little  or  no  bile ; 
and  of  the  dog,  none  at  all,  these  latter  being 
phosphate  of  lime ;  the  coloring  matter  is  dis- 
tinct, and,  excepting  a  small  portion,  is  inso- 
luble in  alcohol.  The  excrements  of  man 
consist  of  woody  fibre,  fatty,  resinous,  and 
waxy  substances,  and  the  insoluble  salts  of 
the  food,  phosphate  of  lime,  and  magnesia, 
with  some  silica,  and  traces  of  soluble  salts. 
Their  fertilizing  value  is  due  to  these  salts, 
and  to  the  ammonia  generated  by  putrefaction 
from  the  nitrogen  which  they  contain.  The 
ashes  of  dry  human  excrements  amount  to 
about  15  pr.  ct.,  and  consist  of  the  silica  and 
earthy  salts. 

EXPANSION.  Phys.  Chem.  Tech.  The 
enlargement  of  a  body  without  change  of  its 
chemical  constitution,  is  effected  by  heat  or 
mechanical  means.  We  shall  confine  our- 
selves to  the  former.  In  general  all  bodies 
expand  when  heated,  and  that  in  proportion  to 
the  amount  of  heat;  but  some  few  contract 
between  certain  temperatures,  otherwise,  fol- 
lowing the  general  law  of  expansion,  and  ex- 
cepting gases,  each  substance  seems  to  have 
its  peculiar  rate  of  expansion.  Expansion  is 
in  general  greatest  with  gases,  less  with 
liquids,  and  least  with  solids. 

1.  Expansion   of  Gases.     All    gases   expand 

equally  for  equal  increase  of  temperature,  and 

the  expansion  is  in  direct  proportion  to  the 

temperature.     According  to  the   experiments 

of  Gay-Lussac,  1000  vols,  of  air  became  1375 

when  heated  from  32°  to  212°;  but  Rudberg's 

results,  now  more  generally  received,  give  the 

expansion  as  365.     According  to  the  last  re- 

365 
suits,  1000  vols,  expand  — -  =  2-028  for  each 
180 

degree,  or  ^  of  the  volume  at  32°.  Vapors, 
in  general,  follow  the  same  rate  of  expansion. 
Since  gases  and  vapors  are  measured  to  de- 
termine their  weight,  and  their  specific  gra- 
vities usually  reduced  to  the  temperature  of 
32°,  the  following  formula  will  be  found  con- 
venient for  reduction  from  the  observed  vo- 
lume and  temperature,  to  the  volume  at  32°. 
Denoting  by  V  the  measured  volume  at  t 
temperature,    and    V,   the    volume    at    32°, 

493  V 
V  =493±(;-32)-     ThuS'  lf  We   measured 
234  vols,    of  dry    carbonic    acid   at  75°,   the 

, ,  ,     ,„     493_/234 

formula  would  be  V'= ^- =215-23  vols. 

493-f-43 

at  32°.  A  more  general  formula  to  reduce 
a  known  volume,  V,  at  temperature,  t,  to 
another  volume,  V,  at  t'  temperature,  is 
493db(T—  32)      „ru 

When   t'  =  32°,   the 


V'  =  V 


493_t(j_  32) 
latter  is  the  same  as  the  preceding  formula. 

Various  applications  are  made  of  the  expan- 
sion of  gases  by  heat.  When  air  is  heated  it 
becomes  specifically  lighter  than  surrounding 
air,  and  rises,  as  may  be  observed,  by  the  ed- 
dying of  intermingling  currents  over  a  heated 
body,  lamp,  or  fire-place.  The  ascending  cur- 
rent confined  to  a  chimney  produces  the  draft. 
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On  the  greater  levity  of  heated  air  was  found- 
ed the  first  balloon,  which  consisted  of  a  large 
bag  filled  with  air,  and  heated  by  a  fire  beneath 
the  lower  opening.  The  air  Thermometer 
measures  temperature  by  the  expansion  of  air. 
2.  Expansion  of  Liquids.  Liquids  expand 
much  less  than  gases,  but  each  liquid  has  its 
peculiar  rate  of  expansion,  nor  has  any  gene- 
ral  law  been  observed.  The  usual  mode  of 
comparing,  is  by  observing  the  rate  of  expan- 
sion from  given  temperatures,  as  between  32p 
and  212°,  but  Gay-Lussac  observed  their  con- 
traction, on  cooling  a  certain  number  of  de- 
grees, from  their  respective  boiling  points, 
where  they  are  all  in  the  same  molecular  con- 
dition. The  following  table,  where  the  volume 
of  the  liquid  at  its  boiling  point  is  assumed  10 
be  1000,  shows  the  relation  of  contraction  thus 
found  by  Gay-Lussac. 


Cooled 

Contraction  of 

through 

Water. 

Alcohol. 

Sulph.  Car. 

Ether. 

9° 

3-34 

5-55 

6-14 

8-15 

18° 

6-61 

11-43 

12-01 

16-17 

27° 

10-50 

17-51 

17-98 

24-16 

36° 

13-15 

24-34 

23-80 

31-83 

45° 

16-06 

29-15 

29-65 

39-14 

54° 

18-85 

34-74 

35-06 

46-42 

72° 

24-10 

45-68 

45-77 

58-77 

90° 

28-56 

56-02 

56-28 

72-01 

108° 

32-42 

65-96 

66-21 

126° 

35-47 

75-48 

Water  boils  at  212°,  alcohol  at  173°,  bisul- 
phuret  of  carbon  at  134°,  and  ether  at  96°.  An 
interesting  relation  is  thus  shown  between 
alcohol  and  bisulphuret  of  carbon,  although 
they  differ  in  constitution,  specific  gravity, 
and  other  properties. 


Temperature  by 

Expansion  of  Mercury  for  180°. 

Air  Thermom. 

Real. 

Apparent. 

212° 
392° 

572° 

1  pt.  in  55-50 
«       54-25 
«       53-00 

1  pt.  in  64-80 

63-78 

"        63-18 

The  use  of  mercury  in  many  physical 
researches,  demands  that  its  expansion  should 
be  accurately  determined.  The  experiments 
of  Dulong  and  Petit  are   the  most  reliable, 


although  they  employed  the  air-thermometer 
as  a  standard,  and  adopted  Gay-Lnssac's  re- 
sults tor  the  expansion  of  air,  375.  (See  pre- 
ceding §). 

A  few  liquids  possess  the  property  of  con- 
tracting by  heat  from  a  certain  point,  and  then 
expanding  by  an  increase  of  temperature;  in 
other  words,  they  have  a  point  of  greatest 
density.  Water  is  the  most  important  of 
these  liquids.  From  the  experiments  of 
Hallstrom,  Muncke,  Despretz,  and  others,  its 
point  of  maximum  density  is  between  39-2° 
and  39-4°  ;  the  former  is  most  probably  cor- 
rect.  According  to  Hiillstrom's  experiments, 
the  true  expansion  of  water  is  as  follows, 
assuming  the  density  and  volume  at  39-38° 
=  1.  These  results  differ  but  little  from  those 
of  Despretz. 


Temp. 

Density. 

Volume. 

32° 

0-9998918 

1-0001082 

35-6° 

0-9999417 

1-0000281 

39-2° 

0-9999995 

1-0000002 

39-38° 

1-0000000 

1-0000000 

41° 

0-9999950 

1-0000050 

50° 

0-9997825 

1-0002200 

59° 

0-9992647 

1-0007357 

68° 

0-9984534 

1-0015490 

77° 

0-9973587 

1-0026483 

86° 

0-9959917 

1-0040245 

The  expansion  of  saline  solutions  is  also 
irregular,  and  depends  on  the  nature  and 
quantity  of  salt  in  solution.  The  results  ob- 
tained by  different  observers  on  the  maximum 
density  of  saline  solutions  are  too  variable  to 
allow  of  accurate  conclusions,  but  it  would 
seem  that  sea-water  has  its  maximum  density 
below  32°.  From  many  well-conducted  ex- 
periments on  solutions  of  different  salts,  Des- 
pretz draws  the  conclusions  :  1,  that  all  saline 
solutions  have  a  maximum  of  density;  2,  that 
this  point  sinks  more  rapidly  than  the  point 
of  congelation ;  3,  that  the  sinking  of  the 
freezing  point  below  32°,  and  of  the  maximum- 
density  point  below  39-2°,  is  nearly  propor- 
tional to  the  quantity  of  salt  in  solution. 

The  following  table,  from  Muncke's  experi- 
ments, exhibits  the  expansion  of  a  few  liquids, 
when  heated  from  32°  to  212°,  or  less,  their 
volume  at  32°  =  1. 


Liquids. 

Expansion  from  32°  to  212°. 

Observer. 

Decimals. 
0-018018 
0-015432 
0-042133 
0-0442098 
0-0578495 
0-0700000 
0-0787005 
0-0800000 
0-1148853 

0-0198310 
0-0253598 
0-0635235 
0-0809663 
0-1060059 

1  part  in 
55-5 
64-8 
24 
22-6 
17-3 
14-3 
12-7 
12-5 
8-7 

50-4 
39-4 
15-7 
12-3 
9-4 

Water  (from  39-2°  to  212°) 

tt 

Muncke. 

Dal  ton. 

Expansion  from  32°  to 

« 

<« 

tt 

it 
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From  the  last  of  the  preceding  tables,  it  is 
evident,  that  liquids  possess  very  different 
powers  of  expansion,  the  more  volatile  being 
in  general  the  more  expansible  ;  but  from  the 
first  table,  a  similarity  of  contraction  being 
shown  between  two  different  bodies,  alcohol 
and  bisulphuret  of  carbon,  it  is  probable  that 
similar  relations  will  be  found  between  others, 
when  examined  in  a  similar  manner.  From 
the  second  table,  the  expansion  of  mercury  is 
shown  to  be  greater  for  180°  above  the  boiling 
point  of  water  than  for  the  180°  below  that 
point,  and  still  greater  for  the  third  180°.  This 
fact  has  an  important  bearing  on  the  Tuek- 
mometkii.  The  singular  irregularity  of  water 
exhibited  in  the  third  table,  has  an  important 
meteorological  and  physiological  bearing, 
since  upon  it  depends,  in  some  measure,  the 
preservation  of  life  in  the  waters  and  on  the 
land  in  the  temperate  and  colder  zones  of  the 
earth.  Should  the  water  of  a  river  or  lake 
continue  contracting  by  cold,  the  colder  stra- 
tum formed  at  the  top  would  sink,  and  a 
warmer  rise  to  occupy  its  place,  until  the 
whole  would  reach  32°,  when  ice  is  formed. 
Now,  where  other  liquids  continue  to  contract 
to  congelation,  the  solid  which  forms  sinks  in 
the  liquid ;  so  that  ice  would  sink  in  water  at 
32°,  and  thus  the  whole  mass  of  water,  in 
fresh  water  lakes  and  rivers,  would  be  rendered 
solid.  But  water,  reaching  its  maximum  den- 
sity at  39-2°,  the  upper  stratum,  which  reaches 
that  temperature  only,  will  sink,  and  when  the 
cooling  of  the  surface  continues,  the  water 
expands,  and  remains  at  the  top,  even  when  it 
congeals.  Hence,  at  some  depth  below  the 
surface  of  water,  even  in  high  latitudes,  the 
temperature  cannot  fall  below  39-2°. 

A  few  liquids,  produced  by  the  compression 
of  gases,  seem  to  expand  much  more  than 
others,  and  liquid  carbonic  acid  expands  even 
more  than  the  gaseous  acid;  100  volumes  of 


liquid  carbonic  acid  becoming  145  when 
heated  from  32°  to  86°.  (Thilorier.)  Liquid 
sulphurous  acid  and  cyanogen  are  also  much 
more  expansible  than  other  liquids,  but  less 
so  than  carbonic  acid.     Kemp. 

3.  Expansion,  of  Solids.  All  solids  expand  by 
heat,  but  in  a  less  degree  than  liquids,  and,  like 
the  latter,  they  expand  in  a  greater  degree  with 
increasing  temperature.  But  this  increase  in 
dilatation  is  so  slight,  especially  with  those  of 
a  high  fusing  point,  that  in  nearly  all  cases  it 
may  be  neglected.  If,  however,  we  were  to 
employ  iron  to  measure  higher  degrees  of 
heat  at  the  true  temperature  of  572°,  it  would 
indicate  702^°,  and  even  platinum,  which  ex- 
pands more  uniformly  at  572°,  would  indicate 
593°.  It  should  also  be  observed,  that  a  few 
solids  exhibit  the  phenomenon  of  greatest 
density  at  certain  temperatures.  Thus,  fusible 
metal,  composed  of  2  pts.  bismuth,  1  pt.  tin, 
and  1  pt.  lead,  and  fusing  at  about  201°,  ex- 
pands by  heating  from  32°  to  111°,  then  con- 
tracts to  158°,  its  point  of  greatest  density, 
after  which  it  regularly  expands. 

The  expansion  of  a  solid  may  be  viewed  in 
reference  to  its  lengthwise  or  linear  expan- 
sion, or  to  its  cubical  dilatation,  for  most 
solids  expand  uniformly  in  all  directions. 
Hence,  if  the  volume,  as  well  as  length  of  a 
body  at  32°,  be  put  =  1,  its  volume  at  a  higher 
temperature  =v,  and  its  length  /,  then  1  -f-  v 
=  (14-/)3=  1 4.3/4-3/2+  P;  but  as  /is  mi- 
nute in  slight  differences  of  temperature,  its 
higher  powers  may  be  neglected,  or  14-^  = 
1  4-  37.  The  increase  in  volume  is  therefore 
three  times  the  linear  expansion. 

The  following  table,  chiefly  from  L.  P.  and 
W.'s  Worterbuch  d.  Chemie,  exhibits  the  lin- 
ear expansion  of  many  solids,  from  which  their 
cubical  dilatation  is  easily  obtained  by  multi- 
plying by  3,  according  to  the  above  formula. 
The  length  at  32°  =  1-0000000. 


Substances 

Linear  Expansion  from  32°  to  212°. 

Authority. 

Pottery,  brown  English 

Decimals. 
0-00012000 
0-00004000 
0-00041810 
0-00084870 
0-00056849 
0-00043027 
0-00064890 
0-00081166 
0-00087199 
0-00083333 
0-00094400 
0-00099100 
0-00086100 
0-00077615 
0-00089089 
0-00087572 
0-00089760 
0-00091751 
0-00092100 
0-00080787 
000091900 
0-00092500 
0-00086130 
0-00091827 
0-000101114 

1  part  in 
8333 
25000 
2391 
1178 
1769 
2304 
1541 
1248 
1147 
1200 
1059 
1009 
1161 
1288 
1122 
1142 
1114 
1090 
1085 
1237 
1088 
1081 
1161 
1089 
987 

"       porous,  made  from  charcoal 

Marble,  from  St.  Beat 

Destigny. 

"         "     Carrara 

„ 

Stone,  from  St.  Pernon 

„ 

"        "      St.Leu 

Glass,  English  flint 

'      French  flint 

«< 

u 

M 

Dulong. 
Roy. 

"        "     from  St.  Gobain 

"         "     common,  without  lead 

« 

<«         «< 

a 

u              ti 

a 

Horner. 

Roy. 

Horner. 

t(            ti 

11           it 

"       from  32°  to  212° 

Dulong  and  Petit. 

"         "     212°  to  392° 

"         "     392°  to  572°  
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EXPANSION. 


Substances. 


Linear  Expansion  from  32°  lo  212° 


Deal  wood 
Platinum  . 


Palladium 

Charcoal,  from  pine 

"  "      oak  

Antimony 

Cast  iron  bar 

Steel  bar 

"       "    Styrian 

"  "  from  Schafhausen 
"      hardened 


tempered  at  100° 
178° 


soft. 


Iron 


wrought 


slightly  hammered. 


Gold. 


"  fine,  from  parting. 

"  unannealed 

"  annealed 

Bismuth 

Copper  

"   hammered 


Brass. 


Decimals. 
0-00077615 
0-00085655 
0-00099180 
0-00085700 
0-00088417 
0-00090000 
0-00100000 
0-00100000 
0-00120000 
0-00108330 
0-00110940 
0-00116000 
0-00115200 
0-00111200 
0-00122500 
0-00137500 
0-00136900 
0-00138600 
0-00123956 
0-00107500 
0-00189900 
0-00115000 
0-00107875 
000107956 
0-00110400 
0-00114470 
0-00114600 
0-00117200 
0-00119200 
0-00110000 
0-00122045 
0-00125833 
0-00115600 
0-00115600 
0-00114560 
000111155 
0-00111545 
0-00112330 
0-00114550 
0-00144600 
0-00118203 
0-00116800 
0-00122045 
0-00114010 
0-00123504 
0-00118210 
0-00140100 
0-00131100 
0-00147500 
0-00146606 
0-00155155 
0-00151361 
0-00139167 
0-00171000 
0-00170000 
0-00191880 
0-00179000 
0-00178400 
0-00172244 
0-00171222 
0-00171822 
0-00182300 
0-00193332 
0-00187821 
0-00188500 
0-00187500 
0-00193400 


1  pari  in 

1289 
1167 
1008 
1157 
1131 
1111 
1000 
1000 
833 
923 
901 
862 
868 
899 
816 
727 
730 
721 
807 
930 
840 
869 
927 
925 
905 
873 
872 
853 
838 
909 
819 
794 
865 
865 
872 
899 
896 
890 
872 
691 
846 
856 
819 
877 
812 
846 
713 
762 
677 
682 
645 
660 
718 
584 
588 
521 
558 
560 
581 
584 
582 
548 
517 
532 
530 
533 
517 


Authority. 


Roy. 

Borda. 
Troughton. 
Morveau. 
Dulong  and  Petit. 
Wollaston. 

u 

Heinrich. 
u 

Smeaton. 
Roy. 

Lavoisier. 
Horner. 

u 

Smeaton. 
Berthoud. 
Lavoisier. 


Ellicot. 
Troughton. 
Smeaton. 
Lavoisier. 

Berthoud. 

Roy. 

Ellicot. 

Herbert. 

Berthoud. 

Morveau. 

Lavoisier. 

Smeaton. 

Borda. 

Tralles. 

Schwerd. 

Augustin. 


Hiillstrbm. 

Dulong. 

Horner. 

Destigny. 

Troughton. 

Lavoisier. 

Dulong  and  Petit. 

Ellicot. 

Berthoud. 

Morveau. 

Lavoisier. 


Smeaton. 
Ellicot. 
Smeaton. 
Troughton. 
Morveau. 
Borda. 
Lavoisier. 
u 

Dulong. 

Ellicot. 

Smeaton. 

Despretz. 

Herbert. 

Smeaton. 

Berthoud. 
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EXPANSION. 


EXPANSION. 


Substances. 


Linear  Expansion  from  32°  to  212° 


Authority. 


Brass,  cast. 


"     rod,  English 

"     Hamburg 

«     plate,  Tyrol 

Bronze,  copper  8  4-  tin  1 

Speculum  metal 

Silver 


"     from  Cupel 

"  "  Parisian 

Solder,  2  copper  -f-  I  zinc. 

Ice 

Tin,  common 

"    fine 


"    from  Falmouth 

"      "      Malacca 

Soft  solder,  2  lead  +1  tin. 
Lead 


Zinc  cast 


lengthened  TV  by  hammering  , 


Decimals. 

1  part  in 

0-00186671 

535 

0-00188971 

529 

0-00189280 

528 

0-00185540 

538 

0-00190300 

525 

0-00181667 

550 

0-00193333 

517 

0-00197800 

505 

0-00207000 

483 

0-00190500 

524 

0-00198800 

503 

0-00208260 

480 

0-00199740 

524 

0-00198680 

524 

0-00205833 

485 

0-00245120 

407 

0-00248330 

407 

0-00228330 

438 

0-00232200 

430 

0-00255700 

391 

0-00216400 

462 

0-00209300 

477 

0-00217298 

460 

0-00193267 

516 

0-00250533 

399 

0-00288200 

345 

0-00286667 

348 

0-00287300 

348 

0-00308600 

324 

0-00271900 

367 

0-00284836 

351 

0-00290200 

344 

0-00294167 

339 

0-00305100 

328 

0-00296800 

337 

0-00310833 

322 

Lavoisier. 

Roy. 

Horner. 
Smeaton. 

Ellicot. 

Herbert. 

Berthoud. 

Morveau. 

Troughton. 

Lavoisier. 


Heinrich. 
Smeaton. 

a 

Herbert. 
Berthoud. 
Morveau. 
Horner. 
Lavoisier. 
« 

Smeaton. 

Ellicot. 

Smeaton. 

Herbert. 

Berthoud. 

Morveau. 

Lavoisier. 

Horner. 

Smeaton. 

Morveau. 

Horner. 

Smeaton. 


The  different  results  given  in  the  above 
table  for  the  same  substances  are  due  to  errors 
of  observation,  to  a  somewhat  differing  che- 
mical constitution,  and  to  a  different  physical 
condition  in  the  same  substance. 

Mitscherlich  observed,  that  all  homogene- 
ous solids,  and  all  crystals  of  the  regular  sys- 
tem, expand  equally  in  all  directions,  but  that 
all  crystals  belonging  to  the  other  systems 
expand  unequally  in  different  directions,  and 
that  in  some  instances  there  is  expansion  in 
one  direction  and  contraction  in  another. 
Thus,  in  calcareous  spar,  he  found  the  linear 
expansion  in  direction  of  the  main  axis  from 
32°  to  212°  =  0-00286,  while  in  the  direc- 
tion of  the  lateral  axes,  the  contraction  was 
0-00056;  hence,  the  obtuser  edges  of  the 
rhomb,  measuring  105°  4',  at  50°,  became  by 
heating,  8£'  acuter,  and  the  acute  edges  be- 
came correspondingly  more  obtuse.  This  un- 
equal expansion  may  be  easily  shown  by 
gluing  two  plates  of  gypsum  together,  so  that 
their  axes  are  at  right  angles  to  each  other, 
and  heating  them,  when  they  become  curved. 
(Frcsnel.)  Mitscherlich  measured  the  altered 
angles  of  twin  crystals  by  the  reflections  of 
their  surfaces,  and  applied  this  method  to 
gypsum,  calc  spar,  arragonite,  bitter  spar, 
heavy  spar,  &c. 
The  expansion  of  solids  by  heat  demands 


attention  in  the  arts,  from  its  interfering  in 
mechanical  arrangements,  and  its  being  often 
made  available  for  utility.  Thus,  when  a 
wheel-tire  of  iron,  being  made  a  little  smaller 
than  the  circumference  of  the  wheel,  and  ex- 
panded by  heat,  is  put  upon  the  wheel,  upon 
cooling  it,  the  contraction  of  the  iron  not  only 
secures  it  in  its  position,  but  binds  all  parts 
of  the  wheel  firmly  together.  The  heavy  walls 
of  a  building  in  Paris,  which  were  spreading, 
were  brought  again  to  their  vertical  position 
by  passing  iron  bolts,  with  screws  on  one  end, 
through  the  opposite  walls,  heating  the  bars, 
and  screwing  up  the  nuts  in  proportion  to  the 
expansion;  on  contracting,  the  walls  were 
drawn  to  their  upright  position.  In  the  con- 
struction  of  machinery,  where  parts  are  to  be 
heated,  it  is  often  necessary  to  bear  in  mind 
the  expansion  of  the  heated  parts,  as  well  as 
the  different  expansibility  of  two  metals.  Al- 
lowance must  be  made  for  expansion  in  laying 
iron  rails,  and  in  setting  iron  bars  in  heavy 
masonry;  for  the  alternate  expansion  and 
contraction  of  the  former  would  tend  to  loosen 
the  rails,  and,  in  the  latter,  to  loosen  the 
courses  of  stone.  Daniell  has  employed  the 
expansion  of  a  platinum  rod  to  indicate  high 
degrees  of  temperature,  such  as  furnace  heat- 
and  Borda  employed  the  different  expansibili- 
ties of  two  metals  to  indicate  temperatuie. 
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EXTRACTS. 


FASSAITE. 


See  Thermometer.  The  compensating  pen- 
dulum is  constructed  on  a  similar  principle. 
A  pendulum,  composed  of  a  sjngle  metallic 
rod,  is  liable  to  fluctuation  in  the  time  of  its 
vibrations,  from  its  expansion  or  contraction 
by  heat  or  cold.  But  by  the  use  of  several 
rods  of  different  metals,  having  different  ex- 
pansibilities, so  arranged,  that  while  one  set 
of  rods  lengthen  the  pendulum,  another  set 
shortens  it  equally,  and  thus  keeps  it  of  equal 
absolute  length  in  all  ordinary  changes  of 
temperature. 

EXTRACTS.  Chcm.  Tech.  Phar.  The  term 
extract  applies  to  the  inspissated  juice  of  or- 
ganic substances,  containing  all  those  por- 
tions of  the  material  acted  upon  which  are 
soluble  in  the  menstruum  used,  and  are  ob- 
tained by  DECOCTION,  MACERATION,  DISPLACE- 
MENT, or  infusion  ;  hence  the  classification 
into  aqueous,  alcoholic,  and  ethereal  extracts. 
The  object  of  extracts  is  to  comprise  in  a  con- 
densed bulk  the  active  principle  of  a  vegeta- 
ble substance,  unaltered,  and  in  its  natural 
state  of  combination,  and  the  first  considera- 
tion in  their  manufacture  should  be,  what 
solvent  is  most  proper  to  separate  the  useful 
parts  of  the  plant  from  those  which  are  inert. 
Burin  proposes  the  general  use  cf  alcohol,  of 
0-834,  but  Souberain  thinks  it  more  advan- 
tageous to  substitute  that  of  0-921.  In  ex- 
tracting the  soluble  substances  contained  in 
vegetable  matter,  it  should  not  be  forgotten, 
that  the  solubility  peculiar  to  each  of  their 
isolated  principles  is  no  longer  the  same  when 
several  are  associated  together,  and  that  we 
should  not  judge,  a  priori,  of  the  action  of  sol- 
vents on  each  of  them.  Mohr,  in  his  scien- 
tific essay  upon  the  mode  of  preparing  phai 
maceutical  extracts  (Jin.  der  Pkarm.  vol.  31), 
asserts,  that  boiling  is  unnecessary,  and  tends 
to  produce  an  inferior  extract.  The  dissolved 
matter,  he  says,  is  constantly  altered  during 
evaporation,  and  that  the  more  water  to  be 
evaporated,  the  more  is  the  extract  depreciated. 
The  solution,  therefore,  should  be  made  by 
displacement,  because,  in  large  operations,  the 
first  and  more  concentrated  liquors  need  only 
be  evaporated,  as  the  last  and  weaker  can  be 
reserved  for  percolating  through  new  material. 
In  operating  upon  small  quantities  of  material, 
where  it  will  be  inconvenient  to  use  the  weaker 
liquors,  the  better  way  will  be  to  infuse  it  in 
the  menstruum,  and  then,  to  save  loss,  submit 
it  to  pressure  in  an  apparatus  of  convenient 
construction,  and  represented  by  fig.  43,  p.  523. 

The  evaporation  of  the  liquid  solution 
should  be  conducted  so  as  to  avoid  the  decom- 
posing power  of  heat,  air,  and  water  upon  its 
organic  contents.  A  preferable  method  is  by 
a  steam-bath,  for  then  the  process  is  gradual, 
and  without  danger  of  impairing  the  efficacy 
of  the  active  principles  of  the  plant,  some  of 
which  are  entirely  destroyed  by  a  temperature 
above  212°.  In  those  instances,  where  alco- 
hol or  ether  has  been  used  as  the  solvent,  they 
should  be  recovered  again  by  distillation  over 
a  water-bath.  The  so-called  pneumatic  ex- 
tracts, which  are  said  to  be  superior,  because 
evaporated  in  vacuo,  owe  their  fresh  green 
color  to  the  presence  of  chlorophylle,  a  resin- 
ous coloring  matter  peculiar  to  all  plants,  but 
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Dr.  Meurer  (Jrchiv.  der  Pharm.,  1843),  doubts 
their  k  asted  excellence,  for,  says  he,  thi 
servaticn  of  the  coloring  matter  unal 
docs  not  allow  the  inference  that  all  the  con- 
stituents are  equally  unimpaired,  for  that  some 
lose  their  efficiency  in  drying,  even  where  no 
increase  of  temperature  occurs,  and  where  the 
coloring  matter  remains  unaltered.  The  best 
method,  therefore,  is  that  designated  in  this 
article — evaporation  over  a  steam  or  water- 
bath. 

EXTRACTION.  A  term  applied  to  the  se- 
paration  of  the  soluble  portions  of  a  substance 
by  either  of  the  processes  of  Displackmknt 
Solution,  Decoction,  Maceration,  or  Infu- 
sion. 

EXTRACTIVE  MATTER.  Chcm.  Previ- 
ous to  late  examinations,  the  term  extractive 
was  indiscriminately  applied  to  a  number  of 
substances  yielded  by  vegetables  to  solvents. 
Extractive,  in  its  present  sense,  is  the  hetero- 
geneous compound  formerly  considered  by 
Fourcroy  as  the  basis  of  all  extracts,  and  con- 
sisting of  ingredients  varying  with  those  of 
the  plant  from  whence  obtained.  It  precipi- 
tates spontaneously  during  the  gentle  evapora- 
tion of  aqueous  extracts.  Its  color  is  brown 
or  brownish  black,  and  though  very  slightly 
soluble  in  cold  water,  dissolves  readily  in 
alkaline  solutions.  Previous  to  oxidation  by 
exposure,  and  in  its  fresh  state,  it  is  soluble 
in  alcohol  and  water  also,  but  insoluble  in 
ether,  and  is  precipitated  by  the  alkalies  and 
metallic  oxides.  In  dyeing  operations,  it 
forms  with  alumina  the  basis  of  many  colors. 
By  the  action  of  air  upon  solid  animal  or  ve- 
getable matters,  a  similar  pulverulent  brown 
substance,  Humus,  is  formed. 


F. 


FAECES.     See  Excrement. 

FAHLUNITE.  Min.  Triclasite.  Cryst. 
6-sided  prisms,  with  perfect  basal  cleavage. 
H.  =  3.  G.  =  2-6  —  2-79.  Green,  passing  in- 
to dark  brown  and  black  ;  resinous  or  vitre- 
ous ;  opake ;  streak  grayish  white. 

Client.  Relat.  Alone  in  a  tube  it  gives  off 
water;  on  charcoal  it  burns  white,  and  fuses 
on  the  edges  to  a  white,  blebby  glass ;  soluble 
in  borax  and  mic.  salt,  with  a  yellow  iron 
tint,  and  leaving  a  siliceous  skeleton  in  the 
latter;  not  dissolved  by  soda  nor  acids. 
Form.  3  RO,  2  SiOs-f-  3  (Al2Os,  Si03)-|-6  HO, 
(MS2  +  3  AS-}- 2  aq),  in  which  the  RO  is  mag- 
nesia, soda,  potassa,  and  protoxides  of  iron 
and  manganese  ;  while  the  alumina  is  partly 
replaced  by  sesquioxide  of  iron.  It  occurs  in 
the  Eric  Mans  mine,  near  Fahlun,  Sweden. 
For  Hard  Fahlunite,  see  Cordierite. 

FARINA.  Syn.  Fr.  Farine.  Ger.  Mehl. 
A  term  applied  to  the  ground  and  sifted  pow- 
der of  seeds  and  roots,  whose  basis  is  fecula. 
It  is  derived  from  far,  Lat.,  grain,  the  meal  of 
which  most  generally  takes  the  appellation. 
Farinaceous  food  refers  to  the  edible  parts  of 
those  plants,  which,  when  powdered,  consti- 
tute a  nutritious  flour.    See  Flour  and  Starch. 

FASSAITE.     See  Augite. 


FATS. 


FATS. 


FATS.  Chem.  Tech.  The  term  fats  or 
fatty  matter  applies  to  those  inflammable  bo- 
dies whose  chief  characteristic  is  an  unctuous 
touch.  The  variable  consistence  of  fats  has 
induced  their  classification,  regardless  of  their 
source,  into  Oils,  Butters,  and  Suets.  The 
former  are  the  most  fluid,  the  latter  the  most 
solid  of  the  three,  whilst  the  second  class 
holds  a  medium  position.  All  these  fats  were 
originally,  and  for  some  time  considered  as 
simple  products;  but  the  researches  of  Chev- 
reul  and  Braconnot  have  corrected  this  erro- 
neous idea,  by  developing  experimentally  but 
accurately,  the  actual  constituents  of  most  fats, 
showing  them  to  be  compound  bodies  formed 
partially  of  liquid,  and  partially  of  solid  in- 
gredients ;  these  components,  however,  vary- 
ing proportionally  in  the  different  fats. 

The  fluid  constituent  is  Olein,  an  unerring 
verification  of  the  presence  of  which,  in  fats, 
is  the  formation  of  sebacic  acid  by  their  dis- 
tillation; but  the  solid  portion  of  the  animal 
greases  generally  consists  of  two  distinct 
principles,  Margarin  and  Stearin,  though  in 
some  instances  one  or  the  other  is  wanting. 
For  example,  the  former  comprises  entirely 
the  more  consistent  part  of  human  fat,  where- 
as, in  most  vegetable  greases,  the  solid  portion 
is  so  exclusively  of  margarin,  that  this  prin- 
ciple is  somewhat  characteristic  of  them, 
stearin  being  seldom  found  associated  with  it 
under  such  circumstances.  But  olein,  marga- 
rin, and  stearin  are  only  the  proximate  con- 
stituents of  fats ;  for  their  ultimate  components, 
scarcely  varying  in  any  of  them,  are  carbon, 
hydrogen,  and  oxygen.  The  proximate  com- 
ponents above  named  are  not  universally  the 
same  in  all  fats;  for  among  these  latter  there 
are  a  few  of  peculiar  physical  and  chemical 
properties,  the  solid  principle  of  which  slightly 
differs  from  that  of  others ;  thus,  for  instance, 
in  Palm  Oil,  crystalline  palmiti?i  occupies  the 
place  of  stearin  in  tallow;  so  also  cetin  in 
Spermaceti.  All  these  components  are  them- 
selves compound  bodies,  being  positive  and 
definite  chemical  unions  of  their  several  natu- 
ral fatty  acids  with  a  natural  base.  This  base, 
in  most  cases,  is  Glycerin,  though  in  some 
instances,  spermaceti  for  one,  cthal  takes  its 
place  (See  Cettl),  and  the  presence  of  the 
former  is  always  proved  when  the  tested  fat 
on  being  boiled  yields  Acrolein,  CfiH402  (see 
Glycerin),  a  pungent  gaseous  body.  These 
fatty  acids,  by  changing  the  termination  of  its 
title  into  ic,  take  the  name  of  the  compound 
which  yields  them;  thus  the  acid  in  olein  is 
called  oleic  acid.  They  differ  in  their  proper- 
ties, and  are  distinguishable  by  certain  cha- 
racteristics peculiar  to  each.  When  pure,  the 
acids  and  their  natural  compounds  are  scarcely 
alterable  in  the  air;  the  rancidity  assumed  by 
fats  on  exposure  being  due  to  absorption  of 
oxygen  from  the  atmosphere,  chiefly  in  conse- 
quence of  impurity  in  the  fats.  In  some  fats, 
as  in  that  of  the  goat,  volatile  acids  exist  ready 
formed,  and  to  them  is  due  the  peculiar  natural 
scent  of  such  greases.  Pure  olein,  margarin, 
and  the  like,  are  perfectly  inodorous  and  less 
alterable  in  the  air,  because  all  their  volatile 
associates  have  been  dissipated  and  removed 
during  their  purification. 


Vegetable  fats  exist  mostly  in  the  pulpy  en- 
velop of  the  seeds,  whilst  animal  fat  is  found 
secreted  in  the  fat  cells,  in  the  cavities  of  the 
cellular  tissue.  Intervening  the  muscular 
fibres,  between  the  skin  and  the  flesh,  around 
the  kidneys  and  within  the  abdominal  cavity 
of  the  omentum,  it  is  most  abundant.  In  the 
species  of  whale,  the  bony  cavity  of  the  head 
is  the  receptacle  of  the  secreted  spermaceti, 
and  in  the  case  of  butter,  it  is  mixed  in  a 
liquid  state  in  milk.  The  molecular  formation 
of  fat  was  first  announced  by  Braconnot  and 
Raspail,  who  have  proved  that  animal  fats 
consist  of  small  microscopic  particles  en- 
closed in  sacks,  a  number  of  which  conglome- 
rated together,  form  a  mass.  Crumbling  the 
whole  in  cold  water  between  the  fingers,  sepa- 
rates these  granules  which  are  readily  remova- 
ble, free  of  membranous  matter  and  water,  by 
means  of  a  sieve.  As  to  their  origin  and  the 
means  by  which  they  are  stored  in  those  re- 
ceptacles from  which  we  extract  them,  we 
remark  that  the  living  plant  is  as  much  in- 
debted to  food  for  the  support  of  life,  as  is  the 
living  animal ;  and  the  presence  of  fat  in 
either  instance  is  an  evidence  of  the  conver- 
sion or  assimilation  of  a  part  of  the  elements 
of  their  nourishment  into  those  constituents 
of  which  it  is  naturally  formed.  Assimilation, 
or  the  process  of  formation  or  growth,  says 
Liebig,  goes  on  in  the  same  way  both  in  ani- 
mals and  vegetables,  and  the  formation  of  fat 
in  either  is  owing  to  the  same  cause,  and  that 
is,  the  separation  of  oxygen  from  the  elements 
of  food. 

As  regards  the  formation  of  animal  fat, 
there  are  two  chemical  theories ;  one  explaining 
its  production  by  the  conversion  of  the  non- 
azotized  ingredients  of  food,  such  as  starch, 
sugar,  and  the  like,  by  the  processes  of  diges- 
tion and  assimilation  ;  the  other  averring  that 
it  is  not  generated  in  the  animal  frame,  but 
exists  already  formed  in  the  manifold  products 
of  the  vegetable  kingdom,  serving  as  food. 
This  latter  supposition  is  advanced  and  sup- 
ported by  Boussingault,  Dumas,  and  Payen, 
the  former  by  Liebig  and  others. 

Blondeau  has  observed  a  curious  trans- 
formation of  casein  (cheese)  into  fatty  matter. 
Although  the  cheese  contained  but  -,1^  of  its 
weight  of  fatty  matter  extractible  by  alcohol 
and  ether,  when  kept  for  2  months  in  a  cel- 
lar, it  was  almost  wholly  transformed  into  a 
fat  resembling  butter,  from  which  the  unal- 
tered casein  was  separated  by  water.  Pro- 
gressive observation  showed,  that  the  change 
was  accompanied  by  the  development  of  seve- 
ral species  of  mycoderinous  plants,  all  of 
which  were  nitrogenous.  Blondeau  observes, 
that  by  removing  ammonia  from  casein,  the 
remainder  has  a  composition  analogous  to 
fatty  bodies;  which  is  a  rather  hasty  conclu- 
sion ;  but  if  nitrogen  and  a  little  carbonic  acid 
be  abstracted,  the  remainder  certainly  resem- 
bles the  composition  of  fats.  Blondeau  far- 
ther found  fibrin  similarly  transformable,  as 
all  proteic  compounds  probably  are.  The 
formation  of  adipocire  is  probably  due  to  a 
similar  transformation.  Comptes  Rendus,  xxv. 
360. 

Prop.    Fats  are  insoluble  in  water,  more  or 
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less  soluble  in  alcohol,  and  readily  so  in  ether. 
The  saponifiable  fats  are  of  both  vegetable  and 
animal  origin,  but  some  are  more  susceptible 
of  this  process  than  others.  The  compounds 
which  they  produce  by  union  with  soda  and 
potassa,  are  called  soluble  Soaps;  those  with 
ammonia  are  termed,  by  Boullay,  amides  of  the 
fat  acids.  Their  analogous  combinations  with 
the  alkaline  earths  are  insoluble  soaps,  as  are 
also  their  compounds  with  metallic  oxides, 
generally  known  as  plasters. 

The  action  of  the  different  stronger  acids 
upon  fat  oils  is  recorded  under  each  respec- 
tively, and  under  the  head  of  their  different 
components,  referred  to  in  this  article.  For  a 
practical  view  of  them  and  their  relations,  see 
"  Morfit's  Applied  Chemistry." 

FAUJASITE.  Min.  Gryst.  square  8-hedra ; 
scratches  glass  easily;  G=  1-923;  brown, 
vitreous,  uneven  fracture.  It  yields  much 
water  in  a  tube;  on  charcoal  swells  up  and 
fuses  to  a  white  enamel ;  fuses  with  a  little 
soda,  with  effervescence  to  a  colorless,  trans- 
parent glass;  decomposes  with  muriatic  acid. 
Form.  3  CaO,  4  Si03  +  3  (Al^Og,  2  Si03)  4- 
24  HO  (Damour).  It  differs  in  composition 
from  zeolites,  approaching  to  that  of  harmo- 
tome  {Ram).  Occurs  in  the  Mandelstein  of 
Kaiserstuhl,  in  Breisgau. 

FAYALITE.  Geol.  A  complex  volcanic 
scoria,  from  the  Azores,  containing  a  very 
large  proportion  of  protoxide  of  iron. 

FEATHERS.  The  external  covering  or 
plumage  of  birds.  Their  composition  is 
similar  to  that  of  horn,  though,  according  to 
Scherer's  analysis,  they  contain  one  eq.  less 
of  oxygen  than  that  body.  When  dissolved 
in  and  heated  with  potash  ley,  ammonia  is 
eliminated  and  a  solution  formed,  which,  upon 
neutralization  with  acetic  acid,  gives  a  white, 
gelatinous  precipitate,  Protkin.  (1)  Addi- 
tional to  carbon,  hydrogen,  and  nitrogen,  they 
contain  minute  portions  of  sulphur  and  phos- 
phorus. (1)  Scherer's  formula  for  feathers  is 
C48H39N70J6.  According  to  Besanez,  the 
beard  of  feathers  generally  yields  a  large  pro- 
portion of  silex  in  the  ashes,  averaging  about 
33  pr.  ct. ;  the  quill  a  much  smaller  quantity, 
and  the  pith  none.  They  contain  also  iron, 
phosphate,  of  lime,  basic  phosphate  of  soda, 
but  neither  sulphates  nor  chlorides. 

FEATHER  ORE.  Min.  Occurs  in  capil- 
lary threads.  Melts  and  fumes  in  a  candle- 
flame ;  fuses  on  charcoal,  and  may  be  almost 
wholly  volatilized  in  white  fumes;  in  an  open 
tube  gives  a  white,  volatile  sublimate  of  oxide 
of  antimony,  and  one  not  volatile,  of  antirno- 
nite  of  lead;  soluble  in  heated  muriatic  acid. 
Form.  PbS,SbS34-PbS  (Rose).  Local.  Wolfs- 
berg,  Harz. 

FECULA.     See  Stahch. 

FELDSPAR.  Min.  Syn.  Orthotomous 
feldspar,  M. ;  Felspar;  Orthoclase,  Orthose, 
Adularia,  Amausite,  Amazonstone,  Glassy,  F., 
Icespar,  Leelite,  Moonstone,  Murchisonite,  Na- 
poleonite,  Necronite,  Variolite.  Ger.  Feldstein, 
Feldspath,  Eisspath,  Mondstein. 

Dcscrip.  Gryst.  oblique  rhombic ;  second- 
ary forms  very  numerous ;  cleavage  perfect 
parallel  to  the  base  or  main  end-plane,  which 
ls  convenient  in  determining  other  planes, 
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even  in  fragments;  cleavage  imperfect,  parallel 
to  2d  side-planes ;  but  the  two  cleavages  o 
give  to  fragments  a  cubical  form.  PI.  IX. 
figs.  32 — 34  represent  several  forms  of  feld- 
spar. In  fig.  32,  c  is  the  main  end-plane,  a  ami 
6. the  1st  and  2d  side-planes;  c  and  b  arc  also 
seen  in  figs.  33  and  34.  Beside  these,  fig.  88 
is  combined  with  the  back  oblique  end-plane 
2  d',  the  verticle  prism  g  of  the  main  8-hedron, 

g 

and  a  vertical  prism  -~.    Fig.  34,  in  addition 

to  c,  b,  g,  and  2d',  has  the  back  oblique  prism 
</  of  the  main  8-hedron,  with  its  back  oblique 
end-plane  d'.  Twined  crystals  are  frequently 
united  on  different  planes,  always  recognised 
by  re-entrant  angles  formed  by  planes  or  striae 
on  the  surface.  The  same  may  be  observed 
in  massive  feldspar. 

H  =  6.    G  =  2-5,  Adularia,  2-59,  Glassy,  F. 

Golor  white,  grayish,  reddish,  greenish: 
flesh-red,  green ;  lustre  vitreous,  rarely  pearly; 
transparent,  translucent;  fracture  conchoidal 
to  uneven ;  streak  white,  or  grayish-white. 

Behavior.  Fuses  with  difficulty  on  the  edges 
to  a  semi-transparent,  blebby  glass ;  dissolved 
slowly  by  borax  and  soda  to  a  transparent 
glass,  the  latter  rarely  free  from  bubbles; 
mic.  salt  dissolves  it  when  pulverized,  leaving 
a  siliceous  skeleton;  becomes  blue  on  the 
fused  edges,  with  cobalt  solution ;  not  attacked 
by  acids;  vitrifies  superficially,  or  may  fuse 
in  a  porcelain  furnace,  to  a  translucent,  bub- 
bly glass. 

dnalysis.  This  important  mineral  has  been 
frequently  analyzed,  and  with  somewhat  vary- 
ing results  ;  but  nearly  all  analyses  lead  to  the 
general  formula  KO,  Si03-f  A1203,  3  Si03.  A 
part  of  the  potassa  is  replaced  by  small  quan- 
tities of  soda,  lime  and  magnesia,  and  a  part 
of  the  alumina  by  a  little  sesquioxide  of  iron. 
The  following  analyses  show  the  composition 
of  orthoclase,  1.  calculated  from  the  formula; 
2.  Adularia,  by  Berthier;  3.  Siberian,  green, 
by  Abich;  4.  Glassy,  F.,  from  Mont  d'Or,  by 
Berthier;  5.  Glassy,  F.,  from  basalt  near  Got- 
tingen,  by  Schnedermann ;  6.  Flesh-colored  F., 
from  Lomnitz,  by  V.  Rose,  who  first  showed 
the  presence  of  alkali ;  7.  a  highly  translucent, 
massive  feldspar,  6  miles  N.  W.  of  Wilming- 
ton, Del.,  spec.  grav.  in  piece  =  2-562,  in 
powder  2-585;  -8.  a  bluish  and  smoky  feldspar 
from  Brandywine  quarries  of  Blue  rock-  ('J'nip- 
pcan),  a  few  miles  N.  E.  of  Wilmington,  DeL; 
resembles  glassy  feldspar ;  spec.  grav.  =  2-603. 
Nos.  7  and  8  by  Booth  and  Boye,  Trans.  Am. 
Phil.  Soc,  II.  53. 

In  No.  3  the  0-49  consisted  of  oxides  of  cop- 
per, iron,  and  manganese,  the  first  of  which  is 
probably  the  cause  of  the  green  color.  It  will 
be  observed  from  the  following  analyses,  and 
from  the  composition  of  orthoclase  in  the 
tabular  view  of  feldspathic  minerals,  that  al- 
though potassa  in  general  predominates,  it  is 
probably  always  replaced  partially  by  soda. 
Abich  has  found  4pr.  ct.  soda  in  a  glassy  feld- 
spar; but  if  Schnedermann's  analysis  be  cor- 
rect, the  quantity  he  finds,  10  pr.  ct.,  is  sur- 
prising. A  large  proportion  of  soda  is  cha- 
racteristic of  trachytic  feldspars. 
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FELDSPATHIC  MINERALS. 


1. 

Silica 65-21 

Alumina 18-13 

Potassa 16-66 

Soda — 

Lime — 

Magnesia — 

Oxide  of  Iron,  &c — 

100- 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

64-20 

65-32 

66-1 

64-86 

66-75 

65-24 

66-51 

18-40 

17-89 

19-8 

21-46 

17-50 

19-02 

17-67 

16-95 

13-05 

6-9 

2-62 

12-00 

11-94 

9-81 

— 

2-81 

3-7 

10-29 

— 

3-06 

3-03 

— 

0-10 

— 

— 

1-25 

0-33 

1.24 

— 

0-09 

2-0 

— 

— 

0-13 

0-30 

— 

0-49 

98-5 

— 

1-75 

trace. 

1-33 

99-55 

99-75 

99-23 

98-25 

99-72 

99-89 

Feldspars  are  subject  to  decomposition,  and 
found  in  the  various  stages  between  the  trans- 
parent crystal  and  kaolin,  or  porcelain  clay. 
It  is  probable  that  carbonic  acid  is  an  import- 
ant agent  in  its  disintegration,  by  acting  on  its 
alkali;  but  it  is  also  true,  that  a  portion  of 
silicate  of  potassa  is  removed.  Few  clays 
are  destitute  of  potassa,  and  in  those  which 
can  be  traced  to  feldspar,  it  amounts  still  to 
several  pr.  ct. 

Varieties  and  Localities.  Adularia  (from  Adula, 
a  peak  of  St.  Gothard)  is  usually  applied  to 
a  transparent  variety  generally  found  in  granite 
rocks,  and  includes  Valencia  nil e,  Moons'.one,  pre- 
senting pearly  reflections  ;  when  polished.  Sun- 
stone,  opalescent  from  scales  of  mica.  Common 
feldspar  includes  subtranslucent  varieties,  al- 
though many  of  those  included  under  the  name 
are  not  true  feldspars.  (See  Feldspathic 
Minerals.)  Necronite  gives  off  a  fetid  odor 
when  struck.  Murchisonite  from  Dawlish  and 
Arran,  is  yellowish  gray.  Leclite  from  Gry- 
phytian,  in  Sweden,  is  deep  flesh-red,  with  a 
waxy  lustre.  Glassy-feldspar  is  a  more  distinct 
variety,  with  a  large  proportion  of  soda,  and 
is  characteristic  of  trachytic  rocks ;  the  term 
he-spar  is  also  given  to  this  variety.  Amazon- 
stone  is  the  green,  Siberian  variety.  The 
Aventurine  variety  owes  its  play  of  light  to  par- 
ticles of  iron  pyrites,  and  is  found  in  other 
feldspathic  minerals.  The  localities  of  this 
important  constituent  of  rocks  are  very  nu- 
merous. Double  twin  crystals  are  abundant 
around  Carlsbad.  Among  the  finer  localities 
of  crystallized  feldspar  are  Ekatherinenburg, 
in  Siberia ;  Arendal,  in  Norway ;  Warmbrunn, 
in  Silesia;  St.  Gothard,  Baveno,  in  Piedmont; 
Land's  End;  Mourne  Mountains,  Ireland. 
Glassy  feldspar  occurs  abundantly  in  the  tra- 
chyte of  Drachenfels,  on  the  Rhine,  in  the 
lavas  of  Vesuvius.  In  the  U.  S.  may  be  enu- 
merated Acworlh,  N.  H. ;  Paris,  Maine;  Ros- 
sie,  St.  Lawrence  Co.,  Warwick,  Amity,  Eden- 
viile,  Orange  Co.,  &c,  N.  Y.;  Haddam,  Mid- 
dletown,  &c,  Conn.;  Attleboro,  &c,  Penn. 
Adularia  occurs  at  Parsonsfield,  Me.:  Brim- 
field,  Mass.;  Haddam,  Norwich,  Conn.;  sun- 
stone  at  Lyme,  Conn.;  an  aventurine  variety 
at  the  quarries  near  Leiperville,  Penn.,  and  at 
the  Brandywine  quarries,  Del.,  where  the  play 
of  light  is  due  to  spangles  of  iron  pyrites:  ne- 
cronite occurs  at  Rogers's  rock,  Essex  Co., 
and  at  Thomson's  quarry  near  196th  street 
N.Y. 

Massive  feldspar  is  found  at  most  of  the 
above  localities  in  the  U.  S.,  besides  many 
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others.  A  few  miles  north-west  of  Wilming- 
ton, Del.,  there  is  a  large  vein  of  a  white  feld- 
spar, masses  of  which  are  semi-transparent. 
Some  of  the  disintegrating  parts  of  the  vein 
appear  to  be  albite. 

Use.  Moonstone  and  amazonstone  are  some- 
times employed  as  gems.  Massive  feldspar, 
when  sufficiently  pure,  is  largely  used  in  fine 
pottery  and  porcelain,  to  flux  the  quartz  and 
clays.  The  presence  of  much  iron  renders  it 
worthless.  Kaolin,  or  partially  disintegrated 
feldspar,  is  the  basis  of  fine  pottery  and  por- 
celain. Cornish  granite  presents  its  feldspar 
intermediate  between  kaolin  and  the  crystal- 
line mineral,  and  may  be  viewed  as  the  most 
important  constituent  of  English  pottery. 

Feldspar,  reduced  to  fine  powder,  and  treat- 
ed with  sulphuric  acid,  has  been  employed  for 
the  manufacture  of  alum.  It  has  also  been 
proposed  as  a  source  of  potash,  and  its  large 
content  of  that  alkali,  12  to  16  pr.  ct.,  renders 
its  economical  extraction  very  desirable  for 
the  arts. 

FELDSPATHIC  MINERALS.  Min.  Feld- 
spar is  an  essential  and  abundant  constituent 
of  granite,  sienite,  and  other  plutonic  rocks, 
but  many  minerals  have  been  included  under 
the  common  name  of  feldspar,  which  present 
differing  constitutions  by  formula,  but  from 
their  general  resemblance,  they  may  constitute 
a  special  order  of  feldspathic  minerals.  Svan- 
berg,  upon  examining  the  feldspars  of  Scan- 
dinavian granite,  found  some  of  them  com- 
posed according  to  the  formula  2(3RO,  4Si03) 
+  3  ( A1„03,  4  Si03),  another  ==  3  (RO,  Si03)-f 
2  (A120"3,  3  Si03),  a  third  =  RO,  Si03-f-Al20  , 
2  Si03,  a  fourth  =  6  (RO,  Si03)  +  5  (A1203, 
2  Si03).  The  first  is  labradorite,  with  an  ex- 
cess of  silica,  and  of  the  silicate  of  alumina; 
the  second  is  feldspar,  with  an  excess  of  sili- 
cate of  RO :  the  third  is  oligoclase ;  and  the 
fourth  is  oligoclase,  with  an  excess  of  silicate 
of  RO.  We  have  examined  an  albite  from 
Delaware,  which  was  composed  nearly  accord- 
ing to  the  formula  5  (RO,  Si03)  -f-  6  (R203, 
2  Si03).  See  Proc.  Am.  Phil.  Soc.  1841,  and  the 
art.  Albite  in  the  present  work.  RO  includes 
potassa,  soda,  and  lime  in  all  but  the  second, 
which  has  no  lime. 

The  following  table,  constructed  by  Abich, 
exhibits  feldspathic  minerals,  divided  into  two 
classes  by  their  crystalline  form,  those  of  the 
triclinate  system  abounding  in  soda  and  lime, 
those  of  the  monoclinate  system  chiefly  cha- 
racterized by  potassa. 
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FERMENTATION. 


Triclinate  or  Soda  Group. 


Name. 

Authority.  Sp.  Gr. 

Si03    Al203 

Fe2Os|  CaO 

MgO 

KO 

NaO 

Total 

I'ormulu. 

Anorlhite  . . 

Abich. . . 

2-763 

44.12  35-12 

0-70 

19-02 

0-56 

0-25 

0-27 

100-04 

3  RO,  8iO,  + 

' 

3(R„OrSiO^ 
?RO,  S.Og-J- 
5   R203.SiO, 

C  Abich  . 

2-714 

53-48 

26-46 

1-60 

9-49 

1-74 

0-22 

4-10 

98-40 

Labradorite 

^Kersten 

52-15 

29-85 

1-00 

11-70 

0-16 

0-60 

3-90 

99-66 

A.bich. . . 

2-733 

59-60 

24-28 

1-58 

5-77 

1-08 

1-08 

6-53 

99-92 

3RO,2Si03_f. 
3(R203,2Si03) 

Oligoclase  . 

Berzelius 

2-668 

63-70 

23-95 

0-50 

2-05 

— 

1-20 

8-11 

100-16 

RO,   Si03  + 

R,0»,  2  SiO, 

fPericline  . 

Gmelin  . 

2-641 

67-94 

18-93 

G-48 

0-15 

0-65 

2-41 

9-98    99-90 

) 

1  Potash    al- 
<      bite 

Abich. . . 

2-622 

70-22 

17-29 

0-82 

2-09 

0-41 

3-71 

5-62J 100-16 

(RO,  SiO,+ 
<  R„0„3SiO 

I  Albite 

Rose  .... 

2-614 

69-78|  18-79 

— 

— 

— 

— 

11-43  100-00 

I    do 

Erdmann 

— 

|    69-11 

19-34 

0-62 

— 

trace 

0-65 

10-98  100-70 

Ryacolite 

Glassy  feld- 
spar   

or      

Soda  feld 
spar 

Feldspar . . 


Rose  . . 

Abich. 
do.    . 

do.    . 

do.    . 


2-678 

2-597 

2-553 

2-595 

2-496 

Monodinale  or  Potassa  Group 
50-311  29-44|    0-28     1-07    0-23 


66-73'  17-36 
67-87,  15-72 


0-81 
2-41 


1-23 
3-16 


68-23;  18-30J     1-01      1-26 

(66-15  18-85!  trace   trace 

65-77,  18-571    do.    .     0.34 


1-20 
1-40 


0-51 
0-05 


5-92  10-56 


8-27 
6-68 

2-53 
13-99 
14-02 


4-10 
2-86 

7-99 
1-01 
1-25 


97-81  RO,  Si03-|- 
R203)  SiO, 


9900 
100-10 

99-83 
100-00 
100-00| 


RO,  Si03  + 
R2O3,3S!03 


To  labradorite,  by   Abich,  musl   be   added 

9-89  of  protoxide  of  manganese.     The  a - 

thite  analyzed  was  from  the  dolomite-boulders 
of  Somma,  but  Forchhammer  has  fotind  it  in 
Iceland;    labradorite,  from    modern    lavas  of 
Etna,   and    characterizes    dolerite    and    some 
basalts.     The  formula  of  andesin  is  that  of 
leucite,    which    crystallizes    according  to  the 
regular  system  ;  it  was  formerly  called  pseudo- 
albite,  and  occurs  in  greenstone,  in  andesite. 
Oligoclase  is  from  Scandinavian  gneiss-gra- 
nite.    Pericline  is  found  in  veins  in  granite; 
potash  albite  is  a  characteristic  constituent  of 
the  trachyte  of  Drachenl'els.     The  1st  albite  is 
calculated  according  to  the  formula;  the  2d 
is  from  Brevig,  in  Norway.     Ryacolite,  in  the 
dolomite  boulders  of  Somma.    The  1st  glassy- 
feldspar  from  Epomoeo,  the  2d  from  Somma, 
and  the  3d  from  Pantellaria;  it  characterizes 
trachytic  rocks.     Ferz.  Juhresb.  xxi.  190. 
FELLINIC  ACID.     See  Bilk. 
FERMENTATION.  Tech.    Chem.   Ger.  Glih- 
rung.     On  account  of  its  bearing  upon  animal 
and  vegetable  physiology,  its    application  to 
domestic  economy  and  its  important  play  in 
the  arts,  fermentation  is  highly  deserving  the 
minutest  investigation  by  the  chemist,  more 
especially  when  we  consider  the  present  evi- 
dent tendency  of  chemical   science  to  extend 
the  principle  of  ferments  to  a  large  number  of 
important  chemical  changes.     Former  chem- 
ists, and  indeed  we  may  say  the  ancients,  dis- 
tinguished 4  kinds:  the  vinous,  panary,  ace- 
tous and  putrefactive ;  but  of  these  the  acetous 
is    hesitatingly    placed    under     fermentative 
changes,  while  the  panary  combines  the  vinous 
and  others.     At  present  we  distinguish  the 
Dextrinic,         Butyric,  C  Benzoic, 

Glucosic,         Mucous,  ^Sinapic, 

Vinous,  Acetous,  ^Gaultheric. 

Lactic,  Putrefactive, 
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To  these  some  chemists  add  others,  and 
other  chemists  throw  some  of  the  above  out 
of  the  class  of  true  fermentations. 

The  alcoholic,  which  is  a  type  of  the  rest, 
consists  in  the  change  of  a  saccharine  solu- 
tion, with  the  presence  of  yeast  or  ferment, 
resulting  in  the  production  of  an  alcoholic 
liquid.  The  juice  of  fruits  ferments  spon- 
taneously, as  it  encloses  both  the  ferment  and 
sugar.  To  the  infusion  of  malted  grain  fer- 
ment is  added;  but  after  fermentation  the 
quantity  of  ferment  is  increased,  being  formed 
from  a  substance  existing  in  the  grain.  We 
shall  first  consider  the  nature  of  ferment  and 
fermentation,  and  then  the  several  kinds  enu- 
merated above. 

1.  Ferment.      Syn.    Yeast,   Leaven,   Barm. 
Ger.   Hefe,  Gahrmittel.     Fr.  Levure,  Levain. 
The  yeast  which  rises  to  the  top  of  fermenting 
mall  liquor  (see  Beeii),  is  composed  of  ovoidal 
globules  (myroderrna  cerivisia),  about  ^nrg  inch 
in  diameter,  the  surfaces  of  which  often  have 
minute    appendages,  which    are  regarded  by 
some   as  germs,  attached  to  their  producing 
cells.     When  fermentation  is  progressing,  the 
globules  move  about  in  all  directions;  and  if 
an  albuminous  or  nitrogenous  matter  be  in  the 
saccharine    solution,   the    lateral    appendages 
become  more  fully  developed,  and  after  attain- 
ing a  certain  size  separate  and  assume  an  inde- 
pendent existence.    In  beers,  containing  gluten 
or  nitrogenous  matter,  from  which  the  yeast 
is  formed,  the  latter  increases  to  many  times 
the  volume  of  what  was  originally  introduced 
into  the  liquid.     From  this  view  it  would  ap- 
pear to   be  organized  and  endowed  with  vi- 
tality, a  theory  which  some  chemists  maintain. 
When  a  liquid  contains  an  excess  of  ferment, 
the  latter  continues  acting  until  all  the  sugar 
is  converted  into  alcohol,  and  then  loses  its 
properties  as  a  ferment  in  the  same  liquid 
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which,  say  the  same  chemists,  shows  its 
vitality,  inasmuch  as  its  existence  ceases  with 
the  removal  of  its  nourishment. — sugar.  To 
this  must  be  added,  that  all  albuminous  mat- 
ters are  readily  convertible  into  ferment. 
Gluten  changes  to  ferment  by  the  action  of 
air  and  moisture,  at  common  temperatures. 
Albumen,  with  water  and  sugar,  at  91°  be- 
comes a  true  ferment  in  about  3  weeks,  and 
fermentation  then  proceeds,  although  slowly. 
The  same  takes  place  with  casein,  muscle, 
&c;  and  when  any  of  these  is  once  converted 
into  ferment,  it  produces  a  deposit  of  ferment 
which  determines  an  ordinary  rapid  fermenta- 
tion. It  would  also  appear  that  the  globules 
of  these  ferments  are  of  the  same  form  and 
dimensions  as  those  of  yeast,  from  whatever 
source  derived.  Add  to  this,  that  only  a  nitro- 
genous matter  is  capable  of  becoming  a  fer- 
ment, and  among  these  only  such  as  has 
formed  part  of  an  organized  structure.  These 
and  some  other  facts  seem  to  point  out  the 
organized  nature  and  vital  action  of  a  ferment. 
According  to  Mulder,  yeast  is  a  plant  con- 
sisting of  isolated  cells,  the  tissue  of  which 
has  the  composition  C)2H10O10,  and  therefore 
approximates  to,  without  being  identical  with 
cellulose.  Each  vesicle  encloses  a  protein 
body,  which  being  insoluble  in  boiling  alcohol 
and  readily  soluble  in  acetic  acid,  is  neither 
gluten  nor  albumen;  and  is  so  easily  altered 
by  boiling  water,  that  it  may  be  regarded  as 
superoxide  of  protein,  C40H37N.O26  =  O40H3] 
N5012+08+  6  HO.  Extracted  with  acetic 
acid,  and  precipitated  by  carbonate  of  am- 
monia, it  has  an  analogous  composition  to 
fibrin,  albumen  and  casein.  The  vesicles 
during  fermentation  are  penetrated  exosmoti- 
cally  by  the  protein  body  which  immediately 
undergoes  decomposition  at  a  certain  tempera- 
ture, forming  ammonia  and  an  extractive 
which  has  not  been  accurately  examined. 
Thus, 

Protein.  Ammonia.        Extractive. 

C,0H31N3O12-H15N5  =  C40H16O12. 
According  to  Mitscherlich,  fermentation  is 
effected  by  a  vegetable,  putrefaction  by  an 
animal  production,  and  that  by  only  one  spe- 
cies of  infusorv  animal.  When  sugar  is 
added  to  a  liquid  containing  these  animals,  a 
vegetable  body,  ferment,  is  produced;  and 
when  more  sugar  is  added,  the  production  of 
the  animals  ceases,  and  that  of  the  ferment  is 
increased.  In  the  upper  or  common  fermenta- 
tion, the  globules  are  larger,  and  have  smaller 
globules  branching  off  from  them,  which  act 
as  germs,  to  produce  yeast.  In  the  lower  or 
Bavarian  process,  the  ferment  consists  of 
small  globules  only,  which  grow  isolated  in 
the  liquid. 

Bouchardat  distinguishes  3  alcoholic  fer- 
ments: common  beer-yeast,  of  larger  globules 
with  germs,  which  completes  fermentation  in 
a  few  days  at  from  50°  to  85°,  and  cannot  act 
in  a  strong  alcoholic  liquid;  ferment  of  lees 
(lower  ferment),  of  smaller  globules,  which 
acts  between  50°  and  55°,  completes  its  pro- 
cess in  3  or  4  months  even  in  liquids  of  16  pr. 
ct.  alcohol,  and  is  not  sensibly  decomposed 
during  that  time;  and  black  ferment,  of  still 
smaller  globules,  which  produces  fermentation 


in  not  less  than  6  months,  even  in  a  17  pr.  ct. 
liquid,  and  is  not  destroyed  during  fermenta 
tion. 

On  the  other  hand,  it  may  be  said  that  the 
peculiar  organic  form  of  the  globules  of  yeast 
is  no  more  an  evidence  of  their  vital  exist- 
ence, whether  fungous  or  animal,  than  the 
semi-organized  forms  of  amylaceous  matters. 
If  the  vitating  globules  of  yeast  feed  upon 
sugar  and  evolve  it  wholly,  as  carbonic  acid 
and  alcohol,  they  act  differently  from  what  we 
know  of  all  other  plants  or  animals.  Regard- 
ing fermentation,  with  Liebig,  as  an  instance 
of  a  decomposing  substance,  ferment,  inducing 
the  transformation  of  another,  sugar,  the  former 
does  not  cease  to  act  after  the  sugar  has  been 
wholly  transformed,  but  continues  decompos- 
ing, although  slowly,  by  reason  of  its  insolu- 
bility. 

By  Berzelius  and  others,  fermentation  is 
supposed  to  be  produced  by  a  catalytic  force, 
a  name  given  to  a  series  of  phenomena  in 
which  a  compound  body  is  decomposed  by 
the  presence  or  contact  of  another  body,  with- 
out receiving  any  thing  from  the  latter.  But 
a  careful  examination  of  the  several  phe- 
nomena classed  under  catalytic  action,  will 
show  that  very  different  conditions  are  required 
in  different  instances;  and  since  the  phe- 
nomena of  fermentation  are  of  a  distinct  cha- 
racter, they  are  more  conveniently  studied 
under  the  views  set  forth  by  Liebig. 

Yeast  is  partially  soluble  in  water,  but  it  is 
neither  the  soluble  nor  insoluble  portion  which 
induces  fermentation  in  a  sugar  solution,  if 
oxygen  be  excluded.  Colin  has  showed  that 
it  is  the  soluble  which  possesses  this  power, 
and  that  only  when  oxygen  is  present.  When 
the  hot  infusion  is  decanted  from  the  insoluble 
residue,  and  exposed  to  the  air,  it  induces 
rapid  fermentation,  which  it  would  not  do 
previous  to  its  exposure.  The  yeast  disap- 
pears during  fermentation,  by  oxidation  and  a 
transformation  of  its  constituents.  Thenard 
found  that  100  pts.  of  sugar  were  wholly  fer- 
mented by  20  pts.  beer-yeast,  the  insoluble 
portion  of  which,  after  fermentation,  amounted 
to  13-7;  and  that  this  was  reduced  to  10  pts. 
by  fermenting  a  fresh  solution  of  sugar.  The 
last  10  pts.  had  the  properties  of  woody  fibre. 
When  yeast  is  thoroughly  washed,  the  residue 
loses  the  power  of  inducing  fermentation,  but 
regains  it  when,  by  exposure  in  a  warm  place, 
it  commences  again  to  decompose.  When 
the  quantity  of  ferment  is  insufficient,  all  the 
yeast  and  a  corresponding  amount  of  sugar 
disappear,  but  the  excess  of  sugar  remains  in 
the  alcoholic  solution.  When  the  yeast  is  in 
excess,  a  portion  of  it  remains  after  all  the 
sugar  is  converted,  and  scarcely  decomposes, 
or  very  slowly:  but  if  added  to  a  fresh  solu- 
tion of  sugar,  induces  its  transformation.  It 
appears,  then,  that  yeast  only  acts  when  it  is 
itself  in  a  state  of  decomposition  or  erema- 
causis,  through  the  oxidizing  action  of  the 
air;  and  that  it  communicates  a  chemical  or 
molecular  movement  to  the  elements  of  sugar, 
inducing  their  re-arrangement  in  other  forms. 
Fermentation,  then,  is  an  instance  of  inducing 
affinity.    Liebig. 

The  first  cause  of  fermentation  is  heat;  foi 

627 


FERMENTATION. 

at  a  certain  temperature  the  protein  compound 
of  yeast  cannot  exist  in  solution,  and  its  de- 
composition extends  to  the  sugar.  A  small 
quantity  of  oxygen  is  absorbed  at  the  com- 
mencement, but  its  absorption  is  rather  the 
consequence,  than  the  cause  of  the  decompo- 
sition of  the  protein  compound.  Mulder. 

Among  the  various  causes  of  transforma- 
tions, Liebig  draws  attention  to  three,  as  play- 
ing the  most  important  part  in  fermentations: 
eremacausis,  fermentation  and  putrefaction. 
Eremacausis  (see  this  Art.)  is  the  slow  com- 
bustion of  a  body  by  the  oxygen  of  the  air, 
whereby  new  and  simpler  compounds  are  pro- 
duced. Fermentation  is  the  transposition  of 
the  elements  of  one  complex  compound,  by 
the  presence  of  a  body  in  the  act  of  decompo- 
sition, producing  new  and  simpler  compounds 
with  or  without  the  assistance  of  the  elements 
of  water.  Putrefaction  is  the  transposition 
of  the  atoms  of  two  or  more  complex  com- 
pounds, the  elements  of  both  arranging  them- 
selves mutually  into  new  products,  with  or 
without  the  co-operation  of  the  elements  of 
water. 

Eremacausis  takes  place  when  the  body  is 
simply  moistened  with  water,  or  by  the  assist- 
ance of  an  alkali,  or  most  commonly  by  con- 
tact with  another  body  already  in  the  state  of 
decay.  In  this  action  a  body  absorbs  oxygen, 
which  chiefly  seems  to  act  on  its  hydrogen, 
forming  water,  while  a  portion  of  the  carbon 
and  oxygen  remaining,  separate  as  carbonic 
acid.  The  removal  of  a  portion  of  hydrogen 
has  induced  the  transposition  of  the  remaining 
atoms,  so  that  carbonic  acid  and  other  pro- 
ducts are  formed,  according  to  their  affinities. 
In  the  putrefaction  of  nitrogenous  bodies,  we 
have  also  the  affinities  of  carbon  for  oxygen 
and  nitrogen  for  hydrogen,  thus  exhibiting  an 
analogy  between  eremacausis  and  putrefac- 
tion. In  fact  all  putrefying  bodies  pass  into 
a  state  of  decay  when  exposed  freely  to  the 
air,  and  all  decaying  matters  into  that  of  pu- 
trefaction, when  air  is  excluded.  In  organic 
bodies  destitute  of  nitrogen,  the  ultimate  pro- 
ducts of  decay  are  carbonic  acid  and  water; 
and  if  nitrogen  be  present,  ammonia  is  formed 
in  addition  to  these ;  but  there  are  also  other 
substances  resulting  under  some  circum- 
stances, such  as  hydrogen  or  a  carbohydro- 
gen.  Fresh,  moist  gluten  evolved  in  5  weeks 
28  times  its  volume  of  gas,  of  which  f  were 
carbonic  acid  and  ^  pure  hydrogen,  but  no 
ferment  was  formed.  (Dc  Saussure.)  Now  hy- 
drogen is  not  evolved  in  fermentation  with 
yeast,  and  hence  the  transformation  of  gluten 
in  a  saccharine  solution  is  of  a  different  kind 
from  that  just  noticed.  It  is  probable  that  the 
change  of  gluten  to  the  insoluble  state  is  due 
to  the  absorption  of  oxygen,  and  that  partly 
from  water.  The  change  produced  in  gluten 
by  oxidation  in  a  sugar  solution,  is  transferred 
to  the  sugar  which  is  separated  into  alcohol 
and  carbonic  acid ;  in  other  words,  the  fer- 
mentation of  the  sugar  is  a  reflex  action  of 
the  transformation  of  gluten.  Other  sub- 
stances being  usually  present  in  these  solu- 
tions, are  of  course  more  or  less  inductively 
affected  by  the  chemical  changes  going  for- 
ward. Thus  enanthic  ether  and  amylic  alco- 
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hoi,  etc.,  are  generated  during  fermentation, 
and  are  the  results  of  partial  deoxid 
But  some  of  these  bodies  being  probably 
formed  by  a  mutual  interchange  of  the  ele- 
ments of  gluten  and  sugar,  a  true  process  of 
putrefaction  is  going  forward.  Liebig. 

Composition  and  behavior  of  ferment.     Payen's 
proximate  analysis  of  yeast  gave  in  100  pts., 

Nitrog.  matter,  with  sulphur 62-73 

Envelope  of  cellulose 29-37 

Fatty  matters 2-10 

Mineral  matters 5-80 

100  parts  of  purified  yeast  gave,  according 
to  Dumas,  Mitscherlich  and  Schlossberger, 
D.  M.  S. 

Carbon 50-6         47-0        47-93 

Hydrogen 7-3  6-6  6-69 

Nitrogen 15-0         10-0  9-77 

Oxygen,  &c 27-0         36-4        35-61 


Sulphur  and  phosphorus  are  included  in  the 
oxygen. 

Schlossberger  divided  the  yeast  by  potassa 
into  two  parts:  a  nitrogenous  body  analogous 
to  protein  and  cellulose.  Mulder  gives  for  the 
composition  of  the  envelope  C12H10O]0,  which 
is  not  cellulose;  and  for  the  enclosed  body, 
C40H37N5O26,  which  is  protein  with  Og  and 
6  HO.  Mitscherlich's  analysis  of  yeast  dried 
at  248°,  gave  7-5  to  7-6  pr.  ct.  ashes,  which 
contained  in  100  pts., 

1.  2. 

Phosphoric  acid 41-8        39-5 

Potassa 39-5        28-3 

Phosphate  of  magnesia. .. .    16-8        22-6 
Phosphate  of  lime 2-3  9-7 

The  beer  from  which  this  yeast  was  taken 
gave  30-7  pr.  ct.  ashes,  of  the  following  com- 
position : — 

Phosphoric  acid 20-0 

Potassa 40-8 

Soda 0-5 

Phosphate  of  magnesia 0-0 

Phosphate  of  lime 2-6 

Silica 16-6 

Yeast  dried  at  212°,  or  boiled  for  4  or  5 
minutes  in  water,  does  not  wholly  lose  its  fer- 
menting power,  but  its  energy  is  much  weak- 
ened. An  exposure  during  a  night  to  a  tem- 
perature of  14°  or  12°,  does  not  diminish  its 
power.  The  most  remarkable  behavior  of 
yeast  is  to  sugar  in  solution,  transforming  the 
latter  wholly  into  alcohol  and  carbonic  acid. 
The  best  proportions  of  the  solution  for  rapid 
action  are  1  pt.  sugar  to  3  or  4  water,  and  1  pt. 
fresh  yeast  to  5  pts.  sugar,  although  50  pts. 
sugar  by  fermentation  only  destroy  1  pt.  yeast, 
calculated  in  the  dry  state.  The  best  tempera- 
ture is  between  70°  and  80°. 

Different  substances  have  a  different  action 
on  the  fermenting  power  of  yeast.  Left  in 
contact  with  alcohol  for  24  hours  at  113°,  and 
then  evaporated,  yeast  produces  fermentation 
after  a  day,  but  still  feebly  ;  if  left  in  a  strongly 
alcoholic  liquid  fermentation  ceases,  and  the 
globules  of  yeast  contract;  hence  it  is  that 
wines  cannot  be  obtained  by  fermentation  of 
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greater  strength  than  15  pr.  ct.  alcohol.  6  drops 
of  oil  of  terpentine  with  2  oz.  water,  f  oz.  sugar 
and  15  grs.  yeast,  will  not  ferment.  The  mine- 
ral acids  either  retard  or  prevent  fermentation. 
Sulphuric,  sulphurous,  muriatic  and  nitric, 
6  drops  of  each,  with  the  above  proportion 
of  sugar,  water  and  yeast,  prevent  fermenta- 
tion ;  phosphoric  and  arsenious  retard  it.  The 
same  proportions  of  ingredients  being  used,  5 
or  10  drops  of  acetic  acid  (of  10°)  and  of  a 
strong  solution  of  lactic  acid,  do  not  affect 
fermentation,  20  to  80  drops  destroy  it;  tarta- 
ric and  citric  oppose,  but  do  not  hinder  it; 
oxalic  and  prussic  wholly  prevent  it;  tannic 
appears  to  have  no  influence.  The  alkalies, 
free  or  carbonated,  hinder,  and  may  prevent 
it;  but  it  commences  as  soon  as  they  are 
neutralized,  and  the  liquid  has  a  slight,  excess 
of  acid;  their  presence  tends  to  form  more 
amylic  alcohol,  where  its  sources  are  present. 
Strychnin  and  morphin  retard  the  process  by 
their  alkalinity ;  for,  when  neutralized,  it  pro- 
gresses as  before;  some  alkaloids  are  without 
any  action.  Cream  of  tartar,  acetate  of  po- 
tassa  and  Glauber's  salt  have  rather  a  favor- 
able, than  injurious  action.  Sulphuretted  hy- 
drogen, the  sulphites  and  soluble  sulphurets, 
oxide  of  mercury  and  probably  other  oxides 
in  a  hydrated  state,  prevent  fermentation ;  ox- 
ide of  lead  seems  to  be  entirely  innocuous. 
Calomel  has  no  influence ;  alum  and  sugar 
of  lead  retard  it,  and  verdigris  and  corrosive 
sublimate  prevent  it  altogether.  (Quevenne.) 
T5i>o~o  °f  °^  °f  vitriol  is  sufficient  to  arrest 
fermentation,  which  does  not  commence  until 
the  proportion  is  reduced  to  -gslw  ^  aPPears 
that  the  smallest  quantities  retard  it,  for,  with 
■sooFu"'  on'y  na^  as  much  carbonic  acid  is 
given  off  as  by  a  normal  fermentation  without 
acid,  in  the  same  time;  and  while  the  latter 
is  completed  in  48  hours,  the  former  is  not 
finished  in  8  days.  It  not  only  retards  the 
alcoholic  change,  but  produces  the  viscous 
fermentation.  Calvert,  Journ.  de  Phar.  et  de  Ch. 
ix.  92. 

Yeast  dissolves  in  chlorohydric  acid,  im- 
parting a  red  color  to  it,  like  protein  com- 
pounds. By  successive  treatment  with  water. 
alcohol  and  ether,  there  are  obtained  from  it. 
lactic  acid,  phosphate  of  potassa,  fatty  matters, 
and  a  yellow  oil  of  an  aromatic  odor  and  taste, 
soluble  in  strong  sulphuric  acid,  with  a  cherry- 
red  color;  the  remainder  consists  of  globules 
similar  to  those  in  fresh  yeast,  but  of  less 
diameter,  and  is  no  longer  capable  of  produc- 
ing fermentation.  Fresh  yeast  ground  up  with 
an  equal  weight  of  white  sugar  is  soon  con- 
verted into  an  oily  liquid,  in  which,  as  well  as 
in  molasses,  it  will  keep  for  years  unimpaired. 

2.  Fermentation  in  general.  Although  the 
various  kinds  of  fermentation  agree  in  certain 
points,  yet  they  differ  so  much  in  their  results, 
that  some  chemists  still  adhere  to  the  older 
divisions  of  vinous,  acetous  and  putrid.  Their 
agreements  and  differences  follow,  but  let  it  be 
borne  in  mind  that  but  few  of  them  have  been 
minutely  studied,  in  consequence,  no  doubt, 
of  the  great  difficulties  attending  the  investi- 
gation. 

Contact.  The  contact  of  a  nitrogenous  or- 
ganic body,  the  ferment,  is  necessary  to  pro- 


duce fermentation  in  a  substance  contained  in 
an  aqueous  solution ;  and  it  is  probable  that 
the  ferment  must  be  brought  into  a  state  of 
change  or  decay,  before  it  performs  its  func- 
tions ;  for  it  is  found  in  such  a  state  where 
carefully  examined,  as  instanced  by  yeast, 
diastase,  emulsin,  myrosin,  &c.  But  it  would 
appear  that  the  ferment  in  different  stages  of 
decomposition,  containing,  therefore,  different 
successive  compounds,  determines  different 
kinds  of  fermentation ;  for,  while  fresh  dias- 
tase will  produce  the  dextrinic  and  glucosic 
changes,  when  exposed  for  some  days  to  a 
moist  air,  it  produces  the  lactic  transforma- 
tion. 

Water.  It  will  be  observed  that  water  is 
essential  to  fermentation,  not  merely  as  the 
medium  of  chemical  action,  but  by  its  some- 
times taking  part  in  the  resulting  chemical 
changes.  Thus,  while  diastase  determines 
a  mere  molecular  action  on  starch,  converting 
it  into  dextrine  of  the  same  composition,  it 
forces  the  dextrine  to  assume  the  elements  of 
water  while  passing  into  glucose.  From  the 
development  of  hydrogen  in  the  putrefaction 
of  gluten  (see  above),  water  is  evidently  de- 
composed; and  we  know  that  putrefaction  in 
general  is  a  powerfully  deoxidizing  process, 
abstracting  oxygen  from  water,  where  the  sup- 
ply of  this  element  from  the  air  or  the  solids 
present  is  insufficient. 

Relative  quantity.  The  catalytic  phenomena 
of  fermentation  are  characterized  by  the  rela- 
tion of  quantity  between  the  ferment  and  the 
fermented.  A  very  small  amount  of  emulsin 
will  convert  a  large  amount  of  amygdalin  into 
oil  of  bitter  almonds,  prussic  acid,  &c.  One 
part  of  dry  yeast  will  catalyze  50  pts.  sugar 
into  alcohol  and  carbonic  acid.  One  part 
diastase  will  convert  2000  pts.  starch  into 
dextrine  and  glucose. 

Temperature.  A  more  or  less  elevated  tem- 
perature is  generally  required  to  produce  fer- 
mentation, but  the  different  kinds  take  place 
at  different  temperatures.  We  may  ascribe 
this  development  of  heat  to  the  eremacausis, 
or  slow  combustion  of  the  ferment.  The  vis- 
cous fermentation  takes  place  between  40° 
and  60°,  although  it  may  occur  under  higher 
degrees  of  heat.  The  fermentation  of  Ba- 
varian beer  cannot  pass  beyond  50°;  the 
vinous  is  most  perfect  between  70°  and  80° ; 
the  benzoic  and  acetic  take  place  at  about  100°, 
although  the  former  will  admit  of  a  lower 
temperature.  The  amylic  probably  demands 
a.  still  higher  heat;  and  we  may  ascribe  the 
formation  of  wood-spirit  (amylic  alcohol)  to 
a  catalytic  action  taking  place  at  a  very  ele- 
i  vated  temperature,  as  in  the  dry  distillation 
I  of  wood. 

Prevention  of  Fermentation.  In  general,  the 
same  circumstances  and  substances  have  a 
l  similar  effect  in  retarding  or  wholly  prevent- 
ing fermentation ;  many  of  the  experiments 
J  above  given  on  the  behavior  of  yeast  being 
applicable  to  other  fermentations.  The  com- 
j  mon  antiseptics  have  the  property  of  retarding 
or  preventing  them.  The  oxides,  metallic 
salts  and  some  organic  bodies  possessing  this 
property,  probably  unite  chemically  with  fer- 
ments, rendering  them  insoluble  and  isert. 
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In  other  cases,  we  may  ascribe  it  to  a  counter 
catalytic  action. 

Resultants.  It  is  mainly  in  the  resulting 
compounds,  and  the  changes  occurring  during 
fermentation,  as  far  as  they  are  known,  that  a 
dissimilarity  exists  between  different  kinds  of 
fermentation.  In  the  dextrinic,  starch  merely 
undergoes  a  molecular  change,  without  a 
change  of  ultimate  composition;  in  the  glu- 
cosic,  dextrin  assumes  the  elements  of  water; 
in  the  lactic,  if  the  acid  be  formed  from  lac- 
tine,  it  loses  the  elements  of  water.  The 
acetous  change  consists  in  the  absorption  of 
oxygen  by  alcohol,  making  a  true  oxidation ; 
in  the  butyric  and  amylic,  there  is  a  deoxida- 
tion.  But  in  some  cases,  the  operations  are 
wholly  or  in  part  of  the  putrefactive  character, 
according  to  the  above  view  of  putrefaction, 
the  elements  of  ferment  and  fermented  mutu- 
ally arranging  themselves  into  new  groupings  ; 
thus  lactic  acid  is  almost  always  one  of  the 
products  of  the  putrefaction  of  animal  mat- 
ters; in  the  spontaneous  fermentation  of  the 
juice  of  beet-roots  or  parsnips,  at  95°  to  104°, 
beside  ammoniacal  products,  lactic  acid,  man- 
nite  and  mucous  matter  are  formed,  while 
s\2gar  and  ferment  have  both  disappeared. 
In  the  benzoic  transformation,  amygdalin  is 
supposed  to  be  resolved  into  oil  of  bitter  al- 
monds, prussic  and  formic  acids,  sugar  and 
water,  without  union  with  the  ferment. 

It  must  be  acknowledged  that  much  remains 
for  thorough  chemical  investigation  of  the  fer- 
ment, the  fermented,  the  intermediate  changes 
and  their  total  resultants.  Hitherto,  the 
chemist  has  confined  himself  too  much  to  an 
investigation  of  fermentation  taking  place  in 
complex  bodies,  especially  in  the  ferments. 
We  know  in  most  cases  the  exact  composition 
of  the  body  to  be  catalyzed,  starch,  sugar, 
amygdalin  and  others;  but  the  ferments  may 
be  complex  bodies,  whose  proximate  constitu- 
ents are  unknown  to  us.  Even  in  the  trans- 
formation of  sugar,  we  know  only  the  begin- 
ning and  the  end;  that  it  is  finally  resolved 
into  alcohol  and  carbonic  acid,  without  know- 
ing the  intermediate  changes  which  it  may 
possibly  suffer.  The  subject  can  only  be 
rendered  clear  by  a  preparatory  analytic  in- 
vestigation of  ferments,  and  a  careful  study 
of  the  transformations  of  their  separated  con- 
stituents, under  the  various  circumstances  of 
oxidation  an. I  deoxidation,  alkaline  and  acid 
reaction,  in  presence  of  bodies  to  be  ferment- 
ed at  different  temperatures,  and  in  presence 
of  each  other  under  these  conditions. 

Kinds  of  Fermentation. 
Although  we  shall  here  regard  the  changes 
as  distinct  from  each  other,  it  is  highly  pro- 
bable that  many  of  them  are  consecutive ;  for 
the  experiments  of  Boutron  and  Fremy  have 
shown  that  the  first  action  of  the  ferment  in 
malt  is  the  conversion  of  the  starch  into  glu- 
cose by  diastase ;  that  it  next  assumes  the 
character  of  the  lactic  ferment,  converting  a 
portion  of  the  sugar  into  lactic  acid,  as  shown 
by  the  acidity  of  the  liquor.  The  liquid  then 
becomes  turbid,  depositing  a  sediment,  and 
the  alcoholic  fermentation  takes  place.  That 
*he  sediment  is  the  cause  of  the  alcoholic 
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change,  is  shown  by  filtering  the  liquid  when 
the  alcoholic  fermentation    ceases.      Be 
these    su  changes    under   the 

conditions,  a  variation  of  conditions  may  pro- 
duce very  different  results;  for,  while 
under  the   action   of  yeast  is  converted   into 
alcohol  and  carbonic  acid,  with  the  pre 
of  putrefying  white  cheese  it  produces  butyric 
acid,  with  gluten  or  rennet  it  may  gen 
mucous  mailer  and  mannite,  and  in  rhe  ju 
of  the  beet-root,  &e.,  fermenting  spontaneously 
at  85°  to  100°,  it  produces  lactic  acid,  mucose 
and   mannite.     According   to    Bensch,  lactic 
acid    is   first   formed,    and  then   passes   into 
butyric. 

1.  Dextrinic  and  Glucosic.  Fermentation.  Starch 
is  so  rapidly  converted  into  glucose  by  the  ac- 
tion of  diastase  or  malt,  that  it  requires  some 
care  to  observe  the  intermediate  formation  of 
dextrin  (see  Dkxtkin  and  Diastase).  The 
change  of  starch  into  dextrin  is  only  mole- 
cular, both  substances  having  the  same  com- 
position. The  conversion  of  dextrin  into  glu- 
cose or  starch-sugar,  consists  in  the  assump- 
tion of  the  elements  of  water;  thus,  C]2H,nOI0 
-|-  2  HO  =z  C12H120]2.  There  is  generally  a 
tendency  to  form  a  portion  of  lactic  acid  at 
the  same  time.  Although  this  change  takes 
place  slowly  at  common  temperatures,  yet  its 
action  is  most  energetic  between  120°  and 
140°.  The  same  kind  of  fermentation  takes 
place  in  malting  barley,  and  in  the  germina- 
tion of  other  seeds ;  a  small  amount  of  dias- 
tase or  albuminous  matter  in  the  seed  con- 
verts the  fecula  into  dextrin  and  glucose.  So 
powerful  is  the  action  of  pure  diastase,  that 

1  pt.  of  it  is  said  to  convert  2000  pts.  starch 
into  glucose. 

2.  Vinous  or  Alcoholic  Fermentation.  The 
various  kinds  of  sugar  give  rise  to  the  forma- 
tion of  alcohol  in  presence  of  a  ferment,  a 
certain  quantity  of  water,  and  at  the  tempera- 
ture of  from  40°  to  80°.  The  ordinary  rapid 
fermentation  takes  place  usually  between  70° 
and  80°;  that  of  common  ales  and  beers  be- 
tween 55°  and  65° ;  the  slower  process  in 
Bavarian  beer  and  some  wines,  between  40° 
and  50°. 

Glucose  is  transformed  by  fermentation  into 

2  eq.  alcohol  and  4  eq.  carbonic  acid;  thus, 
C12H120I2  =  2  (C4H602)  +  4  C02.  No  ac- 
count  is  taken,  in  tins  change,  oi  the  2  eq. 
water  in  crystallized  glucose.  A  solution  of 
glucose  polarizes  light  to  the  right,  and  con- 
tinues to  do  so  during  fermentation.  A  solu- 
tion of  fruit-sugar,  CI2H120I2,  polarizes  to  the 
left,  and  likewise  continues  to  do  the  same 
during  the  same  change.  A  solution  of  cane- 
sugar  polarizes  to  the  right,  but  by  the  action 
of  ferment  soon  polarizes  to  the  left,  and  then 
acts  like  fruit-sugar.  A  solution  of  molasses- 
sugar  does  not  polarize,  and  remains  without 
polarizing  power  during  fermentation.  Dex- 
trin, lactin  and  cane-sugar  are  converted  into 
glucose  before  fermentation.  (Mitschertich  and 
Biot.)  The  above  formula  is  therefore  adapted 
to  all  vinous  fermentations ;  but  the  last  three 
substances  previously  take  up  the  elements 
of  water,  and  should  therefore  yield  a  larger 
amount  of  alcohol  and  carbonic  acid  than  the 
sum  of  those  elements  in  the  original  sub- 
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stance;  and  in  fact  it  is  found  by  experiment, 
that  100  pts.  cane-sugar  yield  103  pts.  alcohol 
and  carbonic  acid  together.  (Liebig.)  It  was 
stated  that  lactin  assumes  water,  although  its 
composition  is  C?4H24024,  or  exactly  that  of 
glucose;  but  the  formula  of  anhydrous  lactin 
is  C24Hl9019,  whence  it  must  take  up  5  eq. 
water  to 'form  2  eq.  glucose.  In  general,  and 
even  in  many  nice  experiments,  the  amounts 
of  alcohol  and  carbonic  acid  fall  several  pr. 
ct.  short  of  the  amount  of  cane-sugar,  which 
is  to  be  ascribed  to  the  formation  of  lactic 
acid,  ammonia,  and  other  products,  partly  due 
to  a  transformation  of  sugar,  partly  to  putre- 
faction and  eremacausis. 

There  are  several  modifications  under  which 
the  vinous  fermentation  presents  itself  to  us: 

a,  where  yeast  acts  upon  a  solution  of  sugar, 
or  a   substance    transformable    into    sugar; 

b,  where  it  is  made  to  act  on  a  solution  of 
sugar  containing  also  glutenous  matter,  by 
which  more  yeast  is  generated,  as  in  beers ; 

c,  where  yeast  does  not  exist  ready  formed, 
but  requires  the  action  of  air  to  generate  it, 
saccharine  matter  being  also  present,  as  in  the 
juice  of  grapes  and  other  fruits;  d,  the  high 
and  low  fermentations ;  e,  the  secondary  pro- 
ducts due  to  various  conditions  and  foreign 
substances;  /,  the  panary  fermentation. 

a.  The  conditions  of  fermentation  have  been 
already  stated  above,  under  the  behavior  of 
ferment.  When  yeast  is  added  to  a  solution 
of  sugar  in  due  proportions,  and  examined  by 
the  microscope,  carbonic  acid  is  observed  to 
be  developed  around  a  globule  of  yeast,  to  in- 
crease in  size  until  the  combined  specific 
weight  of  the  globule  and  gas  is  less  than  that 
of  the  liquid,  when  they  rise  together  to  the 
top,  and  the  gas  bubble  bursting,  the  yeast 
again  falls.  Whence  it  would  seem  as  if  the 
transformation  of  sugar  took  place  in  or  upon 
the  globules  of  yeast,  by  means  of  its  organ- 
ized structure ;  an  inference  confirmed  by 
Ludersdorf,  who  found  that  yeast,  triturated 
so  as  to  destroy  its  structure,  ceased  to  pro- 
duce the  alcoholic  fermentation.  If  these 
observations  be  true,  they  do  not  subvert  the 
chemical  views  of  Liebig,  set  forth  more  fully 
above,  under  ferment.  Whatever  views  may 
be  adopted,  the  facts  are,  that  with  a  suitable 
mixture  of  well-prepared  yeast,  pure  sugar 
and  water,  the  clear  liquid  becomes  turbid 
from  the  evolution  of  carbonic  acid,  and  its 
circulating  power  over  the  globules  of  yeast; 
and  when  the  fermentation  is  complete,  the 
liquid  becomes  clear.  It  now  contains  alcohol 
in  place  of  sugar,  and  probably  always  a  little 
lactic  acid  and  ammonia.  Alcohol  contracts 
the  globules  of  yeast,  rendering  it  inert;  and 
hence  when  a  liquid  attains  to  a  strength  of 
15  pr.  ct.  alcohol,  fermentation  ceases.  Even 
this  strength  is  rarely  attained;  and  to  those 
liquids  which  contain  more  alcohol,  a  distilled 
liquor  has  been  added. 

b.  Under  the  Art.  Bkeii.  the  practical  details 
of  its  fermentation  are  fully  described.  This 
fermentation  differs  from  the  preceding  chiefly 
in  the  presence  of  gluten  in  the  solution  and 
in  an  increase  of  yeast,  whereas  in  the  former 
case  the  yeast  was  destroyed,  or  converted  into 
woody  fibre.     Oxygen  is  absorbed  during  the 


fermentation,  the  gluten  rendered  insoluble, 
precipitated  as  yeast,  and  carried  to  the  top 
of  the  liquid  by  the  buoyant  power  of  carbonic 
acid.  While  one  part  of  yeast  is  producing 
the  transformation  of  sugar  and  is  itself  trans- 
formed, it  induces  the  eremacausis  of  the 
soluble  gluten,  by  which  it  is  converted  into 
insoluble  yeast.  The  quantity  of  yeast  thus 
generated,  is  variously  stated  to  be  from  7  to 
30  times  as  {rreat  as  that  originally  introduced 
into  the  liquid.  During  the  ordinary  fermenta- 
tion of  beer  the  temperature  rises  from  9°  to 
14°  higher  than  it  had  been,  which  is  due  to 
the  low  combustion  of  the  gluten.  In  most 
beers  a  portion  of  sugar  and  gluten  still  re- 
main unchanged,  and  hence  their  aptitude  to 
become  acidified  or  spoiled,  by  subsequent 
and  different  kinds  of  transformations.  If  a 
beer  fermented,  but  not  completely  so,  at  a 
comparatively  low  temperature,  is  afterwards 
exposed  to  a  higher  temperature  and  to  the 
air,  a  rapid  fermentation  is  produced,  which, 
by  its  raising  the  temperature  still  higher, 
tends  to  the  eremacausis  of  alcohol  and  the 
production  of  acetic  acid.  The  difference 
between  this  ordinary  fermentation  and  that 
taking  place  at  a  lower  temperature,  will  be 
given  below. 

c.  In  the  fermentation  of  the  juice  of  fruits, 
no  ferment  is  added  ;  but  it  contains  glutenous 
matter  adapted  to  form  yeast;  and  the  process 
therefore  differs  from  the  preceding  mainly  in 
the  spontaneous  formation  of  yeast,  by  the 
oxidizing  action  of  the  air.  The  juice  of 
grapes,  expressed,  apart  from  the  air,  does 
not  ferment;  but  when  air  or  oxygen  is  ad- 
mitted, fermentation  commences.    Uay-Lussac. 

d.  The  temperature  during  fermentation  ex- 
ercises an  important  influence  on  the  liquid 
product  of  fermentation.  The  juice  of  beet- 
roots fermenting  spontaneously  at  85°  to  95°, 
yields  no  alcohol,  but  in  place  of  it  lactic  acid, 
mannite  and  rnucose.  In  the  ordinary  fer- 
mentation, the  temperature  is  between  55°  and 
80°,  and  the  generated  yeast  rises  to  the  top 
of  the  liquid.  In  the  fermentation  of  wort  at 
a  temperature  of  40°  and  50°,  as  in  the  manu- 
facture of  Bavarian  beer,  if  common  yeast  be 
added,  a  gradual  and  quiet  change  takes  place, 
and  yeast  is  deposited  at  the  bottom  of  the 
containing  vessel.  If  this  precipitated  yeast 
be  employed  several  successive  times  for  fer- 
mentation at  the  same  temperature,  it  no 
longer  produces  common  fermentation  even 
at  50°.  It  is  different  in  appearance  from 
common  yeast,  being  a  fine,  viscous  slime. 
The  time  required  for  this  fermentation  is 
from  3  to  6  weeks.  The  mam  result  is  the 
same  as  usual,  alcohol  and  carbonic  acid 
being  generated,  but  the  latter  rises  in  very 
minute  bubbles  from  the  liquid.  In  both  high 
and  low  fermentation  oxygen  is  absorbed,  but 
in  the  former  process  it  is  absorbed  more 
rapidly,  producing  a  higher  temperature,  which 
together  with  the  greater  activity  of  chemical 
force,  tends  to  resolve  a  portion  of  sugar  into 
other  products  than  alcohol  and  carbonic  acid. 
It  is  deoxidized,  and  hence  the  accidental  pro- 
ducts of  butyric  and  enanthic  acids,  amylic 
alcohol,  &c.  In  the  low  fermentation,  by  rea- 
son of  the  lowness  of  temperature,  together 
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with  a  feebler  chemical  force,  the  gluten  de- 
cays slowly,  and  spends  its  catalytic  action  on 
the  sugar  in  only  one  kind  of  transformation, 

converting  it  wholly  into  carbonic  acid  and 
alcohol,  while  the  gluten  goes  on  decaying 
until  it  is  wholly  precipitated.  It  probably 
undergoes  putrefaction  in  both  cases,  but  the 
nature  of  this  change  varies  with  the  tem- 
perature, although  in  both  it  transposes  the 
elements  of  sugar  in  the  same  manner.  This 
view  is  confirmed  by  increasing  the  tempera- 
ture of  fermentation,  as  in  the  spontaneous 
change  of  beet-root  juice  above  noticed,  where 
alcohol  is  not  at  all  generated.  The  low  tem- 
perature and  weak  chemical  force  combined, 
tending  only  to  oxidize  and  precipitate  all  the 
gluten,  while  all  the  sugar  is  converted  into 
alcohol  and  carbonic  acid,  such  a  fermented 
liquor  will  be  somewhat  richer  in  alcohol,  and 
have  no  tendency  to  spoil  or  acetify  when 
once  drawn  off  from  the  yeast.  Hence  Ba- 
varian beer  is  a  little  more  alcoholic  than 
ordinary  malt  liquors,  and  not  liable  to  be- 
come acid  by  free  exposure  to  the  air.  The 
finer  qualities  of  English  malt  liquors  are  im- 
proved by  keeping  them  for  several  years  in 
close  vessels  to  ripen,  during  which  the  greater 
part  of  the  gluten  is  rendered  insoluble  by  very 
slowly  absorbing  oxygen,  without  disturbing 
other  chemical  forces  in  the  liquid.  Besides 
acetification,  to  which  those  liquids  are  liable 
which  contain  gluten,  they  are  sometimes 
observed  to  undergo  a  viscous  change,  which 
is  prevented  by  precipitating  the  gluten  by 
tannin. 

e.  We  have  just  seen  that  a  higher  tempe- 
tature  will  catalyze  a  portion  of  sugar  differ- 
ently from  a  lower,  and  generate  other  pro- 
ducts; but  the  presence  of  foreign  ingredients 
is  the  most  common  source  of  secondary  pro- 
ducts. Whiskeys  obtained  from  grain  and 
potatoes  contain  fousel  oils,  which  impart  to 
them  a  peculiar  odor  and  taste,  and  are  de- 
rived from  other  substances  than  the  ferment 
or  sugar.  The  oil  from  potatoes  is  chiefly 
amylic  alcohol;  that  from  corn  consists  prin- 
cipally of  an  acid  identical  in  composition 
with  enanthic  acid,  but  different  in  its  proper- 
ties. The  liquor  obtained  from  potato-starch, 
or  from  partially  putrefied  potatoes,  is  free 
from  fousel  oil,  from  which  its  presence  in 
potato-whiskey  is  ascribed  to  the  cellular  tissue 
of  the  root.  There  is  no  douht  that  enanthic 
ether  is  produced  in  wines  during  fermenta- 
tion, and  probably  by  the  presence  of  tartaric 
acid,  for  the  Rhenish  wines  which  contain 
larger  quantities  of  this  acid,  are  distinguished 
for  their  bouquet,  and  those  containing  the 
largest  amount  of  this  acid  have  the  strongest 
perfume.  The  acid  of  this  ether  resembles  a 
fat  acid,  and  the  ethers  of  such  acids  are  only 
made  in  the  presence  of  a  very  soluble  acid 
stronger  than  the  acetic.  The  absence  of  such 
acid  in  liquor  from  grain,  produces  an  acid 
similar  to  the  enanthic,  but  not  its  ether;  and 
in  the  liquor  from  the  potato,  it  is  found  that 
the  amount  of  amylic  alcohol  obtained  is 
greater  if  the  liquid  be  slightly  alkaline.  These 
facts  seem  to  show  the  influence  of  foreign 
substances  in  producing  various  compounds 
in  fermented  liquids.  (Liebig.)  In  the  distil- 
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lation  of  liquors  from  Indian  corn  in  the  west- 
ern states,  very  large  quantities  of  oil  are  ob- 
tained and  applied  to  practical  purposes,  but 
of  its  chemical  nature  we  are  ignorant.  The 
quantity  of  such  oil  is  not  surprising,  when 
we  consider  the  complex  constitution  of  maize, 
to  which  article  refer. 

/.  Panary  Fermentation.  This  has  been  im- 
properly considered  a  distinct  variety  of  fer- 
mentation, but  in  the  main  it  is  the  alcoholic, 
under  the  peculiar  condition  of  the  presence 
of  a  small  quantity  of  water.  The  practical 
details  are  given  under  the  art.  Bhkaii.  Wheat 
Hour  contains  about  69  pr.  ct.  starch,  11  gluten, 
5  glucose,  and  4  dextrin,  the  balance  being 
water  and  salts.  The  small  amount  of  • 
introduced  is  sufficient  to  dissolve  gluten,  dex- 
trin, and  glucose,  which  are  brought  into  inti- 
mate mixture,  and  exposed  to  the  action  of  the 
air  and  the  leaven  by  working  the  paste. 
When  the  mixture  of  flour,  water,  and  leaven, 
or  yeast,  is  exposed  in  a  warm  place,  it  begins 
to  puff  up  from  the  alcoholic  fermentation  and 
escape  of  carbonic  acid,  part  of  which  is  re- 
tained by  the  toughness  of  the  dough.  At  a 
proper  time,  it  is  heated  in  an  oven,  whereby 
the  progress  of  fermentation  .is  arrested,  the 
dough  puffed  up,  and  rendered  porous  by  the 
expansion  of  the  carbonic  acid  retained  in  it, 
and  by  the  bursting  of  the  amylaceous  parti- 
cles, and  the  whole  made  to  adhere  into  a 
uniform  mass.  The  quantity  of  sugar  fer- 
mented, and  hence  the  quantity  of  alcohol 
generated  is  so  small,  that  the  latter  almost 
escapes  detection,  even  when  assayed  on  a 
large  scale. 

3.     Lactic    Fermentation.      The    same    sub- 
stances   which    undergo    the    alcoholic,  may 
also  produce  the  lactic  change,  and  in  pre- 
sence   of  ordinary   ferment.     Sugar,  dextrin, 
lactin,  and  glucose  are  all   fermentible  into 
lactic    acid,    but   the    three   former   probably 
change  into  glucose  before    they  are  farther 
transformed.     Yeast  must  undergo  a  peculiar 
metamorphosis  adapting  it  to  this  fermenta- 
tion, for  caseous  and  other  nitrogenous  mat- 
ters, less  inclined  to  produce  the  alcoholic,  are 
better  adapted  to   the  lactic  change.     Casein 
and  diastase  are  especially  energetic.  Freshly 
prepared    diastase,    which    produces   dextrin 
and  glucose  from  starch,  must  be  exposed  to 
moist  air  for  some  days,  in  order  to  convert 
any  of  the  above  substances  into  lactic  acid. 
The    formula   of  lactin    being   C24H24024,  or 
rather   C24H)9019-f- 5  HO,  and  that  of  lactic 
acid    being   <J6H'606  ==  C6H404  -f  2  HO ;    the 
former   is   fourthed  by  a  molecular  division, 
and  3  eq.  of  water  taken  from  its  anhydrous 
base  are  added  to  the  combined  water  of  4  eq. 
of  the  acid,  thus  C24H19019+5  HO=C24H16016 
+  8  HO  =  4  (C6H404  -f  2  HO).     If  the  lactic 
acid  be  formed  from  glucose,  the  change  is 
similar.     One  eq.  glucose  =  C12HnOn  -f  HO 
throws  the  elements  of  3  eq.  water  to  the  hy- 
drated  water,  making  C]2H8Os-f-  4  HO,  which 
is  equal  to  2  eq.  lactic  acid,  2(C6H404+2HO). 
To  obtain  this  acid  in  quantity,  malt  is  moist- 
ened with  water,  exposed  to  the  air  for  some 
days  at  75°  to  85°,  and  saturated  with  lime; 
the  lactate  of  lime  may  be  purified  from  solu- 
tion in  alcohol.     (Uounon  and  Frcmy.)     This 
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fermentation  takes  place  also  in  milk,  which 
is  suffered  to  sour.  By  the  action  of  casein 
oxidized  by  the  air,  a  portion  of  lactin  is  con- 
verted into  lactic  acid,  which  by  its  reaction 
coagulates  the  casein,  and  prevents  the  far- 
ther development  of  the  acid,  but  if  chalk  or 
soda  be  added,  and  the  liquid  stirred  from  time 
to  time,  the  latter  is  kept  neutral,  and  lactic 
acid  continues  to  form  as  long  as  any  lactin 
is  present.  Even  then  lactin  may  be  added, 
and  the  fermentation  kept  up.  The  propor- 
tions employed  by  Pelouze  and  Gelis  are  a 
solution  of  starch-sugar  of  8°  or  10°  Beaume, 
chalk  equal  to  half,  and  casein  or  gluten  equal 
to  T'5th  (calculated  dry)  of  the  sugar  employ- 
ed. The  cheese  or  gluten  may  be  employed 
in  almost  any  state.  The  sugar  changes  first 
into  a  mucous  substance,  without  mannite, 
then  to  lactic,  and,  finally,  to  butyric  acid. 
(Pelouze  and  Gelis.)  The  same  circumstances 
which  oppose  the  alcoholic,  prevent  or  retard 
the  lactic  fermentation.  The  warm  tempera- 
ture of  summer  rendering  milk  apt  to  turn 
sour  by  the  lactic  fermentation,  the  evil  is 
remedied  by  keeping  it  excluded  wholly  from 
the  air,  or  by  boiling  it  a  few  moments  every 
day,  which  may  preserve  it  for  months.  M. 
Gelis  observed  that  towards  the  close  of  the 
lactic  there  appeared  the 

4.  Butyric  Fermentation,  the  same  substances, 
ferment  and  fermentible,  being  present.  But 
it  is  evident,  that  the  ferment  must  again 
have  changed  character,  been  otherwise  trans- 
formed, and  that  by  an  oxidation,  as  we  may 
infer  from  analogy.  It  will  at  all  events  be 
evident,  from  a  consideration  of  the  formula 
of  lactic  and  butyric  acids,  that  the  lactic  has 
been  deoxidized.  The  formula  of  lactic  acid 
is  C6H606,  of  butyric  C8Hg04,  both  in  their 
hydrated  state;  therefore  4  eq.  lactic  acid  = 
C24H24°24>  are  e(lual  t0  3  e1-  butyric  =  C24H2 
012  together  with  0,2.  The  lactic  loses  half 
its  oxygen  in  passing  into  the  butyric  acid. 
The  oxygen  requisite  in  fermentation  is  first 
drawn  from  the  air,  but  after  some  time  it  is 
abstracted  from  the  substances  in  solution. 
The  same  remarks  hold  good  if  the  butyric 
acid  be  produced  from  glucose.  But  the 
change  noticed  is  not  a  simple  deoxidation, 
for  the  true  formula  for  4  eq.  lactic  acid  is 
C24HlsO,6-f8HO,  and  that  for  3  eq.  butyric 
is  024H2109  -|-3  HO,  from  which  it  is  evident 
the  4  eq.  lactic  acid  assume  5  eq.  of  their  hy- 
drate-water, making  C24H2102|  -f  3  HO,  and 
then  lose  12  eq.  oxygen  in  order  to  form  3  eq. 
butyric  acid.  The  action  is  similar  to  the 
lactic  change  from  glucose  without  deoxida- 
tion. As  in  the  formation  of  lactic  acid,  chalk 
or  soda  may  be  employed  for  neutralizing  the 
liquid  and  continuing  the  fermentation.  The 
formation  of  butyric  acid  from  lactin  presents 
us  with  an  interesting  relation  between  these 
substances  which  are  found  together  in  milk. 
Many  other  instances  of  the  butyric  fermenta- 
tion have  been  observed.  Scharling  observed 
that  potato-mass,  from  which  starch  had  been 
obtained,  yielded  butyric  acid  by  fermentation. 
Schubert  observed  the  same  of  boiled  and 
mashed  potatoes,  mixed  with  cheese  and  wa- 
ter. Marchand  noticed  a  large  amount  of  bu- 
tyric acid  in  the  liquid  of  pickled  cucumbers. 
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Larocque  observed  that  several  mucilaginous 
plants,  the  root  of  althea,  the  bulb  of  lily, 
flaxseed,  &c,  when  mixed  with  a  certain 
quantity  of  water  and  chalk,  and  suffered  to 
evaporate  spontaneously,  fermented  and  pro- 
duced butyric  acid. 

5.  Mucous  or  Viscous  Fermentation.  This 
change  has  been  chiefly  observed  in  liquids 
containing  the  same  ferment  and  fermentable 
substances  as  the  preceding  changes.  A  mu- 
cilaginous matter  gradually  forms  in  these 
liquids  under  some  circumstances  which  have 
not  been  studied.  Desfosse  observed  that  by 
boiling  yeast  or  gluten  in  water,  filtering,  dis- 
solving sugar  in  the  liquid,  and  exposing  it 
in  a  warm  place,  a  mucilage  is  formed,  while 
carbonic  acid  and  hydrogen  gases  are  disen- 
gaged. Baudrimont  did  not  observe  the  slight- 
est evolution  of  gas.  Peligot  believes  that  it 
generates  its  peculiar  ferment,  resembling 
yeast  under  the  microscope,  and  that  when 
once  developed,  it  is  best  adapted  to  produce 
the  viscous  fermentation  at  a  proper  tempera- 
ture. But,  from  some  experiments,  it  appears 
to  weigh  more  than  the  sugar  from  which  it 
is  formed,  from  which  it  is  inferred  that  the 
viscous  change  assumes  the  elements  of  wa- 
ter. According  to  Pelouze,  it  has  the  compo- 
sition of  anhydrous  sugar;  and  if  so,  it  re- 
linquishes water,  since  it  must  be  itself  hy- 
drous. Fremy  observed  that  rennet,  in  a 
saccharine  solution,  produces  a  substance 
identical  with  mucose,  while  the  rennet  was 
not  altered  in  weight.  The  mucous  change 
is  often  observed  in  white  wines,  probably  due 
to  remaining  gluten,  and  is  prevented  by  add- 
ing tannin,  which  precipitates  the  ferment. 
It  is  separated  from  red  wines  by  their  re- 
maining in  contact  with  vine-branches  for  a 
length  of  time.  Many  of  the  substances  de- 
trimental to  the  alcoholic  are  also  preventives 
of  the  mucous  fermentation.  Mannite  is 
sometimes  formed  during,  or  rather  towards 
the  close  of  the  mucous  change,  and  as  it 
contains  more  hydrogen  than  to  form  water 
with  all  its  oxygen,  a  deoxidation  has  taken 
place.  Thus,  if  from  2  eq.  glucose,  024H24024, 
we  take  away  2  eq.  oxygen,  the  remainder 
has  the  composition  of  1  eq.  woody  fibre,  mu- 
cose (?),  and  2  eq.  mannite,  C24H24022  = 
C|2H|0O10-f-  2(C6H.06).  The  mucous  trans- 
formation has  been  little  studied,  and  there  are 
probably  other  products  which  have  escaped 
attention.  A  mucous  change  is  often  ob- 
served in  liquids  of  tanneries,  and  in  the  low- 
putrefaction  of  hides,  but  it  has  received  still 
less  attention. 

6.  Acetous  Fermentation.  It  will  be  observed, 
by  reference  to  the  art.  Acetic  Acid,  that  the 
practical  details,  and  the  theory,  in  part,  are 
given  under  §§  1  and  2.  The  resulting  change 
is  the  abstraction  of  2  eq.  hydrogen  from  al- 
cohol, and  the  addition  of  2  eq.  oxygen,  but  it 
is  evident  that  something  more  is  required 
than  mere  contact  with  the  air.  A  pure  alco- 
holic liquid  will  not  acetify,  and  we  have  seen 
above,  that  while  Bavarian  beer  is  not  sub- 
ject to  this  change,  other  beers  are  liable  to 
become  acid.  The  distinguishing  features 
between  these  beers  is  that  the  latter  contain 
glutinous    matter,  which  has  been   removed 
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from  the  former.  There  is  as  much  tendency 
in  the  alcohol  to  absorb  oxygen  in  the  one 
case  as  in  the  other.  The  greater  power 
which  the  latter  possess  of  absorbing  oxygen 
and  acetifying  is  therefore  due  to  the  presence 
of  the  gluten.  An  alcoholic  liquid  may  drip 
over  the  interminable  surfaces  of  fresh  sha- 
vings, and  be  therefore  in  a  very  favourable 
condition  for  acetifying,  without  undergoing 
this  change;  but  when  the  shavings  have 
been  imbued  with  fermenting  and  putrefying 
acetous  liquid,  pure  dilute  spirit  passing 
through  them  will  readily  become  acetic  acid. 
It  is,  then,  evident,  that  a  peculiar  acetous 
ferment  is  required,  a  glutenous  body  in  a  pe- 
culiar metamorphosed  state,  to  give  the  alco- 
hol sufficient  power  to  assume  oxygen  from 
the  air.  One  eq.  alcohol  absorbs  2  eq.  oxy- 
gen, which  combining  with  2  eq.  hydrogen  to 
form  water,  constitutes  a  low  combustion. 
More  oxygen  is  not  at  first  absorbed,  because 
the  elements,  after  the  removal  of  the  hydro- 
gen, are  in  such  proportion  and  equipoise  as 
to  constitute  another  body,  aldehyde.  But  the 
forces  in  action  are  such  that  the  change  does 
not  cease  with  the  formation  of  aldehyde, 
which  absorbs  2  eq.  more  of  oxygen  to  form  a 
still  more  stable  compound,  acetic  acid. 

It  becomes  a  question,  on  the  fungous  theo- 
ry, whether  the  plant  constituting  the  mother 
of  vinegar  may  not  act  as  the  ferment  to  vine- 
gar. The  investigations  of  Mulder  on  its 
formation  are  of  too  deep  an  interest  to  be 
omitted,  inasmuch  as  they  show  the  return  of 
acetic  acid,  a  nearly  final  product  of  the  se- 
ries of  alcoholic  fermentations  to  an  organized 
condition.  Mother  of  vinegar  is  a  fungous 
plant,  or  very  simple  organized  form,  the  My- 
coderma  ccrevisia,  found  in  pure  wine  and  beer 
vinegars,  as  well  as  in  others,  excepting  wood 
vinegar.  The  principal  constituent  of  wine 
vinegars  is  acetic  acid  and  water,  but  they  also 
contain  small  quantities  of  salts,  sugar,  gum, 
extractive,  and  especially  protein,  which  is 
derived  from  the  albumen  of  grapes  and  kept 
in  solution  by  acetic  acid.  On  removing  the 
mother  as  fast  as  it  forms,  the  strength  of  the 
vinegar  continually  diminishes,  till  nothing 
but  water  remains,  so  that  acetic  acid  and 
protein  constitute  the  food  of  the  plant.  The 
whole  plant,  freed  from  acetic  acid,  has  always 
the  same  composition,  and  may  be  expressed 
by  the  formula  C136H1]5N5096.  The  mem- 
brane enclosing  the  protein,  after  being  freed 
from  the  latter  by  potash,  and  boiling  in  hy- 
drated  acetic  acid,  is  white,  and  has  the  com- 
position of  cellulose,  C24H21021.  If  from  the 
whole  plant  we  extract  1  eq.  protein,  there  re- 
main 4  eq.  cellulose  ;  C,s6HU5N5096  =  C40H31 
N5012-f  4C24H2,021.  The  protein  then  has 
passed  from  the  soluble  state  of  albumen,  as 
contained  in  the  grape  and  vinegar,  into  an 
insoluble  and  organized  form,  which  has  been 
enclosed  by  a  cellulose  membrane  derived 
from  the  acetic  acid.  In  fact,  6  C4H303  + 
3HO  =  C2  H2102],  or  6  eq.  acetic  acid  take 
up  3  eq.  HO  to  form  1  eq.  cellulose,  or  6  eq. 
hydrate  of  acetic  acid  lose  3  eq.  water  to  effect 
the  same  change. 

The  acetous  fermentation  differs  in  some 
respects  from  all  others,  but  this  may  be  be- 
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cause  it  has  been  more  minutely  studied;  and 
if  we  admit  the  butyric,  where  there  is  a  de- 
oxidation,  other  things  being  analogous,  we 
may  freely  admit  the  acetous  to  be  a  true  fer- 
mentation. 

This  closes  the  series  of  transformations  of 
starch  and  other  neutral  hydrates  of  carbon, 
by  the  presence  of  certain  nitrogenous  sab- 
stances  undergoing  a  change  or  putrefaction. 
In  one  series  we  have  starch,  dextrin,  glucose 
(lactic  acid?),  alcohol;  in  another,  starch, 
dextrin,  glucose,  lactic  and  butyric  acids ;  and 
in  a  third,  starch,  dextrin,  glucose,  mucose, 
and  mannite.  The  transformations  which 
follow  are  those  in  which  certain  volatile  oils 
are  generated,  and  the  putrefactive  fermenta- 
tion. 

7.  Benzoic  Fermentation.  Bitter  almonds, 
well  pressed,  to  rid  them  of  their  fat  oil,  treated 
with  water  and  warmed,  develope  the  odor  of 
prussic  acid,  and  by  distillation  yield  the  vo- 
latile oil  of  bitter  almonds,  other  substances 
being  formed  at  the  same  time.  These  pro- 
ducts did  not  exist  in  the  almonds,  and  have 
been  formed  by  the  contact  of  two  substances 
in  the  presence  of  water.  When  a  peculiar 
albuminous  principle,  emulsin,  and  another 
neutral  body,  amygdalin,  are  separately  ob- 
tained from  bitter  almonds,  and  then  brought 
together  with  water  and  heated,  the  same  re- 
action takes  place,  as  noticed  above,  with  the 
bitter  almonds  themselves.  The  reaction  is 
produced  by  the  contact  of  the  ferment,  emul- 
sin, with  amydalin,  and  the  latter  is  trans- 
formed into  cyanohydric  acid,  hyduret  of  ben- 
zyl, formic  acid,  sugar,  and  water,  as  shown 
by  the  following  formula : 

1  eq.  prussic  acid C2   N,  H 

2  "  hyduret  of  benzyl. . . .  C28  H|2  04 

£  "  sugar C6  H6  06 

2  "  formic  acid C4  H4  08 

4  "  water H4  04 

Amygdalin C40  N  H27  022 


Dumas  considers  the  reactions  as  succes- 
cessive,  that  2  eq.  hyduret  of  benzyl,  C28H]204, 
and  1  eq.  ammonia,  NH3,  are  first  formed, 
leaving  a  body  C,2H12018,  which  last,  by  an- 
other  action  of  the  ferment,  is  resolved  into  i 
eq.  sugar,  C6H606,  and  3  eq.  formic  acid, 
C6HgO)2;  that  1  eq.  of  formic  acid  unites  with 
the  eq.  ammonia  first  produced,  forming  prus- 
sic acid  and  water,  C2H2044-NHS  =  C2NH+ 
4  HO.  This  interesting  reaction,  by  which  a 
volatile  oil  and  other  bodies,  not  previously 
existing  in  a  plant,  are  produced  by  a  fer- 
mentative action,  was  fully  developed  by 
Wohler  and  Liebig  in  their  masterly  investi- 
gation of  the  benzylic  series;  and  has  led  to 
the  belief  in  other  analogous  transformations, 
some  of  which  have  been  realized,  and  others 
doubtless  will  be  discovered. 

8.  Sinapic  Fermentation.  The  odorous  and 
pungent  oil  of  mustard  exists  ready  formed  in 
the  leaves  of  Cochlearia  officinalis,  and  in  the 
roots  of  horse-radish  and  alliaria,  but  no  trace 
of  it  is  perceived  in  dry  black  mustard-seed. 
)  When  the  flour  of  this  seed  is  moistened  with 
[  water  and  warmed,   the   odor   and  taste  be- 
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come  very  pungent,  from  the  development  of 
the  oil.  It  was  inferred  by  comparison  with 
the  benzoic  transformation,  that  a  similar 
change  takes  place  in  the  flour  of  black  mus- 
tard, which  has  been  verified  by  separating 
the  ferment  and  fermentable  bodies,  and  test- 
ing their  mutual  action ;  but  the  full  nature  of 
the  change  remains  to  be  developed.  The 
ferment  termed  myrosin,  is  analogous  to  albu- 
men and  emulsin,  although  these  bodies  can- 
not replace  it  in  the  production  of  oil  of  mus- 
tard. The  fermentable  body  termed  myronate 
of  potassa,  has  a  complex  constitution,  con- 
taining carbon,  hydrogen,  nitrogen,  sulphur, 
and  oxygen.  When  these  two  bodies,  separated 
from  the  seed,  are  brought  together  in  solution 
and  warmed,  the  oil  of  mustard  is  developed, 
the  liquid  becomes  cloudy,  and  deposits  a 
substance  in  minute  globules,  thus  resembling 
the  fermentation  of  beer.  The  liquid  becomes 
acid,  but  has  not  been  fully  investigated.  My- 
rosin being  coagulable  by  acids,  alcohol,  and 
heat,  will  not  then  produce  the  essential  oil, 
but  if  suffered  to  remain  some  time  in  contact 
with  water  its  peculiar  action  is  restored. 
This  fermentation  presents  the  peculiar  phe- 
nomenon of  the  presence  of  a  base  with  the 
myronic  acid  to  assist  in  producing  its  trans- 
formation, but  the  action  once  established, 
more  acid  is  generated  than  is  sufficient  to 
neutralize  the  alkali. 

White  mustard  seed  containing  myrosin,  but 
little  or  no  myronate,  is  not  adapted  to  form 
oil  of  mustard,  as  is  known  from  experience ; 
but  when  digested  with  cold  water,  it  furnishes 
a  pungent  substance  and  rhodanhydric  acid 
(sulphocyanhydric).  The  development  of  this 
acid  shows  a  striking  analogy  between  this 
and  the  benzoic  change,  in  which  cyanhydric 
is  produced.  White  mustard  contains  a  prin- 
ciple, sinapisin,  but  its  transformations  have 
not  been  specially  studied. 

9.  Gaultheric  Fermentation.  The  oil  of  win- 
ter-green, of  a  highly  aromatic  and  agreeable 
odor,  is  obtained  from  the  Gualtheria  procumbens 
by  distillation.  Procter  proved  its  relation  to 
the  salicyl  series,  and  Cahours  showed  that  the 
greater  part  of  the  oil  was  salicylate  of  mether. 
Procter  obtained  a  similar  oil  by  distilling 
birch-bark,  and  observing  that  the  dry  bark 
did  not  indicate  the  presence  of  the  oil,  infer- 
red that  it  might  be  generated  in  a  manner 
similar  to  oil  of  bitter  almonds.  He  obtained 
a  substance,  gaultherin,  from  the  bark,  whose 
reactions  with  acids  generated  the  oil,  and 
with  alkalies  gaultheric  acid.  When  gaul- 
therin is  thoroughly  extracted  from  the  bark, 
the  latter  ceases  to  produce  the  oil,  but  the 
odor  of  the  oil  appears  on  mixing  gaultherin 
with  it.  It  thus  exhibits  a  close  analogy  with 
amygdalin ;  and  although  it  is  highly  proba- 
ble that  a  substance  corresponding  to  emulsin 
exists  in  the  bark,  it  has  not  yet  been  iso- 
lated. 

10.  Other  fermentations  probably  exist 
analogous  to  the  preceding,  but  they  have  re- 
ceived little  attention.  Salicin,  found  in  wil- 
low and  poplar  barks  is  transformed  by  emul- 
sin into  saligenin  and  glucose,  by  assuming  2 
eq.  water;  salagenin,  by  dilute  acid,  into  sali- 
retin  by  the  abstraction  of  1  eq.  water;  sali- 


genin, by  oxidizing  agents,  into  oil  of  spiraea, 
and  then  into  salicylic  acid.  The  plant, 
Centaurium  minoris,  is  destitute  of  odor,  but 
when  placed  in  water,  at  a  slightly  elevated 
temperature,  it  emits  an  agreeable  odor,  and 
yields  by  distillation  a  very  volatile  oil.  The 
fresh  leaves  of  tobacco  are  inodorous,  and 
yield  by  distillation  a  white,  crystallized,  in- 
odorous substance,  nicotianin;  but  when 
moistened  with  water  and  kept  warm,  oxygen 
is  absorbed,  fermentation  takes  place,  and  an 
oily,  odorous  product,  nicotin,  is  now  obtain- 
able by  distillation. 

11.  Putrefactive  Fermentation.  It  has  been 
stated  that  putrefaction  differs  from  fermenta- 
tion, in  being  the  transformation  of  several 
complex  organic  substances,  their  elements 
mutually  arranging  themselves  into  new  com- 
binations. When  mixed  organic  bodies  are 
exposed  to  air  and  moisture  above  32°,  they 
undergo  a  decomposition,  resolving  themselves 
into  new  and  simpler  forms,  and  gases,  usu- 
ally offensive,  are  evolved.  The  ultimate  pro- 
ducts of  putrefaction  are  carbonic  acid  and 
water;  where  nitrogen  is  also  present,  ammo- 
nia; and  where  sulphur,  sulphuretted  hydro- 
gen. The  proximate  principles  successively 
developed  by  intermediate  changes  have  not 
been  investigated,  but  we  know  that  lactic 
acid  is  almost  always  formed.  That  mois- 
ture is  necessary,  is  shown  by  many  facts  in 
the  preservation  of  food,  and  by  the  dried 
white  mummies  in  the  blown  sands  of  Ara- 
bia. The  presence  of  air  is  necessary  for  the 
commencement,  if  not  always  for  the  contin- 
uance of  putrefaction.  If  a  substance  per- 
fectly fresh  be  freed,  and  kept  free  from  air, 
it  may  be  kept  unchanged  for  an  indefinite 
period  of  time.  A  temperature  of  212°  is  suf- 
ficient to  arrest  putrefaction;  for  milk  boiled 
once  each  day  has  been  kept  for  months.  Ap- 
pert's  method  of  preserving  food  depends  on 
these  principles.  It  is  brought  to  212°  in  the 
vessel  designed  to  hold  it,  which  is  then 
closed,  and  having  been  opened  after  years, 
the  food  is  found  to  be  unaltered.  The  oxy- 
gen of  the  air  present  in  the  vessel  combines 
with  the  food  at  a  temperature  which  pre- 
cludes fermentation,  and  nitrogen  only  re- 
maining when  the  vessel  is  sealed,  no  farther 
change  can  take  place. 

Wood  is  subject  to  decay  and  putrefaction 
when  exposed  to  air  and  moisture,  the  result- 
ing changes  differing  according  to  the  more  or 
less  free  access  of  air  and  moisture.  Saus- 
sure  proved  that  240  pts.  sawdust  converted 
10  cubic  inches  oxygen  into  the  same  volume 
of  carbonic  acid,  containing  3  pts.  of  carbon, 
while  the  sawdust  lost  15  pts.  by  weight,  12 
of  which  must  therefore  have  been  water.  It 
is  probable  that  the  oxygen  of  the  air  unites 
with  the  hydrogen  of  the  wood,  forming  water, 
and  that  the  carbonic  acid  is  partly  due  to  its 
elimination  from  the  elements  of  the  wood. 
The  following  analyses  show  the  change  suf- 
fered by  oak  wood  in  different  stages  of  decay. 

^36  H2Z  °22  =  0ak  WOOd. 

C35  H20  O2o  =  decayed  oak. 

C34H18018=  dO. 

The  quantity  of  carbon  increases  from  52£ 
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pr.  ct.  to  54  and  56;  and  for  every  2  eq.  of 
hydrogen  oxidized,  1  eq.  carbon  and  2  eq.  oxy- 
gen are  set  free.  There  can  be  no  doubt 
that  the  albuminous  matters  present  in  wood 
hasten  its  decay,  and  first  induce  its  absorp- 
tion of  oxygen  by  their  oxidation.  Where  air 
is  more  or  less  excluded,  and  moisture  pre- 
sent, the  changes  are  somewhat  different. 
When  moistened  sawdust  is  placed  in  a  close 
vessel,  carbonic  acid  is  evolved  as  before, 
hut  now  a  putrefaction  takes  place.  White 
mouldered  oak,  taken  from  the  interior  of  the 
trunk  of  an  oak,  dried  at  212°,  gave  the  form- 
ula C33H27024,  which,  compared  with  dry 
sound  wood,  seems  to  show  that  5  eq.  water 
and  3  eq.  oxygen  (partly  from  the  air)  have 
been  absorbed,  and  3  eq.  carbonic  acid  set 
free.  Thus,  C36H22022  +  5  HO+  03  — 3  C02 
=  C33H27024.  White  mouldered  beech-wood 
yielded  the  formula  C33H2s024.  It  is,  then, 
evident,  that  the  mode  of  decomposition  va- 
ries according  to  the  more  or  less  free  access 
of  air;  that  where  it  is  freely  admitted,  decay 
takes  place  ;  where  restrained,  both  decay  and 
putrefaction.  It  is  probable  that  the  oxygen 
of  the  water  assists  in  the  formation  of  car- 
bonic acid.  A  specimen  of  brown  coal,  still 
retaining  the  organic  structure  of  wood,  gave 
C33H210]6,  which  is  the  same  as  wood,  less  3 
eq.  carbonic  acid,  and  1  eq.  hydrogen;  and  all 
varieties  of  such  coal  contain  more  hydrogen 
than  wood,  and  less  oxygen  than  is  sufficient 
to  produce  water  with  all  the  hydrogen.  It 
hence  appears  to  have  been  formed  by  a  pro- 
cess analogous  to  the  putrefaction  of  wood 
above  noticed.  In  the  decay  of  wood  in 
marshes  where  the  access  of  air  is  almost 
excluded,  carburetted  hydrogen  is  also  evolved 
with  carbonic  acid,  and  in  the  gradual  change 
of  coal  the  same  gases  are  generated. 

Fresh  impure  gluten  evolved  by  its  putre- 
faction, in  5  weeks,  -28  times  its  volume  of  gas, 
consisting  of  21  vols,  carbonic  acid  and  27 
vols,  hydrogen,  while  phosphate,  acetate, 
caseate,  and  lactate  of  ammonia  were  pro- 
duced at  the  same  time,  and  when  the  supply 
of  water  is  renewed,  besides  the  above,  there 
are  formed  carbonate  of  ammonia,  sulphydrale 
of  ammonium,  caseous  oxide,  and  a  mucilage 
coagulable  by  chlorine.  In  the  putrefaction 
of  cabbage  for  preparing  a  sour  food,  acetic 
and  lactic  acids  are  formed  in  such  quantity 
as  to  give  an  acid  taste  to  it;  and  when  the 
putrefaction  is  pushed  a  little  farther,  the  odor 
of  ammonia  and  sulphuretted  hydrogen  are 
developed. 

The  tendency  to  decay  is  stronger  than  to 
putrefaction,  from  the  stronger  affinities  which 
oxygen  brings  into  action;  and  this  tendency 
exists  whether  air  be  excluded  or  not.  Bodies 
subjected  to  putrefaction  with  limited  access 
of  air,  tend  to  abstract  oxygen  from  surround- 
ing bodies;  so  that  it  is  probable  that  even 
water  is  decomposed.  Hence  putrefaction  is 
a  powerfully  deoxidizing  process.  Blue  indigo 
may  be  deoxidized  and  rendered  colorless  by 
contact  with  putrefying  organic  matter,  in 
presence  of  a  base.  A  solution  of  gypsum 
(sulphate  of  lime)  mixed  with  putrescible  or- 
ganic matter  and  kept  in  a  close  vessel,  will 
be  decomposed  into  carbonate  and  sulphuret. 
636 


Crystallized  pyrites  is  observed  to  form  on 
decaying  roots  in  stagnant  water,  containing 
sulphates  in  solution.  On  the  tropical  (rest* 
em  coast  of  Africa,  sulphuretted  hydrogen  is 
largely  developed  from  decaying  water-plants 
near  the  shore.  The  pyrites  found  in  coals  is 
due  to  the  same  cause.     Liebig, 

During  putrefaction  microscopic  animal  life 
is  hugely  developed;  animalcules  suddenly 
spring  into  existence  at  its  commence tn 
and  are  succeeded  by  other  successive  races 
in  their  turn.  A  vast  number  of  infusory 
animals  have  been  found  in  stagnant  \\ 
but  no  attempt  has  yet  been  made  to  connect 
peculiar  genera  or  species  with  peculiar  states 
or  stages  of  chemical  decomposition.  That 
they  are  the  cause  of  the  decomposition,  can- 
not be  plausibly  affirmed.  Cheese  and  flesh 
may  putrefy  without  the  slightest  develop- 
ment of  animal  life.  They  exist,  feed,  grow 
to  a  certain  size,  give  off  excrements  which 
decompose  like  other  excrements,  and  dying, 
their  bodies  likewise  enter  into  putrefaction. 
That  the  mode  of  existence  in  some  of  these 
animalcules  is  anomalous,  is  proved  by  obser- 
vations made  on  them  long  since  by  Count 
Rumford,  and  latterly  by  Pfankuch,  August 
and  Morren,  and  Liebig,  who  have  all  observed 
the  development  of  oxygen  gas  from  the  water 
containing  them,  although  a  powerful  micro- 
scope could  not  detect  any  vegetable  matter 
suspended  in  the  liquid.  A  wide  field  is  here 
opened  for  investigation,  for,  as  Liebig  ob- 
serves, "We  recognise  in  these  animals,  or 
perhaps  only  in  certain  classes  of  them,  by 
means  of  the  oxygen  which  in  some  way,  as 
yet  incomprehensible,  accompanies  their  ap- 
pearance,— a  most  wise  and  wonderful  pro- 
vision for  removing  from  water  the  substances 
hurtful  to  the  higher  classes  of  animals,  and 
for  substituting  in  their  stead  the  food  of  plants, 
carbonic  acid,  and  the  oxygen  gas  essential  to 
the  respiration  of  animals."  But  although 
animalcules  may  often  accompany  putrefac- 
tion and  hasten  its  completion,  they  are  not 
essential  to  the  process,  which  may  take  place 
independently  of  them,  and  may  doubtless  be 
investigated  as  a  series  of  chemical  changes. 
Since  we  admit  several  varieties  of  fermenta- 
tion, giving  distinct  results,  but  bound  together 
by  the  same  general  law  of  decomposition,  we 
must  infer  that  there  is  a  large  series  of  putre- 
factive changes,  agreeing  in  one  general  prin- 
ciple of  transformation,  and  in  their  ultimate 
products  but  widely  differing  in  the  substances 
themselves  and  in  those  formed  successively 
between  the  first  and  last  products,  between 
the  complex  putrescible  bodies  and  their  final, 
simpler,  inorganic  constitution. 

Preventives  of  Putrefaction.  Since  the  delicate 
tissues,  food  and  other  complex  organic  sub- 
stances employed  for  the  necessities  and  con- 
veniences of  life  are  very  liable  to  putrefac- 
tion, the  desire  to  protect  them  from  this 
change  has  given  rise  to  numberless  experi- 
ments, with  varying  success.  Air,  water  and 
certain  limits  of  temperature  promoting  putre- 
faction, the  exclusion  of  air,  desiccation,  and 
a  different  temperature  prevent  it.  Below  32° 
or  at  212°,  bodies  will  not  putrefy;  and  when 
already  in   progress,  the   heat   of  212°  will 
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effectually  arrest  and  prevent  the  change. 
But  although  when  cooled  below  32°  putrefac- 
tion is  arrested,  when  the  temperature  again 
rises,  many  bodies  seem  to  undergo  putrefac- 
tion more  readily  than  before.  Not  so  with 
those  heated  to  ebullition,  which  seem  less 
putrescible  than  before,  and  may  be  ascribed 
to  a  solidification  or  coagulation  of  albuminous 
matter.  Above  all  things,  the  contact  of  pu- 
trid matter  with  fresh  putrescible  matter  should 
be  avoided. 

Vegetable  and  animal  matters  are  preserved 
by  salts  and  other  substances  having  an  at- 
traction for  water,  by  sugar,  vinegar  and  other 
acids,  and  by  substances  which  coagulate  or 
render  insoluble  albuminous  matter,  as  alco- 
hol, creasote,  tannic  acid,  corrosive  sublimate, 
salts  of  copper,  iron  and  other  metals.  In 
choosing  the  preservant,  regard  is  had  to  the 
special  object  in  view;  for  the  preservation 
of  food,  poisonous  mineral  substances  cannot 
be  used;  for  preserving  timber,  pyrolignate 
of  iron  is  effectual  and  economical ;  tannic 
acid  preserves  hides,  by  uniting  with  gelatin 
to  form  insoluble  leather. 

FERGUSONITE.  Min.  Descrip.  Cryst. 
Quadratic.  H.  =  5-5  —  6.  G.=  5-8  — 5.838. 
Color,  brown  ;  lustre  externally  dull,  brilliantly 
vitreous  on  fracture ;  sub-translucent,  opake ; 
fracture  perfect  conchoidal,  with  pale  brown 
streak.  Chem.  Pel.  Infusible ;  gives  with  diffi- 
culty yellowish  beads  while  hot  with  borax 
and  mic.  salt,  the  latter  reddish  when  reduced 
or  saturated ;  soda  decomposes  without  dis- 
solving it,  and  on  charcoal  yields  spangles  of 

tin.  Probable  formula  6  c  0  ?  Ta2°s'  con" 
sisting  of  columbic  acid  with  yttria,  zirconia 
and  the  oxides  of  cerium,  iron,  uranium  and 
tin.  Compare  Yttro-columbite.  Found  at 
Cape  Farewell,  Greenland. 

FERN.  The  name  of  a  large  class  of  plants, 
but  especially  applied  to  the  buds  and  root  of 
the  Nephrodium  or  Aspidium  F'dix-mas.  The  dry 
root,  which  is  of  a  feeble,  disagreeble  odor, 
and  nauseous,  rancid  taste,  contains,  accord- 
ing to  Geiger's  analysis, 

Green  fat  oil 6-9 

resin 4.1 

Uncrystallizable  sugar } 

Easily  oxidizable  tannin  3  2^ 

Gum  and  salts,  with  sugar  and  tannin  . .  9-8 
Ligneous  fibre  and  starch 56-3 

100-0 


Wackenroder  found  volatile  oil  in  addition 
to  these  components. 

The  anthelmintic  property  of  the  root  doubt- 
less resides  in  the  fat  oil  {Oleum  Filkis),  which 
forms  10  to  11  pr.  ct.  of  its  composition,  and 
can  be  extracted  by  ether. 

Oleum  Filicis.  The  anhereal  extract  of  the 
above  root.  It  contains,  besides  fat  oil,  color- 
ing matter,  extractive,  salts  and  resin.  Dr. 
Luck  {Ann.  der  Chem.  und  Pharm.,  1845)  has 
lately  made  an  examination  of  this  substance. 
By  his  analyses  it  appears  that  several  of  its 
components  are  indued  with  acid  properties. 

Ferns  generally  yield  ashes  containing  a 
large  proportion  of  potassa,  and  on  this  ac- 


count are  employed  in  porcelain  manufacture 
in  China. 

FERROCYANIDE,  FERROPRUSSIATE, 
FERRIDCYANIDE,  FERRURETTED  CHY- 
AZIC  ACID.     See  Cyanogen. 

FERRUGINOUS,  Containing  iron.  Lat. 
Ferrum. 

FIBRIN.  Chem.  Phys.  Exists  in  the  ani- 
mal structure  as  the  basis  of  the  muscular 
tissue,  and  in  the  vegetable  kingdom  as  a  con- 
stituent of  the  juices  of  plants.  It  occurs 
also  in  solution  in  lymph,  chyle,  and  blood, 
from  which  it  separates  by  coagulation,  as 
soon  as  these  fluids  cease  to  form  a  part  of 
the  living  organism.  It  has  also  been  found, 
by  Zimmermann,  in  the  urine  of  pleuritic  pa- 
tients, in  certain  stages  of  the  disease. 

Prep.  By  carefully  whipping  blood,  it  sepa- 
rates in  elastic,  stringy  masses,  which  must 
be  washed  repeatedly  with  water  to  remove 
coloring  matter,  and  digested  frequently  with 
alcohol  and  ether,  to  free  it  of  fatty  substances. 
The  presence  of  sulphate  of  soda  or  nitrate 
of  potassa  prevents  the  coagulation. 

Prop.  When  dry,  is  an  opaque,  yellowish 
mass,  the  slightest  transparency  of  which  in- 
dicates the  presence  of  traces  of  fat;  insolu- 
ble in  alcohol  and  ether.  By  long  digestion 
in  water  at  390°,  is  dissolved  with  slight  de- 
composition, but  is  thrown  down  again  by  the 
acids;  the  precipitate  by  acetic  acid  being 
soluble  in  an  excess  of  that  re-agent.  Its 
solubility  in  saline  solutions  has  been  tested: 
when  saturated,  it  forms  clear,  viscid  liquids, 
generally  coagulable  by  boiling.  The  water 
and  flexibility  which  it  loses  by  evaporation 
in  vacuo,  is  regained  by  a  lengthened  soaking 
in  that  liquid.  When  burned  it  gives  off  the 
same  smell  as  albumen,  and  yields  ashes  com- 
posed of  the  phosphates  of  lime  and  magnesia. 
Unlike  albumen,  it  is  said  to  have  the  property 
of  decomposing  binoxide  of  hydrogen  cata- 
lytically  with  the  evolution  of  oxygen  and 
heat;  but  according  to  Scheerer,  this  power 
belongs  only  to  the  fresh  and  unboiled  fibrin. 

In  sulphuric  and  mono  or  bibasic  phos- 
phoric acids  it  becomes  gelatinous,  and  forms 
a  neutral  compound,  soluble  in  water.  Ni- 
tric acid  converts  it,  with  the  evolution  of 
nitrogen  and  nitric  oxide,  into  a  yellow  pow- 
der, xanthoproteic  acid.  When  dry  it  forms  a 
blue  solution  in  strong  hydrochloric  acid. 
From  its  acid  solutions  it  is  precipitated  by 
ferrocyanide  and  ferridcyanide  of  potassium. 
Its  solution  in  caustic  potassa  is  coagulated 
by  alcohol  and  acids,  but  not  by  heat.  Mus- 
cular and  venous  fibrin  both  dissolve,  at  a 
gentle  heat,  in  acetate  of  soda,  muriate  of 
ammonia  and  nitrate  of  potassa,  forming  solu- 
tions coagulable  by  heat,  and  exhibiting  the 
properties  of  dissolved  albumen;  but  neither 
arterial  fibrin  nor  that  of  the  buffy  coat  can 
undergo  this  change,  and  even  the  venous 
loses  the  property  after  exposure  to  air,  by  the 
absorption  of  oxygen  and  the  emission  of 
carbonic  acid.  By  putrefaction  it  is  trans- 
formed into  a  volatile  fatty  body,  having  the 
characteristics  of  butyric  acid.  The  same 
result  is  produced  by  heating  it  with  potash 
lime  at  320°  to  356°.  (\Vuriz.)  See  the  ob- 
servations of  Blondeau  under  Fats. 
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Formula,  C400HSI0N50O1M8P  or  10  Pr  +  SP. 
Hence  its  identify  in  composition  with  Albu- 
men, from  which  it  differs  only  in  the  absence 
of  the  soda  compound,  to  which  is  due  the 
property  of  the  latter  of  forming  an  apparent 
solution  in  water.  Vogel,  however,  found 
more  nitrogen  in  fibrin  than  in  albumen,  and 
Cahours  and  Dumas'  experiments  show  the 
presence  of  less  carbon.  The  opinions  of  the 
latter  chemists,  that  fibrin  is  albumen  com- 
bined with  a  minute  portion  of  ammonia,  has 
been  shown,  by  Berzelius,  to  be  incorrect. 
An.  Rep.  23,  586. 

Pure  fibrin,  when  added  to  water  acidulated 
with  HC1  acid,  and  containing  yeast,  forms  a 
clear  solution  similar  to  that  of  protein,  and 
from  which  acid  and  alum  precipitate  a  floccu- 
lent  body.  Without  yeast,  a  temperature  of 
212°  will  cause  the  same  result.  By  evapo- 
ration in  vacuo  it  leaves  a  light  yellow  residue 
analogous  to  dried  egg-white,  soluble  in  warm 
water,  but  not  coagulable  by  heat.  After 
separating  the  dissolved  from  the  acid,  it  has 
a  composition  closely  approximating  to  Chon- 
drin,  but  without  its  chemical  properties. 
(Dumas.)  Schlossberger's  recent  analysis  of 
pure  fibrin  gave  15-51  as  its  per  centage  of 
nitrogen,  being  only  -21  less  than  that  found 
by  Mulder,  and  upon  which  the  above  formula 
is  based. 

FIBROFERRITE.  Min.  A  yellow  copperas 
from  Chili,  examined  by  Prideaux,  having  the 
formula  2  Fe203,  3  S03  +  18  HO  or  3  Fe203, 
5  S03  +  27  HO.  It  is  partially  soluble  in 
water,  wholly  soluble  in  muriatic  acid,  leav- 
ing a  little  sulphur  and  earthy  matters. 

FIBROLITE.  Min.  According  to  A.  Erd- 
mann's  analysis,  a  specimen  from  Chester  Co., 
Pa.,  of  spec.  grav.  3-239,  yielded 

Silica 40-05 

Alumina 58-88 

Oxide  of  iron 0-74 

99-67 


according  to  which,  its  formula  is  4  A1203, 
3  Si03,  or  the  same  as  Andalusite,  with  which 
it  closely  agrees  in  hardness,  spec.  grav.  and 
crystalline  form.     (See  Bucholzite.) 

FICHTELITE.  Min.  From  the  brown  coal 
of  Uznach,  in  the  Fichtel  mountains.  Occurs 
in  prismatic  needles  of  a  pearly  lustre,  lighter 
than  water,  fuses  at  115°  and  distils  over  as  a 
liquid,  in  both  cases  congealing  to  a  crystal- 
line mass;  is  slightly  soluble  in  alcohol, 
readily  in  ether.  Formula  C4H3.  Berzelius 
thinks  it  may  be  a  mixture  of  Phylloretin  and 
Tekoretin. 

FIGURE-STONE.     See  Agalmatolite. 

FILTRATION.  Tech.  Chem.  The  strain- 
ing or  mechanical  separation  of  a  liquid  from 
pulverulent  solid  matter,  and  of  a  few  liquids 
from  each  other. 

The  importance  of  the  process  in  Analysis, 
is  mentioned  at  p.  170.  In  the  arts  it  is  no 
less  useful  and  convenient.  There  is  no 
chemical  change  produced  upon  the  sub- 
stances subjected  to  the  operation;  the  pro- 
cess is  purely  mechanical,  being  dependent 
upon  capillary  action.  The  liquid  passes 
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through  the  fine  pores  which  intercept  the 
solid  particles,  and  therefore  the  filter,  when 
of  paper  or  other  material,  requires  porosity. 
Separation  of  liquids  by  filtration  depends 
entirely  on  the  filtering  media  being  more  im- 
pervious to  one  of  the  ingredients  of  the  fil- 
tering  mixture  than  to  the  other,  as  oil  and 
water.  Filters  are  of  various  kinds ;  for  small 
operations,  cones  of  bibulous  paper  (Figs.  12 
to  16,  under  Analysis),  supported  by  a  com- 
mon funnel,  answer  every  purpose.  In  ex- 
tensive laboratories,  square  covered  frai 
or  conical  bags  are  substituted.  The  material 
of  which  these  are  formed  depends  entirely 
upon  the  nature  of  the  substances  to  be  fil- 
tered:  muslin,  duck,  crash,  linen,  flannel,  felt- 
cloths,  raw  cotton,  straw,  coarse  sand  or  silex, 
animal  and  vegetable  charcoal,  each  has  its 
appropriate  application.  Infiltration  through 
beds  of  porous  ingredients  is  effected  by  the 
Displacement  apparatus. 

Filters  for  clarifying  water  may  be  con- 
structed of  charcoal  or  sand,  or  both,  in  sepa- 
rate layers,  the  best  form  being  those  which 
are  capable  of  being  reversed.  A  compact 
filter  of  this  form,  used  in  Philadelphia,  is  that 
of  Jennison,  either  end  of  which,  screwed  to 
a  hydrant,  allows  clear  water  to  pass  through 
rapidly,  by  its  pressure ;  when  it  becomes 
clogged  with  sediment  and  the  other  end  is 
attached  to  the  hydrant,  the  water  pressing 
through  carries  off  the  deposit,  and  then 
passes  a  clear  liquid. 

FIORITE.     See  Opal. 

FIRE.     See  Heat.    Combustion. 

FIRE-DAMP.     See  Hydrogen. 

FIRE-WORKS.     See  Pyiiotechny. 

FISCHERITE.  Min.  A  green  mineral,  al- 
lied to  Turquoise  or  Calaite,  from  Nischnei- 
Tagilsk,  crystalline,  translucent;  spec.  grav. 
2-46.  According  to  Herrmann's  analysis,  after 
abstracting  a  little  phosphate  of  copper  and 
iron,  it  appears  to  be  2  Al203,  P05  -j-  8  HO. 
Ram. 

FISH-SCALES.  The  thin,  transparent  plates 
forming  the  exterior  defensive  coating  of  many 
genera  of  fish,  and  by  their  structure  also 
regulating  the  classification  of  them.  Jgassiz. 

The  scales  of  the  amphibia  are  analogous 
in  composition  to  horn  and  hair,  as  are  pro- 
bably those  of  all  other  fish. 

FIXED  AIR.     See  Carbon. 

FIXED  BODIES.  Those  which  resist  the 
high  furnace  temperatures.  So  termed,  in 
contradistinction  to  volatile  bodies,  though 
this  latter  property  varies  in  different  bodies, 
through  a  wide  range  of  temperatures. 

FIXED  OILS.     See  Oils. 

FLAME.  Flame  is  the  rapid  combustion 
of  volatile  matter.  The  combustible  unites 
with  oxygen,  evolving  light  and  heat,  while 
new  compounds  are  generated.  (See  Combus- 
tion.) Iron  unites  with  oxygen,  burning  bril- 
liantly without  flame,  because  it  is  not  volatile, 
while  fine  zinc  turnings  held  to  a  lighted  can- 
dle burn  with  a  brilliant  flame,  because  zinc 
is  volatile.  Sulphur  being  volatile  burns  with 
flame,  while  carbon,  which  is  fixed,  burns 
without.  Any  combustible  gas,  therefore,  will 
bum  with  flame,  such  as  hydrogen  and  many 
of  its  compounds,  with  carbon,  sulphur,  &c-, 
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as  also  carbonic  oxide  and  other  gases.  The 
resulting  bodies  are  those  of  combustion,  sul- 
phurous and  carbonic  acids  being  produced 
from  sulphur  and  carbon,  oxides  of  zinc  and 
iron  from  the  metals  zinc  and  iron,  water  from 
hydrogen.  In  all  ordinary  cases  of  combus- 
tion the  resulting  products  are  carbonic  acid 
and  water,  because  the  combustibles  employed 
are  composed  of  carbon  and  hydrogen,  with 
or  without  oxygen. 

The  color  and  brilliancy  of  flame  are  due  to 
solid  particles  carried  up  with  it  in  a  state  of 
intense  ignition.  If  a  cold  body,  as  a  white 
saucer,  be  held  in  the  flame  of  a  candle,  lamp 
or  gas  jet,  carbon  will  be  deposited  on  it  in  the 
form  of  lamp-black,  which  carbon  is  indeed 
the  cause  of  the  luminosity  of  flame  in  all 
ordinary  cases.  Hydrogen  burns  with  a  feeble, 
yellowish  flame ;  carburetted  hydrogen  with  a 
more  luminous  flame.  Hydrogen  and  oxygen 
mingled,  burn  with  a  feeble  light;  but  if  the 
jet  be  directed  upon  a  piece  of  lime  or  clay, 
a  dazzling  light  is  produced,  which  is  due  to 
particles  of  lime  or  alumina  mechanically 
thrown  off  in  an  intensely  ignited  state.  In 
like  manner  the  whiteness  and  brilliancy  ob- 
served in  the  flame  of  burning  phosphorus, 
is  due  to  highly  ignited  phosphoric  acid,  which 
is  the  result  of  combustion.  Oxide  of  zinc, 
resulting  from  the  combustion  of  the  metal, 
produces  a  brilliant,  bluish-white  flame.  Salts 
of  strontia  and  lithia  impart  a  brilliant  red 
color  to  flame,  and  hence  the  use  of  the 
former  for  obtaining  a  brilliant  crimson  in 
fire-works.  Borax  and  barytic  salts  give  a 
green  tint;  copper  salts  both  green  and  blue 
colors  to  flame. 

Measure  of  Luminosity.  The  illuminating 
power  of  flame  is  measured  by  a  photometer, 
which,  as  usually  constructed,  consists  of  an 
oblong  box  open  on  two  opposite  ends,  with 
two  mirrors  placed  at  such  an  angle  that  the 
reflection  of  two  flames,  one  placed  opposite 
either  open  end  of  the  box,  is  thrown  upward 
upon  a  small  screen  of  white  paper  or  other 
translucent  material  in  the  centre  of  the  top 
of  the  box.  The  two  reflections  appearing 
side  by  side  upon  the  screen,  enables  the  ob- 
server to  judge  of  their  comparative  intensity, 
and  by  moving  one  of  the  flames  further  from 
or  nearer  to  the  box,  he  can  determine,  with 
some  degree  of  nicety,  when  the  two  reflec- 
tions are  of  equal  intensity.  By  observing 
the  relative  distance  of  the  two  flames  from 
the  centre  of  the  box,  and  knowing  that  the 
intensity  is  inversely  as  the  square  of  the  dis- 
tance, an  approximate  value  of  relative  inten- 
sity may  be  attained  by  calculation.  In  any 
one  series  of  experiments,  the  determinations 
may  be  of  value,  because  the  same  standard, 
such  as  a  certain  gas-jet,  may  be  employed; 
but,  for  want  of  a  fixed  standard,  similar  ex- 
periments, instituted  by  different  individuals 
and  in  different  places,  are  of  very  limited 
value.  The  tallow  mould-candle,  used  as  a 
standard,  must  be  rejected  as  worthless,  since 
the  material  is  not  uniform  in  composition, 
and  the  light  varies  also  with  the  thickness 
of  the  candle,  the  thickness,  twist  and  length 
of  wick.  A  far  more  suitable  material  is  pure 
spermaceti,  which  is  crystalline,  uniform  in 


composition,  and  from  the  thinness  of  the 
wick  is  less  liable  to  variation  from  this 
cause. 

Structure.  Fig.  73  represents  the  structure 
of  the  flame  of  a  candle,  and  ap- 
plies to  all  flames  used  for  illumi- 
nation, a  is  the  interior  cone  of 
volatilized  combustible  matter, 
not  ignited;  the  next  outer  cone, 
6,  consists  of  this  combustible 
gas  in  the  act  of  union  with  the 
oxygen  of  the  air,  and  is  the  cone 
of  illumination;  the  outermost 
cone,  c,  emits  a  feeble  light,  and 
consists  of  the  gaseous  products 
of  combustion  in  a  highly  heat- 
ed stale,  as  they  leave  the  cone 
of  combination  ;  or,  rather,  it  con- 
sists of  these,  together  with  a 
small  quantity  of  unburned  matter  undergoing 
complete  combustion.  That  the  interior  cone 
consists  of  volatilized  matter  not  ignited,  might 
be  inferred  from  its  comparative  darkness,  and 
may  be  proved  by  thrusting  one  end  of  an 
open  tube  into  this  cone,  holding  it  in  an 
oblique  position,  and  burning  the  gas  which 
issues  at  the  other  end  of  the  tube.  In  the 
middle  cone,  the  hydrogen  of  the  body  being 
most  combustible  is  first  burned,  and  the  car- 
bon eliminated  or  precipitated;  but  the  in- 
tensity of  the  heat  resulting  from  the  union 
of  hydrogen  and  oxygen,  ignites  this  solid  car- 
bon intensely  previous  to,  and  during  its  com- 
bustion. The  faintness  of  the  exterior  cone 
is  due  to  the  admixture  of  the  incombustible 
products  of  combustion,  steam  and  carbonic 
acid,  with  small  quantities  of  yet  unburned 
carbon,  as  may  be  shown  in  the  long  cone  of 
light  over  a  lamp  in  a  coal-mine,  where  the 
air  contains  carburetted  hydrogen  gas.  This 
appears  to  be  a  slower  combustion,  in  conse- 
quence of  the  great  diffusion  of  the  combus- 
tible matter. 

The  heat  of  flame  is  more  intense  than  might 
at  first  be  supposed.  If  a  fine  platinum  wire 
be  held  across  the  flame  of  a  spirit-lamp  just 
above  the  wick,  both  its  structure  and  intense 
heat  will  be  shown;  for  while  the  centre  of 
the  wire  is  dark,  on  either  side  of  this  it  is 
heated  to  a  white  heat.  If  the  same  wire  be 
held  some  distance  above  the  flame  of  a  Ber- 
zelius'  spirit-lamp,  it  will  still  be  heated  to  full 
redness,  showing  the  intense  heat  of  the 
gaseous  matter,  after  issuing  from  flame. 
The  table  and  mouth-blowpipes  illustrate  the 
same  point.  A  high  degree  of  heat  is  requi- 
site to  produce  inflammation.  Charcoal  may 
be  ignited  by  a  spark;  tallow,  oil  or  gas  re- 
quires a  flame  to  inflame  it.  "When  phospho- 
rus is  inflamed  by  a  spark,  the  latter  first  pro- 
duces a  high  chemical  action,  and  therefore 
intense  heat,  which  causes  the  phosphorus  to 
inflame. 

Cooling  flame.  Both  the  light  and  heat  of 
flame  are  capable  of  increase  or  diminution 
within  certain  limits.  A  flame  may  be  cooled 
down  so  far,  that  the  gaseous  matter  ceases  to 
burn.  When  a  piece  of  metal  or  other  cold 
body  is  held  across  a  flame,  a  large  amount 
of  carbon  is  deposited,  which  would  otherwise 
have  burned  and  added  to  the  flame.     When 
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a  sheet  of  close  wire-gauze  is  similarly  held 
across  the  middle  of  a  flame,  the  latter  is  cut 
off",  and  its  combustible  matter  passes  through 
the  gauze  uninflamed,  as  shown  by  its  inflam- 
mation upon  applying  flame  above  the  gauze. 
This  fact  was  discovered  and  ingeniously  ap- 
plied by  Sir  H.  Davy,  to  his  safety  lamp,  which 
consists  of  a  wire-gauze  cylinder  surrounding 
an  oil  lamp,  the  inlet  and  outlet  to  the  flame 
being  also  through  fine  metallic  openings. 
When  this  lamp  is  plunged  into  an  explosive 
mixture  of  carburetted  hydrogen  and  air,  ex- 
plosion does  not  immediately  ensue;  but  a 
quiet,  slower  combustion  takes  place  on  the 
outer  surface  of  the  gauze,  which  may  then 
become  so  highly  heated  as  to  explode  the 
mixed  gases.  Its  object  was  to  secure  the 
collier  from  the  disasters  incident  to  such 
natural  explosive  mixtures  in  coal-mines ;  but 
although  much  improved  in  its  construction, 
it  has  not  fully  answered  the  purpose. 

Smoky  flames.  If  a  white  flame  be  cooled 
down  in  the  manner  described,  unburned  car- 
bon is  deposited,  and  the  flame  observed  to 
smoke.  Indeed,  when  the  intensity  of  chemi- 
cal action  in  such  a  flame  is  insufficient,  a 
large  portion  of  carbon  is  carried  up  mecha- 
nically, and  makes  a  sooty  or  smoky  flame. 
Those  bodies  having  a  small  quantity  of  hy- 
drogen and  oxygen  relative  to  carbon,  are  most 
apt  to  produce  smoky  flames.  Thus,  spirit  of 
wine  burns  with  a  pale  flame,  without  smoke, 
spirit  of  terpentine  with  a  very  smoky  flame; 
for  while  the  former  abounds  in  hydrogen  and 
oxygen,  the  latter  has  a  smaller  amount  of  hy- 
drogen and  no  oxygen.  Since  the  smokiness 
of  flame  is  caused  by  deficiency  in  chemical 
action,  it  is  obvious  that  it  may  be  prevented 
by  blowing  a  stream  of  oxygen  or  air  through 
the  flame.  If  a  strong  blast  from  a  blowpipe 
be  directed  through  a  smoky  flame,  it  supplies 
so  much  oxygen  in  a  given  time,  that  the  ex- 
cess of  depositing  carbon  may  be  intensely 
ignited  and  produce  a  clear,  white  flame;  if 
the  blast  be  increased,  the  carbon  and  hydro- 
gen are  simultaneously  burned,  and  the  flame 
is  a  faint  reddish  or  yellowish.  A  similar  effect 
is  produced  by  increasing  the  supply  of  air  to 
a  smoky  flame,  by  a  chimney  which,  when  of 
suitable  dimensions,  will  reduce  the  flame  to 
a  clear,  brilliant  light.  If  the  chimney  be  too 
small,  there  is  a  tendency  to  smoke ;  where 
too  large,  it  reduces  the  flame  below  its  maxi- 
mum brilliancy. 

Sources  of  Flame.  For  purposes  of  illumina- 
tion, gas,  oil  and  candles  are  employed.  The 
first  being  already  in  the  gaseous  state,  no 
farther  preparation  is  requisite  than  to  apply 
a  flame  to  it,  when  it  instantly  inflames.  Oil 
is  burned  at  the  end  of  a  wick  composed  of 
loosely-twisted  fibre,  to  which  point  it  is  car- 
ried by  capillary  action.  Flame  being  applied 
at  that  point,  the  oil  must  first  boil  or  be  con- 
verted into  vapor,  which  then  inflames  like 
gas.  The  distance  of  the  flame  above  the 
surface  of  oil  in  the  reservoir,  is  limited  by 
capillary  attraction.  The  inflammation  of  a 
candle  differs  from  that  of  oil,  in  requiring  a 
little  heat  first  to  melt,  and  then  boil  the  com- 
bustible, so  that  the  latter  must  always  be 
sufficiently  near  the  short  wick  to  be  melted 
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by  heat  from  the  flame.  When  the  wick  of  a 
burning  candle  is  suffered  to  become  too  lon<*, 
a  large  amount  of  melted  matter  is  carried  up 
and  boils,  and  more  gas  is  generated  than  is 
proportional  to  the  supply  of  air,  so  thai  it 
smokes,  gives  less  light,  and  at  the  same  time 
consumes  more  combustible.  The  same  re- 
mark applies  to  small,  single-wicked  lamps 
for  oil.  (See  Candles,  Lamp.)  The  purity 
or  composition  of  the  combustible  has  con- 
siderable influence  on  the  clearness  of  flame; 
for  if  oil  or  tallow  contain  mucilage,  &c,  this 
will  form  a  hard  crust  on  the  wick,  enlarge  it, 
and  tend  to  produce  smokiness. 

Use  in  the  Arts.  Besides  the  employment  of 
flame  for  illumination,  already  treated  of  more 
fully,  it  is  very  useful  and  almost  essential  in 
some  of  the  arts,  as  in  pottery,  glass  making, 
or  puddling  iron,  in  which  the  fuel  should  not 
be  mingled  with  the  material  to  be  heated. 
The  reverberatory  furnace  is  expressly  con- 
structed with  the  view  of  separating  the  ma- 
terial from  the  fuel,  and  hence  wood  or  bitu- 
minous coal  is  generally  employed  in  them. 
If  bituminous  coal  be  employed,  a  strong  draft 
is  requisite,  in  order  to  consume  as  much  as 
possible  the  excess  of  carbon  in  its  usually 
smoky  flame ;  and  a  little  air  admitted,  just  over 
the  fire,  has  been  found  advantageous.  Rosin 
has  latterly  been  employed,  in  the  U.  S.,  for 
melting  glass,  and  produces  a  beautifully  clear 
flame,  by  constantly  adding  very  small  quanti- 
ties at  a  time,  to  the  fire.  Anthracite  has  been 
used  for  fuel  in  puddling  or  heating  iron,  by 
regulating  the  admission  of  air  below  the  fire, 
so  as  to  produce  carbonic  oxide,  and  then 
blowing  currents  of  air  through  this  heated 
gas,  above  the  fire,  whereby  a  flame  of  great 
heat  is  obtained. 

FLESH.     Phys.     A  compound  of  the  softer 
solids  of  the  animal  body.     Their  proportions 
are  shown  by  the  following  analyses. 
The  flesh  of  man  contains,  according  to 

Marchand  &  L'lleretier, 

Water  and  loss 78-00  77-10 

Matter  insol.  in  cold  water   17-00  15-80 
Sol.  albumen,  with   color- 
ing matter 2-30  3-40 

Alcohol,  extract  with  salts  .     1-60  1-20 

Phos.  lime,  with  albumen  .     0-10  — 

Water  extract,  with  salts. .     1-00  2-50 

The  flesh  in  the  first  analyses  was  taken 
from  the  upper  portion  of  the  arm  of  a  man 
who  died  from  diseased  liver. 

The  constituents  of  the  flesh  of  oxen  are 

Berzelius. 

Water 77-17 

Fibrin,  cells,  vessels  and  nerves...  17-70 

Albumen  and  hsematoglobulin 2-20 

Alcoholic  extract,  and  salts 1*80 

Water  extract  and  salts 1-05 

Phosphate  of  lime,  with  albumen. .     0-08 
Fat  and  loss — 

Schlossberger's  analyses  of  the  flesh  of 
other  animals,  to  which  that  of  Schultz  cor- 
responds in  many  points,  are  given  in  Simon's 
Chemistry  of  Man. 


FLINT. 


FLUORINE. 


The  analyses  of  Playfair  and  Boeckman 
establish  C4(tH39Ng05  as  the  formula  for  the 
ultimate  composition  of  flesh.  The  numeri- 
cal results  upon  which  this  formula  is  based 
being  identical  with  those  from  dried  blood,  it 
is  also  considered  the  empirical  formula  for 
that  substance. 

Liebig,  in  some  recent  investigations,  has 
shown  the  presence  of  free  lactic  and  phos- 
phoric acids  in  the  muscular  part  of  flesh. 
Besides  these  and  the  Creattx  of  Chevrenl, 
there  are  two  other  new  crystalline  azotized 
bodies,  (Comptes  Rendus,  1847.)  Another  in- 
gredient also,  of  fresh  meat,  is  a  positive  or- 
ganic base,  analogous  in  constitution  to  Clioiin, 
or  more  nearly  to  Cochin. 

The  action  of  cold  water  upon  finely  minced 
meat  transforms  it  into  a  white  residue,  which 
is  actual  muscular  fibre.  By  boiling,  the 
soluble  ingredients  of  the  meat  are  taken  up 
in  the  water,  and  hence,  as  the  alkaline  phos- 
phates are  necessary  to  the  formation  of  blood 
and  consequently  of  flesh,  the  loss  of  them 
by  the  exhausted  meat  renders  it  unfit  for  nu- 
trition, unless  eaten  with  the  soup  or  extract. 
This  latter,  again,  wanting  in  the  materials  of 
albumen  and  fibrin,  is  also  not  thoroughly 
nourishing  in  itself  alone;  but  as  it  contains 
all  the  ingredients  of  the  acid  gastric  juice,  it 
is  considered  an  efficient  digestive  adjuvant  in 
cases  of  dyspepsia.  It  is  in  its  roasted  state, 
however,  that  flesh  embodies  the  most  nutri- 
tive power. 

The  brine  of  salted  meat  abstracts  and  re- 
tains all  the  phosphates,  acids,  creatin,  &c, 
necessary  to  the  formation  of  blood;  and 
hence  its  scorbutic  action,  owing  to  a  partial 
reduction,  by  this  process,  to  a  mere  sup- 
porter of  respiration,  and  hence  its  inability  to 
effect  the  perfect  replacement  of  the  wasted 
organism. 

Meat,  when  first  placed  in  cold  water  and 
then  boiled,  becomes  harder  and  more  taste- 
less than  if  boiled  in  water  previously  heated, 
because  the  matters  grateful  to  the  taste  and 
smell  are  imbibed  by  the  broth.  In  the  latter 
case,  however,  the  coagulation  of  the  albumen 
presents  a  layer  impermeable  to  water,  and 
thus,  while  impairing  the  quality  of  the  soup, 
renders  the  meat  highly  palatable.     Liebig. 

FLINT.  Mia.  Geo!'.  Tech.  A  nearly  pure, 
amorphous  or  chalcedonic  Quahtz,  found  in 
chalk  in  nodular  masses,  isolated  or  in  layers, 
constituting  beds  of  such  extent  as  to  be  some- 
times employed  for  building,  and  extensively 
in  the  manufacture  of  pottery  and  porcelain. 
It  is  nearly  pure  silicic  acid ;  in  addition  to 
which  Berzelius  found  in  flint,  from  the  chalk 
of  Limhamm  in  Schonen,  0-117  pr.  ct.  potassa, 
0-113  lime,  traces  of  iron  and  alumina,  and  a 
carbonaceous  residue,  which  burned  without 
remainder.  The  interior  of  a  specimen  ex- 
ternally disintegrated,  yielded  0-134  pr.  ct.  po- 
tassa, 0-574  lime  and  0-12  iron  and  alumina, 
while  the  white  exterior  coating  gave  0-32  pr. 
ct.  potassa  and  as  much  lime,  from  which  it 
would  seem  as  if  the  change  took  place  in  an 
alkaline  liquid,  where  the  lime  is  replaced  by 
potassa.  The  carbonaceous  matter  is  the 
cause  of  the  dark  color  of  flint,  but  not  al- 
ways: for  Heintz  found  that  flint  from  the 
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Jura  formation  is  not  decolorized  by  ignition 
in  oxygen. 

Their  connection  with  organic  life  may  be 
inferred  from  the  carbonaceous  matter,  the 
shells  around  and  sometimes  within  them,  and 
from  a  little  sulphur  rarely  found  in  the  cavi- 
ties of  a  flint-geode;  the  sulphur  being  proba- 
bly due  to  the  reduction  of  sulphuric  acid,  by 
putrefaction  of  organic  matter. 

Flint  nodules  are  broken  into  gun-flints  by 
hand  and  hammer  alone;  and  if  we  consider 
their  cheapness  and  uniform  shape,  the  dex- 
terity of  the  operatives  is  a  matter  of  surprise. 
A  good  workman  can  finish  3  to  400  per  day. 
Independently  of  skill,  their  manufacture  de- 
pends on  the  smooth  and  large  conchoidal 
fracture  of  flint. 

For  fine  pottery  and  porcelain,  flint  is  cal- 
cined and  ground  to  a  fine  powder.  The  same 
material  was  formerly  much  used  as  the  basis 
of  glass,  to  one  kind  of  which  it  has  imparted 
the  name  flint-glass;  but  white  sea-sand  is 
now  generally  substituted. 

FLOATSTONE.     A  variety  of  Quahtz. 

FLOS  FERRI.  Mm.  The  flower-like,  coral- 
loidal  form  of  Arra&onite. 

FLOUR.  This  term  is  occasionally  given 
to  the  meal  of  the  cereal  grains,  and  in  some 
instances  to  that  of  other  seeds;  but  is  almost 
exclusively  applied  to  the  finely  ground  and 
bolted  farina  of  Wheat.     See  Bread. 

FLOWERS.  A  term  originating  with  the 
older  chemists,  and  by  them  applied  to  the 
light,  flocculent  compounds  of  bodies,  produced 
by  sublimation  in  close  vessels;  for  example, 
the  flowers  of  sulphur,  antimony  and  benzoin. 

FLUCERIN.  Mm.  There  are  two  species, 
neutral  and  basic,  which  may  be  termed  Flu- 
cerin  and  Fluoxycerin.  Flitrerin,  or  neutral 
fluoride  of  cerium.  Cryst.  Hexagonal,  pris- 
matic and  lamellar,  also  amorphous.  H.  =  4 
—  S.  G.  =  4-7.  Dark  tile-red,  or  nearly  yel- 
low, with  a  white,  or  slightly  yellowish  streak : 
lustre  feeble;  subtranslucent,  opake.  In  a 
closed  tube  gives  a  little  water,  and  at  the 
fusing  heat  of  glass  fluohydric  acid,  becoming 
white;  infusible  on  charcoal;  behaves  to  the 
fluxes  like  pure  oxide  of  cerium;  decomposed 
by  soda.  Form.  CeF -f-  Ce2F3,  with  1  pr.  ct. 
yttria.  It  occurs  at  Finbo  and  Broddbo,  near 
Fahlun,  Sweden,  in  quartz  and  albite. 

FLUELLITE.  Mm.  Cryst.  Right-rhombic, 
generally  the  8-hedron.  H.  =  3.  White,  trans- 
parent. Contains  fluohydric  acid  and  alumina. 
Found  at  Stenna-gwyn,  in  Cornwall. 

FLUID.  Phys.  Bodies  are  solid,  liquid  or 
gaseous,  the  two  last  of  which  are  termed 
fluids:  the  ready  movement  of  their  particles 
allowing  them  to  flow. 

FLUIDITY.  Phys.  Is  exclusively  applied 
to  liquids,  for  distinguishing  the  greater  or  less 
freedom  of  motion  among  their  particles. 

FLUORINE.  Chem.  Ger.  Fluor.  One  oi 
the  halogen  bodies,  known  only  in  combina 
tion.  It  is  rather  a  rare  substance,  being  most 
abundant  in  fluor-spar.  It  is  also  found  in 
some  Micas,  Topaz,  Chondrodite,  and  a  few 
other  minerals,  several  of  which  contain  ceri- 
um. It  is  further  a  constituent  of  bones,  teeth, 
milk,  blood,  urine,  plants,  sea-water,  and  of 
well  and  mineral  waters.  It  has  also  been. 
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found  in  nearly  all  calcareous  and  mineral 
deposits  of  aqueous  origin,  in  the  organic 
remains  of  carnivora,  herbivora,  reptilia  and 
pisces. 

Etching  by  means  of  fluor  spar  was  observed 
by  Schwankhard  in  Nuremberg,  in  1670; 
Scheele  separated  fluoric  acid  from  the  spar 
in  1771 ;  and  Ampere,  in  1810,  supposed  it  to 
be  composed  of  a  base  fluorine,  and  hydrogen, 
analogous,  therefore,  to  muriatic  acid.  Ber- 
zelius,  in  1824,  published  his  extended  re- 
searches on  fluorine,  since  which  it  has  re- 
ceived but  little  attention.  Eq.  =  18-7  (or 
233-8  when  O  =  100).     Sym.  F  or  Fl. 

1.  Fluorine.  The  radical  of  fluoric  com- 
pounds has  been  isolated;  but  such  are  its 
intense  affinities,  that  we  know  no  more  of  it 
than  that  it  is  a  gas,  probably  of  a  yellowish 
color  and  a  halogen  odor.  The  Knoxes  em- 
ployed transparent  vessels  of  fluor  spar  to  re- 
ceive the  gas. 

2.  Fluohydric  Arid.  Syn.  Fluoric  acid.  Ger. 
Flusssiiure,  Fluorwasserstoflsiiure.  Prepared 
by  gently  heating  in  a  reiort  of  platinum  or 
lead,  1  pt.  pulverized  fluor  spar  with  2  pts.  oil 
of  vitriol,  and  receiving  in  a  platinum  or  lead 
vessel,  cooled  by  ice;  CaF  -f-  S03,  HO  =  CaO 
S03  -f-  HF.  If  silex  be  in  the  spar,  as  is 
generally  the  case,  fluoride  of  silicon  also 
passes  over;  if  galena,  then  sulphuretted  hy- 
drogen and  sulphurous  acid  are  also  generated, 
and  sulphur  is  deposited  in  the  fluoric  acid. 
It  is  a  colorless  liquid,  of  a  very  pungent  odor, 
injurious  to  the  lungs,  smarting  and  producing 
a  wound  when  dropped  on  the  skin;  reddens 
litmus;  spec.  grav.  =  1-0609;  does  not  freeze 
at  -f-  4°,  boils  at  a  little  above  59°.  When 
decomposed  by  a  galvanic  battery,  hydrogen 
appears  at  the  — pole,  while  the  -f-  electrode, 
if  platinum  is  converted  into  a  brown  fluoride ; 
it  is  also  decomposed  by  potassium  (violently); 
by  sodium,  iron,  zinc,  manganese,  silicium 
and  columbium,  into  hydrogen  and  a  metallic 
fluoride;  by  most  metallic  oxides  into  water 
and  a  fluoride;  by  silica  into  fluosilicic  gas 
and  the  liquid  fluosilicic  acid.  It  dissolves 
readily  in  water  with  heat,  and  with  a  certain 
proportion  attains  the  spec.  grav.  of  1-25.  The 
liquid  acid  may  be  readily  made,  by  conducting 
the  lead  or  platinum  beak  of  the  retort  over 
water,  and  may  be  freed  from  silica  by  drop- 
ping fluoride  of  potassium  into  it  as  long  as  a 
precipitate  occurs,  which  is  silico-fluoride  of 
potassium,  and  redistilling.  It  is  preserved 
in  vessels  of  platinum,  gold  or  lead;  but  the 
latter,  as  well  as  the  lead  retort,  should  not  be 
soldered  with  tin.  When  employed  in  the 
analysis  of  silicates,  a  broad  leaden  vessel  is 
used;  see  fig.  25,  p.  185,  Analysis;  and  a 
similar  broad  vessel  of  lead  is  convenient  for 
etching  on  glass. 

Fluorides.  Fluorine  has  not  yet  been  com- 
bined with  oxygen,  carbon  or  nitrogen,  but  it 
unites  with  all  other  elements.  Metallic  fluo- 
rides are  formed  by  the  action  of  fluoric  acid 
on  some  metals  evolving  hydrogen,  on  most 
metallic  oxides  forming  also  water,  or.  if  the 
fluoride  be  volatile  by  distilling  fluor  spar,  the 
metallic  oxide  and  oil  of  vitriol.  Fluorides 
bear  some  resemblance  to  chlorides,  most  be- 
ing fusible  and  some  volatile,  as  those  of  tita- 
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nium,  chrome,  arsenic,  and  nearly  all  decom- 
posable by  heating  with  oil  of  vitriol.  Some 
of  the  simple  fluorides  are  readily  soluble  in 
water,  as  those  of  glucinum,  aluminum,  silver, 
tin;  others  less  soluble,  as  potassium,  sodium, 
iron,  platinum ;  some  very  little,  lithium, 
strontium,  lead,  cadmium,  copper,  bismuth; 
while  many  are  not  at  all  soluble,  baryum, 
calcium,  yttrium,  manganese.  The  neutral 
solutions  of  alkaline  fluorides  have  an  alka- 
line reaction.  Many  of  the  simple  fluorides 
combine  with  fluohydric  acid,  sometimes  to 
crystallizable  compounds;  even  the  insoluble 
salts  of  baryum  and  calcium  are  soluble  in 
fluohydric  acid.  The  terfluorides  of  boron  ami 
silicon,  acting  like  acids,  form  numerous  salts 
with  the  simple  fluorides.  The  fluorides  of 
phosphorus  and  sulphur  act  similarly,  but 
with  less  energy.  The  fluorides  of  aluminum, 
iron,  chrome,  uranium,  platinum,  titanium, 
tungsten,  columbium,  vanadium  and  a  few 
others,  also  combine  with  more  electro-posi- 
tive fluorides,  to  form  salts.  For  the  com- 
pounds of  fluorine,  refer  to  the  several  bases. 

Analysis.  The  simplest  test  for  the  presence 
of  fluorine,  is  to  decompose  its  compounds  by 
oil  of  vitriol  with  gentle  heat,  in  a  vessel  of 
lead,  covered  by  a  glass  plate  which  has  been 
covered  by  a  thin  layer  of  wax,  and  graved 
through  to  the  glass  in  a  few  lines.  After 
melting  and  rubbing  off  the  wax  the  lines  will 
be  found  etched  in  the  glass,  if  fluorine  were 
present.  The  best  method  of  determining 
fluorine  quantitatively,  is  to  mix  the  weighed 
substance  with  silica,  and  introduce  it  into  the 
flask  a,  fig.  26,  p.  188,  under  Analysis,  and 
after  partly  filling  the  bulb  e  with  concentrated 
and  boiled  oil  of  vitriol,  and  weighing  the 
whole  apparatus,  to  let  the  latter  down  upon 
the  mixture.  When  a  portion  of  fluosilicic 
gas  has  escaped,  the  flask  is  heated  to  expel 
more,  and  the  last  portions  removed  under  the 
air-pump.  When  weighed  again,  the  loss  in 
weight  is  fluoride  of  silicon,  of  which  1-395 
pts.  are  equivalent  to  1  pt.  of  fluorine,  (or  10 
pts.  loss  of  weight  =  7-168  fluorine).  Moist- 
ure and  carbonic  acid  should  have  been  pre- 
viously ascertained;  and  the  latter  maybe 
removed  by  dilute  acid.  (Wohler.)  Barylic 
salt  should  be  employed  for  precipitating  fluo- 
rine, as  fluoride  of  calcium  is  slightly  soluble 
in  water. 

FLUOR  SPAR.  Min.  Syn.  Octahedral 
Fluor-Haloid,  M.,  Fluate  of  lime,  Chlorophane, 
Ratoffkil,  Derbyshire  spar.  Ger.  Flussspath. 
Fr.  Chaux  fluatee.  Muriaphosphorans.  (Linn.) 
Descrip.  Cryst.  Regular,  usually  the  cube,  its 
edges  bevelled  by  the  4X6-hedron,  or  its  solid 
angles  replaced  by  3  planes  of  the  24-hedron, 
or  "by  6  planes  of  the  6X8-hedron;  it  also 
exhibits  the  8-hedron  and  12-hedron  rarely 
alone.  Cleavage  perfect  parallel  to  8-hedron. 
It  is  sometimes  compounded  on  a  plane  of  the 
8-hedron,  as  in  PI.  IX.  fig.  52,  or  as  one  cube 
within  another  on  a  diagonal.  It  also  occurs 
granular,  coarse  and  fine,  nearly  compact. 
H.  =  4,  G.  =  3-14  — 3.178.  Colors  violet, 
sky-blue,  green,  white,  rose  and  crimson-red, 
yellow,  brown  and  intermediate  shades;  violet 
is  the  most  common  color.  The  colors  are 
often  concentric,  and  the  cube  may  have  a 
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violet  centre  and  greenish  exterior.  Lustre 
vitreous,  sometimes  splendent,  glimmering  in 
the  compacter  and  massive  varieties;  trans- 
parent, subtranslucent;  brittle,  with  a  splintery 
fracture;  flat — conchoidal  in  the  massive. 

Chem.  Rel.  At  a  low  heat  fluor  spar  phos- 
phoresces with  various  colors,  the  variety 
chlorophane  with  an  emerald  green  light; 
this  property  ceases  at  a  high  temperature, 
but  is  restored  by  an  electric  discharge.  De- 
crepitates strongly  when  heated,  and  fuses  in 
thin  lamina?  to  an  enamel;  according  to  Ko- 
bell,  at  a  high  heat  it  becomes  infusible,  alka- 
line, and  colors  the  flame  red.  Borax,  mic. 
salt  and  a  little  soda  dissolve  it;  fuses  with 
gypsum  or  heavy  spar  to  a  clear  bead,  which 
enamels  on  cooling.  Partially  decomposed  by 
muriatic  and  nitric  acids,  fully  by  oil  of  vitriol. 
See  Fluohydric  Acid,  under  Fluorine.  See 
Fluoride,  under  Calcium,  for  its  per  centage, 
composition,  its  uses  and  behavior.  Formula 
CaF;  but  it  often  contains  impurities,  silex, 
iron,  &c.  Berzelius  found  ^  pr.  ct.  phosphate 
of  lime  in  Derbyshire  spar;  and  Kersten  says 
that  several  blue  varieties  from  Marienberg 
and  Freiberg  gave  small  quantities  of  chloro- 
hydric  acid. 

Local.  It  is  abundant  in  primary  and  second- 
ary rocks,  especially  in  the  mining  districts 
of  England  and  Saxony.  In  the  U.  S.,  on  the 
borders  of  Muscalonge  lake,  Jefferson  Co., 
N.  Y.,  large  cubes,  more  than  1  ft.  diameter, 
have  been  found;  Rossie  and  Johnsberg,  St. 
Lawrence  Co.,  Lockport,  Rochester,  Manlius, 
Amity,  N.  Y.;  Gallatin  Co.,  Illinois,  for  30 
miles  along  the  Ohio,  deep  violet  masses  near 
Shawneetown;  Westmoreland,  N.  H.,  white, 
green  and  violet;  the  Notch,  in  the  White 
Mnts.,  green  8-hedra ;  Smith  Co.,  Tennessee, 
white  and  violet;  Trumbull,  Conn.,  Chloro- 
phane.    There  are  numerous  other  localities. 

FLUOXYCERIN,  or  Fluoride  and  oxide  of 
Cerium.  Usually  massive,  with  traces  of  the 
rhombic  12-hedron.  H.=  5.  Color  and  streak 
fine  yellow,  or  brownish-yellow  when  impure; 
lustre  vitreous;  subtranslucent,  opake.  Dif- 
fers from  flucerin  in  becoming  black  on  char- 
coal, and  red  or  dark  yellow  when  cold,  and  is 
not  as  easily  decomposed  by  soda.  Form. 
Ce2F3,  3  HO  4-  Ce203,  HO.  It  occurs  at  Bast- 
nils  and  Finbo,  Sweden.  The  presence  and 
amount  of  lanthanum  and  didymium  have  not 
been  determined. 

FLUX.  Tech.  Chem.  Ger.  Fluss.  A  sub- 
stance employed  to  vitrefy  or  fuse  earthy  bo- 
dies, the  flowing  of  the  melted  mass  giving 
rise  to  the  term  flux.  Thus  the  earthy  ingre- 
dients of  metallic  ores  are  fluxed,  or  caused  to 
flow  off  from  the  metallic  particles,  allowing 
them  thereby  to  collect  into  masses ;  sand  is 
fluxed  to  form  glass;  sand  and  clay  together 
are  semifluxed,  to  form  them  into  more  ad- 
herent and  compact  pottery  and  porcelain. 
Silex  (silica,  silicic  acid)  being  the  most 
abundant  foreign  ingredient  in  ores,  &c,  is 
the  body  generally  fluxed;  and  from  its  acid 
nature  as  well  as  its  forming  fusible  salts  and 
mixtures  with  alkaline  bodies  or  strong  bases, 
these  last  are  the  most  common  fluxes. 

Objects  of  Fluxing.  In  the  manufacture  of 
glass  and  pottery,  the  main  object  is  the  fluxed 


material.  In  the  former  the  basis  is  pure  silex, 
which  forms  very  fusible  mixtures  with  the 
alkalies,  potassa  and  soda,  to  which,  for  win- 
dow and  plate-glass,  lime  is  adjoined;  for 
flint-glass,  oxide  of  lead  (red-lead,  litharge)  ; 
for  coarse  bottle-glass,  oxide  of  iron  and  alu- 
mina. In  pottery,  the  basis  being  a  mixture 
of  sand  and  clay,  which  are  not  only  infusible, 
but  barely  adhere  together  by  a  strong  heat, 
lime  and  feldspar  (containing  potassa)  are 
added  in  limited  quantity  to  induce  a  strong 
adherence,  as  in  pottery,  or  a  semi-fusion,  as 
in  porcelain.  These  mixtures  are  capable  of 
fusion,  but  not  at  the  temperatures  employed 
in  their  baking.  A  more  fusible  mixture  is 
brought  upon  their  surface,  which  is  actually 
fused,  and  constitutes  the  glazing.  See  Glass 
and  Pottery. 

The  objects  in  view  in  fluxing  metallic  ores 
are  different  from  the  preceding,  for  the  fluxed 
material  or  slag  is  generally  worthless.  Silex 
is  the  principal  ingredient  to  be  fluxed,  and  in 
addition  to  it  the  metallic  oxides,  excepting 
those  which  are  the  prime  object  of  the  metal- 
lurgic  operation.  The  principal  use  of  fluxing 
ores  is  to  remove  their  earthy  constituents, 
and  enable  the  particles  of  reduced  metal  to 
collect  in  masses;  the  latter  being  heavier, 
will  be  found  at  the  bottom  of  the  slag.  By 
this  removal,  also,  portions  of  the  metallic 
oxide  which  might  otherwise  escape  reduc- 
tion, are  brought  under  the  action  of  the  re- 
ducing gases.  The  melted  slag  floating  on 
the  top  of  the  metal,  keeps  the  latter  for  a  long 
time  in  the  melted  state,  until  a  sufficient 
quantity  has  accumulated,  and  at  the  same 
time  protects  it  from  the  re-oxidizing  influence 
of  the  air.  Another  effect  of  an  alkaline  flux, 
such  as  lime,  is  due  to  its  stronger  basic  cha- 
racter than  that  of  the  proper  metallic  oxides, 
whereby  the  latter  are  prevented  from  uniting 
with  silicic  acid,  or,  if  united,  are  precipitated 
and  reduced. 

Principles.  Where  an  ore  is  reduced  the 
slag  should  not  flow  too  sluggishly,  or  other- 
wise it  will  hold  particles  of  the  metal  sus- 
pended in  it;  on  the  other  hand,  a  too  freely- 
flowing  slag  may  affect  the  quality  of  the 
metal,  and,  if  suffered  to  flow  off  too  rapidly, 
may  carry  a  portion  of  metal  with  it.  Lime 
is  the  chief  flux  used  in  these  operations,  be- 
cause of  its  cheapness  and  efficiency;  but  the 
pure  silicate  of  lime  is  rather  infusible,  and 
requires  a  portion  of  alumina  to  render  the 
slag  sufficiently  fusible. 

Silicates  of  potassa  and  soda  fuse  readily, 
and  flow  freely;  those  of  baryta,  strontia  and 
lime  fuse  with  some  difficulty,  and  are  slug- 
gish; those  of  most  ordinary  metallic  oxides 
resemble  the  last.  It  has  been  found  by  ex- 
perience, that,  in  general,  mixed  silicates  fuse 
more  readily  than  the  simple  silicates ;  thus, 
silicate  of  lime  fuses  and  flows  freely,  if  alu- 
mina be  present;  by  the  formation  of  the 
double  silicate  of  lime  and  alumina,  a  fact 
well  known  in  fluxing  iron-ores. 

An  important  point  in  fluxing,  is  the  pro- 
portion of  flux  to  the  earthy  ingredients,  which 
should  be  such,  that  while  all  the  latter  shall 
unite  with  the  flux,  little  or  none  of  that  me- 
tallic oxide  shall  be  taken  up,  which  is  the 
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main  object  of  the  reduction.  Thus,  in  an 
iron-ore  containing  silica,  alumina,  and  oxide 
of  iron,  if  too  little  lime  be  employed,  a  por- 
tion of  the  oxide  enters  into  the  slag  and  is 
lost;  too  much  lime,  on  the  other  hand,  makes 
a  less  freely-flowing  slag,  and  affects  the 
quality  of  the  metal.  If  an  iron-ore  contain 
only  silex  and  oxide  of  iron,  a  large  amount 
of  lime  is  rendered  necessary,  the  furnace 
does  not  work  well,  and  the  iron  will  be  of  in- 
ferior quality.  The  admixture  of  a  soft,  clayey 
ore,  or  of  argillaceous  limestone,  or  even  clay 
itself,  may  be  advantageous  in  such  a  case; 
and  indeed  alumina  may  then  be  viewed  as 
constituting  the  flux,  as  much  as  lime.  In  re- 
ducing very  clayey  iron-ores,  and  in  convert- 
ing some  kinds  of  pig-metal  into  bar-iron, 
silex  itself  is  added,  and  may  be  called  the 
flux.  In  this  view,  a  flux  is  the  material  or 
materials  wanting  to  fuse  the  foreign  ingredi- 
ents in  ores. 

In  fluxing  copper-ores,  iron  pyrites  is  one  of 
the  fluxes,  and  has  a  twofold  object;  1,  to  sul- 
phurize all  the  copper  and  form  a  fusible  cop- 
per-stone (sulphuret  of  copper  and  iron);  and 
2,  after  its  partial  oxidation  by  roasting,  to 
afford  oxide  of  iron  as  the  base  for  silica  to 
unite  with.  In  afterwards  concentrating  this 
stone,  which  has  lost  most  of  its  silica  but  re- 
tains much  iron,  silex  is  added  to  flux  the  iron 
away  from  the  copper.  If  copper  ores  contain 
a  large  proportion  of  lime,  or  if  much  of  the 
latter  be  added,  the  infusible  character  of  sul- 
phuret of  calcium  imparts  more  or  less  in- 
fusibility  to  the  silicated  slag.  This  may  be 
avoided  by  forming  sulphate  of  lime  by  the 
roasting  process,  and  then  adding  fluor  spar. 

Fluor  spar  is  a  valuable  flux  (whence  its 
name),  especially  where  sulphates  are  present, 
with  many  of  which  it  forms  very  fusible 
compounds.  The  best  proportions  are  about 
equal  equivalents  of  the  spar  and  the  anhy- 
drous sulphates  of  alkali,  lime  and  oxide  of 
lead:  but  for  the  sulphate  of  baryta,  2  eq.  of 
the  spar  for  1  eq.  of  the  sulphate.  The  com- 
pounds with  sulphates  of  lime  and  lead  are 
as  fluid  as  water.  Fluor  spar  likewise  assists 
in  fluxing  silicates,  partly  by  direct  union  with 
them,  and  partly  by  yielding  fluosilicic  gas, 
and  leaving  lime  to  unite  with  silica. 

Special  Fluxes.  Litharge  fuses  readily  with 
the  oxides  of  iron,  copper,  bismuth,  antimony 
and  arsenic,  sulphate  of  lead  and  the  silicates, 
in  the  proportion  of  2  to  5  pts.  of  litharge  to 
1  pt.  of  the  substance  to  be  fluxed.  Other  ox- 
ides require  a  larger  quantity  of  litharge.  Its 
action  is  that  of  promoting  fusion,  reducing 
an  oxide,  and  desulphurizing  a  sulphuret. 
Where  silica  forms  part  of  the  fluxible  body, 
flint-glass  is  preferable  to  litharge  as  a  flux. 

Black  Flux  is  prepared  by  deflagrating  in  an 
iron  vessel  a  mixture  in  powder,  of  2  pts.  crude 
argal  or  cream  of  tartar  with  1  pt.  nitre, 
whereby  an  intimate  mixture  of  carbonate  of 
potassa  and  fine  charcoal  is  obtained,  in  which 
the  potash  acts  by  fusing  and  desulphuriz- 
ing, and  the  carbon  by  deoxidizing.  It  is 
especially  useful  in  assays  of  copper  and  lead. 
By  employing  a  smaller  proportion  of  nitre,  a 
larger  amount  of  carbon  is  obtained.  In  the 
above  proportion  it  contains  5  pr.  ct.  carbon 
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and  4  pr.  ct.  carbonate  of  lime  ;  hut  with  3  pts. 
tartar  to  1  pt.  nitre,  it  contains  12  pr.  ct.  carbon 
and  6  of  carbonate  of  lime.  When  male,  u 
should  be  kept  in  bottles,  to  prevent  its  absorb- 
ing moisture.  An  analogous  flux  may  be  made 
by  perfectly  mingling  dry  carbonate  ol 
and  charcoal,  or  instead  of  the  latter  starch 
or  sugar.  When  2  pts.  nitre  are  deflagrated 
with  1  pt.  argal,  white  flux  is  formed,  cm 
of  carbonate  of  potassa  with  a  little  lime,  and 
is  no  better  than  good  pearlash  or  soda-ash. 
An  important  flux  for  small  assays,  proposed 
by  Liebig,  is  the  cyanide  of  potassium,  which 
acts  powerfully  both  by  reduction  and  desul- 
phurizing. 

Among  the  simply  fusing  fluxes,  glass  with- 
out lead  is  conveniently  employed;  the  com- 
mon window-glass  being  most  fusible,  and 
consisting  of  silica,  lime  and  soda,  or  potassa. 
Bottle-glass  is  much  less  fusible,  and  consists 
of  the  same  ingredients,  with  less  alkali,  but 
in  addition  alumina  and  oxide  of  iron.  In 
dry  assays,  one  of  the  most  universal  fusing 
fluxes  is  borax,  which  unites  with  silica  and 
almost  all  bases,  and  is  attended  with  only 
one  disadvantage,  its  volatility,  which  pre- 
vents an  accurate  determination  of  the  quan- 
tity of  matter  fluxed. 

There  are  a  large  number  of  compound 
fluxes,  formerly  employed  by  metallurgists, 
which  it  is  scarcely  necessary  to  give ;  as  by 
an  attentive  consideration  of  the  principles  of 
fluxing  and  special  fluxes  above  given,  such 
mixtures  may  be  made,  if  necessary.  For  an 
excellent  and  detailed  view  of  fluxes,  see  Ber- 
thier's  "Essais  par  la  voie  seche,"  t.  i.,  p.  417 — 
520. 

FOLIATED  TELLURIUM.  Min.  Syn.  Py- 
ramidal Tellurium  Glance,  M.,  Black  Tellu- 
rium, PA.  Ger.  Nagyager  Erz,  W.,  Blatter- 
tellur,  Bllittererz.  Fr.  Tellur  natif  auro-plom- 
bifere,  H. 

Descrip.  Cryst.  Quadratic,  showing  combi- 
nations of  1st  and  2d  8-hedra,  a  4-sided  prism 
and  main  end-planes,  parallel  to  which  it 
cleaves  perfectly;  also  granular,  particles 
usually  foliated.  H.  =  1  —  1-5;  G.  =  6-84  — 
7-22.  Color  and  streak  dark  lead-gray;  me- 
tallic; opake;  sectile;  flexible  in  thin  laminae. 

Chem.  Eel.  On  charcoal  it  fumes,  coating  it 
yellow,  which  disappears  in  the  inner  flame, 
tinging  it  blue,  and  leaves  a  globule  of  mal- 
leable gold;  in  an  open  tube  it  fumes,  gives 
off  sulphurous  acid  and  forms  a  white  subli- 
mate, which  is  gray  over  the  test,  semifuses, 
and  is  tellurate  of  lead;  this  distinguishes  it 
from  antimonious  acid;  the  white  sublimate 
behaves  like  oxide.  It  dissolves  in  nitric  acid, 
leaving  gold,  in  nitromuriatic,  leaving  sulphur 
and  chloride  of  lead,  in  strong  muriatic,  leav- 
ing AuTe4.  The  analyses  of  Klaproth  and 
Brande  make  it  PbTe  mixed  with  PbS,  and 
AuTe3 ;  but  Berthier's  leads  to  the  form.  9  PbS, 
SbS34-  9  PbS,  AuTe6.  It  occurs  at  Nagyag 
and  Offenbanya,  in  Transylvania. 

FOOD  OF  PLANTS.  Consists  of  carbonic 
acid,  ammonia  and  water,  derivatives  of  the 
atmosphere,  and  of  earthy,  alkaline  and  me- 
tallic salts  obtained  from  the  soil.  These  be- 
ing transmuted  by  the  vital  force  of  the  plant 
under  the  influence  of  light  and  its  appropriate 
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organism,  furnish  the  elements  of  the  various 
secretions  requisite  for  the  formation  or  re- 
production of  the  several  distinct  portions 
of  its  structure.  The  process  of  assimilation 
is  gradual,  but  as  with  animals,  the  breathing, 
feeding  and  digesting  of  the  plant  goes  on 
systematically,  until  the  organism  is  ener- 
vated, or  the  supply  of  nourishment  ceases. 

FORMATION.  Geo!.  A  term  applied  to  a 
peculiar  rock-mass,  whether  stratified  or  not, 
as  the  Granitic  formation,  Tertiary  formations, 

FORMIC  ACID.  The  chief  source  of  the 
compounds  of 

FORMYL.  The  assumed  radical  of  a  series 
of  compounds,  of  which  formic  acid  has  been 
most  minutely  studied.     Sym.  Fo  =  C2H. 

1.  Formic  Acid.  Ger.  Ameisensaure.  Sym. 
Fo03  =  C2H03,  in  its  anhydrous  slate.  Its 
name  is  derived  from  the  ant  {Formica  rufd), 
from  which  it  was  first  obtained.  Dobereiner 
first  observed  its  formation  from  the  oxidation 
of  tartaric  acid,  by  binoxide  of  manganese. 
It  may  be  obtained  by  the  oxidation  of  most 
vegetable  bodies,  by  distilling  them  with  man- 
ganese and  sulphuric  acid,  carbonic  and  some- 
times acetic  acids  being  also  produced.  It  is 
also  formed  by  the  oxidation  of  some  vegetable 
bodies  by  nitric  acid,  byr  the  action  of  strong 
alkalies  and  acids  on  many  cyanogen  com- 
pounds, by  the  distillation  of  oxalic  acid,  &c. 

Prep.  1.  Crystallized  oxalic  acid  sublimed 
at  between  300°  and  320°,  retains  1  eq.  water, 
being  C203,  HO  or  C2H04;  and  when  it  is 
heated  between  338°  and  400°,  it  is  decom- 
posed into  carbonic  acid,  water  and  formic 
acid,  the  two  last  of  which  equal  one-half  the 
weight  of  the  oxalic  acid.  Two  equivalents 
of  the  oxalic  are  thus  resolved,  C4H2Og  =  C204 
-4-  C2H204;  which  last  is  hydrated  formic 
acid,  C2H03,  HO.  (Schksinger.)  2.  Immerse 
red  ants  in  boiling  water,  and  distil  them  with 
the  same  water;  oil  of  ants  passes  over  at  the 
same  time.  3.  Mix  in  a  retort  equal  measures 
of  water,  oil  of  vitriol  and  rye  grain,  heat  to 
boiling,  collect  the  distilling  water,  and  when 
the  grain  blackens,  pour  back  the  distillate 
and  so  much  water  as  to  make  up  the  original 
volume  of  mixture;  distil  off  about  as  much 
as  the  last,  which  is  then  strong  formic  acid; 
add  as  much  more  water  to  the  retort,  and  dis- 
til again  to  obtain  a  weaker  acid,  which  to- 
wards the  last  is  adulterated  with  sulphurous 
acid.  (Emmet.)  4.  Add  3  pts.  binoxide  of 
manganese  in  a  retort  to  a  solution  of  1  pt. 
sugar  in  2  pts.  water,  heat  to  140°,  and  add 
gradually  3  pts.  oil  of  vitriol,  previously  di- 
luted with  an  equal  volume  of  water ;  when  the 
foaming  has  ceased,  distil  to  dryness.  It  yields 
5  pts.  formic  acid  of  1-02  spec,  grav.,  100  pts. 
of  which  saturate  7-13  pts.  dry  carbonate  of 
soda.  (Dobereiner.)  5.  It  is  conveniently  and 
economically  prepared  in  a  copper  still,  which 
should  be  15  times  as  capacious  as  the  volume 
of  mixture,  by  mixing  4  pts.  manganese,  1  pt. 
starch  and  4  pts.  water,  and  then  gradually 
4  pts.  oil  of  vitriol,  with  constant  stirring; 
heat  rapidly  until  the  mixture  puffs,  put  on  the 
head,  and  distil  off  4|  pts.  of  liquid.  This 
acid  has  1-025  spec,  grav.,  and  100  pts.  satu- 
rate   10-6  pts.  dry  carbonate  of  soda.      For 


smaller  operations,  the  quantity  of  water  must 
be  diminished.    Liebig. 

To  purify  the  crude  acid,  saturate  it  with 
carbonate  of  lime,  adding  some  milk  of  lime 
to  decompose  the  acid  sulphite  of  lime ;  filter, 
evaporate  the  formiate  of  lime  to  dryness,  de- 
compose 10  pts.  of  this  salt  with  8  pts.  oil  of 
vitriol  diluted  with  4  pts.  water,  and  distil  in  a 
sand-bath.  It  yields  9  pts.  strong  formic  acid, 
of  1-075  spec.  grav.  To  obtain  it  still  stronger, 
dilute  the  8  pts.  acid  with  1£  pts.  water.  The 
strongest  acid  obtained  by  this  method  is  pro- 
cured by  distilling,  in  a  bath  of  chloride  of 
calcium,  18  pts.  finely  powdered  formiate  of 
lead,  with  1  pt.  water  and  6  pts.  oil  of  vitriol. 
This  acid  contains  only  2  eq.  water,  is  as  cor- 
rosive as  the  monohydrate,  has  a  spec.  grav. 
=  1-1104,  boils  at  223°  and  its  vapor  is  in- 
flammable. To  obtain  the  simple  hydrated 
acid,  pulverize  finely  formiate  of  lead,  dry  it 
at  266°  or  over  oil  of  vitriol,  introduce  it  into 
a  tubulated  retort  or  a  $-inch  broad  glass  tube, 
the  beak  or  end  of  which  is  drawn  out,  and 
passed  into  a  small  receiver;  pass  over  it 
dried  sulphuretted  hydrogen  until  all  the  lead- 
salt  is  decomposed,  drive  the  acid  into  the 
recipient  by  gentle  warmth,  and  boil  it  once, 
to  free  it  from  sulphuretted  hydrogen.  PbO, 
Fo03  -f  HS  =  PbS  -f  Fo03,  HO.     Liebig. 

Prop.  The  simple  hydrate  is  a  clear  and 
colorless  liquid,  fuming  slightly  in  the  air,  of 
an  extreme^  penetrating  odor,  of  spec.  grav. 
1-2353,  having  about  the  same  boiling  and 
freezing  points  as  water,  its  vapor  burning 
with  a  blue  flame,  crystallizing  at  33-8°  in 
broad,  shining  laminae.  It  is  exceedingly 
caustic,  a  single  drop  on  the  skin  producing 
violent  pain,  and  a  very  painful  wound.  It  is 
miscible  with  water  without  heating,  and 
warmed  with  alcohol  it  yields  formic  ether. 
Heated  with  an  excess  of  concentrated  sul- 
phuric acid,  it  is  decomposed  with  lively  effer- 
vescence into  carbonic  oxide  and  water,  the 
latter  of  which  remains  with  the  acid ;  C2H03, 
HO +803^0  =  0202+803,3  HO.  Heated 
with  oxide  of  mercury  or  silver,  or  with  their 
oxy-salts,  it  is  resolved  into  carbonic  acid,  and 
the  oxide  reduced  to  metal ;  C2H204  -}-  2  HgO 
—  C2°4+  2  HO  +  Hg2.  This  behavior  adapts 
those  oxides  to  the  analysis  of  compounds 
containing  formic  and  acetic  acids. 

Formic  acid  is  separated  from  oxalic,  tar- 
taric and  racemic  acids  by  boiling  with  car- 
bonate of  lime,  which  precipitates  them;  the 
very  dilute  solution  is  then  precipitated  with 
neutral  acetate  of  lead,  to  separate  malic  acid  ; 
the  solution  now  concentrated  by  evaporation, 
and  mixed  with  alcohol,  which  precipitates  for- 
miate of  lead,  and  keeps  the  acetate  in  solution. 

Formiates.  The  affinity  of  this  acid  for 
bases  is  strong,  and  its  salts  are  formed  by 
dissolving  metallic  oxide,  hydrated  or  carbon- 
ated in  the  acid,  all  being  soluble  in  it.  The 
dry  alkaline  formiates  are  decomposed  by 
heat  into  carbonates,  combustible  gases  being 
given  off;  the  formiates  of  the  heavy  basic 
metals  by  heat,  give  off  carbonic  acid,  carbu- 
retted  hydrogen  and  water,  and  leave  carbon 
with  the  metal  or  oxide.  Formiate  of  polasaa 
is  very  soluble,  crystallizing  with  difficulty; 
that  of  soda  crystallizes  in  rhombic  prisms 
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very  soluble  in  water,  deliquescent,  insoluble 
in  alcohol,  is  a  convenient  reagent  to  reduce 
the  precious  metals  in  solution.  The  ammo- 
niacal  salt  is  crystallizable,  deliquescent,  and 
decomposes  by  rapid  heat  into  prussic  acid 
and  water;  NH40,  C2H03  =  C2N,  H  4  4  HO. 
The  salt  of  baryta  forms  transparent,  lustrous 
prisms,  inalterable  in  air,  soluble  in  4  pts. 
water,  insoluble  in  alcohol ;  that  of  strontia  6- 
sided  prisms  of  the  form.  SrO,  Fo03  -f-  4  HO ; 
that  of  lime  forms  similar  but  small  prisms, 
soluble  in  10  pts.  water,  not  in  alcohol;  that 
of  magnesia  forms  persistent  needles,  soluble 
in  13  pts.  water,  not  in  alcohol.  The  salt  of 
alumina,  formed  by  double  decomposition,  is 
very  deliquescent,  difficult  to  crystallize,  and 
becomes  clouded  by  heating  its  solution.  The 
salts  of  protoxides  of  iron  and  manganese,  of 
oxides  of  zinc,  nickel,  cobalt,  cadmium  and  copper, 
are  very  soluble  and  crystallizable ;  the  salt 
of  had  is  soluble  in  36  to  40  pts.  of  water,  and 
forms  a  basic  salt,  by  digestion  with  litharge; 
the  salt  of  silver  is  sparingly  soluble ;  formiate 
of  red  oxide  of  mercury  is  easily  formed  by 
direct  solution  in  the  cold;  but  by  the  slight- 
est heat  applied  to  it,  either  dry  or  in  solution, 
it  is  resolved,  with  the  escape  of  carbonic 
acid,  into  the  salt  of  the  suboxide,  which  by  a 
little  higher  heat  is  in  its  turn  decomposed, 
and  deposits  metallic  mercury.  The  cerium 
salt  is  the  most  insoluble  of  all.  In  its  beha- 
vior to  lead  and  alumina,  formic  closely  re- 
sembles acetic  acid. 

Formic  ether,  EO,  Fo03  ==  C6H604,  is  ob- 
tained by  distilling  7  pts.  dry  formiate  of  soda 
with  10  pts.  oil  of  vitriol  and  G  pts.  alcohol 
(of  90  pr.  ct.),  and  is  a  limpid  liquid  of  a 
strong,  aromatic  odor  and  taste ;  spec.  grav. 
0-912;  boiling  at  128°;  soluble  in  10  pts. 
water.  Formic  mether,  from  wood  spirit,  has 
an  odor  similar  to  acetic  ether,  and  boils  at 
about  100°. 

Oil  of  Ants.  C.H202.  Distil  equal  weights 
of  oatmeal  or  sawdust  with  sulphuric  acid, 
diluted  with  an  equal  bulk  of  water.  When 
pure  its  taste  and  odor  are  aromatic,  resem- 
bling oil  of  cloves;  spec.  grav.  1-1006;  boils 
at  334-4°,  burns  with  a  yellow  flame,  is  soluble 
in  water,  but  more  so  in  alcohol  and  ether. 
Stenhouse. 

2.  Formyl  and  Chlorine.  By  exposing  alcohol, 
ether  and  wood-spirit,  and  some  salts  of  ether 
to  the  action  of  chlorine,  several  compounds 
of  this  element,  with  formyl,  are  obtained. 
1.  Protochloride  of  Formyl.  C2HC1  or  FoCl. 
Obtained  by  dissolving  perchloride  of  acetyl 
in  alcohol  containing  potassa,  and  distilling 
the  clear  liquor  after  the  deposition  of  chlo- 
ride of  potassium;  C4H3C13+  KO  =  2  (C. 
HC1)  +  HO  +  KC1.  It  is  an  oily  liquid, 
heavier  than  water,  boiling  between  86°  and 
104°,  its  vapor  has  the  spec.  grav.  33-21,  in- 
soluble in  water,  soluble  in  alcohol  and  ether. 
(Regnault.)  Berzelius  regards  Chloral  as  a 
compound  of  chloride  of  formyl  and  chloro- 
carbonic  acid;  thus  chloral,  04HG1302  =  C2 
HC1  +  2  CCIO).  2.  Bichloride  of  Formyl.  C2HC12 
or  FoCl2.  Obtained  by  passing  chlorine  into 
chloride  of  eliiyl  as  long  as  muriatic  acid 
passes  off,  and  gently  warming  the  liquid 
towards  the  last;  by  washing  with  water, 
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drying  and  distilling  over  mercury,  the  middle 
third  of  the  distillation  is  the  pure  compound. 
Regnault  prepares  it  from  perchloride  of  ai 
It  is  a  colorless,  oily  liquid,  of  1-576  spec,  grav.; 
boiling  at  275°,  its  vapor  has  a  spec.  j;rav.  =' 
5-796;  it  is  insoluble  in  water,  soluble  in 
alcohol  and  ether;  decomposed  by  caustic 
potassa.  {Laurent.)  3.  Parabichloride  of  Formyl 
is  obtained,  like  2,  from  paraperchloride  ol 
acetyl,  and  is  an  oily  liquid  of  ethereal  odor; 
spec.  grav.  1-53;  boiling  at  222°;  decomposed 
with  difficulty  by  alkalies.  (Regnault?)  -1.  Per- 
chloride of  Formyl.  C2H,  CI3.  See  Chlobofobh, 
By  the  action  of  chlorine  upon  gaseous  me- 
ther, Regnault  obtained  the  bichlorinated  ox- 
ide of  methyl,  which  Berzelius  terms  Formyl- 
aci-bichlorid,  and   considers  as  composed  of 

1  eq.  formic  acid  and  2  eq.  chloroform;  FoO 
+  2  FoCl3  =  C6H3C1603.  Regnault's  formula 
is  C2HC120,  on  the  theory  of  substitution. 

3.  Bromine  forms  a  similar  series  of  com- 
pounds to  chlorine,  but  they  have  been  less 
studied.  Bromal  is  similar  to  chloral,  and 
may  be  viewed  as  bromide  of  formyl,  with 
bromo-carbonic  acid.  See  Bhomal.  Bronio- 
form  or  perbromide  of  formyl  is  obtained  by 
treating  bromal  with  potassa,  or  better  by  satu- 
rating lime  with  bromine  (as  in  preparing 
chloroform),  mixing  with  alcohol  and  distil- 
ling. It  is  closely  allied  to  chloroform  in  all 
its  properties,  but  has  the  spec.  grav.  2-10,  and 
a  higher  boiling  point;  form.  FoBr3.    Lbwig. 

4.  Periodide  of  Formyl.  Iodoform,  Fol3. 
Saturate  alcohol  with  iodine,  and  add,  drop- 
wise,  to  it  tincture  of  potassa  with  constant 
stirring,  stopping  the  addition  precisely  when 
the  liquid  is  discolored;  water  is  then  added 
as  long  as  a  precipitate  appears,  or  the  liquid 
is  gently  evaporated  when  the  iodide  deposits 
in  crystals,  which  are  freed  from  iodide  of  po- 
tassium by  washing  with  water,  redissolved  in 
alcohol  or  ether,  and  allowed  to  crystallize  by 
spontaneous  evaporation.  It  forms  brilliant 
lemon-yellow,  6-sided  laminae,  of  a  saffron  odor 
and  sweetish,  aromatic  taste ;  spec.  grav.  about 
2-0;  fuses,  and  may  be  sublimed  at  212°,  but 
decomposes  between  239°  and  248°  into  iodine, 
iodohydric  acid  and  charcoal;  insoluble  in 
water,  readily  soluble  in  alcohol  and  ether; 
tincture  of  potassa  decomposes  it  into  formiate 
and  iodohydrate  of  potassa.  By  distilling  a 
mixture  of  iodoform  and  perchloride  of  phos- 
phorus, mixing  the  red  distillate  with  oil  of 
vitriol  and  redistilling,  the  yellow  distillate 
now  obtained  is  closely  allied  to  iodoform  in 
properties,  and  has  the    composition  FoI34 

2  FoCl3.  By  adding  a  sufficient  quantity  of 
bromine  to  iodoform,  and  adding  an  aqueous 
solution  of  potassa,  iodide  of  bromine  is  dis- 
solved, and  the  remaining  yellow,  oilv  liquid 
is  FoBr3  4-  2  FoI3.  By  distilling  Prussian 
blue  with  chloride  of  lime,  Bonnet  inferred 
that  he  obtained  a  cyanide  of  formyl. 

5.  Trisulphuret  of  Formyl.  FoS3.  Obtained 
by  distilling  1  pt.  iodoform  with  3  pts.  finely 
powdered  vermilion;  FoI3 4-  3  HgS  =  FoS3 
4-  3HgI;  the  yellow  iodide  of  mercury  sub- 
limes, and  the  sulphuret  of  formyl  distils 
over.  It  is  a  yellow,  oily  liquid,  with  an  aro- 
matic and  hepatic  odor,  a  sweetish,  ethereal 
taste ;  is  insoluble  in  water,  readily  soluble  in 
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alcohol  and  ether;  is  decomposed  by  potassa 
into  formiate  of  potassa  and  sulphuret  of  po- 
tassium.    Bouchardat. 

FORMULA.  Chem.  Min.  A  formula  is  a 
condensed  expression  for  the  composition  of  a 
body.  One  equivalent  of  each  element  is  ex- 
pressed by  one  or  two  letters,  which  are  the 
initial  and  characteristic  letters  of  their  Latin 
names.  Thus,  N  signifies  nitrogen,  Na  sodium, 
or  in  Latin,  natrium.  See  Elkmf.nts,  for  these 
symbols.  A  few  compound  bodies,  chiefly  or- 
ganic, are  also  expressed  by  symbols :  thus, 

Cy  ss  cyanogen,  A  =  acetic  acid,  M  =  mor- 
phin,  &c.  A  small  figure  following  the  sym- 
bol expresses  the  number  of  equivalents  of 
the  element,  and  may  be  placed  above  or  be- 
low, thus :  C2  or  Cz,  signifies  two  equivalents 
of  carbon.  In  binary  and  in  complex  organic 
compounds,  the  symbols  are  placed  side  by 
side,  and  the  more  electro-positive  usually  on 
the  left  hand,  thus :  HO  =  water,  or  1  eq.  of 
hydrogen  and  1  eq.  oxygen ;  S03  =  sulphuric 
acid.  In  organic  bodies  composed  of  hydro- 
gen, carbon,  and  oxygen,  carbon  is  always 
placed  on  the  left  and  oxygen  on  the  right, 
thus :  C4H303  ss  A  =  acetic  acid,  which  is 
composed  of  4  eq.  carbon,  3  eq.  hydrogen  and 
3  eq.  oxygen.  When  nitrogen  forms  also  a 
part  of  the  compound,  its  symbol  is  sometimes 
placed  next  to  the  oxygen,  sometimes  adjoin- 
ing the  carbon,  thus:  C40H31N.O|2,  or  C40N5 
H31012  =  protein;  but  the  former  is  more 
generally  adopted.  The  number  of  equiva- 
lents of  a  binary  compound  is  expressed  by  a 
large  figure  placed  before  the  symbols,  thus : 
3  HO  =  3  eq.  water,  2  C02  =  2  eq.  carbonic 
acid. 

Oxygen  and  sulphur  forming  extended 
classes  of  compounds,  Berzelius  designates 
an  equivalent  of  the  former  by  a  dot,  and  of 
the  latter  by  a  comma  or  dash  placed  over  the 

symbol  of  another  element,  thus :  H  =  HO  = 

water,  H  ss  HS  =  sulphuretted  hydrogen,  S  = 

S03  =  sulphuric  acid,  As  =  AsS3  =  tersul- 
phuret  of  arsenic  or  orpiment.  Since  many 
binary  compounds  exist  composed  of  2  eq.  of 
one  element  and  more  than  two  of  another, 
Berzelius  employed  type  with  a  dash  through 
the  initial  letter  of  the  symbol,  which  others 
represent  by  a  dash  below  that  letter,  or  by  a 

heavy  type  from  a  different  font,  thus :  Al  = 
Al  =  A1203  =  alumina. 

Since  one  great  advantage  of  a  formula  is  to 
present  the  most  condensed  view  of  a  com- 
pound, a  picture  to  the  eye,  Berzelius'  notation 
is  unquestionably  superior  to  every  other;  but 
the  cost  of  having  a  font  of  type  expressly  for 
chemical  works,  has  induced  the  majority  of 
chemists  to  employ  the  algebraic  notation. 
Where  Berzelius'  formulas  are  employed,  a 
small  figure  after  a  symbol  not  only  multiplies 
the  literal  symbol,  but  the  whole  symbol ;  thus, 

in  KS2,  H,  or  bisulphate  of  potassa,  the  small 
2  does  not  simply  mean  2  eq.  sulphur,  but 
2  eq.  sulphuric  acid. 
In  ternary  and  higher  compounds,  the  ele- 


ments are  arranged  in  groups  expressing  the 
theoretic  view  of  their  mode  of  combination ; 
thus,  carbonate  of  lime  has  a  composition  ex- 
pressed by  CCa03,  or  1  eq.  carbon,  1  eq.  cal- 
cium and  3  eq.  oxygen ;  but  as  we  believe  the 
carbon  to  be  united  with  2  eq.  oxygen,  forming 
carbonic  acid,  and  the  calcium  with  1  eq.  oxy- 
gen, forming  lime,  it  is  written  CaO,  C02,  or 
CaO  -\-  C02.  The  empirical  formula  of  cop- 
peras, FeH7SOn,  conveys  a  very  imperfect 
knowledge  of  its  composition  compared  with 
FeO,  S03-j-  7  HO.  A  comma  is  generally 
used  to  separate  a  compound  from  an  element 
or  other  compound,  both  of  which  are  essential, 
and  the  sign  -j-  to  separate  that  portion  from 
the  rest  which  is  less  essential,  as  in  the  pre- 
ceeding  formula  of  copperas,  where  the  7  HO 
expresses  water,  which  is  partly  or  wholly 
water  of  crystallization.  The  sign  -(-  is  also 
used  to  separate  two  ternary  compounds  from 
each  other,  in  bodies  of  complex  constitution; 
thus,  the  mineral  gay-lussite  is  composed  of 
1  eq.  soda,  1  lime,  2  carbonic  acid  and  5  water, 
and  is  written  NaO,  C02  +  CaO,  C02-f  5  HO. 
A  large  figure  multiplies  the  whole  formula  to 
the  first  -|-,  or  comma,  or  when  placed  before 
a  parenthesis,  the  whole  compound  embraced 
in  the  parenthesis.  A  parenthesis  is  often  con- 
veniently employed  in  complex  compounds ; 
thus,  bicarbonate  of  potassa  is  written  KO, 
2C02+  HO;  alum  is  written  KO,  S03  -f- 
A1203,  3  S03  -f-  24  HO,  or  (KO  -f  S03)  +  (Al2 
03+  3S03)4-24HO;  humboldtite  =  2  (FeO, 
C203)  +  3  HO,  or  2  eq.  oxalate  of  iron  and 
3  eq.  water;  light  ruby  silver  =  3  AgS,  AsS3, 
where  the  large  3  only  signifies  3  eq.  of  sul- 
phuret of  silver.  The  advantage  of  Berzelius' 
notation  will  be  evident  by  comparing  the 
above  with  his    formula  for  alum :    KO,  S03 

+  A1203,  3  S03  +  24  HO  =  KS,  A1S3  4-  H2<. 

Silicic  acid  combines  in  numerous  proportions 
with  bases,  examples  of  which  are  furnished 
chiefly  by  minerals,  and  hence  reference  is 
made  to  Silicates,  under  Silicium. 

Isomorphous  bases  and  acids  frequently  re- 
place each  other;  and  where  many  of  these 
bases  occur  together,  as  is  frequently  the  case 
among  minerals,  their  formula,  fully  written 
out,  would  lose  the  great  advantage  of  conden- 
sation. To  obviate  this,  it  is  not  uncommon 
to  write  the  bases  under  each  other;  thus,  feld- 
spar often  contains  soda  and  lime  in  addition 
to  its  potassa,  and  sesquioxide  of  iron,  together 
with  alumina,  when  its  formula  may  be  ex- 

K0   ~)  Al  O   ■> 

pressed    by    NaO  C  Si03  4-  £,*)!*  £  3  Si03. 

CaO  3  r  eaus  -> 

But  since  this  does  not  express  any  proportion 
between  the  isomorphous  bases,  proportional 
numbers  have  been  sometimes  prefixed  to 
them.  A  far  better  method,  however,  is  to 
include  all  these  bases  under  some  arbitrarv 
symbol,  such  as  RO  or  R203,  R  being  the  sign 
of  radical  or  basis.  RO  might  then  express 
lime,  magnesia,  protoxides  of  iron  and  manga- 
nese, oxide  of  copper,  &c,  or  baryta,  strontia, 
oxide  of  lead,  &c,  and  R203  would  stand  for 
alumina,  sesquioxides  of  iron  and  chrome,  &c. 
See  Isomorphism.  The  advantage  of  this  nota- 
tion will  be  apparent  from  a  few  examples- 
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Garnet  contains  silicic  acid,  sesquioxide  of 
iron  and  alumina,  lime,  magnesia  and  protox- 
ides of  iron  and  manganese;  and  to  give  a 
separate  formula  for  each  variety,  would  be 
useless  and  uninstructive,  or  even  to  write  all 
like  bases  under  each  other;  but  it  presents  a 
clearer  view  of  its  composition  to  write  3  RO, 
Si03  +  R203,  Si03,  and  then  to  state  that  RO 
or  R203  represents  particular  bases,  and  in 
what  proportion,  if  necessary.  It  is  by  this 
means  that  several  mineral  species,  separated 
by  reference  to  their  external  characters  alone, 
may  be  brought  together  under  one  species,  as 
in  fact  they  should  be.  Thus,  in  the  table  of 
Felspathic  minerals,  Albite  and  Feldspar  are 
brought  together  under  the  general  formula 
RO,  S1O3  +  R203,  3  Si03,  from  which  it  would 
appear  that  potassa  and  soda  are  both  isomor- 
phous  and  dimorphous.  Magnetic  iron  has 
the  composition  FeO,  Fe2Os;  Chromic  iron 
FeO,  Cr203;  Gahnite  ZnO,  A1203,  including 
magnesia  and  protoxide  of  iron,  under  the 
oxide  of  zinc;  Franklinite  and  Dysluite  are 
still  more  complex;  yet  all  these  minerals 
may  and  should  be  embraced  under  the  gene- 
ral formula  RO,  R203;  and  we  might  include 
Ilausmannite,  MnO,  Mn203,  Pitchblende,  UO, 
U203,  and  perhaps  several  others  under  the 
same. 

No  discovery  in  chemistry  has  advanced 
the  science  further  and  more  rapidly  than  the 
invention  of  formulae,  instead  of  the  per  cent- 
age  expression  of  composition  formerly  used; 
as  they  convey  to  the  eye,  like  a  picture,  a  far 
clearer  view  of  chemical  composition  than  the 


most  labored  description  could  effect.  But 
since  much  of  their  value  depends  upon  the 
facility  with  which  a  well-known  .symbol  re- 
presents a  particular  element,  any  interference 
with  these  established  symbols  is  a  matter  of 
regret  to  every  sound  chemist,  and  should  at 
once  be  discountenanced.  An  innovator  may 
gratify  his  vanity,  and  impose  on  a  few,  at  the 
expense  of  his  solid  reputation. 

The  complex  nature  of  organic  bodies,  their 
great  number  and  variety,  the  slight  differences 
of  constitution  with  very  different  properties, 
and  the  isomeric  composition  of  many  similar 
and  dissimilar  bodies,  while  they  render  for- 
mulas essential  to  present  them  to  the  mind, 
yet  require  a  classification  of  these  formulas, 
which  shall  bring  together  those  bodies  which 
are  evidently  allied  to  each  other.  Such  ar- 
rangements have  been  adopted,  but  have  not 
been  followed  because  of  their  imperfections, 
due  in  some  measure  to  the  transitory  cha- 
racter of  organic  formulas.  Gerhardt  has 
made  a  fair  attempt  at  such  a  classification, 
by  ranging  bodies  in  families  according  to  the 
number  of  their  equivalents  of  carbon;  thus, 
the  1st  family  contains  1  eq.  carbon,  the  5th 
family  S  eq.  of  carbon,  &c.  Each  family  is 
subdivided  according  to  the  quantity  of  oxy- 
gen ;  thus,  CH202  would  belong  to  the  1st 
family  and  2d  division.  The  families  be- 
ing arranged  in  horizontal  lines,  vertical 
columns  express  the  proportion  of  hydrogen. 
The  following  view  of  the  4th  family  will 
illustrate  his  system,  it  being  observed  that  he 
writes  H2  for  our  equivalent  H. 


Family. 

General 
Formula. 

R-p 

R 

R— 2 

R—  * 

R— > 

R 

RO 
R02 

R03 

R04 

R05 

R06 

C4H8 
Quadricarb. 
of  Faraday. 

C4H802 

Butyric 

acid. 

C4H403 

Succinic 
acid,  anhyd. 

C4H404 
Fumaric  and 
Maleic  acid. 

C,H40. 

Tartaric 
acid,  anhyd. 

C4HI0O 

Ether. 

O4H10O3 

Formome- 
thylal. 

4.     < 

C4H604 

Succinic 

acid. 
C4H605 

Malic 

acid. 
C4H606 
Tartaric 

acid. 

C4H204 

Melhtie 
acid. 

Column  R  contains  the  radical  C4H8,  and 
its  oxide,  butyric  acid;  R-P  signifies  the  radi- 
cal with  2  more  of  hydrogen ;  R— 2  the  radi- 
cal with  2  less  of  hydrogen,  &c.  The  attempt 
to  arrange  bodies  in  this  manner  is  premature, 
since  many  formulas  are  not  positively  deter- 
mined, and  bodies  are  not  classified  according 
to  their  alliances. 

The  researches  of  modern  chemistry  have 
shown  that  many  essential  oils  have  the  for- 
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inula  C.H4,  or  a  multiple  of  it,  as  oils  of  juni- 
per, savane,  lemons,  pepper,  &c.  =  C5H4,  of 
oranges  C,0Hg,  of  cubebs  CI6Hia,  of  terpen- 
tine C20A]6;  hence  a  general  formula,  mt  H4, 
may  be  adopted  for  this  class  of  bodies. 
Farther  investigation  will  also  give  a  general 
formula  for  camphors  and  other  essential  oils. 
By  comparing  the  formulas  of  many  fat  acids, 
a  remarkable  relation  is  observed  between 
them;  thus,  in  hyd rated  butyric  acid  C8Hi<04, 
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caprylic  acid  C,6H1604,  margaric  acid  C31H34 
04,  &c,  for  the  same  quantity  of  oxygen ;  the 
quantities  of  carbon  and  hydrogen  are  very 
different,  but  their  proportions  the  same. 
Since  these  last  proportions  are  the  same  and 
also  equal,  we  may  assume  as  the  radical  of 
this  series  of  bodies,  CH,  united  always  with 
04,  so  that  butyric  acid  would  be  represented 
by  R804,  caprylic  by  R)604,  margaric  by  R34 
04,  &c,  and  their  general  formula  would  be 
Rn04.  If  we  assume  these  acids  to  be  anhy- 
drous, then  the  general  formula  might  be  C° 
Hn_,  03  (the  above  dry  acids  being  CgH703, 
C,6H1S03  and  C34H3303).  But  as  the  bodies 
CH  and  C2H  are  generated  by  the  dry  distilla- 
tion of  these  fatty  bodies,  we  may  call  CH 
etherole  =  E,  and  C2H  benzin,  =  B ;  and  while 
the  latter  exists  only  in  1  proportion  in  all 
these  acids,  the  E  is  variable.  In  this  view, 
the  general  formula  of  the  fat  acids  would  be 
EnB03,  the  special  formula  of  butyric  acid 


E6B03,  of  margaric  E32B03,  &c.  The  former 
C„Hn_,03  is  the  empirical,  the  latter,  EnB03, 
the  rational  formula,  as  it  assumes  to  explain 
the  mode  of  combination.  But  in  the  present 
changing  state  of  the  science,  a  rational  for- 
mula of  this  kind  is  not  likely  to  be  adopted. 
For  a  single  family  of  allied  bodies,  the  car- 
bon and  hydrogen  may  be  thrown  together  as 
the  radical;  thus,  CnHn—j  =  R  of  the  dry,  fat 
acids,  whose  general  formula  would  be  Rm03 ; 
but  when  we  consider  their  aldehydes,  ethers, 
&c,  the  same  R  could  not  be  used,  for  the  R 
of  aldehyde  should  be  CnHn,  and  of  ether 
CnHn-f- .,  It  is  therefore  better  to  adopt  sim- 
ple empirical  formulas  for  each  family  of  al- 
lied bodies.  The  following  table  of  alcohols, 
ethers,  aldehydes,  anhydrous  acids  and  ace- 
tones, will  illustrate  these  views.  The  series 
is  named  by  that  of  the  acids,  which  are  more 
fully  known. 


Alcohols.  Ethers.  Aldehydes.  Acids.  Acetones. 

CnHn+202      CnHn-(-10        CnHn02         C^-.CX,        CnHnO 

Formic C2  H4  02. ..  .C2  H3  O C2  H   O, 

Acetic C4H602....C4H5O....C4H402....C4H303....C3H30 

Butyric C8  H8  Or...C8  H.  O.....C.  H.  O 

Valerianic C10H12O2....CI0HI1O....CI0H10O2....C10H9  0,....C,  H,  O 

Caproic c,2Hn°3 

Enanthylic C14HI408....C14HI503 

^Prylic C16HI503 

£elarg°niC    C18H,7°3 

Ceraic  C20H19O3 

Cocinic C2.H2.03 

j5^°" c28h2;o3 

Palmitic  $     C32H3402 C32H330 C32H3103 

Margaric C34H3303....C33H330 


To  the  alcohol  list  we  might  add  cerosin, 
C48H.0O2,  but  its  transformations  have  not 
been  studied.  Cetylic  ether  is  only  known  in 
composition.  The  butyric,  valeric  and  enan- 
thylic aldehydes  are  severally  known  as  buty- 
ral,  valeral  and  enanthal.  The  general  for- 
mula CnHn_20?,  embraces  succinic,  suberic 
and  sebacic  acids;  CnHn_303  includes  fuma- 
ric,  aconitic,  itaconic,  citraconic,  acrylic,  pho- 
cenic,  camphoric,  campholic  and  elaidic  acids; 
fnHn— 903,  salicylous,  benzoic,  caryophyllic 
and  cuminic  acids.  In  like  manner  CmHnOn 
expresses  the  composition  of  fibre,  starch, 
gum,  sugar,  &c.  Such  general  formulas  will 
be  found  useful  and  convenient;  and  when 
the  science  is  farther  advanced,  they  can  be 
substituted  by  rational  formulas,  which  are 
equally  expressive  of  composition,  and  more 
so  of  character. 

FORSTERITE.  Min.  Cryst.  Right  rhom- 
bic, the  8-hedron  sometimes  large;  cleaves 
readily  parallel  to  main  end-plane.  H.  =  7-5. 
Colorless,  translucent,  vitreous,  splendent.  Its 
composition  is  unknown,  farther  than  it  con- 
tains silica  and  magnesia.    Local.  Vesuvius. 

FOSSIL.  Min.  Geol.  From  the  Latin,  sig- 
nifying dug,  was  formerly  applied  to  all  mine- 
ral substances  dug  out  of  the  earth;  but  is 
now  restricted  to  mineral  organic  remains, 
whether  casts,  shells,  bones  or  excrements. 
It  is  often  used  as  an  adjective,  as  fossil 
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bones,  &c,  and  is  then  applied  also  to  coal, 
as  fossil  fuel. 

FOSSIL  COPAL.     See  Copalite. 

FOUSEL  OIL.  When  inferior  French 
brandies  are  concentrated,  it  remains  in  the 
still,  partly  separated  and  separable  by  water. 
(Ballard.)  By  distillation  the  oil  passes  over 
between  266°  and  284°,  admixed  with  a  little 
oenanthic  ether.  This  latter  is  removed  by 
caustic  potassa  and  redistillation  at  269-6. 
The  product  is  a  pure  amylic  alcohol,  and  can 
also  be  obtained  during  the  distillation  of  other 
alcoholic  liquors.     See  Amu. 

FOWLERITE.     See  Manganese  Spar. 

FRACTURE.  Min.  Crystallized  bodies 
generally  cleave  in  certain  directions  with 
plane  surfaces  ;  but  when  they  or  amorphous 
minerals  are  broken  in  other  directions,  the 
peculiarity  of  the  fractured  surface  is  often  a 
convenient  mean  of  determining  and  describ- 
ing them,  as  it  is  remarkably  uniform  in  the 
same  body.  A  fractured  surface,  or  simply 
the  fracture,  is  conchoidal  (shell-like)  when  the 
surface  is  concave  or  convex;  even  when  it  is 
nearly  fiat;  uneven  when  it  is  rough,  and  hackly 
when  it  is  very  jagged,  or  sometimes  splintery. 
See  Cleavage,  under  Crystallography. 

FRANKINCENSE.    See  Olihakuk. 

FRANKLINITE.      Min.      Descrip.      Cryst 
Regular,  usually  the  8-hedron  alone  or  com- 
bined with  the  12-hedron,  and  rarely  the  24- 
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hedron;  cleavage  8-hedral,  indistinct.  Also 
massive,  coarse  or  fine  granular,  particles 
strongly  coherent.  H.  =  5-5  _  6-5,  G.  =  4-87 
—  5-09.  Iron-black,  metallic,  opake  ;  brittle, 
•with  conchoidal  fracture  and  dark,  reddish- 
brown  streak;  acts  slightly  on  the  magnet. 

Chem.  Rel.  Infusible,  but  coating  the  char- 
coal with  zinc-smoke,  especially  by  addition 
of  soda;  shows  oxides  of  iron  and  manganese 
in  borax;  gives  manganese  with  soda,  on  pla- 
tinum foil.  Dissolves  wholly  in  warm  chloro- 
hydric  acid,  evolving  chlorine  to  a  greenish- 
yellow  liquid;  decomposed  readily  by  fusion, 
with  bisulphate  of  potassa. 

Probable  formula,  „  n  M  «  2  r,3,  or  RO, 
'  ZnO  5  c  Mn203' 

R203,  which  is  the  general  formula  of  mag- 
netic and  Chromic  iron,  Dysluite  and  Spinell, 
with  which  it  is  isomorphous.  It  contains  10 
to  12  pr.  ct.  zinc,  and  Abich  found  a  trace  of 
cadmium  in  it.  Kobell  and  Rammelsberg 
think  that  the  formula  is  incorrect;  but  by 
calculation  from  Abich's  analysis,  the  10-81 
pr.  ct.  oxide  of  zinc  will  take  up  the  18-17  pr. 
ct.  sesquioxide  of  manganese,  and  the  0-73 
alumina,  together  with  a  little  peroxide  of 
iron;  and  if  from  the  66-88  peroxide  of  iron 
we  abstract  the  last,  and  calculate  the  remain- 
der as  magnetic  oxide,  the  protoxide  of  iron 
in  it  would  require  about  2  pr.  ct.  oxygen  to 
convert  it  into  peroxide,  or  only  a  little  more 
than  the  oxide  of  manganese  can  give  off 
by  solution.  The  chlorine  which  franklinite 
would  give  off  by  solution  in  muriatic  acid, 
tends  to  convert  the  protoxide  into  peroxide 
of  iron;  but  not  doing  it  effectually,  some 
chlorine  is  actually  given  off,  and  Kobell  de- 
tected small  quantities  of  protoxide  of  iron  in 
the  solution.  The  probability  therefore  is, 
that  the  formula  above  given  is  correct;  and 
it  is  certainly  much  strengthened  by  the  iso- 
morphs  of  franklinite.  See  Dysluite,  for  an 
associated  mineral. 

Local.  Franklinite  abounds  at  Hamburg, 
N.  Jersey,  near  the  Franklin  Furnace,  associ- 
ated with  Red  zinc-ore ;  and  at  Sterling,  in  the 
same  vicinity,  associated  with  Troostite.  It 
also  occurs  near  Aix-la-Chapelle.  The  mixed 
ore  of  franklinite  and  red  zinc  has  been  un- 
successfully worked  for  metallic  zinc;  but 
there  appear  to  be  no  good  chemical  grounds 
for  abandoning  the  attempt,  while  its  great 
abundance  should  offer  the  strongest  induce- 
ments to  attempt  its  distillation. 

FRAXIUM.  The  bitter  principle  of  the 
Fraxium  excelsior.  Crystallizes  in  delicate  6- 
sided  prisms,  and  is  soluble  in  water  and 
alcohol. 

FREEZING.     See  Heat. 

FREEZING  MIXTURES.  When  a  solid  is 
converted  into  a  liquid  without  the  application 
of  heat,  the  heat  necessary  for  liquidity  is  ab- 
stracted from  surrounding  bodies  and  cold  re- 
sults. The  degree  of  cold  varies  with  the 
substances  liquefied,  and  no  general  law  has 
yet  been  found  for  determining  it.  Nearly  all 
crystallized  salts  diminish  the  temperature  by 
solution  in  water;  by  mixing  some  salts  while 
dissolving,  a  greater  degree  of  cold  is  pro- 
duced. On  the  other  hand  many  dehydrated 
salts,  such  as  sulphate  of  soda,  raise  the  tem- 
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perature  by  combining  with  water.  The  com- 
mon mode  of  expression;  this  differem 
that  when  water  combines  chemically  with  a 
salt,  heat  is  evolved;  when  otherwise,  cold  is 
produced;  this  may  be  regarded  as  correct,  if 
viewed  simply  as  the  expression  of  a  fact;  for 
our  knowledge  on  the  subject  is  too  imperfect 
to  advance  a  theory  as  to  what  amount  of 
water  is  chemically  combined  or  constitutional 
water,  and  what  is  united  by  other  attrai 
By  the  use  of  dilute  acid  with  a  salt,  a  greater 
degree  of  cold  is  produced,  and  still  more  by 
the  use  of  snow  or  pounded  ice,  instead  of 
water. 

The  following  tables,  by  Walker,  show  the 
degree  of  cold  produced  by  different  mixtures, 
the  1st  being  mixtures  with  water,  the  2d  with 
snow  or  pounded  ice. 


Mixtures. 


Nitrate  of  ammonia. . 
Water 

Muriate  of  ammonia . 
Nitrate  of  potash 

Water 

Sulphate  of  soda 

Diluted  nitric  acid  . . . 

Sulphate  of  soda 

Muriate  of  ammonia  . 
Nitrate  of  potash 
Diluted  nitric  acid  . . . 

Sulphate  of  soda 

Nitrate  of  ammonia. . 
Diluted  nitric  acid  . . . 

Sulphate  of  soda 

Muriatic  acid 

Phosphate  of  soda  . . . 
Nitrate  of  ammonia. . 
Diluted  nitric  acid  . . . 


Thermom.  sinks 
from         to 


cold. 


46° 
40° 
53° 

60° 

64° 
50° 
34° 


Snow  or  pounded  ice. 

Common  salt 

Snow  or  pounded  ice. 

Common  salt 

Sal  ammoniac 

Snow  or  pounded  ice. 

Common  salt 

Sal  ammoniac 

Nitrate  of  potash 

Snow  or  pounded  ice. 

Common  salt 

Nitrate  of  ammonia. . 

Snow 

Diluted  nitric  acid  . . . 

Snow 

Cryst.  muriate  of  lime 

Snow 

Potash 

Snow 

Diluted  nitric  acid  . . . 

Snow 

Cryst.  muriate  of  lime 

Snow 

Diluted  sulphuric  acid 


The  following  table,  by  Karsten,  shows  the 
diminution  of  temperature  in  degrees,  Fahr., 
where  1  pt.  of  a  salt  is  dissolved  in  4  pts. 
water : — 
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c  ,  Degrees 

»a"s-  of  cold. 

Nitrate  of  lead 3-4° 

"  baryta 3-8° 

Common  salt 3-8° 

Sulphate  of  copper 4-0° 

«  potassa 5-2° 

«  zinc 5-6° 

*  magnesia 8-1° 

Muriate  of  baryta 8-1° 

Sulphate  of  soda 14-6° 

Nitrate  of  soda  17-0° 

"         potassa 19-1° 

Chloride  of  potassium 21-3° 

Nitrate  of  ammonia 25-4° 

Muriate  of  ammonia 27-3° 

The  following  table,  also  by  Karsten,  shows 
the  degrees  of  cold  produced  by  dissolving 
1  pt.  of  a  salt  in  4  pts.  of  a  saturated  solution 
of  another  salt : — 


Salts. 

Sat.  solution  of 

Degrees 
of  cold. 

Salammoniac  . . . 

.  15-1° 

22-7° 
17-5° 
16-9° 

u 

12-7° 

It 

"          baryta.. 
"          lead 

17-5° 

It 

17-1° 

Glauber's  salt. . . 

8-5° 

Common  salt  .. . 

7-4° 

Nitrate  of  soda. . 

16-4° 

u 

16-6° 

« 

14-0° 

a 

Muriate  of  baryta  . . 

4-9° 
14.40 

Nitrate  of  baryta 
Sulphate  of  zinc. 

1-35° 

Sulphate  of  potassa 

3-1° 

The  following  table,  by  Karsten,  of  1  pt. 
salt  in  4  pts.  of  a  saturated  solution,  show  an 
increase  of  temperature : — 

Salts.  Sat.  solution  of  Degrees 

of  heat. 

Common  salt Salammoniac 8-2° 

"  Glauber's  salt 3-1° 

"  Saltpeter 1-35° 

"  Nitrate  of  soda 6-8° 

Muriate  of  baryta..  "  1-15° 

By  mingling  solid  lead  amalgam  with  solid 
bismuth  amalgam,  whereby  they  become  li- 
quid, Orioli  obtained  39-6°  of  cold.  Dobe- 
reiner  mixed  204  pts.  lead-amalgam  (103  lead, 
-f-  101  mercury)  with  172  pts.  bismuth  amal- 
gam (71  bismuth -f  101  mercury),  and  ob- 
tained a  diminution  of  from  68°  to  30-2° ;  and 
by  adding  to  the  same  202  pts.  more  of  mer- 
cury, the  temperature  fell  to  17-6°.  By  dis- 
solving the  powders  of  59  pts.  tin,  103-5  pts. 
lead  and  182  pts.  bismuth,  in  808  pts.  mercury, 
the  thermometer  falls  from  63-5°  to  14°. 

Two  liquids  mingled  rarely  produce  cold, 
although  it  may  take  place  even  where  there 
is  a  condensation.  By  mixing  44  pts.  of  a 
concentrated  solution  of  nitrate  of  ammonia 
(of  spec.  grav.  1-302)  with  34  pts.  water  at 
60-8°,  the  mixture  cools  9°,  and  has  a  density 
of  1-159,  although  the  mean  density  is  1-151. 
A  saturated  solution  of  saltpeter  gives,  with  a 


sat.  solution  of  nitrate  of  soda,  an  increased 
heat  of  0-11°;  but  by  adding  an  equal  weight 
of  water  to  the  mixture,  it  produces  2-45°  of 
cold.  Equal  quantities  of  saturated  solutions 
of  chloride  of  barium  and  sulphate  of  zinc 
cool  3-6°;  of  salammoniac  with  excess  of 
blue  vitriol,  cool  2-88°,  while  with  excess  of 
salammoniac,  2-88°  of  heat  is  produced. 

Economical  mixtures  for  producing  ice  are 
4  pts.  of  a  cooled  mixture  of  50  oil  of  vitriol 
and  55  water,  with  5  pts.  Glauber's  salt ;  9  pts. 
muriatic  acid  (of  15°  Beaume)  with  14  Glau- 
ber's salt.  Somewhat  varying  proportions 
may  be  followed.  According  to  Bischof  and 
Wollner,  the  greatest  cold  of  such  a  mixture 
is  attained  by  50  pts.  oil  of  vitriol,  33  pts.  wa- 
ter and  104  Glauber's  salt,  which  depresses 
the  thermometer  49|°. 

FRENCH  BERRIES.  «  The  berries  of  the 
different  species  of  Rhamnus  are  very  much 
used  for  dyeing,  under  the  names  of  French, 
Spanish,  Turkey  and  Persian  berries.  According 
to  M.  Chevreul,  they  yield  to  water,  amongst 
other  bodies — 1.  A  yellow  coloring  principle, 
which  is  united  with  a  substance  insoluble  in 
ether,  sparingly  soluble  in  concentrated  alco- 
hol, and  very  soluble  in  water.  It  appears  to 
be  very  volatile.  2.  A  matter  remarkable  from 
its  intense  bitterness,  and  which  is  soluble  in 
water  and  in  alcohol.  3.  A  red  principle 
which  exists  only  in  small  quantity,  and  which 
decomposes  into  a  brown  substance  under  the 
influence  of  air.  It  is  principally  found  in 
the  residue  of  the  aqueous  extract  of  the  ber- 
ries, and  is  insoluble  in  ether  and  alcohol. 

"Persian  berries  of  excellent  quality  were 
bruised  in  a  mortar,  and  then  treated  with 
ether,  which  acquired  an  olive-yellow  color. 
The  liquor  was  evaporated  in  a  retort  to  two- 
thirds,  and  the  residue  mixed  with  water, 
which  became  of  a  dark-yellow  color.  Some 
hydrate  of  lead,  added  in  small  quantity,  pre- 
cipitated a  brown-yellow  lake ;  fresh  hydrate 
added  to  the  filtered  liquid,  then  gave  a  beau- 
tiful lake  of  very  vivid  yellow.  This  last  was 
decomposed  by  sulphuretted  hydrogen.  The 
filtered  liquor  was  scarcely  colored  yellow; 
but  notwithstanding  every  attempt  to  obtain 
well-characterized  crystals,  it  only  gave  a 
crystalline  powder  of  a  slightly  yellowish- 
white,  which  was  nearly  deprived  altogether 
of  color,  by  washing  in  ether  and  pressure 
between  folds  of  paper.  To  this  substance 
we  apply  the  name  of  rhamnin. 

"  The  crystalline  powder  has  great  analogy 
with  quercitrin,  obtained  when  disturbed  dur- 
ing crystallization.  It  has  a  bitter  taste,  is 
soluble  in  water,  in  alcohol  and  ether.  Ex- 
posed to  the  air,  the  solution  rapidly  becomes 
yellow.  Acids  turn  it  yellow,  alkalies  im- 
mediately dark  brown;  barytes  and  lime- 
water  produce  the  same  effect. 

"  Rhamnin,  under  the  influence  of  oxidizing 
agents,  such  as  nitric  and  chromic  acids,  bi- 
chromate of  potash,  sulphuric  acid  and  per- 
oxide of  manganese  and  free  oxygen,  becomes 
of  a  dark-yellow  color,  and  is  converted  into 
a  new  principle,  which  we  name  rhamnein. 

"  Rhamnein  may  be  obtained  by  exposing  a 
solution  of  rhamnin  to  the  atmosphere;  it 
crystallizes  with  great  difficulty,  and  forms  a 
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dark-yellow  powder,  which  appears  under  the 
microscope  to  consist  of  minute  crystals. 

"This  substance  behaves  like  a  true  acid 
towards  litmus  and  bases.  With  oxide  of 
lead,  lime  and  alumina,  &c,  it  forms  orange- 
yellow  salts,  rhamneates,  in  definite  proportions. 

"Rhamnein  is  not  very  permanent  when  in 
the  free  state.  By  contact  with  the  air  or 
pure  oxygen,  it  absorbs  this  element  in  the 
course  of  time,  and  becomes  of  a  red  and 
brown  color,  to  which  the  red  and  brown  mat- 
ters always  present  in  decoction  of  Persian 
berries,  owe  their  origin."  (Chem.  Gaz.  ii. 
430.) 

FRIESLAND  GREEN.  Synonymous  with 
Brunswick  green.  An  ammoniated  chloride 
of  copper. 


FRIT.     See  Glass. 

FROST.     See  Dew. 

FRUGARDITE.     See  Ii.ocnASE. 

FUCHSITE.    See  Mica. 

FUCI.    The   essential   components  of  the 
Funis   amylaceus.  and  similar   species  of  the 
genus,  are  pectin,  gum,  starch,  woody 
alkaline,  earthy,  iodine  and  bromine  sails. 

According  to  Schweitzer,  the  variable  fer- 
tilizing power  of  different  fuci  is  due  to  the 
difference  in  their  alkaline  ingredient.  In 
the  F.  vesiculosus  and  F.  serratus,  the  sulphates 
and  other  salts  of  potassa  predominate,  while 
in  the  Laminana  saccharina,  soda  and  alkaline 
carbonates  are  in  excess.  The  latter  is  also 
much  richer  in  iodine.  Below  are  the  analy- 
ses of  the  ashes  of  several  Fuci: 


Godechens. 


James. 


F.  digitat. 

Potash 22-40 

Soda 8-29 

Lime 1 1-86 

Magnesia 7-44 

Peroxide  of  iron 0-62 

Chloride  of  sodium 28-39 

Iodide  of  sodium 3-62 

Sulphuric  acid 13-26 

Phosphoric  acid 2-56 

Silica 1-56 

Per-centage  of  ash 20-40 

FUEL.  Ger.  Brennstoff,  Brennmaterial. 
Fr.  Combustible.  Fuel  embraces  all  com- 
bustibles employed  for  obtaining  heat  in  fur- 
naces, stoves,  or  fireplaces,  and  includes  wood, 
turf  and  coals.  Coals  are  of  two  kinds,  bitu- 
minous and  anthracite,  from  the  former  of  which 
coke  is  made,  which  then  resembles  anthracite, 
but  is  porous.  Charcoal  is  made  from  wood, 
and  is  lighter  and  more  porous  than  coke. 
Fuel  being  often  differently  employed,  accord- 
ing as  it  burns  with  or  without  flame,  we  dis- 
tribute the  above  kinds  into  two  classes,  wood 
and  bituminous  coal,  which  burn  with  flame, 
and  charcoal,  coke  and  anthracite,  which  burn 
without  flame. 

Flaming  fuel  is  required  where  the  heat  is 
to  be  carried  some  distance  from  the  fire,  as 
in  reverberatory  furnaces,  where  the  material 
to  be  heated  is  separated  from  the  fire  by  a 
partition  or  bridge,  across  which  the  flame 
plays.  In  a  potter's  kiln,  the  flame  is  made 
to  circulate  around  and  among  piles  of  seg- 
gurs,  and  in  a  glass-house  from  one  fireplace 
around  a  series  of  pots  containing  the  glass. 
In  simple  draft  (or  wind)  and  blast  furnaces, 
flameless  fuel  is  almost  always  used,  because 
the  material  to  be  acted  on  is  placed  in  im- 
mediate contact  with  the  fire.  In  domestic 
economy,  either  may  be  employed. 

Omitting  small  quantities  of  foreign  matter, 
flameless  fuel  consists  of  carbon  alone,  and 
flaming  fuel  of  carbon  and  hydrogen.  The 
resulting  products  of  perfect  combustion  are 
carbonic  acid  from  the  carbon,  and  water  from 
the  hydrogen,  both  the  carbon  and  hydrogen 
taking  up  oxygen  from  the  air  to  form  these 
compounds  respectively.  Where  the  com- 
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15-23  10-07  4-51 

11-16  15-80  21-15  15-10 

9-78  12-80  16-36  16-77 

7-16  10-93  11-66  15-19 

0-33  0-29  0-34  442 

25-10  20-16  18-76  9-89 

0-37  0-54  1-33 

28-16  26-69  21-06  30-94 

1-36  1-52  4-40 

1-35  1-20  0-43  -69 


16-39 


16-19 


15-63 


13-22 


bustion  is  imperfect,  as  when  there  is  an  in- 
sufficient supply  of  air  (oxygen),  hydrogen 
still  produces  water;  but  carbon  unites  with 
only  half  as  much  oxygen,  forming  carbonic 
oxide.  Now  the  heat  evolved  being  due  to 
the  combination  of  oxygen  with  the  two  con- 
stituents of  fuel,  where  a  smaller  amount 
combines  with  carbon,  as  in  the  formation  of 
carbonic  oxide,  the  heat  developed  will  be  less 
than  when  carbonic  acid  is  generated.  But 
if  the  carbonic  oxide  rising  from  the  fire  be 
burned  by  a  supply  of  air,  it  forms  carbonic 
acid,  so  that  heat  will  again  be  developed; 
and  the  sum  of  the  heat  developed  by  the 
production  of  carbonic  oxide  and  then  of  car- 
bonic acid,  will  be  equal  to  that  produced  by 
the  perfect  combustion  of  carbon  and  the  im- 
mediate production  of  carbonic  acid.  Again, 
carbon  and  hydrogen,  in  flaming  fuel,  tend  to 
form  gaseous  carburetted  hydrogens,  which 
will  always  be  formed,  where  the  supply  of 
air  is  not  duly  regulated,  and  be  carried  be- 
yond the  sphere  of  combustion.  When  this 
takes  place  a  quantity  of  carbon  and  of  tarry 
matter,  rich  in  carbon,  will  be  carried  up  and 
pass  off'  as  black  smoke,  to  the  loss  of  just  so 
much  fuel,  beside  the  inconvenience  of  vo- 
lumes of  black  smoke.  As  perfect  a  com- 
bustion of  fuel,  therefore,  as  is  consistent 
with  economical  arrangements,  is  desirable 
for  attaining  the  greatest  economy  in  the  use 
of  fuel. 

Amount  of  heat.  Despretz  determined  that 
the  quantity  of  heat  developed  by  the  combus- 
tion of  fuel,  is  in  direct  proportion  to  the 
quantity  of  oxygen  consumed.  (See  Combus- 
tios.)     This  quantity  of  heat  cannot  be  abso- 
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lutely,  but  may  be  relatively  measured,  with 
some  degree  of  accuracy,  by  determining  from 
given  weights  of  fuel  either,  1,  the  quantity 
of  ice  melted,  2,  the  quantity  of  water  heated 
from  one  given  thermometric  point  to  another, 
3,  the  quantity  of  water  evaporated,  or  4,  the 
time  during  which  an  apartment  may  be  heated 
to  the  same  point.  The  first  method  was  em- 
ployed by  Lavoisier  and  others,  and  is  less 
accurate  than  the  other  methods.  The  second 
is  sufficiently  practical,  and  was  employed  by 
Despretz  in  his  valuable  series  of  experiments. 
The  third  method,  or  the  evaporative  power 
of  fuel,  is  thoroughly  practical,  and  especially 
applicable  to  determine  the  value  of  fuel  for 
steam  boilers.  The  fourth,  employed  by  Mar- 
cus Bull,  has  been  successfully  used  in  the 
best  series  of  experiments  ever  instituted  to 
determine  directly  the  relative  heating  power 
of  fuel. 

M.  Bull  constructed  one  apartment  within 
another,  and  while  the  outer  chamber  was 
maintained  at  a  uniform  temperature,  the  in- 
ner one  was  kept,  by  combustion  of  the  fuel, 


10°  higher.  The  comparative  lengths  of  time 
during  which  the  inner  apartment  was  main- 
tained 10°  higher  than  the  outer,  expressed 
the  relative  value  of  the  kinds  of  fuel  tried. 
Although  his  experiments  demanded  much 
time,  cost  and  patience,  it  must  be  regretted 
that  the  early  date  at  which  they  were  made 
prevented  his  experimenting  with  the  various 
kinds  of  coal,  anthracite  and  bituminous, 
which  have  since  become  of  high  commercial 
importance ;  and  that  he  did  not  sufficiently 
extend  his  valuable  researches  upon  different 
kinds  of  coke  and  charcoal.  He  employed  a 
small  stove  in  the  inner  room,  with  some  40  ft. 
of  pipe  and  many  elbows,  and  by  means  of  a 
damper  could  regulate  the  rapidity  of  combus- 
tion, so  as  to  maintain  the  temperature  at  a 
given  point  until  the  fuel  was  consumed.  One 
important  conclusion  to  which  he  arrived  was, 
that  equal  weights  of  different  woods,  made 
equally  dry,  produce  equal  quantities  of  heat 
(or  as  60  :  64).  The  following  tables  com- 
prise the  results  of  his  extensive  and  valuable 
experiments : — 
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White  ash  (Fraxinus  americand). . . . 

•772 
•697 
•724 
•697 
•530 
•567 
•565 
•522 
•597 
•815 
•580 
•703 
•634 
1-000 
•949 
•829 
•784 
•602 
•720 
•663 
•644 
•597 
•605 
•885 
•855 
•775 
•747 
•747 
•728 
•728 
•694 
•678 
•653 
•548 
•711 
•551 
.478 

3450 
3115 
3236 
3115 
2369 
2534 
2525 
2333 
2668 
3643 
2592 
3142 
2834 
4469 
4241 
3705 
3505 
2691 
3218 
2963 
2878 
2668 
2704 
3955 
3821 
3464 
3339 
3339 
3254 
3254 
3102 
3030 
2919 
2449 
3178 
2463 
2137 

25-74 

25 

19-62 

19-40 

19 

20-79 

24-72 

25-29 

21-70 

21 

24-85 

22-16 

19-69 

26-22 

25-22 

22-90 

21-40 

22-77 

19 

24-02 

21-43 

20-64 

21-59 

22-76 

21-62 

21-50 

23-17 

22-22 

23-80 

22-43 

22-37 

20-86 

21-60 

22-95 

23-44 

23-75 

24-88 

•547 
•445 
•518 
•428 
•364 
•237 
•238 
•379 
•411 
•550 
•357 
•400 
•413 
•625 
•637 
•509 
•368 
•374 
•455 
•457 
•431 
•370 
•406 
•481 
•401 
•437 
•392 
•436 
•387 
•400 
•447 
•436 
•295 
•362 
■469 
•333 
•385 

28-78 
23-41 
27-26 
22-52 
19-15 
12-47 
12-52 
19-94 
21-63 
28-94 
18-79 
21-05 
21-73 
32-89 
33-52 
26-78 
19-36 
19-68 
23-94 
24-05 
22-68 
19-47 
21-36 
25-31 
21-10 
22-99 
20-63 
22-94 
20-36 
21-05 
23-52 
22-94 
15-52 
19-05 
24-68 
17-52 
20-26 

888 
779 
635 
604 
450 
527 
624 
590 
579 
765 
644 
696 
558 
1172 
1070 
848 
750 
613 
611 
712 
617 
551 
584 
900 
826 
745 
774 
742 
774 
630 
694 
632 
631 
562 
745 
585 
532 

31 
33 
23 
27 
24 
42 
50 
30 
27 
26 
34 
33 
26 
36 
32 
32 
39 
31 
25 
30 
27 
28 
27 
36 
39 
32 
38 
32 
38 
30 
29 
28 
41 
30 
30 
33 
26 

H.  M 
6  40 
6  40 
6 
6 
6 
6 

6  40 
6  40 
6   10 
6   10 
6  40 
6  20 
6 

6  40 
6  40 
6  30 
6   10 
6  20 
6 

6  40 
6   10 
6 

6   10 
6  30 
6  20 
6  20 
6  30 
6  20 
6  30 
6  20 
6  20 
6 

6   10 
6  20 
6  30 
6  30 
6  40 

Cord. 

77 

70 

65 

63 

48 

51 

56 

52 

55 

75 

58 

67 

57 
100 

95 

81 

72 

57 

65 

66 

60 

54 

56 

86 

81 

74 

73 

71 

71 

69 

66 

61 

60 

52 

69 

54 

48 

White  birch  (Betula  populifolia)  .... 

Red  cedar  (Juniperus  virginiana). . .. 
American  chesnut  (Castanea  vesca) . 
Wild  cherry  (Cerasus  virginiana)  . . . 

Sweet  gum  (Liquidambar  styraciftua) 
Shell-bark  hickory  (Juglans  squam.) 
Pig-nut  hickory  (Juglans  porcina)  .. 
Red-heart  hickory  (Juglans  lacin.?)  . 
Witch-hazel  (Hamamelis  virginica). . 

American  hornbeam  (Carpin.  amer.) 
Mountain  laurel  (Kalmia  latifolia)  .. 

Large  magnolia  (Magnolia  grandifl.) 
Chestnut  white-oak  (Qu.  prin.  palus.) 

Shell-bark  white  oak  (Querc.  obtus. ?) 
Barren  scrub-oak  (Quercus  catesbm) 

Scrub  black  oak  (Quercus  banisteii)  . 

Barren  oak  (Quercus  ferrugined).... 
Rock  chestnut-oak  (Qu. prinus  mont.) 
Yellow  oak  (Quercus  prinus  acum.). . 

Persimon  (Dyospyros  virginiana).. . . 

3  i 

2 
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Pitch  pine  (Pinus  rigida) 

•426 
•418 
•563 
•397 
•618 
•887 
•535 
•681 
•752 

1904  1  26-76 

•298 
•293 
•383 
•245 
•427 
•594 
•374 
•418 
•505 

1-494 
1-400 
1-438 
1-453 
1-373 

15-68 

15-42 

20-15 

12-89 

22-47 

31-26 

19-68 

22 

26.57 

78-61 
73-67 
75-67 
76-46 
72-25 
76-77 
110-71 

65-25 

70-04 

63-35 

59-99 

66-46 

65-56 

73-46 

32-89 

22-68 

21-10 

15 

29-31 

510 
455 
549 
444 
624 
897 
564 
687 
783 

33 
30 

27 
34 
28 
29 
29 
31 
29 

a.  m. 

6  40 
6  40 
6  10 
6  40 
6  20 
6  20 
6  40 
6  20 

6  30 

13  10 
13  10 
9  30 
13  40 
13   10 

11  20 

7  50 

10  30 
9  10 
9  20 
9  30 
9  20 
9  20 
9  50 

15 

15 

15 

15 

12  50 

13  20 

Cord. 
18 
42 

52 

40 

59 

84 

52 

65 

73 
Ton. 

99 

99 

71 
103 

99 

85 

59 
Kiniiu. 
230 
215 
198 
191 
208 
205 
243 
166 
114 
106 

75 
126 

White  pine  (Pinus  strobus) 

Yellow  poplar  (Linodendron  tidipif) 
Lombardy  poplar  (Populus  diiatata) 
Sassafras  (Laurus  sassafras) 

Sycamore  (Acer  pseudo-platanus) . 

Swamp  whortle-berry  (  Voce,  corym.) 

1868 
2516 
1774 
2762 
3964 
2391 
3044 
3361 

24-35 

21-81 

25 

22-58 

22-62 

23-60 

22-56 

23-30 

2-104 

1-240 

1-331 

1-204 

1-140 

1-263 

1-246 

1-396 

•625 

•431 

•401 

•285 

•557 

Composition  of  two  parts  Lehigh^ 
coal,   one    charcoal,   and   one  s. 
clay,  by  weight.                           j 

Evaporative  power.  Despretz  found  that  1  lb. 
of  pure  carbon  evaporated  12-3  lbs.  of  water, 
from  the  temperature  of  32°.  Fyfe's  experi- 
ments showed  that  1  lb.  coke  evaporated  7-4  lb. 
water  from  43°,  which,  calculated  to  32°, 
amounts  to  7-33  lbs.  water.  The  amount  of 
carbon  in  1  lb.  of  the  coke  was  0-81  lb.,  which 
by  Despretz's  result,  should  have  evaporated 
9-96  lbs.  water;  there  was  a  loss,  therefore,  of 
2-63  lbs.  or  26  pr.  ct.  of  evaporative  power. 
1  lb.  of  the  coal  evaporated  5-66  lbs.  water 
from  32°;  and  the  same  coal  yielded  0-525  lb. 
coke,  which  should  evaporate  3-84  lbs.  water. 
Hence  the  practical  evaporative  power  of 
coke  is  much  less  than  that  of  the  coal  from 
which  it  is  made.  The  per  centage  of  fixed 
carbon  in  the  coal  is  50,  and  according  to  Des- 
pretz's result,  it  should  evaporate  6-16  lbs. 
water,  while  we  have  seen  that  it  evaporated 
5-66,  which  is  so  near  the  theoretical  quantity, 
that  Fyfe  concludes  that  the  practical  evapo- 
rative power  is  in  proportion  to  the  fixed  car- 
bon of  coals. 

From  the  numerous  experiments  of  W.  R. 
Johnson  on  coals,  he  concludes  that  their 
evaporative  power  is  in  proportion  to  the 
whole  amount  of  carbon  they  contain,  both 
fixed  and  volatile.  As  this  is  a  question  of 
654 


great  practical  importance,  it  should  be  deter- 
mined by  careful  ultimate  analysis  of  the  coals, 
whose  evaporative  power  is  tested.  See  John- 
son's Report  on  Coals. 

The  loss  of  evaporative  power  in  the  ordi- 
nary combustion  of  bituminous  coals,  is  about 
50  pr.  ct.  Assuming  that  the  average  content 
of  Scotch  coal  is  50  pr.  ct.  fixed  carbon,  and  that 
1  lb.  of  such  coal  will  yield  4-46  cubic  ft.  of 
gas,  then  the  fixed  carbon  ought  to  evaporate 
6-15  lbs.  water;  and  calculating  the  oxygen 
requisite  for  the  gas,  the  latter  should  evapo- 
rate 3-19  lbs.,  or  both  together  9-34  lbs.  water. 
But  by  calculating  the  oxygen  requisite  for  the 
whole  coal,  the  latter  should  evaporate  11-3 
lbs.;  therefore  the  difference  1 1-3  —  9-34  = 
1-96  (or  1 7  pr.  ct.),  represents  the  loss  of  evapo- 
rative power  from  the  formation  of  tar,  oils,  &c. 
If  Fyfe's  conclusions  be  correct,  the  practical 
evaporative  power  of  such  coal  is  only  5-66  lbs., 
while  calculated  from  the  oxygen  requisite  for 
perfect  combustion,  it  should  be  11-3  lbs.;  so 
that  there  is  a  loss  of  50  pr.  ct.  of  the  fuel  for 
evaporation. 

Experiments  were  instituted  to  save  this 
loss  of  fuel,  by  the  introduction  of  steam  and 
air  above  the  fire,  in  order  to  consume  the 
smoke.    The  steam  was  admitted  through  a 
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tube  terminating  in  a  fan-shaped  distributor, 
and  air  at  the  same  time  through  the  door  or 
small  openings.  The  moment  the  steam  and 
air  entered,  the  dense  volumes  of  black  smoke 
disappeared.  1  lb.  coal  evaporated  10-76  lbs. 
water  from  32°  (an  average  of  10  experi- 
ments), while  the  same  coal,  without  the  use 
of  steam  and  air,  evaporated  6-17  lbs.  from  32°. 
It  was  found  by  trial,  that  4  pr.  ct.  steam  of 
the  quantity  evaporated,  was  required  to  pro- 
duce the  effect.  Now  the  10-76  diminished  by 
4  pr.  ct.,  gives  10-33  as  the  true  evaporative 
power;  and  by  subtracting  from  this  6-17,  it 
leaves  4-16,  or  about  40  pr.  ct.  of  fuel  saved 
by  the  use  of  steam  and  air  above  the  fire. 
Even  by  a  direct  estimate  of  the  quantity 
saved  by  the  use  of  steam  and  air,  it  amounted 
to  34  pr.  ct.  The  economy  depends  on  the 
manner  in  which  the  steam  is  employed.  A 
certain  quantity  of  air  should  be  admitted 
with  the  steam,  or  otherwise  the  combustion 
is  imperfect;  even  all  the  air  required  for 
combustion  may  be  admitted  above  the  fire, 
and  the  ash-pit  closed.  The  air  and  steam 
should  issue  near  the  freshly-ignited  coals,  the 
well-ignited  coals  pushed  back,  and  fresh  coals 
thrown  in  near  the  distributor.  The  draft 
should  not  be  too  strong,  for  the  introduction 
of  steam  increases  it,  and  carries  off  heat  be- 
fore it  acts  evaporatingly.  These  results  de- 
mand consideration  and  close  investigation, 
in  order  to  attain  to  a  greater  evaporative 
power  from  the  use  of  bituminous  coals.  See 
Fyfe,  Edinb.  Journ.  xxx.  256,  1841 ;  Richardson, 
Phil.  Mag.  1838. 

Wood.  Since  equal  weights  of  dry  wood 
produce  equal  amounts  of  heat  (Bull),  it  would 
be  advisable  to  purchase  it  by  weight ;  but  as 
the  quantity  of  water  in  wood  brought  to  mar- 
ket is  very  variable,  it  is  better  to  purchase  by 
measurement  or  the  cord,  and  determine  the 
quality  of  the  wood  by  observation.  Bull 
found  that  the  average  absorption  of  moisture 
by  46  different  kinds  of  perfectly  dried  wood 
kept  in  an  apartment  without  fire  for  12 
months,  was  10  pr.  ct.,  the  less  dense  woods 
absorbing  the  greater  quantity.  Green  hickory 
lost  37|  pr.  ct.  moisture,  by  thorough  drying, 
white  oak  41  and  soft  maple  48  pr.  ct.  The 
average  amount  of  moisture  in  green  wood  is 
42  pr.  ct. ;  in  wood  air-dried  by  a  year's  ex- 
posure under  cover,  it  amounts  to  25  pr.  ct., 
all  of  which  is  in  the  hygrometric  state,  and 
not  chemically  combined. 

According  to  Rumfort  and  Tredgold,  1  lb. 
dry  wood  will  convert  2|  lbs.  water  into  steam, 
from  the  ordinary  temperature  of  52°.  But  in 
100  lbs.  green  wood  there  are  17  lbs.  more 
water  than  in  wood  of  ordinary  dryness  (42  — 
25=  17);  and  to  convert  this  into  steam  re- 
quires G-8  lbs.  or  pr.  ct.  of  dry  wood,  nearly  all 
of  which  is  lost.  Add  to  this  the  17  lbs.  ex- 
cess of  water,  and  we  have  a  loss  of  at  least 
23  pr.  ct.,  which  is  still  farther  increased  by  a 
more  imperfect  combustion.  As  moisture, 
however,  only  affects  the  weight  and  scarcely 
the  bulk  of  wood,  the  loss  in  burning  a  mea- 
sured quantity  of  green  wood,  as  a  cord,  is 
due  to  the  6-8  pr.  ct.  of  water  evaporated,  and 
to  less  perfect  combustion,  a  loss  which 
amounts  probably  to  10  pr.  ct. 


Coal.  The  greater  or  less  amount  of  moist- 
ure in  coal,  is  of  inferior  moment.  But  the 
quantity  of  ashes  coals  may  contain  deserves 
consideration.  Coals  may  contain  from  1  to 
12  pr.  ct.  ashes  (sometimes  more);  and  com- 
paring two  coals  having  1  and  11  pr.  ct.  ash 
respectively,  the  difference  shows  a  loss  of  10 
pr.  ct.  fuel  in  burning  the  latter.  A  large 
quantity  of  ash,  however,  is  practically  so  in- 
convenient, that  such  coal  will  not  be  used 
where  other  can  be  had.  The  nature  of  the 
ash  is  of  some  consequence.  From  some 
coals,  especially  the  more  free-burning,  the 
ash  exhibits  a  red  color,  due  to  oxide  of  iron ; 
and  hence  such  coals  employed  at  a  strong 
heat,  produce  a  semi-vitrified  mass  (silicates 
of  iron,  alumina,  magnesia,  &c.)  or  cinder, 
which  is  often  an  inconvenience,  from  the 
frequent  necessity  of  cleaning  such  a  fireplace. 
The  removal  of  cinder  from  grate-bars  is  diffi- 
cult, unless  it  be  done  at  a  red  heat.  Among 
anthracites,  the  difference  in  the  amount  of 
volatile  matter  (from  12  to  1  pr.  ct.)  determines 
a  free-burning  coal  or  not,  and  may  be  selected 
according  to  the  object  in  view.  See  Anthra- 
cite, Coal,  Fuunace,  Heating. 

FULIGINOUS.  The  dark,  smoky  flame 
with  which  some  substances  burn,  is  con- 
sidered one  of  their  characteristics,  and  is 
termed  fuliginous  from  fuligo  (Lai.'),  soot. 

FULLERS'  EARTH.     See  Clat. 

FULMIN1C  ACID.     See  Cyanogen. 

FUMARIC  ACID.  Syn.  Paramaleic.  For- 
mula of  the  hyd  rated  acid,  C4H03,  HO.  Oc- 
curs in  the  Fumaria  officinalis,  in  Iceland  moss, 
and  is  formed  artificially  by  heating  malic 
acid  to  the  melting  point,  and  continuing  it 
so  for  a  length  of  time.  It  crystallizes  in 
thin,  rhombic  prisms,  is  soluble  in  200  pts. 
cold  water,  and  in  less  of  hot  water  and  alco- 
hol. Hagen  procured  fumaramide  (C4H02  -f- 
NH2),  by  digesting  fwmaric  ether  with  aqua 
ammonias.  It  is  a  very  white  powder,  scarcely 
soluble  in  either  cold  water  or  alcohol. 

FUMIGATION.  From  furnigo,  to  perfume. 
The  diffusion  of  powerfully  odorant  volatile 
substances  in  infected  apartments,  so  as  to 
neutralize  the  effluvia  of  their  offensive  atmo- 
sphere. 

FUNGI.  A  genus  of  infcriorly  organized 
plants.  Some  are  poisonous,  others  highly 
nutriiive.  The  ashes  of  the  incinerated  fungi 
are  rich  in  phosphates,  and  their  large  content 
of  water  in  a  measure  explains  their  very 
rapid  growth  and  tendency  to  decomposition. 

Sfehlossberger  and  Dospping's  analyses  of 
fungi  resulted  as  follows  : — 

Water.     Sol.  Sub.    Ashes.  Nitrogen. 

Agaricus  deliciosus  . .  80-9  13-1  0-90  0-61 

"         arvensis 90-6  ^9-4  1-08  0-77 

"         glutinosus..  93-7  6-3  0-30  0-29 

»         russula 91-2  8-8  0-83  0-37 

»         cantharellus  90-6  9-4  1-05  0-30 

«         muscarius..  90-5  9-4  0-84  0-59 

Boletus  aurens 94-2  5-6  0-38  0-26 

According  to  these  chemists,  the  alimentary 
power  of  fungi  is  due  to  Piiotein,  one  of  their 
solid  ingredients.  They  found  also  traces  of 
starch,  mannite  and  fermentable  sugar.  Some 
of  the  poisonous  fungi,  they  say,  may  probably 
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be  rendered  available  as  aliments,  by  proper 
cooking  or  slight  additions.  (Chan.  Gaz.,  1845.) 

Riegel,  whose  previous  examinations  of 
fungi  are  noted  in  the  Juhrb.  fur  Prakt.  Phar., 
vol.  7,  found  the  composition  of  truffles  to  be 
fat  oil,  with  traces  of  essential  oil,  an  acid 
resin,  osmazome,/wwg2c  acid,  mushroom  sugar, 
bolf.tic  acid,  potassa,  ammonia,  vegetable 
gelatin  and  albumen,  pectin  and  fungin. 

Fungic  Jc.id.  A  syrupy,  colorless  liquid, 
with  an  acid,  acrid  taste.  Mixes  with  water 
and  alcohol  in  all  proportions,  but  dissolves 
in  ether  only  in  limited  proportion.  When 
dried  it  deliquesces  readily,  and  cannot  be  ob- 
tained crystallized.  With  ammonia  it  forms 
a  salt,  which,  with  an  excess  of  acid,  crystal- 
lizes in  large,  regular  prisms.  The  lime-salt 
is  in  small,  4-sided  prisms.  It  precipitates 
lead  and  silver  solutions  only  when  in  combi- 
nation with  bases,  for  both  of  these  fungates 
are  easily  soluble  in  free  acid. 

Fungin.  A  whitish  fibro-cellulous,  slightly 
elastic  substance,  forming  the  basis  of  mush- 
rooms and  fungi  generally.  Distilled  with 
nitric  acid  it  yields  prussic  acid,  artificial 
tannin,  oxalic  acid  and  a  fatty  substance.  It 
was  considered  by  Broemos  as  a  distinct  and 
peculiar  principle,  but  the  examinalions  of 
Payen  and  Fromberg,  corroborated  by  those 
recently  of  Schlossberger  and  Dccpping,  show 
that  when  well  cleansed,  it  is  identical  with 
cellulose.  Hence,  fungin  no  longer  forms  one 
of  the  vegetable  proximate  substances. 

FURFURIN.  A  substance  (C30H12N2Og) 
discovered  by  Fownes,  and  said  to  be  isomeric 
with  the  amides.  It  is  vegeto-alkaline,  and 
forms  saline  compounds  with  the  various  acids. 

Furfusol.  A  volatile  oil  (C15Hg06),  ob- 
tained by  distillation  from  a  mixture  of  bran, 
sulphuric  acid  and  water.  When  free  from 
water  is  colorless,  but  darkens  on  exposure. 
The  presence  of  water  lessens  its  tendency  to 
change.  Spec.  grav.  1-168,  and  boiling  point 
323°  Fahr. :  is  soluble,  to  a  great  extent,  in 
cold  water  and  alcohol.  In  contact  with  5  or 
6  times  its  bulk  of  ammonia,  it  becomes  con- 
verted into  a  yellowish  white,  partially  crystal- 
line mass,  which  is  easily  soluble  in  water. 
This  substance  (Fwfuramide,  C]5H6N03)  is 
classed  by  Fownes,  the  discoverer,  with  the 

FURNACE.  Tech.  Ger.  Ofen.  Fr.  Four- 
neau.  The  apparatus  or  structure  in  which 
fuel  is  consumed,  for  producing  heat  in  the 
arts.  They  are  of  various  forms  and  dimen- 
sions, but  may  be  reduced  to  three  kinds. 

1.  Wind  furnace.  Fr.  Fourneau  a  vent.  Ger. 
Windofen,  Tiegelofen.  The  combustion  is 
maintained  by  a  simple  draft  of  air,  and  the 
material  to  be  operated  on  is  usually  enclosed 
in  crucibles ;  rarely,  as  in  a  lime-kiln,  mingled 
with  the  fuel.  Steam  boilers  are  of  this  kind. 
In  glass  and  steel  furnaces,  in  kilns  for  pottery 
and  porcelain,  the  glass,  steel  or  clay  wares 
are  contained  in  clay  crucibles  or  seggurs,  in 
which  they  are  indurated  or  brought  to  fusion, 
without  contact  with,  or  injury  from  the  fuel. 
The  degree  of  heat  in  a  wind-furnace  is  in- 
ferior to  that  produced  by  a  blast,  but  is  suffi- 
cient for  most  operations  in  the  arts;  more- 
over the  heat  may  be  increased  by  increasing 
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the  height  of  the  chimney.  Its  inconvenience 
lies  in  the  smaller  amount  of  material  sub- 
jected to  the  fire,  from  the  necessity  of  usiug 
crucibles. 

PI.  III.  figs.  3,  4,  5,  9,  10;  PI.  IV.  figs.  1,  2, 
3,  6,  7,  8,  are  crucible  furnaces.     The  muflel 
for   gilding   and  painting   porcelain  and 
pottery,  is  also  a  wind-furnace. 

2.  Reverberatory  or  Flame  furnace.  Ger.  Flam- 
mofen.  IV.  Fourneau  a  reverbere.  Is  a  hori- 
zontal lying  furnace,  heated  by  a  draft  of  air 
(rarely  by  a  blast),  in  which  the  material  to 
be  acted  on  is  not  in  contact  with  the  fuel,  but 
placed  upon  a  hearth  on  a  level  with  the  fire, 
from  which  it  is  separated  by  a  bridge.  Flam- 
ing fuel  is  almost  always  used,  and  its  flame, 
made  to  rebound  by  the  low  arch  over  the  fire, 
strikes  across  the  bridge  upon  the  long  hearth, 
and  reverberates  or  rolls  in  volumes  towards 
the  flues  at  the  extreme  point  from  the  fire, 
heating  the  material  spread  over  the  whole 
hearth.  It  is  employed  for  fusion,  calcination, 
roasting,  reduction,  or  compounding. 

The  heat  of  flame  is  very  great,  and  hence 
this  kind  of  furnace  is  capable  of  producing 
powerful  effects.  For  calcination  or  roasting 
at  moderate  temperatures  below  a  red  heat, 
anthracite  or  other  flameless  fuel  may  be  em- 
ployed. One  great  advantage  of  a  reverbe- 
ratory  lies  in  the  cleanliness  of  its  operations, 
the  material  being  only  heated  by  flame,  and 
therefore  scarcely  contaminated  by  the  ashes 
of  fuel.  A  large  amount  of  matter  may  be 
acted  on  by  a  comparatively  small  fire;  and 
hence  this  furnace  is  peculiarly  well  adapted 
to  calcination  or  roasting.  The  heat  of  the 
furnace  and  free  entrance  of  air  can  be  regu- 
lated by  dampers  and  doors,  so  that  it  is  well 
adapted  to  puddling  iron,  and  to  the  successive 
operations  of  roasting  and  reduction,  without 
removing  the  material.  It  farther  presents  the 
convenience  of  rabbling  or  working  the  ma- 
terial on  the  hearth,  and  of  raking  it  out  upon 
a  clean  pavement. 

PI.  III.  figs.  1,  2;  PI.  IV.  figs.  4,  5,  are  re- 
verberatories  for  smelting  and  fusion.  PI.  III. 
figs.  7,  8,  represent  a  peculiar  form  of  roasting 
reverberatory,  arranged  like  a  muffel.  PI.  IV. 
figs.  9,  10,  exhibit  a  simple  roasting  reverbe- 
ratory, for  arsenical  ores.  PI.  VI.  figs.  9,  10, 
show  an  English  reverberatory  for  roasting 
copper-ore;  figs.  11,  12,  for  fusing  the  roasted 
ore  into  copper-stone.  The  cupel,  for  extract- 
ing silver  from  lead,  is  also  a  reverberatory  of 
peculiar  form.     See  Silver. 

3.  Blast  furnace.  Ger.  Schachtofen.  Fr. 
Fourneau  a  courant  d'air  force.  In  these  fur- 
naces the  material  to  be  acted  on  is  mingled 
with  fuel  and  flux,  and  a  blast  of  air  forced 
through  the  mass.  Since  the  heat  developed 
by  combustion  depends  on  the  quantity  of 
oxygen  consumed,  the  large  quantity  of  air 
forced  in  by  the  blast  determines  a  rapid  com- 
bustion and  a  consequent  production  of  intense 
heat,  higher  than  is  attained  by  any  other  kind 
of  furnace.  It  is  employed  in  the  smelting  or 
reduction  of  metals,  and  a  hearth  or  crucible 
at  the  bottom  is  designed  to  receive  the  smelted 
metal  and  slag.  The  common  blacksmith's 
forge  is  the  simplest  form  of  the  blast  furnace. 
Other  kinds  are  the  Scotch  hearth,  or  very  low 
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blast  furnace  (2  ft.  high),  for  smelting  galena; 
the  slag-hearth  (Ger.  Krummofen,  Fr.  Four- 
neau  courbe  ou  a  manche),  a  low  blast  furnace 
about  5  ft.  high,  used  for  smelting  lead-slag, 
galena,  copper-ore,  &c. ;  the  medium  blast 
furnace  (Ger.  Halbhohofen,  Fr.  Demihaute 
fourneau),  from  10  to  18  ft.  high,  for  smelting 
copper-ores;  and  the  blastfurnace  (Ger.  Ho- 
hofen,  Fr.  Haute  fourneau),  from  20  to  60  ft. 
high,  mainly  confined  to  smelting  iron-ores. 
By  mingling  fuel  and  ore  together,  the  latter 
is  both  the  source  of  heat  and  the  reducing 
agent;  but  this  mixture  proves  sometimes  an 
inconvenience,  for  ashes  of  the  fuel  or  sulphur 
of  the  coals  unite  with  the  metallic  body,  and 
adulterate  it. 

PI.  HI.  figs.  1,  2,  show  a  medium  blast  fur- 
nace, for  smelting  copper-stone.  The  Scotch 
hearth,  see  under  Lead,  and  the  high  blast 
furnace,  see  under  Iron.  For  smaller  chemi- 
cal furnaces,  see  Laboratory. 

FUSIBLE  METAL.  So  called  from  its 
ready  fusibility,  even  in  boiling  water.  Bis- 
muth 5  pts.,  lead  3  pts.,  tin  2  pts. ;  or,  Bi  8, 
Pb  5,  Tin  3  pts.  Some  of  these  alloys  melt 
at  a  little  above  200°.     See  Allot. 

FUSION.  Chem.  The  passage  of  a  solid 
into  the  liquid  state,  by  heat.  Solids  differ 
materially  in  their  fusibility,  or  in  the  degree 
of  heat  required  to  fuse  or  melt  them.  Thus, 
while  mercury  is  liquid  at  all  ordinary  tem- 
peratures, and  pure  alcohol  has  never  been 
obtained  in  the  solid  form,  iron  requires  a 
strong  white  heat  for  fusion,  and  iridium  is 
scarcely,  if  at  all,  fused  by  the  hydroxygen 
blowpipe.  But  while  different  substances  vary 
in  their  respective  fusibilities,  the  same  body 
is  always  fusible  at  the  same  temperature, 
under  the  same  conditions  of  purity,  relative 
quantity  of  matter  to  the  heat,  &c.  An  appa- 
rent exception  to  this  rule  exists  among  some 
organic,  and  probably  inorganic  bodies,  which 
are  capable  of  allotropic  conditions;  thus,  a 
crystalline  organic  body,  fusing  at  a  certain 
point,  is  after  fusion  amorphous  and  fusible  at 
a  different  point.      Wohler. 

The  following  table  comprises  the  fusing 
points  of  a  few  bodies : — 

—  121°  Solid  compound  of  alcohol  and  car- 

bonic acid. 

—  47°  Sulphuric  ether. 

—  45°  Nitric  acid. 

—  39°  Mercury. 

4.         1°  Oil  of  vitriol. 

-j-       14°  Spirits  of  terpentine. 

-j-      25°  Blood  congeals. 

-f-      32°  Ice. 

-f      36°  Olive  oil. 

-f-     108°  Phosphorus. 

•4-    201°  Rose's  fusible  metal. 

4-    211°  Newton's  fusible  metal. 

-j-    218°  Sulphur. 

4-    442°  Tin. 

4-    500°  Bismuth. 

+    612°  Lead. 

4-    773°  Zinc. 

4-    800°  Antimony. 

4-  1869°  Brass. 

-f  1996°  Copper. 

4-  2200°  Gold. 

4-  2786°  Cast  iron. 
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While  a  body  is  in  the  act  of  fusion,  its 
temperature  does  not  rise,  because  the  heat 
which  enters  into  it  becomes  latent,  and  is 
termed  latent  heat,  or  the  heat  of  liquidity.  If 
this  fusion  takes  place  without  the  direct  ap- 
plication of  heat,  heat  is  absorbed  from  sur- 
rounding bodies,  as  in  the  solution  of  various 
salts.  (See  Freezing  Mixtures.)  If  a  pound 
of  ice,  at  32°,  be  mixed  with  a  pound  of  water 
at  167°,  the  ice  will  be  melted,  and  the  result- 
ing temperature  will  be  32° ;  so  that  167  —  32 
=  135°  of  heat  have  disappeared  by  the  lique- 
faction of  the  ice.  If  water  above  32°  be  ex- 
posed to  a  temperature  below  32°,  it  will  go 
on  cooling  to  32°,  and  there  remain  stationary 
until  the  whole  is  converted  into  ice,  during 
which  it  must  be  still  giving  off  heat.  If  the 
water  were  at  59°,  and  it  required  12  minutes 
to  cool  it  down  to  32°,  it  will  require  one  hour 
(or  5  times  as  long)  to  freeze  it  entirely ;  there- 
fore (59  —  32  =  27)  27  X  S  =  135°.  Again, 
if  a  pound  of  ice  and  a  pound  of  water,  each 
at  32°,  be  exposed  to  the  same  steady  heat, 
when  the  pound  of  ice  will  have  melted,  the 
pound  of  water  will  indicate  167°.  The  fol- 
lowing table  shows  the  heat  of  liquidity  in 
several  bodies,  compared  with  an  equal  weight 
of  water : — 

Latent  heat.  Equiv. 

Lead 12-54°  104 

Bismuth 23-25°  71 

Tin 24-00°  59 

Sulphur 27-14°  16 

Zinc 48-30°  32 

Water 135-00°  9 

According  to  Despretz,  this  heat,  like  specific 
heat,  is  inversely  as  the  combining  weights, 
as  the  above  table  shows  approximately,  with 
the  exception  of  sulphur. 

The  temperature  of  freezing,  solidification 
or  congelation,  generally  coincides  with  that 
of  fusion;  but  water  and  solutions  of  salts 
may  be  cooled  many  degrees  below  their 
points  of  congelation,  without  solidifying. 
Thus,  a  solution  of  sulphate  of  soda  satu- 
rated above  the  freezing  point,  in  a  flask,  may 
be  cooled  many  degrees  below  32° ;  but  on 
opening  the  flask,  or  by  agitation,  or  dropping 
in  a  minute  solid,  the  whole  mass  suddenly 
congeals,  and  the  temperature  rises  consider- 
ably. The  point  of  fusion  is  always  constant, 
that  of  congelation  more  variable,  and  hence 
the  former  is  referred  to  as  the  standard.  By 
solutions  of  salts  in  water,  the  freezing  point 
of  the  latter  is  considerably  diminished,  even 
when  the  liquid  is  agitated;  and  the  diminu- 
tion seems  to  be  in  proportion  to  the  quantity 
dissolved,  if  we  estimate  it  by  the  point  of 
fusion.  In  the  following  table,  column  1  is 
the  quantity  of  the  salt  dissolved  in  1000  pts. 
of  water;  2,  the  maximum  of  cold  below  32°, 
at  which  congelation  takes  place  during  stir- 
ring in  a  copper  vessel,  surrounded  by  a  freez- 
ing mixture;  3,  the  temperature  at  the  com- 
mencement of  congelation,  or  the  fusing  point. 
With  more  than  24-7  pts.  of  carbonate  of  soda, 
the  salt  crystallizes  instead  of  the  water. 
Despretz. 
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FUSTET 

Dry 

carb.  Potassa. 

Dry  carb. 

of  Hada. 

1. 

2. 

3. 

2. 

3. 

6-173 

3-22° 

0-36° 

2-18° 

0-43° 

12-346 

4-12° 

0-67° 

2-75° 

0-83° 

24-692 

4-34° 

1-37° 

2-59° 

1-71° 

37-039 

4-91° 

2-09° 

— 

— 

74-078 

5-87° 

2-27° 

— 

— 

148-156 

9-09° 

3-25° 

— 

— 

Chloride  of  Sodium. 

Chloride  oj 

Calcium 

6-173 

0-75° 

0-65° 

2-48° 

0-41° 

12-346 

2-16° 

1-28° 

— 

0-95° 

24-692 

4-05° 

2-54° 

2-02° 

1-85° 

37-039 

4-98° 

3-81° 

7-06° 

2-90° 

74.078 

9-63° 

7-81° 

10-06° 

6-41° 

148-156 

15-89° 

16-56° 

17-98° 

16-04° 

It  is  ia  consequence  of  the  fact  just  noted, 
that  sea-water  requires  a  lower  temperature 
for  freezing  than  fresh  water. 

Most  bodies  contract  in  passing  from  the 
liquid  into  the  solid  state,  so  that  the  solid 
sinks  in  its  own  liquid.  Water  is  the  most 
striking  exception  to  this  law,  for  ice  is  notably 
lighter  than  water.  (See  Water.)  Bismuth 
and  cast  iron  are  also  exceptions,  and  probably 
silver  and  copper.  Some  alloys  must  also  be 
excepted.  See  Allots. 
FUSTET.  See  Sumac-h. 
FUSTIC,  Old  and  new.  Both  used  as  dye- 
stuffs.  The  former  is  from  the  Moms  tinctoria, 
the  latter  from  the  Venetian  sumac  (Rhus 
cotinus).  The  latter  contains,  besides  an 
astringent  and  other  unimportant  constituents, 
the  coloring  matters,  yellow,  red,  and  brown. 

The  coloring  principle  of  fustic  (fustin)  is 
obtained  by  precipitating  the  tannin  with 
gelatin,  from  its  decoction,  evaporating  the 
liquid  nearly  to  dryness,  and  treating  the 
residue  with  ether.  The  ethereal  extract 
being  then  evaporated  and  diluted  with  water, 
is  precipitated  by  hydrated  oxide  of  lead,  and 
the  yellow  lake  thus  formed  decomposed  by 
sulphuretted  hydrogen.  The  liquid  thus  pro- 
cured, decanted  from  its  sediment,  deposits 
colorless  crystals  of  fustin.     Preisser. 

Fustin  is  soluble  in  water,  ether  and  alcohol. 
Its  taste  is  slightly  bitter,  and  its  solutions 
when  in  contact  with  air  become  colored,  at 
the  edge  of  the  vessels.  Sulphuric  acid,  in 
dissolving  it,  imparts  a  bright  yellow  tint. 
Persulphate  of  iron  transforms  it  into  a  dark 
olive-green.  Potassa,  soda,  and  ammonia  give 
it  an  immediate  red  color,  of  much  beauty. 
Preisser. 

Fustin  is  strongly  analogous  to  Rhamnin, 
but  differs  in  its  great  tendency  to  absorb 
oxygen,  and  become  changed  into  Fusieiv, 
which  is  an  orange-colored  varnish,  very  solu- 
ble in  water  and  potassa  solutions.  Its  aque- 
ous solution  becomes  purple.  Sulphuric  acid 
dissolves  it  with  a  deep-red  tint.  On  cotton, 
mordanted  with  alum,  it  gives  an  orange  color. 
Morin,  the  coloring  principle  of  the  Morns 
tindoria,  is  subdivided  into  yellow  and  white 
morin.  They  both  dye  alumed  stuffs  yellow, 
and  both  sublime  in  crystals.  (Preisser.)  The 
aqueous  solution  of  the  yellow  becomes  green 
with  persulphate  of  iron,  whilst  that  of  the 
white  turns  chestnut  red.  Exposure  to  air  im- 
parts a  reddish  tint  to  each. 
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GAHNITE. 

These  two  are  doubtless  modifications  of 
one  and  the  same  principle,  and  so  shall  be 
designated  together  as  morin.  The  mineral 
acids,  in  dissolving  morin,  impart  a  fellow 
color.  Alkalies  and  contact  with  the  air,  in- 
duce a  beautiful  orange  shade.  It  is  soluble 
in  water,  and  by  absorption  of  oxygen  or  by 
boiling,  the  solution  changes  to  yellow,  and 
yellow  morin  or  morein  is  formed.  The  chro- 
mate  of  potassa  produces  the  same  effect  in  a 
shorter  time. 

Morein  is  volatile,  and  crystallizes  in  yellow 
laminae.  It  is  very  soluble  in  alcohol,  ether, 
but  much  less  so  in  hot,  scarcely  so  in  cold 
water. 

Its  color  is  not  permanent,  as  its  tint  is 
darkened  by  the  action  of  alkalies,  acids,  and 
exposure;  and  hence,  perhaps,  the  origin  of 
the  two  coloring  matters  in  yellow  wood. 


G. 


GABRO.  Geol.  A  rock  composed  of  La- 
bradorite  and  Diallage. 

GADOLINITE.  Min.  Cryst.  Oblique  rhrmv 
bic,  with  indistinct  cleavage;  massive,  im- 
palpable. H.  =6-5  —  7,  G.  =  4-18  —  4-35. 
Black;  vitreous,  subresinous;  subtranslucent, 
opake;  conchoidal  and  splintery  fracture; 
streak  greenish  gray. 

Chem.  Pel.  The  glassy,  vitreous  variety, 
when  highly  heated,  becomes  incandescent, 
does  not  fuse,  and  becomes  black  on  thin 
edges.  The  variety  with  splintery  fracture 
gives  off  water  in  a  closed  tube,  and  swells 
into  cauliflower  ramifications.  It  dissolves 
readily  in  borax,  showing  iron;  slightly  in 
mic.  salt.  Gadolinite  from  Kararfvet,  gives 
off  water,  fuses  without  swelling;  it  is  dis- 
solved both  by  borax  and  mic.  salt.  The  two 
former  appear  to  be  £  silicate  of  yttria,  with 
I-  silicates  of  protoxides  of  iron  and  cerium, 
and  contains,  besides  silica,  yttria,  terbia,  glu- 
cina,  oxides  of  cerium,  lanthanum,  erbium 
and  iron.  G.  from  Kirarfvet,  is  mainly  j 
silicate  of  yttria,  with  oxides  of  calcium,  glu- 
cinum,  cerium,  iron,  manganese  Omitting 
these  last,  its  formula  is  3  YO,  Si03,  and  pro- 
bably the  general  formula  for  gadolinite  is 
3  RO,  Si03.  It  is  allied  to  Orthite,  Tschew- 
kinite,  Allanite  and  Cerine. 

Local.  Finbo,  Broddbo,  Kiirarfvet,  Ytterby 
in  Sweden;  Hitteron,  Norway ;  Disco,  Green- 
land;  Ceylon. 

GADNIN.  See  Codfish  Oil. 
GAHNITE.  Mm.  Syn.  Automolite.  Cryst. 
Regular,  the  8-hedron  and  3x8-hedron;  some- 
times compounded  parallel  to  an  8-hedral  face. 
PI.  IX.  fig.  52.  Cleavage  8-hedral,  perfect. 
H.  =  7-5  —  8,  G.  =  4-26.  Dark-green  or  black ; 
vitreous,  subresinous,  rather  dull;  subtranslu- 
cent,  opake;  streak  white. 

Chem.  Pel.  Unchangeable  by  heat ;  scarcely 
soluble  in  borax  and  mic.  salt;  in  fine  powder 
gives  zinc  fumes  with  soda,  at  a  reducing 
heat;  not  decomposed  with  acids,  and  with 
great  difficulty  by  alkali;  the  best  decomposer 
is  bisulphate'of  potassa.  Form.  (ZnO,  MgO, 
FeO)  Al203,  or  RO,  R^Oj,  corresponding  with 
magnetic  iron,  chromic  iron,  franklinite,  &c 
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Local.  The  mines  of  Nafversberg  and  Eric 
Matts,  near  Fahlun,  Sweden,  associated  with 
galena,  blende,  garnet,  gadolinite,  &c. ;  Had- 
dam,  Connecticut,  with  chrysoberyl,  beryl, 
garnet  and  columbite. 

GALAM  BUTTER.  A  reddish  white  fatty 
matter,  existing  in  the  fruit  of  the  Phulwana 
tree  (llassia  butyrarea).  In  taste  and  odor  it  is 
similar  to  coco  butter,  and  is  probably  analo- 
gous in  composition.  It  melts  at  72°,  is  in- 
soluble in  water  and  alcohol,  and  rancidities 
on  exposure  to  air. 

GALANGA.  The  root  of  the  Alpinia  Ga- 
langa.  By  repeated  treatment  with  ether,  and 
spontaneous  evaporation,  yields  a  crystalline 
substance.  It  is  soluble  in  ether,  less  so  in 
alcohol,  and  scarcely  in  water. 

The  volatile  oil  has  the  formula  C,0H9O. 
(Vogd.)  It  is  yellowish,  lighter  than  water, 
soluble  in  ether  and  alcohol,  and  on  exposure 
to  air  loses  its  odor,  and  thickens. 

GALBANUM.  A  resinous  gum  yielded  by 
the  Ferula  Galbanifcra  (?)  and  Galbanum  offici- 
nale. It  comes  in  tears  and  lumps,  from  Persia 
and  the  Levant:  that  from  the  first-named 
source  being  frequently  mixed  with  Sagupenum. 

Its  composition  is — 

Pelleiier.  Meissner. 

Resin 66-86         65-8 

Gum 19-28         22-6 

Bassorin  —  1-8 

Volatile  oil  and  water 6-34  5-4 

Bitter  matter,  with  malic  acid,  traces.         0-2 
Wood,  water,  and  loss 7-52  4-2 

Volatile  Oil.  Obtained  limpid  and  colorless, 
by  distilling  the  gum  with  water.  Spec.  grav. 
0-912.  Soluble  in  alcohol,  ether,  and  the  fixed 
oils. 

Resin.  Yellowish  brown,  transparent  and 
tasteless.  Ether  and  alcohol  dissolve  it,  but 
oil  of  terpentine  scarcely  effects  it,  even  by 
heat.  According  to  Johnson,  its  formula  is 
C40H27O9;  and  Pelletier  says  that  when  heated 
up  to  248°  or  266°,  it  yields  an  indigo-blue  oil. 

GALENA.  Mux.  Syn.  Hexahedral  Lead- 
glance,  M.,  Sulphuret  of  lead,  Blue  lead,  Blue 
mineral.  Ger.  Bleiglauz,  Blau-Bleierz,  Bleis- 
chweif. 

Descrip.  Cryst.  Regular;  generally  the  cube, 
sometimes  combined  with  the  8-hedron  and 
12-hedron:  the  8-hedron  is  rarely  alone.  All 
the  holohedral  forms  have  been  "observed,  PI. 
VIII.  figs.  1—11,  except  the  6x8-hedron,  figs. 
7  and  7,  a.  It  is  sometimes  compounded  like 
PI.  IX.  fig.  52.  Cleavage  cubical.  It  also  oc- 
curs in  imitative  forms,  massive,  granular  and 
fibrous.  H.  =  2-5  — 2-75,  G.  =  7-532  —  7-652. 
Color  and  streak  lead-gray;  metallic,  usually 
splendent;  readily  frangible;  its  easy  cleavage 
almost  conceals  its  fracture. 

Chem.  Rel.  It  fuses  readily,  giving  off  sul- 
phur at  a  low  heat,  leaving  a  globule  of  lead; 
by  a  higher  heat  it  gives  off  lead-smoke;  in  a 
tube  it  gives  off  sulphur  and  white  sulphate 
of  lead,  which  may  be  fused.  An  odor  of 
arsenic  or  selenium,  or  white  fumes  of  anti- 
mony may  be  sometimes  obtained.  The  but- 
ton of  metallic  lead  may  be  cupelled  for  silver. 
and  the  stain  left  on  the  cupel  may  indicate 
the  associated  metals.     See  Cupellation. 


It  is  essentially  sulphuret  of  lead,  PbS;  but 
it  frequently  contains  antimony,  sometimes 
recognised  by  its  feathery  surface,  or  silver, 
which  cannot  easily  be  recognised,  unless  pre- 
sent in  quantity.  The  latter  is  termed  Argen- 
tiferous Galena.  A.  A.  Hayes  found  a  galena 
from  the  Lubec  lead  mines  of  Maine,  to  be  a 
mixture  or  compound  of  sulphurets  of  lead 
and  bismuth.  See  Metallurgic  treatment  of 
ores  of  Lead. 

Local.  It  occurs  extensively  disseminated 
in  primary  and  secondary  rocks,  most  abund- 
antly in  limestone.  There  are  numerous  lo- 
calities in  Europe  where  it  is  worked  both  for 
lead  and  silver.  The  mines  in  Spain  are 
probably  most  productive.  Those  of  Derby- 
shire, &c,  England,  yield  very  large  quantities. 
It  is  also  worked  on  the  Hartz,  near  Freiberg, 
<fec.  Germany;  at  Przibram,  Bohemia;  in 
Carinthia,  &c.  &c.  In  the  U.  S.,  the  most  re- 
markable lead  region  (and  probably  the  great- 
est in  the  world),  where  the  ore  is  disseminated 
in  beds  of  greater  or  less  extent,  is  in  Wis- 
consin, Iowa,  Illinois,  Missouri,  and  Kentucky. 
The  three  former  may  be  regarded  as  a  distinct 
region  of  90  miles  from  E.  to  W.,  and  60  miles 
from  N.  to  S.  Another  district  is  in  Missouri, 
to  the  S.  of  the  Missouri  river,  about  80  miles 
N.  and  S.  and  50  miles  E.  and  W.  The  lower 
part  of  Illinois  and  part  of  Kentucky  appears 
to  be  a  third  district.  The  1st  district  is  re- 
markable for  the  purity  of  its  lead,  and  for 
enormous  crystals  of  galena;  there  is  also 
found  calamine  in  quantity,  and  pyntous  cop- 
per. The  2d  gives  often  a  less  pure  lead,  is 
largely  associated  with  very  pure  barytes  ;  and 
one  tract,  Mine  a  la  Motte,  is  the  most  interest- 
ing metallic  region  in  the  U.  S. :  a  very  large 
amount  of  native  white  lead  is  found  there, 
massive,  sometimes  crystallized;  the  ore  is 
associated  with  pyritous  copper,  cobalt,  nickel, 
manganese  and  iron,  together  with  their  oxides, 
in  sufficient  quantities  for  exploration;  a  few 
miles  distant  is  the  well-known  iron  mountain, 
In  the  3d  district,  much  of  the  galena  contains 
sulphuret  of  antimony.  Although  extensively 
explored,  this  immense  metallic  region  of  the 
Mississippi  valley  remains  to  be  fully  de- 
veloped. The  best  argentiferous  vein  yet 
opened  in  the  U.  S.,  is  probably  that  in  Da- 
vidson Co.,  N.  Carolina.  See  further,  under 
Lead. 

GALL.     See  Bile  and  Glass. 

GALLIC  ACID.  Exists  in  galls  and  other 
vegetable  matters  containing  Tannin,  by  the 
oxidation  of  which  substances  it  is  generated. 

Prep.  It  can  be  obtained  by  mere  exposure 
to  the  air,  of  a  solution  of  nut-galls,  at  a  tem- 
perature of  75°  to  85°.  After  several  months, 
the  mass  being  expressed,  the  residue  upon 
treatment  with  boiling  water  yields  crystals 
of  gallic  acid.  The  change  this  produced  is, 
that  1  eq.  tannin,  C18H8012,  by  absorption  of 
oxygen,  is  resolved  into  hydrated  gallic  acid, 
carbonic  acid  and  water.  Kent  proposes  to 
extract  gallic  acid  from  ink  by  ether,  wherein 
it  exists  free  and  uncombined.  His  process 
has  been  repeated  with  success.  Am.  Jour. 
Sci.,  Jan.  1844. 

Prop.  The  pure  hydrated  acid  crystallizes 
in    coiorless    confused    prisms    or    delicate 
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needles,  which  are  soluble  in  100  pts.  of  cold, 
and  3  pts.  boiling  water.  Alcohol  dissolves  it 
readily,  ether  less  easily.  It  behaves  to  the 
salts  of  iron  like  tannin,  but  gives  no  precipi- 
tate with  gelatin.  The  two  in  solution  can  be 
separated  by  the  presence  of  a  piece  of  old, 
untanned  hide,  which  abstracts  the  tannin  and 
leaves  the  gallic  acid  unacted  upon.  At  212° 
it  loses  9-25  pr.  ct.  of  water. 

Free  from  air,  solutions  of  gallic  acid  re- 
main unchanged;  but  the  access  of  oxygen 
eliminates  carbonic  acid,  and  causes  the  for- 
mation of  a  strongly  colored  product,  supposed 
to  be  the  japonic  acid.  The  same  result  is 
produced  by  the  action  of  the  mineral  acids  or 
the  alkalies.  Solution  of  gallic  acid  is  decom- 
posed by  chlorine.  The  perchloride  of  gold 
and  nitrate  of  silver  are  reduced  to  a  metallic 
state  by  its  action.  To  the  salts  of  peroxide  of 
iron  it  imparts  a  deep-blue  tint,  in  the  cold,  but 
by  heating  the  mixture  decolorization  follows, 
carbonic  acid  is  disengaged,  and  the  peroxide 
salt  reduced  to  protoxide.  By  precipitation 
from  its  cold  solution  in  hot  sulphuric  acid, 
crystallized  gallic  acid  (C7H03  +  3  HO)  loses 
1  eq.  of  water  of  crystallization,  and  1  of  ba- 
sic water,  and  becomes  C7H204.  In  this  state 
it  is  a  reddish  brown  crystalline  powder,  in- 
soluble in  water  but  soluble  in  the  alkalies, 
from  which  solutions,  on  exposure,  it  deposits 
in  very  soluble  colored  crystals.  Its  beautiful 
color  and  property  of  shading  mordanted  cot- 
ton like  madder,  renders  it  a  probable  substi- 
tute for  that  substance. 

Subjected  to  distillation  at  450°  to  460°,  hy- 
drated  gallic  acid  is  transformed  into  pyro- 
gallic  acid,  which  passes  over  into  the  receiver 
and.  metagallic,  which  remains  as  the  residue. 
The  formation  of  the  pyrogallic  may  be  thus 
represented:  2  eq.  monohydrated  gallic  acid 
lose  2  eq.  carbonic  acid  and  2  eq.  water.  Cu 
H,0„—  (2  C02+  2  HO)  =  C12H606.  Gallic 
acid  is  bibasic,  and  forms  with  the  alkalies 
salts  which  are  soluble,  and  with  the  earths 
and  metallic  oxides  those  that  are  insoluble  in 
water. 

Of  the  gallates  little  is  known,  except  their 
remarkable  tendency  to  absorb  oxygen  when 
in  contact  with  an  excess  of  alkali,  and  they 
become  decomposed.  The  acid  gallate  of  am- 
monia is  C7H03,  NH40  +  C7H03,  2  HO.  The 
lead  salt  has  the  same  composition  and  the 
bibasic  gallate  of  that  metal,  C7H03,  2  PbO. 

Pyrogallic  Acid.  Form.  C,2H606.  (Baudri- 
mont.)  It  does  not  form  an  hydrate.  (Sten- 
house.)  Is  volatile  at  410°,  and  when  sublimed 
forms  shining  scales  which  are  bitter  and  fuse 
at  240°.  It  gives  a  deep-blue  color,  but  no 
precipitate  with  solutions  of  protosulphate  of 
iron;  but  if  there  is  any  persalt  present,  the 
shade  soon  changes  to  a  dark  green,  otherwise 
it  will  retain  its  blue  tint  for  a  length  of  time. 
Dropped  into  milk  of  lime,  a  reddish  purple 
color  ensues,  speedily  changing  into  a  black- 
brown,  and  by  these  reactions  it  is  best  de- 
tected, as  they  discover  its  presence  even  in 
minute  quantity. 

Water  dissolves  it,  alcohol  less  readily;  and 

its  solution  in  the  latter  resembles  laudanum 

in  taste.     It  reduces  the  oxides  of  gold,  silver 

and  platinum  to  the  metallic  stale,  and  pre- 
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cipitates  them  completely  from  their  solutions. 
(Stenhouse.)     With  the  alkaline  bases  it  l 
soluble  salts.     The  greater  part  of  the  pwo- 
gallates  of  other  bases  are  insoluble.    That 
of  lead  contains  PbO,  C,2HgOg. 

Metagallic  Acid.  Syn.  Melangallic  acid. 
Formed  from  the  pyrogallic  acid,  by  the  lost 
of  3  eq.  water.  As  found  in  the  retort  it  is  a 
lustrous,  coal-black  resin;  but  when  dissolved 
in  the  alkalies  and  precipitated  by  an  acid,  it 
is  a  black  powder,  insoluble  in  water,  alcohol 
and  ether.  Its  combinations  with  the  alkalies 
are  of  a  deep  black  color,  and  according  to 
Pelouze  the  composition  of  the  metagallate  of 
silver  is  AgO,  C,2H303. 

Ellagic  acid,  which  see  under  Galls,  is 
a  product  of  the  slow  fermentation  of  gal- 
lic and  formic  acids.  The  Paraellagic  re- 
sults when  gallic  acid  is  heated  to  280°, 
with  oil  of  vitriol.  It  drops  from  the  cool- 
ing solution  in  bright  scarlet  crystals.  This 
body  forms  red  salts  with  bases,  and  is  iso- 
meric with  ellagic  acid;  but  this  latter  acid 
yields  no  paraellagic  acid,  when  acted  on  by 
sulphuric  acid. 

GALLS.  Carbuncular  excrescences  ob- 
tained from  the  Qucrcus  infertoria,  and  due  to 
an  irritation  or  disease  caused  by  the  perfora- 
tions of  an  insect  into  the  bark  of  the  tree. 
The  black  or  blue,  white  and  green  galls  desig- 
nate the  different  varieties.  The  first  named 
are  most  generally  found  in  commerce. 
Guibourt's  analysis  of  gall-nuts  gave 
Water  11-5,  Woody  fibre  10-5,  Tannin  65, 
Gallic  aoid  2,  Ellagic  and  luteo-gallic  acids 
2,  Brown  extractive  2-5,  Gum  2-5,  Starch  2, 
Chlorophyll  and  volatile  oil  0-7,  Sugar  1-3, 
Albumen  and  salts. 

Solution  of  Nut  galls.  This  is  a  valuable  re- 
agent for  detecting  the  alkaloids  and  certain 
metallic  salts,  with  the  first  of  which  it  pro- 
duces white,  and  with  most  of  the  latter  colored 
precipitates.  Its  property  of  precipitating 
gelatin  is  lost  after  exposure  to  air.  The 
characteristic  behavior  of  a  fresh  decoction 
of  galls,  see  under  Tannin. 

Ellagic  Acid.  Exists  also  in  the  Tormcntilla 
vulgaris.  Is  formed  and  found  mixed  with 
gallic  acid,  by  long  exposure  of  a  solution  of 
galls  to  the  atmosphere,  at  68°.  Being  in- 
soluble in  water  it  is  left  behind,  when  the 
gallic  acid  is  acted  upon  by  that  agent.  It  is 
insoluble  also  in  alcohol  and  ether,  but  is  taken 
up  by  the  alkalies,  and  reprecipitated  again  by 
the  acids.  By  sublimation  it  forms  minute 
needleform  crystals.  Pelouze's  formula  is 
C  H204,  which  makes  it  isomeric  with  mono- 
hydrated gallic  acid;  but  the  later  and  more 
accurate  researches  of  Wuhler  and  Taylor 
show  it  to  be  HO+  Ct4H207,  and  identical 
with  Bezoaric  acid. 

Luteo-gallic  Acid.  The  yellow  coloring  prin- 
ciple of  the  gallnuts  may  be  separated  irom 
the  ellagic  acid  by  dissolving  the  two  in  po- 
tassa,  and  exposing  the  solution  to  the  atmo- 
sphere. Proportional  to  the  absorption  ol 
carbonic  acid  from  the  air,  the  ellagate  ot 
potassa  precipitates,  while  the  luteo-gallate 
of  potassa  remains  in  solution. 

Wohler  (Ann.  der  Phar.,  1845)  supposes  the 
formation  of  Bezoaric  acid  to  take  place  from 
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an  exposed  solution  of  alkaline  gallate  with 
excess  of  alkali,  and  attributes  its  not  being 
observed  to  the  speedy  change  which  the  ac- 
tion of  the  air  produces.  It  should  be  remarked, 
however,  that  a  concentrated  solution  of  be- 
zoaric  in  potassa,  when  left  open,  presents  the 
same  blood-red  color  as  a  solution  of  gallic 
acid  in  potassa.  Merklein  and  Wohler  both 
attribute  the  formation  of  bezoars  to  the  trans- 
mutation of  the  tannic  acid  of  the  vegetable 
food  of  those  animals  in  which  they  are  found 
into  bezoaric  acid,  the  digestive  process  ceas- 
ing its  action  after  this  conversion. 

Nutgalls  are  extensively  used  in  Dyeing, 
especially  as  a  preparatory  step  to  enable  fibre 
to  take  up  a  larger  amount  of  mordant.  They 
are  also  employed  in  black  dyes,  and  largely 
in  the  manufacture  of  Ixk. 

GALL-STONES.      See    Biliary    Concre- 
tions. 
GALLITZINITE.     See  Rutile. 
GALVANISM.     See  Electricity. 
GAMBOGE.     Fr.  Gomme-gutte.     The  yel- 
low resinous  gum  obtained  from  the  Gambogia 
gutta,  G.  Manaslogana.    and    Stalagmites    Gam- 
boiges.    Buchner's  analyses  of  two  kinds  gave 
Singapore.      Ceylon. 

Fat  acid 79-794         78-841 

Coloring  matter 0-573  4-030 

Gum 19-519         12-595 

Sediment  (impurities).     0-114  4-534 

Absolute  ether  dissolves  out  the  fat,  Gambo- 
lic  acid,  which  is  an  inodorous,  tasteless,  trans- 
parent, red  resin,  extremely  soluble  in  water, 
but  difficultly  so  in  alcohol,  and  not  at  all  in 
water.  With  the  alkaline  earths  and  metals  it 
forms  insoluble  combinations.  With  protoxide 
of  tin  it  gives  a  bright  yellow,  with  protoxide 
of  iron,  a  brown,  and  with  oxide  of  copper,  a 
green  color.  It  dissolves  in  potassa  and  sul- 
phuric acid.  Water  precipitates  it  from  its 
partial  solution  in  nitric  acid,  in  a  modified 
form.  Buchner's  formula  is  CfiftH„.0.„  and 
that  of  Johnston,  C40H2JOv 
The  lead  compound  =  5  PbO  -f  2  Gamb.  acid. 
"  silver  "  =  AgO-f  Gamb.ac. 
"     baryta      "  =  3BaO+  4  Gamb.  ac. 

The  residual  matter,  after  the  extraction  of  the 
fat  acid,  resin,  and  ether,  when  boiled  with  ab- 
solute alcohol,  gives  a  reddish  brown  viscid 
extract,  soluble  in  water;  this  property  distin- 
guishes it  from  the  acid  resin,  and  its  solubility 
in  alcohol  from  the  gum.  The  gummy  residue 
remaining  after  the  action  of  the  alcohol  con- 
sists of  C6H503,  and  hence  has  the  elementary 
composition  of  starch,  or  anhydrous  sugar. 
(JBuchner?) 

Gamboge  is  employed  in  medicine,  and  as 
a  water  pigment  of  a  golden  color. 

GANGUE.  Veinstone.  Ger.  Gangart.  The 
less  valuable  or  worthless  mineral  body  in 
which  a  valuable  mineral  is  enclosed,  or  with 
which  it  is  associated.  The  usual  gangues 
are  quartz,  limestone,  feldspar,  fluor  spar,  ba- 
rytes  and  gypsum,  slate  and  sandstone.  Valu- 
able mineral  substances  are  rarely  found  alone, 
excepting  iron  ores,  coal,  limestone,  and  salt; 
and  they  are  taken  up  from  their  veins  or  beds 
with  as  little  of  the  gangue  as  practicable. 
They  are  then  separated  from  the  gangue  by 


hand-picking,  and  the  metallic  ores  generally 
by  stamping  and  washing,  by  which  most  of 
the  gangue  is  removed. 

GANOMATITE.     See  Chenocoprolite. 

GARANCIN.     See  Madder. 

GARLIC.  The  bulb  or  cloves  of  the  Allium 
sativum.  Its  constituents  are,  acrid  volatile  oil, 
extractive,  gum,  fibre,  albumen,  water,  sulphur, 
starch,  saccharine  matter,  and  fixed  salts. 

Oil  of  Garlic.  Prepared  by  distilling  the 
bruised  cloves  with  water,  and  rectifying  the 
product  which  passes  over  by  redistillation 
with  water.  The  pure  oil  is  pale-yellow,  and 
consists  of  C6H.S.  It  decomposes  near  300°, 
at  which  point  it  boils.  In  rectifying,  the  salt- 
bath  should  be  used,  and  the  temperature  kept 
within  284°.  Alcohol  and  ether  dissolve  it 
readily,  but  in  water  it  is  scarcely  soluble. 
Dilute  acids  produce  no  change.  With  potas- 
sium it  forms  a  sulphuret;  and  according  to 
Wertheim,  the  oil  is  a  sulphuret  of  a  new 
organic  radical,  which  he  calls  Mlyl  =  C3H5. 

The  intimate  analogy  between  this  oil  and 
that  of  mustard,  has  led  to  investigations  which 
show  that  they  are  different  compounds  of  one 
and  the  same  radical,  the  latter  being  a  sulpho- 
cyanic  compound  with  ally].  These  facts  are 
further  verified  by  the  conversion  of  oil  of 
mustard  into  that  of  garlic,  merely  by  the  ab- 
straction of  a  part  of  its  cyanogen  and  sulphur 
by  the  action  of  potassium.  For  an  elaborate 
paper  upon  the  subject,  see  Ann.  der  Pharm. 
und  Chem.  for  1845.  There  is  also  an  oxide 
whose  formula  is  probably  C5H60.  It  com- 
bines with  nitrate  of  silver.  The  sulphuret 
forms  a  double  compound  with  the  chlorides 
of  platinum,  mercury,  gold,  and  palladium,  and 
with  the  sulphuret  of  palladium. 

GARNET.  Min.  Syn.  Dodecahedral  Gar- 
net, M.  Melanite,  Grossularite,  Topazolite, 
Almandine,  Aplome,  Essonite  or  Cinnamon- 
stone,  Greenlandite,  Pyrenaite,  Colophonite, 
Allochroite,  Romanzovite,  Polyadelphite,  Uwa- 
rowite.  Ger.  Granat,  Braunsteinkeisel,  Kaneel- 
stein.     Fr.  Grenat. 

Cryst.  Regular.  PI.  VIII.  Fig.  2  is  the  most 
common  form;  Fig.  4  is  frequent;  and  the 
combinations  of  Figs.  2  and  4,  as  in  Fig.  5. 
Other  forms  are  the  4  x  6-hedron,  Fig.  10, 
and  the  6  x  8-hedron,  Fig.  7,  but  generally  in 
combination  with  the  preceding,  as  in  Fig.  7  a, 
which  comprises  the  12,  24  and  48-hedra. 
Cleavage  imperfectly  dodecahedral.  It  occurs 
also  in  curved  lamellar  masses,  granular.  H.= 
6-5—7-5.  G.  =  3-5 — 4-3.  Brown,  red,  yellow, 
green,  white,  black;  streak  white,  yellowish 
white;  lustre  vitreous,  resinous;  subtranslu- 
cent,  transparent;  fracture  subconchoidal,  un- 
even. No  mineral  species  presents  a  greater 
variety  of  external  characters  than  garnet,  in 
consequence  of  the  replacement  of  isomorph- 
ous  bases.  The  prevailing  color  is  brownish 
red.  Precious  garnet  is  of  a  rich  wine-red 
color,  and  often  transparent;  Cinnamon-stone 
has  a  yellowish  color  and  high  lustre ;  Manga- 
nesian  garnet  has  a  dark  brownish-red  color; 
Polyadelphite  is  brownish  yellow;  Topazolite 
forms  small  yellow  crystals;  Grossularite  oc- 
curs in  green  24-hedra,  PL  VIII.  Fig.  4,  and 
Uwarowite  in  green  12-hedra;  Melanite  is  vel- 
vety black,  passing  at  times  into  dark  green  ■ 
3K  661 


GAS. 


GAS. 


Pyrenaite  is  black  or  grayish  black ;  Allochro- 
ite  is  dark,  fine-grained,  massive ;  Aplome  is 
striated  parallel  to  the  shorter  diagonal  of  the 
I2-hedral  face;  Colophonite  is  coarse  granu- 
lar, rarely  well-crystallized,  has  a  resinous 
lustre  and  an  iridescent  surface.  Pyrope,  see 
the  close  of  this  article. 

Chem.  Rel.  The  different  varieties  fuse  with 
facility  and  quietly  to  a  glass,  which  is  black 
or  gray,  if  rich  in  iron,  or  brownish  or  yellow- 
ish, if  containing  little  iron  ;  they  dissolve  rea- 
dily ill  borax,  giving  the  reaction  of  iron  or 
manganese.  They  are  generally  decomposed 
with  difficulty  by  muriatic  acid,  unless  pre- 
viously ignited,  and  some  varieties  even  then 
imperfectly.  They  are  all  £  silicates  of  protox- 
ides, RO,  and  of  sesquioxides,  R203,  and  there- 
fore their  general  formula  is  3  RO,  Si03  -f- 
R203,  Si03.  The  bases  RO  are  lime,  magnesia, 
protoxides  of  iron,  and  manganese ;  the  bases 
R203  are  alumina,  sesquioxides  of  iron,  man- 
ganese, and  chrome. 

Although  each  variety  contains  more  than 
two  bases,  yet  they  may  be  conveniently  sub- 
divided into  six  groups,  of  which  the  first  four 
contain  chiefly  silicate  of  alumina,  the  fifth  that 
of  sesquioxide  of  iron,  and  the  sixth  sesqui- 
oxide  of  chrome. 

1.  Lime  Garnet.  Form.  3  CaO,  Si03  + 
A1203,  Si03.  Includes  white  garnet,  grossular- 
ite,  cinnamon-stone,  brownish  and  reddish 
yellow  garnet,  and  romanzovite. 

2.  Magnesia  Garnet.  Form.  3  MgO,  Si03 
-f  A1203,  Si03.    A  black  garnet  from  Arendal. 

3.  Iron  Garnet.  Form.  3  FeO,  Si03  -f 
A1203.  Si03.  Includes  precious  garnet,  brown, 
reddish  brown,  and  almandine. 

4.  Manganese  Garnet.  Form.  3  MnO,  Si03 
+  A1203,  SiOs. 

5.  Lime  and  Iron  Garnet.  Form.  3  CaO, 
Si03  +  Fe203,  Si03.  Includes  green,  brown, 
blackish  brown,  and  melanite.     Ram. 

6.  Chrome  Garnet.  Form.  3  CaO,  Si03  + 
Cr203,  Si03.  It  is  the  uwarowite  from  Bissersk, 
Russia. 

Pyrope.  It  is  blood-red,  translucent,  uncrys- 
tallized,  fusible  with  difficulty  to  a  black  glass, 
imparting  a  chrome-green  color  to  mic-salt.  It 
usually  contains  chrome,  but  it  is  uncertain 
whether  as  oxide  or  acid;  and  some  specimens 
have  been  found  without  chrome.  It  is  pro- 
bable that  Pyrope  is  a  distinct  species,  since 
the  formulas  calculated  from  its  analysis  do 
not  agree  with  the  above. 

Local.  The  localities  of  Garnet  are  very 
numerous,  in  nearly  all  primary  rocks. 

GAS.  Chem.  Van  Helmont  observed  that 
during  fermentation  an  air  was  evolved,  dif- 
ferent from  atmospheric  air,  which  he  called 
gas,  from  the  Dutch,  gischt,  signifying  foam. 
The  name  has  since  been  applied  to  all  highly 
elastic  fluids.  All  ponderable  bodies  are  either 
solid,  liquid,  or  gaseous.  Gases  are  elastic 
fluids,  whose  particles  move  freely  among 
each  other,  and  are  destitute  of  cohesion  ;  they 
may  be  expanded  by  heat  or  mechanical  force, 
and  compressed  into  a  smaller  bulk  by  cold  and 
mechanical  force;  they  are  all  transparent, 
and  mostly  colorless;  chlorine,  bromine,  &c. 
are  colored ;  they  are  capable  of  being  weighed, 
and  have  very  different  specific  gravities. 
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Origin.  A  few  gases  exist  in  nature,  as 
oxygen,  nitrogen,  carbonic  acid,  vapor  of  water, 
&c,  in  atmospheric  air.  They  are  gem 
obtained  by  the  action  of  heat  on  solids  or 
liquids;  thus  black  oxide  of  mangane 
saltpeter  will  give  off  oxygen  ;  camphor,  wain, 
and  alcohol  will  rise  in  vapor,  by  heat.  In  the 
former  case,  the  action  of  heat  must  be  greater 
than  the  chemical  attraction  of  oxygen  for  the 
remaining  body;  in  the  latter,  the  heat  must 
overcome  cohesive  attraction.  Gases  are  also 
obtained  by  employing  a  superior  affinity;  thus 
carbonic  acid  is  expelled  from  carbonate  of 
lime  by  sulphuric  or  muriatic  acid.  Some- 
times, however,  the  capability  of  an  elastic 
fluid  being  formed  by  the  mutual  action  of  two 
or  more  bodies,  apparently  causes  the  escape 
of  gas,  even  in  opposition  to  chemical  affinity. 
In  a  few  cases,  a  gas  is  formed  by  the  removal 
of  pressure  at  ordinary  temperatures. 

Division.  Gases  are  divided  conveniently 
into  permanent  or  fixed,  coercible,  and  vapor- 
ous gases.  The  first  have  never  been  con- 
densed into  liquids  or  solids  by  the  combined 
agency  of  —  300°  cold  and  several  hundred 
atmospheres  of  pressure ;  oxygen,  hydrogen, 
nitrogen.  Coercible  gases  are  condensable  into 
liquids  at  various  temperatures  and  pressures, 
from  50°  with  4  or  5  atmospheres,  to  50°  with 
50  to  60  atmospheres ;  sulphurous,  carbonic 
acids,  &c.  Vaporous  gases  are  formed  above 
common  atmospheric  temperatures,  from  bo- 
dies whose  boiling  points  are  above  77°.  The 
last  are  commonly  called  vapors,  but,  strictly 
speaking,  the  term  vapors  should  apply  to  them 
when  they  are  cooled  by  the  air  so  as  to  con- 
dense in  visible  particles  ;  for  in  the  true  gase- 
ous state  they  are  invisible,  if  colorless,  and  be- 
come visible  by  condensation,  as  steam.  For 
the  condensation  of  vapors,  see  Evaporation-, 
Distillation,  Vapor.  Faraday  showed  the 
condensation  of  many  gases  by  introducing 
the  solid  material,  from  which  the  gas  is  to  be 
produced  (as  carbonate  of  ammonia),  into  the 
longer  leg  of  a  glass  tube,  bent  at  an  oblique 
angle,  and  the  liquid  (as  sulphuric  acid)  into 
the  shorter  leg.  The  tube  was  then  sealed, 
and  the  liquid  let  down  upon  the  solid.  The 
shorter  leg  was  sometimes  cooled  artificially, 
or  the  longer  leg  warmed,  or  both  operations 
were  performed  simultaneously;  when  the 
condensed  gas  (as  carbonic  acid)  appeared  as 
a  liquid  in  the  shorter  leg. 

Relations  to  light.  All  gases  are  transparent, 
most  of  them  colorless;  iodine  is  violet;  sul- 
phur, bromine,  and  peroxide  of  nitrogen,  are 
reddish;  chlorine  is  yellowish.  By  sudden 
compression  they  emit  light.  The  following 
table  by  Dulong  exhibits  the  refractive  power 
of  some  gases,  air  =  1000. 

Hydrogen 470 

Oxygen 924 

Air 1000 

Nitrogen 1020 

Nitric  oxide 1030 

Carbonic  oxide 1 ! 57 

Ammonia 1309 

Marsh  gas I504 

Carbonic  acid lS2f> 

Muriatic  acid 1527 


GAS. 


GAS,  ILLUMINATING. 


Prussic  acid 1531 

Nitrous  oxide 1710 

Sulphohydric  acid 2187 

Alcohol 2220 

Sulphurous  acid 2260 

Olefiant  gas 2302 

Chlorine 2623 

Cyanogen 2832 

Muriatic  ether 3720 

Phosgen  gas  3936 

Sulphuret  of  carbon 5179 

Ether 5280 

Relations  to  heat.  Gases  contain  a  large 
amount  of  heat,  which  becomes  free  and  sen- 
sible by  compression  or  by  condensation  of 
vaporous  gas.  The  quantity  of  heat,  or  the 
repellant,  is  just  sufficient  to  counterbalance 
affinity,  or  the  attractant.  As  we  believe  com- 
pounds are  held  together  by  different  degrees 
of  attraction,  the  amounts  of  heat  ought  there- 
fore to  be  different.  The  same  weight  of  satu- 
rated vapor  always  contains  the  same  amount 
of  heat,  but  the  more  of  this  is  latent  in  pro- 
portion to  low  temperature  and  low  pressure, 
and  the  more  is  sensible  at  higher  tempera- 
tures and  greater  pressure.  Thus  in  steam, 
the  total  amount  of  heat  at  212°  is  from  988° 
to  1022°.  Assuming  it  at  1000°,  and  adding 
the  180°  between  212°  and  the  freezing  point, 
the  total  amount  at  32°  is  1180°. 

Vapor  at        Free  heat.        Co^jtned 

32°  32°  1180°  "^ 

.22°  122°  1090°  I      Total, 

212°  212°  1000°  f     1212° 

392°  392°  820°  J 

The  latent  heat  of  the  following  bodies  are 
the  quantities  they  contain  above  32° :  Alco- 
hol =  771°,  Ether  =  410°,  Spts.  terpentine 
623°. 

Permanent  gases  are  uniformly  expanded  by 
heat.  See  Expansion  for  a  formula  for  re- 
ducing the  volume  of  a  gas  at  one  temperature 
to  that  at  another  temperature.  The  coercible 
gases  vary  from  Manotte's  law,  and  expand 
unequally  the  nearer  they  approach  points  of 
liquefaction.  Thus,  while  the  increase  of  vo- 
lume by  expansion  of  the  permanent  gases  is 
for  every  180°,  0-3665,  it  is  0-369  between  32° 
and  212°  for  carbonic  acid,  whose  condensing 
point  is  —  150°,  and  0-3856  for  sulphurous  acid, 
which  liquifies  at  about  0°  to-}-  4°.  Contraction 
by  cooling  is  the  reverse  of  expansion  by  heat. 

Gases  have  different  specific  heats.  It  ap- 
pears that  the  permanent,  elementary  gases 
have  equal  specific  heats  under  equal  volume 
and  pressure.  The  following  table  by  De  la 
Roche  and  Berard  shows  the  spec,  heats  of 
some  gases  compared  with  an  equal  weight 
of  water  =  1000. 

Carbonic  acid 221-0 

Oxygen 236-1 

Nitrous  oxide 236-9 

Air  266-9 

Nitrogen 275-4 

Carbonic  oxide 288-4 

Olefiant  gas 420-7 

Steam 847-0 

Hydrogen 3293-6 


See  Heat. 

For  the  condensation  of  gases  in  solids  and 
liquids,  see  Absorption.  For  the  diffusive 
power  of  gases,  see  Diffusion,  and  for  their 
contained  moisture,  see  Hygrometer.  For 
the  analysis  of  mixed  gases,  see  "Analysis, 
and  for  testing  separate  gases,  see  their  beha- 
vior under  Oxygen,  Nitrogen,  carbonic  acid 
under  Carbon,  &c. 

To  collect  gases  for  research  or  lecture- 
illustration,  regard  must  be  had  to  their  pro- 
perties. Thus  ammonia,  muriatic  acid,  &c. 
cannot  be  collected  over  water,  because  they 
are  absorbed  by  it  in  some  quantity.  In  such 
cases  a  mercurial  bath  will  be  found  most 
convenient;  but  mercury  cannot  be  employed 
if  the  gas  combine  with  that  metal  in  the  cold. 
Chlorine  and  carbonic  acid,  by  reason  of  their 
specific  gravity,  may  be  collected  in  dry  ves- 
sels, by  passing  a  tube  from  the  gas-generator 
to  the  bottom  of  the  vessel.  But  if  chlorine  is 
to  be  soon  employed,  it  may  be  obtained  over 
water,  without  a  serious  loss  by  absorption. 
For  collecting  and  keeping  larger  quantities 
of  gas,  a  copper  gasometer  or  caoutchouc  bag 
may  be  conveniently  used.  Much  more  care 
is  requisite,  if  the  gas  be  designed  for  research, 
to  see  that  it  is  pure;  and  in  order  to  this  end, 
the  properties  of  the  gas  must  be  accurately 
studied,  in  order  to  form  a  plan  for  its  purifi- 
cation; nor  can  any  general  rules  on  this  head 
be  given.  If  the  gas  be  required  dry,  this  ob- 
ject is  effected  by  passing  it,  after  purification, 
through  a  tube  containing  fragments  of  fused 
chloride  of  calcium,  or  fragments  of  pumice  or 
porous  earthenware,  imbued  with  oil  of  vitriol, 
or  through  strong  oil  of  vitriol  in  a  flask,  or 
over  fragments  of  caustic  potassa.  In  the  last 
case,  both  water  and  acids  may  be  removed 
from  the  gas. 

GAS,  ILLUMINATING.  Tech.  The  light 
produced  by  the  combustion  of  the  vapor  issu- 
ing from  bituminous  coal  heated  in  a  retort, 
was  observed,  about  1680,  by  Mr.  Clayton,  of 
Yorkshire,  England.  It  was  observed  and  ex- 
perimented on,  a  century  after,  by  Drs.  Hales 
and  Watson.  Lebon  is  said  to  have  proposed 
illuminating  gas  from  the  destructive  distilla- 
tion of  wood,  in  1785,  and  in  1801  proposed  a 
method  of  obtaining  it  from  oily  bodies.  W. 
Murdoch  first  applied  coal-gas  for  illumination 
in  1792,  and  made  the  first  public  display  of  it 
in  1802.  Several  works  were  erected  in  the' 
few  following  years,  and  in  1823  there  were 
four  large  gas  companies  in  London,  the  first 
of  which,  begun  in  1 805,  distributed  gas  through 
122  miles  of  pipe.  At  present,  the  annual  con- 
sumption in  London  is  3000  million  cubic  feet, 
==  50,000  to  60,000  tons  of  gas  (100  cub.  ft.  = 
4  lb.,  or  1  cub.  ft.  =  280  grs.).  Since  that  pe- 
riod, most  of  the  cities  and  towns  in  England, 
and  many  cities  on  the  continent,  have  been 
lighted  with  gas.  Its  consumption  is  rapidly 
extending  in  the  United  States. 

Manufacture.  The  preparation  of  illuminat- 
ing gas  is  the  process  of  Destructive  Distil- 
lation on  a  large  scale,  chiefly  applied  to 
bituminous  coal.  Fats  and  rosin  are  employed 
to  some  extent.  The  products  of  the  distilla- 
tion of  coal  are  represented  in  the  following 
scheme.     (See  also  Coal.) 
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Products  of  the  Dkv  Distillation  of  Coal. 

"Residue  =  Coke,  consisting  of  carbon  and  earthy  matter. 
f  rResidue  =  Pitch. 

Tar  rNaphthalin,  paranaphthalin,  ben- 

Yields  by  redistilla- J  zin,  leukolin,  kyanolin  (anilin), 


Liquids<( 


Volatile  , 
matter"^ 


Gases  .< 


tion "S  Coal  naphtha<       pyrrole,  carbolic  acid  (phenyl- 

hydrate),  rosolic    and  brunolic 
^  (^     acids,  &c. 

r  Water,   ammonia,   carbonic,   acetic,  sulphurous, 
Ammoniacal  liquors      muriatic,  sulphydric,  cyanhydric,  rhodanhydric, 
L  (_     &c.  acids. 

Acid  purifier Ammonia  and  some  acids. 

,r.  .fi  c  Ammonia. 

Vitriol  punner  . . . .  £  gulphydiic,  cyanhydric  acids,  &c. 

Lime  purifier Carbonic,  sulphurous,  sulphydric,  and  other  acids. 

C  Heavy  and  light  carburetted  hydrogens. 

Gasometer <  Vapors  of  naphtha,  sulphuret  of  carbon,  &c. 

(^Carbonic  oxide,  hydrogen,  nitrogen. 


Fig.  74. 


Fig.  74  illustrates  the  general  ar- 
rangement of  gas-works,  although 
many  modifications  of  the  various 
parts  have  been  proposed,  and 
some  of  them  adopted  at  particular 
works.  The  principal  parts  are 
the  retorts,  hydraulic  main,  wash- 
ers, coolers  and  condensers,  puri- 
fiers and  gasometers,  o  is  the  far- 
nace  or  stack  of  five  retorts,  from 
the  front  end  of  each  of  which  a 
tube  rises  vertically,  and  then, 
curving  downwards,  enters  the  hy- 
draulic main  b.  This  is  a  hori- 
zontal iron  tube,  of  a  foot  or  more 
diameter,  in  which  a  large  propor- 
tion of  the  liquid  products  con- 
dense, and  filling  it  one-half,  flow 
off  from  one  end  through  the  tube 
c  into  the  tight  tar-cistern,  d.  The 
heavier  tar  or  the  lighter  ammo- 
niacal liquor  may  be  drawn  off 
from  the  cistern  separately  by  the 
cocks  i.  The  ends  of  the  tubes 
opening  below  the  level  of  the 
liquid  in  the  hydraulic  main,  as 
seen  in  the  figure,  are  thus  sealed, 
so  that  when  one  retort  is  opened, 
gas  still  bubbles  up  from  the  tubes 
of  the  others,  and  can  only  escape 
by  the  common  exit  tube  e.  From 
e  it  enters  the  cooler  or  condenser 
/;  which  generally  consists  of  a 
series  of  vertical  tubes,  exposed  to 
the  air  or  surrounded  by  water,  and 
in  which  a  large  quantity  of  vola- 
tile matter  condenses.  From  the 
condenser  the  gas  passes  through 
k  to  the  lime  purifier  g,  in  which 
carbonic  acid,  sulphuretted  hydro- 
gen, and  ammoniacal  salts,  are  ex- 
tracted from  it,  and  thence  by  the 
pipe  m  it  enters  the  gasometer 
h.  It  is  then  distributed  through 
q,  to  the  points  where  it  is  to  be 
burned.     Parnell. 

Retorts.  The  retorts  made  of 
cast-iron  and  placed  horizontally 
in  the  stack,  are  about  7  ft.  long,  20 
to  22  inches  in  greatest  breadth, 
and  9  to  12  in.  high  in  the  middle. 
Cross   sections    of   the   principal 
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Fig.  75. 


forms  are  given  in  fig.  75,  a  being  semi- 
cvlindric,  6  kidney-form,  and  c  oval,  a  and 
b  are  the  best  forms,  or  a  with  the  lower 
curve  of  b.  A  retort  is  charged  by  throw- 
ing in  the  coal  from  the  front  open  end,  and 
is  closed  by  a  flat  plate  of  iron  screwed  fast 
and  the  seams  clayed.  The  upright  pipe  from 
a  retort  sometimes  curves  over  at  the  top, 
or  more  frequently  by  a  double  elbow,  and 
then  enters  the  hydraulic  main.  The  retorts 
are  built  in  brick-work,  3,  5,  or  7  being  ar- 
ranged in  one  bed  or  stack.  In  large  esta- 
blishments there  are  several  hundred  retorts. 
The  retorts  are  constantly  kept  at  a  red  heat, 
which  is  the  best  for  the  distillation.  The  pro- 
cess requires  from  five  to  eight  hours,  accord- 
ing to  the  form  of  the  retort  and  the  nature  of 
the  coal.  When  the  operation  is  complete, 
the  lid  is  unscrewed,  the  remaining  gas  fired, 
to  prevent  explosion  by  mixture  with  the  air, 
the  coke  raked  out,  and  the  retort  recharged  at 
once.  Iron  retorts  are  subject  to  rapid  wear 
from  several  causes.  An  excess  of  air  enter- 
ing the  fire  tends  to  oxidize  the  iron  ;  the  sul- 
phur (pyrites)  in  the  coal  forms  sulphuret  of 
iron,  which  melts  off;  at  the  high  heat  em- 
ployed, both  tarry  matter  and  gas  are  partially 
decomposed,  depositing  thick  layers  of  carbon 
on  the  interior,  which,  nearest  to  the  iron,  form 
layers  of  plumbago,  rich  in  iron.  In  conse- 
quence of  the  wear  of  iron  retorts,  those  of 
clay  have  been  substituted  with  good  effect. 

Fin.  76. 


They  are  made  of  clay,  sand,  and  broken  re- 
torts pulverized,  in  the  form  of  semicylinders 
(or  better,  concave-convex),  which  are  jointed 
and  luted  together  to  form  one  retort.  But  the 
excess  of  heat  required  for  clay  retorts  dimin- 
ishing greatly  the  economy  of  the  process,  a 
combination  of  both  clay  and  iron  retorts  has 
lately  been  successfully  employed.  According 
to  Croll's  plan,  each  stack  or  bench  consists 
of  an  upper  compartment,  containing  seven 
clay  retorts,  with  the  fire-place  between  the 
two  lower  ones  of  the  series ;  and  of  a  lower 
compartment,  containing  five  iron  retorts, 
heated  by  the  fire,  which,  after  playing  below 
the  clay  retorts,  descends  to  the  back  of  the 
three  upper  iron  retorts,  passes  to  the  front, 
descends  to  the  two  lowest,  and  again  runs 
along  them  to  the  chimney.  In  this  arrange- 
ment, a  260-lb.  charge  of  coal  is  worked  off  in 
4£  hours,  the  iron  retorts  have  proved  more 
lasting  than  formerly,  the  clay  retorts  last  as 
long,  and  there  is  a  great  saving  of  fuel,  24  pr. 
ct.  of  the  coke  produced  being  consumed,  in- 
stead of  50  pr.  ct. 

From  the  hydraulic  main,  the  gas  generally 
enters  the  condenser,  but  it  is  sometimes 
washed  previously,  by  being  passed  through 
vertical  pipes,  in  which  jets  of  water  are  play- 
ing. The  coolers  or  condensers  consist  of 
vertical  pipes,  through  a  series  of  which  the 
gas  has  to  pass  alternately  upward  and  down- 
ward. Each  alternate  two  are  connected  above, 
and  alternately  below.  The  deposited  liquid 
from  the  gas  collects  in  the  iron  boxes  at  the 
bottom  of  the  pipes,  and  flows  off  at  a  certain 
height,  so  that  the  gas  can  only  pass  from  one 
tube  into  another.  In  another  form  of  con- 
denser, the  series  of  shorter  tubes  may  be  en- 
closed in  an  iron  box,  through  which  cold 

Fig.  77. 


water  is  flowing,  as  shown  in  fig.  76.  The 
tubes  terminate  in  the  plate  a,,  and  from  this 
plate,  between  every  alternate  pair  of  tubes,  a 
partition  descends  below  the  level,  /,  of  the 
condensed  liquid,  which  is  always  kept  at  the 
same  height  by  the  pipe,  g,  leading  to  the  tar- 
cistern.  Cold  water  enters  by  the  pipe  d,  and 
passes  out  through  e.  Fig.  77  is  a  view  of  the 
upper  part  of  the  condensing  series.  The  ar- 
rangement given  in  fig.  74  is  rarely  employed. 
It  consists  of  an  iron  box,  with  a  series  of  iron 
shelves  filling  the  interior,  and  each  shelf, 
having  a  raised  rim,  capable  of  holding  water. 
Water  run  upon  the  upper  shelf  flows  over 
the  others  successively,  and  passes  out  at  t. 
The  gas  entering  at  v,  passes  off  through  s. 
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The  greater  part  of  the  tar  and  ammoniacal 
liquor  are  deposited  in  the  condensers. 

Purification.  The  lime  purifier  consists  of 
cream  of  lime,  or  of  slightly  moistened  slaked 
lime.  Fig.  74  g  is  a  wet  lime  purifier,  into 
which  the  gas  enters  by  k.  This  tube  termi- 
nates in  a  disk  with  numerous  perforations, 
through  which  the  gas  bubbles  through  the 
cream,  the  latter  being  stirred  up  by  the  agi- 
tator I,  in  order  to  bring  fresh  lime  in  contact 
with  the  gas  and  promote  the  absorption  of 
the  impurities.  Sometimes  two  or  three  puri- 
fiers are  successively  used.  The  dry  lime 
purifier  consists  of  a  series  of  trays  of  iron- 
grating,  perforated  plates,  or  of  wicker-work, 
laid  one  above  the  other  in  a  box,  each  con- 
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taining  a  layer  of  slaked  lime,  slightly  moist- 
ened, through  which  the  gas  is  made  to  pass. 
The  wet  is  believed  to  be  superior  to  the  dry 
purifier,  but  less  convenient.  The  action  of 
lime  is  to  absorb  from  the  gas,  by  chemical 
action,  sulphuretted  hydrogen,  cyanohydrio, 
carbonic,  muriatic  and  acetic  acids,  forming 
severally  sulphuret,  cyanide,  and  chloride  of 
calcium,  carbonate  and  acetate  of  lime.  It 
retains  also  still  further  quantities  of  tarry 
matter  and  ammoniacal  salts.  Its  greatest 
usefulness  consists  in  removing  sulphuretted 
hydrogen,  which  it  should  do  effectually.  But 
on  the  other  hand,  its  use  is  attended  with  the 
disadvantage  of  setting  free  a  quantity  of  am- 
monia, whose  acids  it  retains.  The  disadvan- 
tage is  not  a  serious  one,  but  attempts  have 
been  made  to  remove  ammonia  by  passing  the 
gas  from  the  lime  purifier  through  a  purifier 
containing  a  solution  of  alum,  manganese 
vitriol,  or  green  vitriol.  The  last  are  the  best, 
since  they  remove  also  the  last  traces  of  sul- 
phuretted hydrogen  and  prussic  acid.  A  new 
method  of  applying  them  is  to  pulverize  the 
crystallized  salt  finely,  and  spread  it  on  trays 
like  those  of  the  lime  purifier,  moistening  it 
slightly  to  increase  the  absorption.  The  gas 
is  also  passed  through  dilute  sulphuric  acid  in 
leaden  vessels,  which  effectually  retains  am- 
monia; and  if  this  purifier  be  used  before  the 
gas  enters  the  lime  purifier,  the  quantity  of 
ammoniacal  sulphate  is  an  important  object 
of  extraction,  and  the  lime  acts  more  readily 
on  the  balance. 

After  purification,  the  lime  enters  the  gaso- 
meter, which  is  a  wrought-iron  cylinder,  30  to 
50  ft.  diameter,  open  at  the  bottom  and  closed 
at  the  top,  and  passing  into  a  cistern  of  water, 
which  seals  the  lower  open  end.  It  may  be 
balanced  by  the  weight  p,  fig.  74,  attached  to 
the  chain  «,  passing  over  the  pulleys  o.  But 
they  are  generally  suspended  at  three  points 
by  weights,  which  nearly  balance  the  cylinder, 
allowing  the  moderate  pressure  requisite  to 
force  the  gas  through  the  pipes  to  the  points 
where  it  is  to  be  burned. 
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Composition  of  Gas.  The  quantity  and  quality 
of  gas  obtained  is  differently  stated,  from  the 
different  kinds  of  coal  used,  the  quantity  sub- 
jected to  test,  ,lhe  amount  of  heat,  &c.  The 
following  table,  calculated  from  Peckston's 
results,  shows  the  difference  in  the  quantily  in 
cubic  feet  obtained  from  1  lb.  of  coal,  at  a 
bright  cherry-red  heal.  The  experiments  were 
made  on  large  quantities  of  coal. 

Name  of  Coal.  Cub.  ft.  gas. 

Scotch  cannel 5-29 

Russell's  Wallsend 4-62 

Tanfield  Moor 4-50 

Wigan  Ovall 4-00 

Forest  of  Dean 3-43 

Staffordshire,  first  kind 2-89 

Pembry 1-87 

The  following  table  by  Peckston  shows  the 
quantity  obtained  in  eight  successive  hours 
from  a  chaldron  of  Newcastle  coal,  in  18 
retorts. 

In  the  1st  hour 2000  cub.  ft. 

2d  "  1495  " 

3d  "  1387  " 

4th  «  1279  « 

5th  "  1189  » 

6th  "  991  « 

7th  "  884  " 

8th  »  775  " 

In  eight  hours 10,000      " 

The  constituents  of  gas  are  given  above  in 
the  tabular  view  of  the  dry  distillation  of  coals. 
Of  those  constituents,  olefiant  gas,  light  carbu- 
retted  hydrogen,  carbonic  oxide,  and  hydrogen 
compose  the  greater  bulk  of  the  gas.  The 
illuminating  power  depends  on  the  olefiant  gas 
and  the  volatile  hydrocarbons,  which  are  con- 
densable by  chlorine. 

The  following  table,  by  Dr.  Henry,  shows 
the  relative  proportion  of  the  chief  consti- 
tuents in  100  pts.  of  gas,  given  off  during  the 
first  hour,  5  hours,  and  10  hours  after  the 
commencement. 


Time  of  collection. 

Specific 
gravity. 

Absorbed 

by 
chlorine. 

Li»ht  carb. 
hydrogen. 

Carbonic 
oxide. 

Hydrogen. 

Nitrogen. 

Total. 

Vols,  oxygen 

for  100  vols. 

gas. 

Vols.  carb. 
acid  produced. 

Spec.  grav. 
after  chlorine. 

r 

650 

13 

82-5 

3-3 

0- 

1-3 

100 

217 

128 

575 

In  1st  hour  < 

620 

12 

72- 

1-9 

8-8 

5-3 

100 

194 

106 

527 

£ 

630 

12 

58- 

12-3 

16- 

1-7 

100 

196 

108 

533 

\fter$    5hrS- 
AHer|l0hrs. 

500 

7 

56- 

11- 

21-3 

4-7 

100 

166 

93 

450 

345 

0 

20- 

10- 

60- 

10-0 

100 

78 

30 

345 

Carburetted  hydrogens  are  chiefly  formed, 
but  the  illuminating  part  of  these  is  but  one- 
fifth  during  the  first  hour.  After  5  hours  the 
quality  deteriorates,  so  that  at  the  end  of  10 
hours  the  gas  contains  no  illuminating  power, 
and  burns  with  a  blue  flame.  The  great  in- 
crease of  hydrogen,  towards  the  last,  shows 
that  carburetted  hydrogen  is  decomposed,  as 
has  been  proved  by  Marchand,  who  passed 
olefiant  gas  through  a  red-hot  tube,  the  heat 
of  which  was  gradually  increased  to  white- 
ness, and  the  resulting  gases  successively  col- 
lected and  examined  for  their  relative  propor- 
tion of  carbon  to  100  hydrogen.  The  following 
table  expresses  his  results. 
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Hydrogen 
100 
100 
100 
100 
100 
100 
100 

100 


Carbon. 
614.. 
580.. 
533 
472 
367 
325.. 
307.. 

7  . 


Nature  and  heat  of  the  gas. 
.  .Olefiant  gas. 
..Red  heat. 


..Intense  white  heat. 
.  .Light  carb.  hydrogen. 
C  Continued  white  heat. 
£  Nearly  pure  hydrogen. 


Henry  observed  that  below  a  cherry-red 
heat,  hydrogen,  atmospheric  air,  and  but  little 
illuminating  gas  passed  off.  In  fact,  be- 
low a  red  heat,  tar  is  the  principal  product, 
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and  at  a  red  heat,  it  is  first  formed,  and  then 
resolved  by  the  heat  into  the  gaseous  products. 
A  large  quantity  of  the  tar,  however,  escapes 
the  action  of  the  fire,  and  some  arrangements 
have  been  made  to  convert  a  larger  quantity 
of  it  into  gas. 

The  presence  of  moisture  in  the  coal  has 
been  found  to  exert  an  injurious  influence  on 
the  quantity  and  quality  of  the  gas.  The  ac- 
tion of  steam  upon  olefiant  gas,  at  a  high  heat, 
is  to  produce  carbonic  oxide,  light  carburetted 
hydrogen,  and  hydrogen;  thus  C2H2  -f-  HO 
=  CO  -f  CH2  -f  H.  M.  Penot  considers  that 
the  10  pr.  ct.  hygrometric  moisture  in  coal  in 
its  ordinary  state,  deteriorates  the  illuminating 
power  so  much  that  the  proportion  of  olefiant 
gas  from  such  coal  to  that  from  dry  coal  is  as 
1  :  1-5.  These  results  have  been  confirmed 
by  experiments  on  a  large  scale. 

Accordin  g  to  some  experiments,  the  luminous 
power  of  coal  gas  is  diminished  by  too  much 
purification,  which  may  be  inferred  from  the 
fact  that  this  power  is  in  a  measure  due  to  the 
content  of  naphthalic  vapors,  which  are  partly 
retained  in  the  lime  and  other  purifiers.  Im- 
provements of  the  process  of  purification  are 
therefore  probable  and  desirable.  The  illumi- 
nating power  of  all  coal  gas  is  far  from  being 
equal  to  what  it  would  be  if  the  gas  con- 
tained more  carbon.  This  result  is  hardly  to 
be  expected  in  the  manufacture  itself;  but  a 


remedy  for  the  defect  has  been  proposed  by 
Lowe,  which  is  worthy  of  consideration.  He 
proposed  to  pass  the  gas,  shortly  before  its 
issue  from  the  burner,  through  coal-naphtha 
(distilled  coal-tar),  which  consists  of  hydro- 
carbons, very  rich  in  carbon,  and  are  dis- 
solved by,  or  suspended  in  the  gas.  It  was 
proposed  to  introduce  this  liquid  into  the  gas- 
meter,  or  upon  shelves  in  a  box,  or  imbue 
sponge  with  it.  If  the  practice  were  intro- 
duced, the  orifices  of  the  jets  would  have  to  be 
accommodated  to  the  change. 

Oil  Gas.  Refuse  oils  and  fats  may  be  re- 
sorted to  for  making  illuminating  gas.  Since 
they  contain  less  carbon  and  nitrogen,  and 
more  hydrogen,  than  coal,  and  contain  no  sul- 
phur, the  gas  requires  less  purification;  its 
preparation  is  therefore  more  simple,  and  iron 
retorts  are  used.  The  following  is  a  compara- 
tive view  of  the  ultimate  composition  of  cannel 
coal  and  an  average  of  several  oils  and  fats. 


Coal 
Fat.. 


Carbon. 

..85 

..80 


Hydrogen.   Oxygen,  &c. 

6  9 

11  9 


The  following  table  by  Dr.  Henry  shows 
the  degree  of  heat  adapted  to  making  gas  from 
oil,  as  well  as  the  superiority  of  the  gas  over 
that  from  coal,  as  shown  by  its  density  and 
richness  in  olefiant  gas.    Train  oil  was  used. 


Temperature. 

Spec.  gTav. 
of  gas. 

Absorbed 

by 
chlorine. 

Light  carb. 
hydrogen. 

Carbonic 

Hydrogen. 

Nitrogen. 

Total. 

Vols,  oxygen 

for  100  vols. 

gas. 

Vol.  carb.  acid 
produced. 

Dull  red 

906 
758 
590 
464 

38- 

22-5 

19- 

6- 

46-5 
50-3 
32-4 

28-2 

9-5 
15-5 
12-2 
14-1 

3- 

7-7 
32-4 
45-1 

3- 

4- 
4- 
6-6 

100 
100 

100 
100 

260 
220 
178 
116 

158 

130 

100 

61 

Fig.  78. 


Fig.  78  represents  the  arrangement  of  an 
oil-gas  retort,  a  is  the  retort,  filled  with  frag- 
ments of  brick  or  coke,  in  order  to  expose  a 
large  heating  surface  to  the  oil ;  b  is  the  tube 
conveying  the  gas,  together  with  empyreumatic 
oils  and  unchanged  oil,  into  the  reservoir,  c, 
which  corresponds  somewhat  to  the  hydraulic 
main,  where  the  greater  part  of  the  vapors 
condense,  and  the  gas  passes  off  through  d. 
Fresh  oil  also  flows  from  a  reservoir  into  the 
main  c,  and  the  mixed  liquid  descends  again 
through  e  into  the  retort.  There  is  therefore 
little  loss  from  tarry  and  other  empyreumatic 


matter  in  distilling  oil,  and  the  operation  differs 
further  from  that  with  coal  in  its  uninterrupted 
continuance,  the  retorts  being  opened  once  in 
two  or  three  weeks  to  charge  with  fresh  coke 
or  brick.  One  gallon  of  whale  oil  produces  90 
cub.  ft.  of  gas  ;  of  palm  oil,  95  cub.  ft.  Accord- 
ing to  some  authorities,  1  gall,  will  produce  as 
much  as  175  cub.  ft.,  but  it  probably  has  less 
illuminating  power.  The  illuminating  power 
of  oil  gas  is  to  that  of  the  best  coal  gas  as  2  : 1. 
The  vaporous  constituents  of  oil  gas  are  some- 
what similar  to  those  of  coal  gas.  See  the 
compounds  of  carbon  and  Htdrogen.  Oil  gas 
may  be  conveniently  made  from  refuse  fats, 
where  small  quantities  of  gas  are  required, 
and  economically,  where  coal  is  not  readily 
obtained.  In  this  manner  some  of  the  steamers 
on  the  western  rivers  are  supplied  with  gas 
from  the  refuse  fat  of  the  kitchen.  A  gas  is 
prepared  at  Rheims  from  the  fat  of  soap-water 
which  has  been  used  to  free  woollens  from 
grease.  The  soap-water  is  treated  with  sul- 
phuric or  muriatic  acid,  to  neutralize  the  alkali, 
when  the  fats  collect  on  the  surface  of  the  liquid, 
and  are  remelted  in  water  with  a  little  sul- 
phuric acid  to  effect  clarification.  The  filtered 
fat  is  then  treated  with  crude  soda  tc  make 
soap,  and  the  deposited  residue,  containing 
much  fat,  is  distilled  in  retorts  like  rosin. 

Rosin  Gas.    Fig.  79  represents  the  apparatus 
for  making  gas  from  rosin.     The  retort  a  is 
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Fig.  79. 


charged  with  coke  or  brick,  and  when  heated 
to  bright  redness,  melted  rosin  or  a  solution  of 
rosin  in  rosin-tar,  is  allowed  to  flow  into  it. 
The  rosin-tar  and  gas  pass  out  below  through 
b  into  c,  where  the  rosin-tar  collects  and  flows 
off  through  e  into  d.  The  gas  passes  up  through 
/  into  g,  where  more  vapor  condenses  and 
flows  through  a  syphon  tube  into  d.  The  un- 
condensed  gas  passes  through  h  into  the  gaso- 
meter. To  charge  the  retort  with  rosin,  8  or 
10  lb.  of  rosin  for  every  gallon  of  the  oil  from 
d,  is  introduced  into  the  vessel  i,  where  the 
whole  is  melted  by  the  waste  heat  of  the  fur- 
nace below,  and  strained  through  a  wire-gauze 
screen,  which  divides  the  vessel  into  two  com- 
partments. The  melted  mass  is  let  into  the 
retort  by  the  stopcock  k.  One  pound  of  rosin 
may  yield  10  to  20  cub.  ft.  of  gas.  Its  illumi- 
nating power  is  to  that  of  coal  gas  as  3  :  2, 
and  to  that  of  oil  as  3  :  4. 

Other  sources  of  gas.  In  the  distillation  of 
wood  for  pyroligneous  acid,  a  large  quantity 
of  illuminating  gas  is  produced,  which  is 
usually  burned  under  the  retorts  as  fuel  for 
the  distillation.  See  Acetic  Acid.  In  the  dis- 
tillation of  animal  matters  for  bone-black,  and 
for  prussiates  by  the  older  process,  a  large 
amount  of  an  oily  tar  and  gases  are  generated, 
the  former  of  which  has  been  employed  for 
conversion  into  light-gas.  See  manufacture 
of  prussiate  of  potash  under  Ctanogkn.  It  is 
asserted  that  by  passing  steam  through  iron 
tubes,  filled  with  anthracite  (coke)  and  heated 
to  bright  redness,  light-gas  is  produced.  With 
equal  equivalents  of  carbon  and  water,  the 
result  should  be  carbonic  oxide  and  hydrogen; 
C  -f-  HO  =  CO  -f  H ;  with  2  eq.  carbon  and 

1  eq.  water,  the  result  would  be  carbonic  oxide 
and  olefiant  gas ;  C2  +  HO  =  CO  +  CH ; 
therefore,  with  3  eq.  carbon  and  2  eq.  water, 
the  result  would  probably  be  C3  -f-  2  HO  = 

2  CO  -f  CH  -f  H,  or  2  CO  +  CH2.  Sellique's 
new  process  is  partly  based  upon  this  catalysis. 
Three  upright  cylinders,  heated  to  redness,  are 
filled,  the  first  two  with  charcoal,  and  the  third 
with  chain  and  scrap-iron.  A  small  stream  of 
water  flows  into  the  first  cylinder,  where  it  is 
converted  into  carbonic  oxide  and  hydrogen 
(probably  with  some  marsh  gas,  CH2),  and 
then  through  the  second,  where  it  probably 
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takes  up  carbon,  and  is  a  mixture  of  carbonic 
oxide,  marsh  gas,  and  hydrogen.  (1st,  C  4 
H202  =  2  CO  +  H2;  2d,  2  00  4  H,  4  (5  = 
2  CO  -f-  CH2.)  From  the  second  cylinder  it 
passes  into  the  third,  filled  with  iro».  Into 
this  cylinder  a  stream  of  oil  is  allowed  to 
(formed  by  the  previous  distillation  of  bitu- 
minous shale  of  Autun  in  France),  and  by  the 
reaction  of  the  gases  with  the  vapors  of  this 
oil  the  new  light-gas  is  produced.  The  bitu- 
minous slate  yields  10  to  20  pr.  ct.  of  oily  mat- 
ter, two-thirds  of  which  are  an  oil  of  spec.  grav. 
0-766  to  0-810,  which  is  used  for  the  produc- 
tion of  gas.  According  to  the  statements  of 
those  who  have  examined  the  process  and  its 
results,  1  lb.  of  the  shale-oil,  treated  in  the 
usual  way  (for  rosin  or  oil  gas),  will  yield  15 
to  28  cub.  ft.,  but  by  the  above  process  86  cub. 
ft.;  the  gas  deposites  no  condensable  vapors 
when  cooled  down  to  —  13°;  there  is  no  de- 
position of  carbon  on  the  iron  in  the  third 
cylinder.  Peligot  found  in  99  vols,  of  the  gas, 
56  carbohydrogens,  28  carbonic  oxide,  and  15 
hydrogen.  The  oil  being  described  as  similar 
to  a  resinous  oil,  we  may  assume  that  it  is 
mainly  composed  of  C.H4,  and  then  the  reac- 
tion would  be  as  follows :  The  gas  from  the 
second  cylinder  (2  CO  4-  CH2)  4  C5H4  = 
C6H6  +  2  CO,  or  olefiant  gas  and  carbonic 
oxide.  The  free  hydrogen  arises  from  the  de- 
composition in  the  first  cylinder,  the  marsh 
gas  from  the  second ;  and  a  portion  of  both 
escaping  composition  in  the  third  cylinder,  we 
have  a  gas  nearly  of  the  composition  ascer- 
tained by  analysis.  The  spec.  grav.  of  the  gas 
is  560  (air  =  1000).  See  Illumination  for 
the  modes  of  burning  gas  for  light,  and  Ana- 
lysis for  its  use  as  fuel.  See  also  Acetic 
Acid,  Amyl,  Bone-black,  Coal,  Coke,  Cyano- 
gen, Dky  Distillation,  Lamp-black,  with  the 
articles  referred  to  in  the  table  of  the  dry  dis- 
tillation of  coal,  in  the  present  article. 

GASTRIC  JUICE.  The  juice  of  the  sto- 
mach, acting  as  the  solvent  of  food  and  the 
promoter  of  its  digestion.  When  collected 
from  the  stomach  during  fasting,  it  is  neutral, 
but  at  other  times  is  acid  in  its  reaction.  The 
principal  constituents  of  the  acid  juice  are 
Pepsin,  a  substance  resembling  salivary  mat- 
ter (osmazome?),  mucus,  occasionally  a  little 
albumen,  alkaline  and  earthy  salts,  and  free 
acids,  among  which  are  the  butyric,  &c. 

Blondlot  attributes  the  acidity  to  the  pre- 
sence of  some  acid  phosphate  of  lime,  and  not 
to  acetic  or  chlorohydric  acid,  as  has  been  as- 
serted. The  more  recent  researches  of  Ber- 
nard and  Barreswil  (ComptesRendus,  1844)  show 
that  it  is  attributable  to  luetic  acid.  These 
chemists  did  not  find  either  chlorohydric  or 
acetic  acid,  but  detected  a  minute  portion  of 
phosphoric  acid,  which  they  considered  a  se- 
condary product  from  .a  reaction  of  the  lactic 
acid  upon  the  phosphates  contained  in  the 
juice. 

The  digestive  property  of  gastric  juice  is 
most  probably  due  to  the  union  of  two  princi- 
ples inseparable  in  their  action: — 1st,  to  a  pe- 
culiar organic  matter,  Pepsin,  acting  after  the 
manner  of  ferments,  and  at  a  temperature  of 
50°  to  104°,  higher  than  which  last  degree  it 
loses  its  power;  and  2d,  to  a  substance  with 


GAULTHERIA  PROCUMBENS. 


GAY-LUSSITE. 


acid  reaction.  B.  and  B.  do  not  consider  the 
acid  as  indispensable  to  the  process  of  diges- 
tion, but  they  think  with  Blondlot,  that  if  an 
acid  reaction  is  requisite,  the  kind  of  acid  pro- 
ducing it  is  unimportant.  It  loses,  it  is  true, 
its  digestive  powers  when  neutralized  by  alkali, 
but  the  same  result  follows  when  it  is  heated 
nearly  to  212°,  because  of  a  modification  of 
one  of  its  constituents,  and  not  through  loss 
of  acidity,  for  this  latter  is  neither  destroyed 
nor  impaired. 

Blondlot's  experiments  as  to  its  action  upon 
simple  and  compound  aliments  (C'omptes  Ren- 
dus,  1843,)  have  been  confirmed  by  Payen  (C/i. 
Gaz.  1,  728),  who  in  some  further  researches 
discovered  an  active  substance  analogous  to 
pepsin,  which  he  termed  Gasterase. 

Pepsin.  A  secretion  of  the  stomach,  found 
by  Schwamm  to  constitute  the  essential  por- 
tion of  the  gastric  juice,  and  so  termed  by  him 
from  7r&r<rU.  digestion. 

Prep.  Wasmam  was  the  first  chemist  who 
isolated  it.  Vogel  prepared  it  by  mincing  the 
glandular  membrane  of  the  fresh  stomach  of  a 
hog,  immersing  it  in  cold  distilled  water  at  in- 
tervals of  twenty-four  hours,  and  renewing  the 
water  until  a  putrid  odor  was  perceptible. 
From  the  aqueous  infusion  thus  obtained,  the 
pepsin,  mixed  with  much  albumen,  is  precipi- 
tated in  white  flocculae  by  acetate  of  lead. 
This  deposit  diffused  through  water  must  be 
decomposed  by  a  stream  of  sulphuretted  hy- 
drogen gas.  The  filtered  liquor  then  contains 
pepsin  and  acetic  acid,  while  coagulated  albu- 
men and  sulphuret  of  lead  remain  in  the  filter. 
The  solution,  evaporated  below  95°  and  treated 
with  absolute  alcohol,  lets  fall  a  milky  precipi- 
tate, which,  when  dry,  is  a  yellowish  viscid 
mass.  The  acetic  acid  which  it  contains  is 
effectually  removed  by  heating  the  pepsin  for 
some  hours  in  a  salt-water  bath,  by  which 
means  a  white  powder,  soluble  in  water,  is 
obtained.  , 

Prop.  Its  formula,  nearly  according  with 
Vogel's  analysis,  is  C4gH32N8Ol0.  It  is  inso- 
luble in  absolute  alcohol  and  ether,  and  forms 
compounds  with  the  acids.  A  small  quantity 
of  acid  precipitates  it  from  its  solution,  but  the 
deposit  is  redissolvable  in  an  excess,  and  again 
precipitable  by  a  further  addition  of  acid,  ex- 
cept with  the  acetic,  which  gives  no  second 
precipitate.  When  slightly  acidulated  it  dis- 
solves the  protein  compounds.  Precipitated 
from  a  concentrated  aqueous  solution  by  anhy- 
drous alcohol,  it  is  said  to  lose  its  digestive 
power.  It  is  not  precipitable  by  ferrocyanide 
of  potassium. 

Liebig  denies  the  existence  of  pepsin  as  a 
distinct  compound,  and  attributes  the  solvent 
power  of  gastric  juice  to  the  gradual  decom- 
position of  a  matter  dissolved  from  the  mem- 
brane, aided  by  the  oxygen  introduced  with  the 
saliva. 

GAULTHERIA  PROCUMBENS.  Syn.  Win- 
tergreen,  Partridge-berry.  An  indigenous  plant, 
which  yields  a  volatile  oil  much  used  as  a  fla- 
voring ingredient. 

Oil.  As  found  in  commerce  is  yellowish, 
but  when  rectified,  becomes  colorless,  and  re- 
tains an  acid  reaction,  though  presenting  the 
composition  of  a  neutral  ether.  -Its  spec.  grav. 


is  1-18  and  upwards,  and  its  boiling  point  432°. 
Proctor  {Jim.  Jour,  and  Ann.  Chym.)  first  showed 
its  relation  to  the  salicin  series ;  and  Cahours 
(Comptes  Rendus,  1843)  found  that  of  the  two 
oils  which  it  yielded  by  heat,  that  passing  over 
lastly  is  the  Salicylate  of  Methyl;  the  other  he 
termed  Gaidtherylen. 

Salicylate  of  Mether.  Spyrylsaures  Methyloxid. 
(Berz.)  Form.  C,6H806  =  C2H30,  CuH50 
A  colorless  aromatic  liquid,  boiling  at  435°, 
and  yielding  a  vapor  of  spec.  grav.  5-420.  In 
water  it  is  only  slightly  soluble,  but  alcohol, 
ether,  oils  of  terpentine  and  lemon  dissolve  it 
readily.  The  aqueous  solution  takes  a  bluish 
tint  upon  the  addition  of  a  subsalt  of  iron.  By 
distillation  with  potassa  there  is  formed  in  the 
retort  a  product,  which,  when  treated  with 
water  and  mineral  acid,  yields  an  abundant 
precipitate  of  salicylic  acid.  By  the  action  of 
gradual  additions  of  fuming  nitric  acid,  sali- 
cylic mether  is  transformed  into  indigotic  or 
anilic  mether. 

Spirylic  mether  unites  with  bases,  like  spiry- 
lic  ether,  without  the  spirylic  acid  losing  its  con- 
jugate, mether ;  and  its  salts  may  be  termed  me- 
thylic  spirylates  or  salicylates.  Cahours  terms 
them  gaultherates.  The  salts  of  potassa,  soda, 
and  baryta,  are  crystalline.  Like  the  spirylic 
acid  itself,  this  conjugate  acid  is  inclined  to 
exchange  1  or  2  eq.  hydrogen  with  1  or  2  eq. 
bromine  or  chlorine.  As  neither  an  excess  of 
chlorine  or  bromine  removes  more  than  2  eq. 
hydrogen,  Berzelius  infers  that  spirylic  acid 
is  a  conjugate  acid,  composed  of  C,0H3O5  -)- 
C4H2,  that  the  former  is  probably  pyromucic 
acid,  and  that  bromine  replaces  one  or  both 
equivalents  of  hydrogen  in  the  conjugate,  C4H2. 

Gaultherylen.  A  carbo-hydrogen,  C,0H8,  iso- 
meric with  spts.  terpentine,  forming  the  lesser 
portion  of  the  oil  of  wintergreen.  It  is  color- 
less, boils  at  320°,  and  yields  a  vapor  of  spec, 
grav.  4920.  Its  odor  is  similar  to  that  of  pep- 
per. Nitric  acid  transforms  it  into  a  resinoid 
mass;  and  chlorine  and  bromine  into  viscous 
products,  their  hydrogen  being  evolved,  and 
the  halogen  uniting  with  the  residue. 

Proctor  (Am.  Jour.  Pharm.,  1844)  considers 
the  essence  of  the  Betula  lenta  identical  with 
that  of  the  Gaullhcria  procumbens,  and  as  an  im- 
mediate product  in  the  latter,  whilst  in  the 
former  it  is  generated,  secondarily,  by  the  ac- 
tion of  a  substance  similar  to  synaptase  or 
ernulsin,  upon  gaidtherin,  an  immediate  prin- 
ciple of  the  Betula  lenta.  The  gaultherin  is  ob- 
tained by  extracting  the  bark  with  alcohol,  dis- 
tilling and  treating  the  residue  with  water,  this 
aqueous  solution  with  hydrate  of  lead;  the  clear 
liquor  is  evaporated  to  dryness,  reated  with 
alcohol,  and  evaporated  to  a  syrup,  vhich  dries 
to  a  gummy  mass.  The  gummy  mass,  by  dis- 
tillation alone  or  with  dilute  sulphuric  ->r  mu- 
riatic acid,  yields  oil  of  gaultheria.  If  boiled 
with  baryta,  filtered,  exactly  precipitated,  the 
solution  saturated  with  carbonate  of  lead;  this 
solution  precipitated  by  sulphohydric  acid,  and 
the  clear  liquor  is  evaporated, a  crystallized  acid 
is  obtained,  gaultheric  acid,  which  is  soluble 
in  alcohol,  difficultly  in  ether,  forms  gummy 
salts  with  bases,  and  oil  of  gaultheria  by  dis- 
tillation with  dilute  sulphuric  acid. 

GAY-LUSSITE.       Mm.       Cryst.    Oblique 
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GEDDA  GUM. 

Rhombic.  Cleavage  perfect  parallel  to  vert, 
prison,  g.  H.  =  2—3.  G.  =  1-92  —  1-99. 
Yellowish  white,  vitreous;  translucent,  with 
double  refraction;  very  brittle,  with  conchoidal 
fracture  and  grayish  streak;  slightly  soluble 
in  water. 

Chem.  Rel.  Alone  in  a  tube,  it  skives  off 
much  water,  and  has  an  alkaline  taste  and 
test ;  it  fuses  to  a  cloudy  bead,  and  behaves  to 
the  fluxes  like  calcareous  spar.  After  ignition, 
water  dissolves  out  all  the  carbonate  of  soda, 
and  leaves  carbonate  of  lime.  It  is  readily 
soluble  in  acids  with  effervescence.  Form. 
NaO,  C02  -f  CaO,  C02  -f  5  HO. 

Local.  Lagunilla,  near  Merida,  in  Maracai- 
bo,  S.  A.,  at  the  bottom  of  a  lake  covering 
Tkona. 

GEDDA  GUM.  Syn.  Jedda.  Imported  from 
Alexandria.     The  red  pieces  of  Gum  Arabic.. 

GEDR1TE.  M».  Fibrous  or  lamellar;  clove 
brown;  submetallic;  tough;  streak  grayish. 
H.  =  5.  G.  3-36.  Fuses  readily  to  a  black- 
enamel.  It  is  probably  Epidote  (G.  Rose)  or 
Hypersthene  (Rammelsberg).  Occurs  near 
Gedre,  in  Pyrenees. 

GEHLENITE.  Mm.  Stylobite.  Cryst. 
Quadratic,  cleavage  imperfect  parallel  to  end- 
plane.  H.  =  5-5  —  6.  G.  =  2-916  —  3-06. 
Gray;  resinous,  subvitreous;  sublranslucent, 
opake ;  fracture  uneven,  splintery;  streak 
white,  grayish  white. 

Chem.  Rel.  Fusible  with  great  difficulty  in 
very  thin  fragments  to  a  gray  glass;  difficultly 
soluble  in  borax  and  mic.  salt;  decomposed 
by  muriatic  acid.  Form.  3  (3  RO,  Si03)  -f- 
3  R203,  Si03.  (RO  =  lime  and  magnesia 
and  R203  =  alumina  and  peroxide  of  iron.) 
Closely  allied  to,  and  by  some  united  with 
Humboldtilite. 

Loral.     Mt.  Monzoni,  Fassathal. 

GEIN,  GEIC  ACID.     See  Humus. 

GELATIN.  Chem.  Tech.  Syn.  Icthyocolla, 
Isinglass,  Glue.  A  solid  transparent  colorless 
corneous  substance,  which  forms  with  boiling 
water  a  solution  that  on  cooling  takes  the 
consistence  of  a  jelly.  In  its  natural  state, 
and  as  existing  in  the  cellular  tissue,  bones, 
tendons,  &c,  to  which  in  their  woof  it  serves 
to  give  form,  it  has  the  name  of  Histose.  This 
latter,  being  treated  with  boiling  water  and 
dried,  becomes  gelatin  ;  but  previous  to  this 
action,  bears  the  same  difference  from  the  lat- 
ter, in  appearance  and  properties,  as  can  exist 
between  a  completely  organized  body  and  its 
constituent  elements  in  a  state  of  complete  de- 
siccation. 

Chondrin,  which  is  the  gelatin  of  carti- 
lages, is  analogous  in  many  properties,  but, 
unlike  gelatin  proper,  is  precipitated  by  acids, 
alum,  and  the  salts  of  lead.  Glue  is  the  tech- 
nical term  for  the  gelatin  of  bones,  hoofs,  and 
hides,  Isinglass  for  that  from  the  air-bladder 
and  entrails  of  certain  fishes,  and  Size  for  the 
less  tenacious  and  adhesive  aqueous  extract 
of  parchment  scraps  and  several  animal  mem- 
branes. 

Prop.  Formula  of  ichthyocoll,  sclerotica, 
&c,  C48H  N7jO]g;  of  chondrin,  cornea,  &c, 
C48H40N6°20;  of  arterial,  C48H38N6016.  (Mul- 
*ier,  LieLiii,  S'herer,  &c.)  It  is  flexible  and  elas- 
'Jc  when  perfectly  dry,  and  breaks  with  a  vitre- 
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ous  fracture,  but  is  very  tenacious  when  moist. 
At  212°  it  softens  and  melts,  but  at  a  I 
temperature  is  decomposed  into  animal  pro- 
ducts and  a  slight  residue  of  earthy  matter. 
In  cold  water,  at  the  ordinary  temperature.  i| 
swells  up  and  loses  its  solidity;  but  if  heated, 
when  thus  impregnated  with  water,  to  120°  or 
140°,  it  becomes  so  minutely  suspended  as  to 
give  the  appearance  of  a  perfect  solution.  It 
is  insoluble  in  alcohol  and  ether,  and  anhy- 
drous alcohol  precipitates  the  gelatin  from  its 
pseudo  solution  in  water.  With  tannin  it 
forms  a  very  intimate  union  (see  Tannin),  an 
elastic  mass  similar  to.  and  of  the  same  com- 
position of,  but  not  transformable  into  Lia. 
tiif.r,  owing  to  the  destruction  of  its  organizeil 
form.  Mulder,  who  has  examined  the  subject, 
considers  the  compounds  of  gelatin  and  tannin 
as  definitely  proportioned. 

Gelatin  is  transformed  by  nitric  acid  into 
oxalic  acid;  by  sulphuric  acid  into  Sugar  of 
Gelatin,  or  glycocoll,  Lmcin,  and  sulphate  of 
ammonia.  Hydrochloric  acid,  by  the  abstrac- 
tion of  minute  earthy  impurities,  renders  it 
more  hygroscopic  and  readily  soluble,  espe- 
cially that  extracted  from  bones.  Potassa  con- 
verts it  into  a  mixture  of  sugar  of  gelatin  and 
leucin,  and  though  not  of  the  protein  series,  it 
may  nevertheless  contribute  to  the  nutrition 
of  the  gelatinous  tissues.  Bi-chloride  of  mer- 
cury coagulates  and  renders  it  insoluble,  but 
an  excess  of  gelatin  dissolves  the  mercurial 
product  as  fast  as  it  is  formed.  It  is  also  pre- 
cipitated from  its  apparent  solution  by  the 
nitrate  of  mercury,  and  chloride  of  tin;  but 
alum,  sulphate  of  iron,  the  neutral  and  basic 
nitrates  of  lead,  are  without  action.  Sulphate 
of  platinum,  which  throws  down  brown  flocks, 
was  proposed  by  Davy  as  a  test  for  gelatin. 

The  white  curdled  product  formed  by  the 
action  of  a  current  of  chlorine  gas  upon  the 
pseudo  solution  of  gelatin,  and  formed,  accord- 
ing to  Mulder,  of  4  eq.  of  humid  gelatin  and 
1  of  chlorous  acicf,  is  but  slightly  soluble  in 
water,  and  less  so  in  acetic  acid.  Neither 
chlorine  nor  bromine  give  an  analogous  pro- 
duct. 

Products  of  decomposition.  By  long  digestion 
at  a  temperature  above  212°,  gelatin  loses  its 
gelatinizing  power,  and  forms  on  evaporation 
a  gummy  mass  readily  soluble  in  cold  water. 

By  the  action  of  chromic  acid,  a  series  of 
products  is  generated.  'Persoz  and  Marchuud.) 
The  best  proportions  for  oxidizing  gelatin  by 
chromic  acid  are,  2  pts.  of  glue,  8  of  bi-chro- 
mate  of  potassa,  15  of  sulphuric  acid,  and  50 
of  water.  (Chem.  Gaz.  vol.  iv.  10,  and  v.  9.) 
Among  these  products  are  acetic,  valerianic, 
benzoic,  prussic,  and  formic  acids,  and  two 
volatile  oils,  one  Vuleronitnle  (C,nNH9),of  spec, 
grav.  0-81,  soluble  in  alcohol  and  ether,  and 
boiling  at  257°,  and  the  other  ValeruietonitriU 
(C26H24N206),  of  spec.  grav.  0-79,  and  boiling 
between  154°  and  158°.     S/hlieper. 

Glycocoll.     Syn.  Gelatin  Sugar. 

Prep,  and  Prop.  Obtained  from  the  solution 
of  gelatin  in  concentrated  sulphuric  acid,  by 
dilution  with  water  and  saturation  with  chalk. 
It  can  also  be  prepared  by  the  decomposition 
of  hippuric  acid,  which  on  being  boiled  with 
a  strong  acid,  yields  it  together  with  benzoin 
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acid.  (Dessaignes.)  Form.  Cj,HJV206,  2  HO, 
(Mulder).  C4H4NOs,HO,(««w*/wri).  C4H5N04, 

(Dessaignes,  Laurent).  Its  analogy  with  alcar- 
gen  (see  Kakodyl)  is  evident  by  a  compari- 
son of  their  formulas  (alcargen  =  C4H3As04, 
glycocoll  =  C4H5N04).  (Hunt,  in  Am.  Jour. 
Set.,  Sept.  1847.)  Dessaignes  observed  that 
hippuric  acid  was  benzoic  with  a  conjugate 
of  the  composition  of  glycocoll.  Glycocoll 
crystallizes  in  colorless  rhomboidal  prisms, 
of  a  sweetish  taste,  which  fuse  at  352°, 
with  decomposition,  into  ammoniacal  pro- 
ducts, are  soluble  in  4-35  pts.  of  cold  water, 
almost  wholly  insoluble  in  ether  and  absolute 
alcohol.  With  hydrochloric  acid  it  forms  one 
neutral  (Gl,  HO,  HC1)  and  four  crystallizable 
basic  salts.  Their  formulas  are,  1.  Gl,  HO  -(- 
G1,HC1;  2.Gl,HCl-fGlHO,aq.;  3.  2(G1,HC1) 
-j-  Gl,  HO,  aq. ;  4.  2  (Gl,  HCI)  +  Gl,  HO.  With 
sulphuric  acid  it  gives  an  anhydrous  (Gl,  S03), 
a  neutral  hydrated  (Gl,  S03,  HO),  and  three 
basic  salts,  the  formulas  of  which  are,  1.  2  (Gl, 
HO,  S03+ HO)+ Gl,  HO;  2.  2  (Gl,  S03)  -f 
Gl,  HO ;  3.  2  (Gl,  HO,  S03)  +  Gl,  HO. 

The  nitrate  of  glycocoll,  called  by  Braconnot 
Nitrosacckanc  Acid  because  of  its  acid  taste  and 
reaction,  takes  the  form  either  of  tabular  or 
acicular  crystals,  which  do  not  become  moist 
on  exposure.  Horsford's  analysis  gives  Gl, 
HO  -f  NO  ,  HO  =  C4H6N2O10  as  their  com- 
position. It  unites  with  oxalic  acid,  Gl,  HO, 
C203 ;  with  acetic  acid,  Gl,  HO,  Ac03  -f-  2  aq. ; 
with  tartaric  and  palmitic  acids.  It  unites  with 
hydrates  of  potassa  and  baryta,  with  oxides  of 
silver,  copper,  and  lead;  Gl,  HO,  PbO,  and 
Gl,  HO,  CuO.  It  combines  with  chlorides  of 
potassium,  Gl,  KCI,  of  sodium,  of  barium,  Gl, 
BaCl,  2  aq.,  of  tin  and  of  platinum,  Gl,  Pt, 
Cl2  -j-  2  aq. ;  further  with  nitrate  of  silver, 
bisulphate  of  potassa,  Gl,  S03  +  Gl,  KO,  S03. 
with  sulphate  of  ethyl,  Gl,  HO  -f-  AeO,  S03, 
with  urate  of  ammonia,  Gl,  UrOg  -f-  NH40, 
Ur06. 

Upon  examining  the  behavior  of  glycocoll, 
it  seems  to  present  both  acid  and  basic  charac- 
ters. It  is  isomeric  with  fumarate  or  aconitate 
of  ammonia.  Horsford,  who  observed  the  for- 
mer, endeavored  to  obtain  the  acid  and  ammo- 
nia from  it,  but  neither  potassa  nor  baryta 
would  throw  off  ammonia.  By  repeated  evapo- 
ration with  sulphuric  acid,  he  obtained  a  crys- 
tallized body  with  the  formula,  Gl,  HO,  S03  -\- 
NH40,  S03,  aq.,  from  which  it  would  appear 
(by  the  then  reaction  with  potassa)  that  sul- 
phate of  ammonia  was  produced.  He  observes 
that  "glycocoll  is  a  salt,  the  base  of  which  is 
ammonia,  and  whose  acid  possesses  a  formula 
resembling  that  of  fumaric  acid."  It  is,  how- 
ever, more  probable  that  glycocoll  is  a  doubled 
ammonia,  whose  conjugate  is  isomeric  with 
fumaric  acid,  but  not  that  acid;  that  it  forms 
compounds  both  like  ammonia  and  oxide  of 
ammonium.  Calling  the  conjugate.  C4H03,  Cg. 
the  formula  of  glycocoll  is  Cg,  NH3,  HO;  that 
of  the  anhydrous  sulphate,  Cg,  NH3,  S03,  cor- 
responding to  sulphate  of  ammonia,  and  the 
hydrous  sulphate  is  Cg,  NH40,  S03,  corre- 
sponding to  sulphate  of  oxide  of  ammonium. 
The  first  basic  hydrochlorate  is  Cg,  NH4,  CI 
-f  Cg,  NH3,  HO.  Another,  but  less  likely 
view,  is  that  glycocoll  is  a  compound  body 


similar  to  ammonia,  and  that  it  acts  with  1  eq. 
HO  like  a  metallic  oxide,  the  hydrated  sulphate 
being  then  C4H5N04,  S03.  The  study  of  its 
decompositions  will  probably  confirm  the  view 
that  it  is  a  conjugate  ammonia. 

Uses  and  preparation.  Under  the  form  of 
Glue,  gelatin  performs  a  most  important  part 
in  the  arts,  as  a  constant  aid  to  the  joiner  and 
artificers  generally,  whilst  more  refined,  as 
bone  glue,  it  is  used  for  all  the  nicer  operation? 
of  cementing  the  finer  and  costlier  specimens 
of  handicraft,  for  stiffening  bonnets,  and  in  the 
fine  arts  for  painting  in  water  colors. 

In  domestic  economy  it  is  used,  under  the 
forms  of  soup  and  jelly,  as  an  aliment;  but 
though  experiments  seem  to  show  that  when 
mixed  with  fibrous,  albuminous,  and  caseous 
substances,  it  becomes  nutritive,  this  conclu- 
sion is  yet  doubtful,  for  the  theory  of  respira- 
tion proves  that  histose,  which  produces  the 
gelatin,  has  accomplished  its  part  in  the  animal 
organization,  and  can  no  longer  afford  suste- 
nance thereto.  One  fact,  however,  seems  posi- 
tive, and  that  is,  its  inability  alone  to  yield 
nourishment  to  carnivorous  animals.  The  fee- 
ble nutritive  power  of  a  gelatinous  matter 
seems  to  be  owing  to  the  destruction  of  its 
organization. 

"Cooper's  Isinglass,"  a  popular  article  for 
making  extemporaneous  jelly  and  blanc-mange, 
is  the  consolidated  gelatin  extracted  by  steam 
from  fresh  bones,  perfectly  clean,  and  freed  of 
fat  by  previous  boiling.  Beef  bones  are  the 
best  raw  materials.  A  proportion  of  calf  bones 
rendersthe  gelatine  milky;  those  of  the  hog 
produce  a  blackish  froth  which  is  difficultly 
separable,  and  those  of  sheep  impart  a  very 
perceptible  suety  odor.  Roper's  process  for 
preparing  this  alimentary  gelatin  is  as  follows: 
The  cylinder  of  a  digester  similar  to  that  re- 
presented by  fig.  80,  is  charged  with  bones 
broken  into  small  pieces  or  reduced  to  dust, 
and  6  gallons  of  water  are  added  to  each 
hundred-weight  of  bones;  the  digester  is  then 
closed,  and  steam  admitted  from  a  boiler  at  a 
pressure  of  20  lbs.  per  square  inch;  after  the 
expiration  of  an  hour  the  pressure  is  gradually 
raised  to  32  lbs.,  which  is  continued  for  3£ 
hours,  and  the  charge  of  gelatin  is  then  drawn 
off;  if  the  dust  of  bones  or  ivory  has  been 
used,  gelatin  is  pressed  out  of  the  charge  after 
its  withdrawal  from  the  digester;  but  this  is 
not  requisite  when  the  bones  have  been  only 
broken  into  pieces,  and  placed  in  a  strong 
woollen  fabric.  The  gelatin  is  run  into  shal- 
low tins  or  pans,  and  afterwards  dried  on  nets 
in  the  usual  way;  it  is  then  well  washed,  and 
melted  with  an  equal  weight  of  sugar,  flavored 
with  essence  of  lemon  when  for  jellies,  and 
with  essence  of  almonds  when  for  blanc- 
mange; and  these  matters  are  melted  in  a 
digester  by  steam.  When  essence  of  lemon 
is  used,  it  is  in  the  proportion  of  2  dr.  to  every 
3  lbs.  of  gelatin;  it  is  first  mixed  with  the 
sugar,  which  is  added  to  the  gelatin  after  the 
latter  has  been  melted  with  lemon-juice,  in  the 
proportion  of  18  oz.  of  lemon-juice  to  3  lbs.  of 
gelatin.  Essence  of  almonds  is  used  in  the 
same  proportion  as  the  essence  of  lemon,  but 
water  is  substituted  for  the  lemon-juice.  Other 
essences  or  essential  oils  may  be  used  in  a 
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similar  manner.  The  gelatin,  prepared  as 
above,  is  placed  in  jars  for  sale.  Jellies  may 
be  quickly  made  therefrom  by  the  use  of  boil- 
ing water,  containing  the  white  of  an  egg,  add- 
ing wine  according  to  taste.  To  make  a  blanc- 
mange only  boiling  milk  is  required.  Ch.  Gaz. 
Der.  1845. 

The  digester  above  referred  to  is  the  con- 
trivance of  D'Arcet,  in  which  the  gelatin  is 
extracted  by  water  in  a  state  of  tense  vapor- 
ization.    It  is  shown  by  figs.  80  and  81. 


Fig.  80. 


Fig.  81. 


Fig.  80  is  a  vertical  section  of  the  appara- 
tus. A  is  an  hermetically  closed  cast-iron 
cylinder,  into  which  the  steam  is  conducted ; 
a  the  main  steam-pipe;  b  a  vertical  pipe 
conveying  the  steam  into  the  cylinder  A; 
c  c  branch-pipes  leading  the  steam  to  the 
bottom  of  the  cylinder;  d  a  stopcock  upon 
the  pipe  b,  for  regulating  the  entrance  of  the 
steam  into  the  interior  of  the  cylinder.  (The 
tubes  and  the  cylinder  should  be  wrapped 
around  with  woollens,  so  as  to  retain  their 
heat  and  prevent  their  cooling.)  e  is  the  stop- 
cock for  the  discharge  of  the  gelatinous  solu- 
tion; /the  cover  of  the  cylinder,  which  is  fast- 
ened to  the  cylinder,  so  as  to  prevent  the 
escape  of  any  of  its  contents;  g  a  tubulure  in 
the  cover  for  the  reception  of  a  thermometer; 
h  a  tub  to  receive  the  solution  as  it  is  formed ; 
i  a  gutter  for  conveying  into  another  vessel 
the  grease  which  is  run  off  in  the  commence- 
ment of  the  operation;  K  another  gutter,  mov- 
ing on  a  pivot,  which  receives  the  liquid  as 
it  runs  from  the  cock  e,  and  empties  it  into  the 
tub  /;,  or  into  the  trench  i;  I  a.  tube  for  feeding 
the  interior  of  the  cylinder  with  fresh  water; 
m  a  movable  adjustment  attached  to  the  pipe 
I  for  regulating  the  quantity  of  water  and  pre- 
venting" a  too  great  elevation  of  temperature  in 
the  interior  of  the  apparatus. 

Fig.  81,  elevation  of  the  interior  basket, 
made  of  wire-cloth.  This  basket,  or  cage,  re- 
ceives the  cleansed  and  crushed  bones,  and  is 
enclosed  in  the  cylinder  A;  a  is  the  handle 
with  which,  by  means  of  a  pulley,  it  is  lifted 
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or  lowered,  to  be  emptied  or  charged.  Four  or 
more  of  these  machines  make  a  series,  and  the 
boiler  which  feeds  Them  with  steam  should 
carry  a  pressure  of  4  lbs.  to  the  inch. 

It  is  important,  in  using  this  apparatus,  that 
the  action  of  steam  be  not  too  proloc 
otherwise  a  portion  of  the  animal  matters  will 
be  converted  into  ammoniacal  products.  More- 
over, the  greatest  cleanliness  must  be  observed 
in  order  to  prevent  any  tendency  to  putrefac- 
tion. To  obtain  a  stirrer  jelly,  the  cylinder 
containing  the  bones  must  be  enclosed  with 
woollen  stuff,  and  when  the  grease  ceases  to 
drop,  the  injection  of  cold  water  is  suspended, 
and  the  evacuating  cock  opened  only  hourly, 
and  then  but  sufficiently  to  allow  the  exit  of 
the  gelatinous  solution  without  any  escape  of 
steam. 

A  well-conducted  operation  gives  the  follow- 
ing average  yield  of  100  pts.  of  bones. 

Gelatin 28-204 

Grease  7-216 

Residue 64-580 

The  residue  contains,  phosphate  and  carbon- 
ate of  lime,  y't,  ;  animal  matter  unacted  upon 
by  steam,  lime-soap,  and  free  grease,  T'n.  This 
residue,  when  added  to  new  bones,  gives,  by 
calcination  in  close  vessels,  an  excellent  ani- 
mal charcoal ;  or  it  can  be  used  for  the  manu- 
facture of  phosphorus,  or  as  a  manure  for  fer- 
tilizing soil  for  the  growth  of  cereals.  The 
grease  obtained  in  the  first  stage  of  the  opera- 
tion is  an  excellent  ingredient  for  fine  soaps 
and  pomades. 

The  gelatinous  solution  prepared  by  this  ap- 
paratus contains  5  oz.  of  gelatin  per  gallon. 
By  rapid  evaporation,  in  shallow  pans,  at  a 
properly  regulated  temperature,  it  becomes 
sufficiently  concentrated  to  be  transferred  to 
moulds,  whence,  after  a  proper  repose,  it  is 
taken,  divided  into  thin  layers,  and  dried  in 
the  usual  manner. 

For  the  preparation  of  nutritions  soups,  to 
which  this  apparatus  is  particularly  adapted, 
beef  bones  only  should  be  used,  and  these 
should  be  perfectly  fresh  and  clean,  and  freed 
of  adherent  skin  and  cartilage.  One  hundred 
and  thirty-two  pounds  of  bones  treated  as 
above  for  24  hours,  yield  237  galls,  of  solu- 
tion, which  require  317  lbs.  of  coal  in  their 
preparation. 

The  gelatinous  solution,  when  prepared  for 
soup,  should  contain  75 — 90  grs.  of  gelatin  per 
pint.  To  prepare  105  galls,  of  meat  soup  with 
the  gelatinous  solution  thus  prepared,  take  of 

Gelatinous  solution 105  galls. 

Meat,  with  its  bone 44-    lbs. 

Carrots 22-      " 

Eschalots 11-      " 

Turnips  5-5    " 

Celery l'O    " 

Salt 17-5    " 

4  Cloves. 

These  materials,  placed  in  an  autoclave  (Di 
gestf.r)  and  heated  for  five  hours,  yield  an 
excellent  soup,  and  a  still  better  if  the  propor- 
tion of  meat  is  increased  to  25  pr.  ct. 

Glue.     Is  impure  and  perfectly  dry  gelatin. 
When  minutely  suspended  in  water,  it  is  very 
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tenacious,  and  hence  its  fitness  as  a  cement 
for  joints.  It  can  be  prepared  from  all  animal 
substances  which  yield  gelatin  by  boiling  with 
water,  but  the  materials  most  used  in  the  arts 
for  furnishing  the  common  glue,  are  the  waste 
pieces  of  skins,  old  ceroons,  damaged  hides, 
&c.  A  better  quality  and  more  transparent 
glue  is  made  from  the  tendons  of  cattle  and 
horses,  and  a  still  finer  and  whiter  kind  from 
bones.  Glue  improves  by  age,  and  that  is  best 
which,  after  being  soaked  in  water,  swells 
without  melting,  and  resumes  its  dimensions 
upon  drying.  Bone  glue  obtained  by  acids 
ranks  first  in  quality ;  that  extracted  from 
bones  by  steam  is  the  most  inferior  kind, 
being  more  or  less  soluble  in  cold  water. 
The  glues  from  the  skins  of  wild  animals  oc- 
cupy the  second  grade,  and  are  followed  by 
those  obtained  from  the  hides  of  domestic  ani- 
mals. Marine  glue,  though  it  contains  no  gela- 
tin, owes  its  name  to  its  tenacity  and  property 
of  cementing  joints  which  retain  their  adhe- 
siveness even  under  water.  Dumas,  to  whom 
we  are  indebted  for  the  following  process, 
gives  the  annexed  table  of  the  per-centage  of 
glue  which  is  yielded  by  certain  kinds  of  raw 
material. 

Scraps   of  glove   skins,   freed   from 

grease  and  fleshy  particles 44  to  46 

The  epidermis  of  the  hides  used  for 

the  manufacture  of  belts 30 

Buenos  Ayres  scraps  and  the  casings 

of  boxes  imported  from  Brazil,  &c.  56  to  60 
The  large  tendons  of  cattle  shanks, 
mixed  with   the   small  bones  and 

portions  of  muscle,  &c 35 

Parchment  scraps 62 

Tanners'  clippings  and  refuse,  con- 
sisting of  sheep  and  calves'  ears, 
the   feet   and   tendons,  and  small 

bones  (when  clean) 38  to  42 

Indigo  and  bark  ceroons 50  to  55 

Calves'  heads,  from  the  tanneries. . .  44  to  48 
Hare  and  rabbit  skins 54 

In  order  to  prevent  the  fermentation  of  these 
materials  in  their  fresh  state,  and  at  the  same 
time  to  diminish  their  cost  of  transportation, 
they  undergo  a  preliminary  treatment,  consist- 
ing of  15  or  20  days'  maceration  in  milk  of 
lime,  several  times  renewed  during  the  inter- 
val. At  the  end  of  this  time  they  are  taken 
out  and  spread  in  the  open  air  to  dry.  This 
desiccation  is  hastened  by  repeatedly  turning 
the  material  so  as  to  present  fresh  surfaces ; 
and  when  it  is  complete,  the  material  may  be 
bagged  and  sen!  to  the  factory. 

The  lime-water  dissolves  the  blood  and  soft 
portions,  attacks  the  epidermis  and  predis- 
poses the  tissue  to  a  more  rapid  transforma- 
tion into  gelatin.  Its  chemical  action  is  not 
well  ascertained. 

Before  being  used,  the  glue  materials  must 
again  be  immersed  in  a  weak  milk  of  lime,  so 
that  they  may  be  freed  of  some  more  of  their 
soluble  matter.  When  they  are  well  soaked, 
they  should  be  well  and  repeatedly  rinsed  in 
fresh  water,  to  remove  the  excess  of  lime,  and 
then  placed  upon  sloping  slabs  of  stone,  or 
better  upon  hurdles,  to  drain,  and  turned  over 
from  time  td  time,  until  the  free  lime  becomes 
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completely  carbonated,  because  in  its  caustic 
state  it  would  alter  the  gelatin  at  the  moment 
of  its  extraction. 

The  glue  pieces  thus  prepared  are  imme- 
diately conveyed  to  the  boiler,  which  is  either 
of  copper  or  iron,  and  placed  immediately  over 
the  fire,  so  that  its  bottom,  which  converges 
inwardly,  the  better  to  resist  the  heat,  may  be 
equably  exposed  to  the  flame.  Resting  upon 
the  bottom  is  a  stopcock  for  the  evacuation  of 
the  gelatinous  solution.  Above  the  true  bot- 
tom there  is  another  false  bottom,  cullcndered 
and  movable.  It  is  supported  by  flanges  or 
tripods  of  3  to  6  inches  height,  and  serves  as  a 
preventive  of  direct  contact  of  the  materials 
with  the  heated  bottom  of  the  caldron,  and 
hence  any  injury  by  scorching.  The  cal- 
dron, being  heaped  to  overflowing  with  glue 
pieces,  is  then  filled  two-thirds  of  its  height 
with  water.  If  the  water  is  previously  heated 
the  process  is  hastened,  and  with  less  fuel.  As 
soon  as  ebullition  commences,  the  contents  of 
the  caldron  begin  to  settle  down  gradually, 
until  at  last  they  become  completely  sub- 
merged in  the  liquid,  which  has  proportion- 
ably  augmented  in  volume.  Frequent  and 
thorough  stirring  is  indispensable  during  the 
ebullition,  which  should  be  gentle  and  uni- 
form, and  sometimes  in  the  early  stages  of  the 
process  a  portion  of  the  liquid  is  drawn  from 
the  bottom  of  the  kettle  and  poured  again  over 
its  contents. 

The  operation  is  then  completed  either  by 
fractioning  the  products  of  the  solution  so  that 
they  may  remain  the  least  possible  time  ex- 
posed to  the  fire,  or  else  by  adding  at  once  the 
whole  quantity  of  water  necessary  to  dissolve 
the  gelatin,  and  prolonging  the  ebullition  until 
the  material  is  entirely  melted.  The  products 
of  the  first  method  are  more  tenacious  and  of 
better  quality ; — those  of  the  latter,  though  suf- 
ficiently good  in  appearance,  are  inferior,  for 
the  gelatin  which  is  extracted  in  the  first  hours 
of  the  operation  remains  exposed  to  a  boiling 
temperature  until  the  completion  of  the  boil- 
ing, and  thus  is  inevitably  altered.  The  solu- 
tion therefore  should  be  drawn  off  in  succes- 
sive portions,  commencing  as  soon  as  a  drawn 
sample  will  form  a  stiff  jelly  on  cooling.  This 
mode  of  drawing  the  solution  subdivides  the 
resulting  glue  into  several  grades  of  quality, 
decreasing  in  value  from  the  first  drawing. 

When  this  mode  of  manufacture  is  adopted 
the  following  convenient  arrangement  should 
be  adopted.  Fig.  82  represents  the  apparatus, 
which  consists  of  three  caldrons,  upon  as 
many  different  levels.  The  lower  caldron  is  a 
water-bath,  which  serves  for  the  settling  and 
clarification  of  the  glue;  the  second  caldron 
contains  the  materials  to  be  acted  upon;  and 
the  upper,  heated  by  the  waste  heat  of  the 
chimney,  serves  as  an  economical  reservoir 
for  hot  water. 

As  soon  as  the  gelatinous  solution  is  suffi- 
ciently concentrated,  and  becomes  jelly-like  on 
cooling,  the  fire  must  be  withdrawn,  and  after 
15  minutes'  repose  the  contents  of  the  boiler 
slowly  drawn  off  through  the  exit  cock  into 
the  lower  or  water-bath  kettle  previously  heated 
to  212°,  and  therein  left  to  settle  for  4  or  5 
hours  before  being  transvased  to  the  cooling 
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troughs.  In  the  mean  time  the  grounds  or  re- 
sidue in  the  caldron  are  again  treated  with  hot 
water  from  the  upper  reservoir,  and  the  ebulli- 
tion continued  until  the  second  solution  be- 
comes sufficiently  concentrated  to  form  a  thick 
jelly  on  cooling.  Finally,  this  operation  is 
repeated  a  third  time;  but  as  the  liquid  then 
obtained  is  not  sufficiently  dense  to  form  glue, 
it  consequently  must  be  strengthened  by  boil- 
ing with  a  portion  of  fresh  parings,  or  else  it 
may  be  retained  as  the  liquid  for  the  second 
ebullition  in  the  working  of  the  next  lot  of 
materials.  If  it  is  preferred,  they  can  be  rapidly 
evaporated  to  form  an  inferior  quality  of  glue. 
The  exhausted  residues  are  immediately  with- 
drawn from  the  caldron,  and  pressed  until  they 
cease  to  yield  liquid.  These  runnings  should 
be  mixed  with  the  liquid  of  the  third  boiling. 
Finally,  when  this  last  made  solution  is  suffi- 
ciently concentrated,  it  is  clarified  by  lively 
agitation  with  one  five-hundredth  part  of  pow- 
dered alum,  and  then  left  to  settle  for  four  or 
five  hours  previous  to  decantation. 

The  three  successive  boilings  give  three  dif- 
ferent qualities  of  glue. 

The  cooling  boxes  into  which  the  clarified 
glue  is  transvased  should  be  of  deal  wood, 
lightly  jointed,  and  of  a  rectangular  form, 
slightly  converging  towards  the  bottom,  so  as 
allow  the  more  ready  detachment  of  their  con- 
tents. After  being  well  cleansed,  and  ranged 
upon  a  level,  they  are  filled  to  the  brim  through 
large  funnels  with  strainer  cloths  affixed  to 
their  barrels.  The  boxes  are  placed  upon  a 
perfectly  clean  stone  flagging,  slightly  inclined 
towards  a  reservoir  for  the  reception  of  such 
portions  of  their  contents  as  may  run  over  the 
sides.  The  cooling  apartment  should  be  airy, 
dry,  and  clean,  and  kept  at  as  low  a  tempera- 
ture as  possible,  in  order  to  favor  the  rapid 
solidification  of  the  gelatin,  which  generally 
takes  place  in  12  to  18  hours.  After  this,  they 
are  raised  to  the  upper  story,  which  is  well 
ventilated  with  numerous  slatted  windows,  and 
inverted  upon  a  table  with  a  smooth  top  well 
netted,  so  as  to  prevent  the  adherence  of  the 
emptied  gelatinous  cake  to  its  surface.  To 
detach  it  from  the  sides  of  the  box,  the  moist- 
ened blade  of  a  large  knife  is  generally  used. 
The  mass  is  now  first  divided  by  a  brass  wire 
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stretched  over  a  frame,  like  a  bow-saw,  into 
horizontal  layers.  The  size  of  these  layers  is 
regulated  by  guides,  which  are  placed  at  dis- 
tances corresponding  with  the  desired  thick- 
ness of  the  cake  of  glue.  The  layers  thus 
formed  are  dexterously  placed  upon  net-work 
frames,  which  are  arranged  in  the  drying-room 
in  piles  at  a  distance  of  3  or  4  inches  from 
each  other,  so  as  to  afford  a  free  access  of  air. 
To  hasten  the  drying,  the  plates  of  glue  should 
be  turned  three  or  four  times  daily. 

The  drying  is  one  of  the  most  precarious 
steps  of  the  process.  The  temperature  of  the 
atmosphere  during  the  first  several  days  of  the 
desiccation  has  an  important  influence:  for 
if  it  is  too  warm,  the  glue  softens  and  runs 
through  the  meshes  of  the  net,  or  adheres  so 
firmly  to  the  cords  as  to  require  maceration  in 
boiling  water  for  its  separation.  If  the  weather 
is  too  cold,  the  freezing  of  the  water  cracks 
the  cakes,  and  renders  it  necessary  to  remelt 
them.  A  thunder-storm  causes  the  glue  to 
turn  on  the  nets,  even  after  it  has  been  2  or  3 
days  exposed  ;  and  a  slight  fog.  by  a  condensa- 
tion of  the  damp,  so  moulds  the  surface  of  the 
glue  that  it  is  sometimes  requisite  to  remelt  it; 
and  a  wind  too  dry  or  too  hot  may  cause  a  so 
rapid  desiccation  as  to  prevent  a  proper  con- 
traction without  cracks  or  fissures.  In  this 
case  the  best  plan  is  to  close  the  flaps  of  the 
windows. 

The  best  means  of  preventing  these  incon- 
veniences is  to  conduct  the  operation  only  in 
favorable  seasons,  the  spring  and  fall  of  the 
year,  when  the  temperature  is  more  uniform 
and  moderate. 

After  the  glue  is  dried  upon  the  nets,  it  is 
frequently  necessary  to  lessen  its  flexibility  by 
a  further  drying  in  a  stove-room. 

The  plan  of  manufacture  pursued  in  all  the 
extensive  glue  factories  of  this  country  is 
somewhat  different  from  the  foreign  method. 
Instead  of  the  direct  application  of  fire  to 
metallic  boilers,  the  materials  are  dissolved 
in  slightly  conical  wooden  vats,  heated  by  the 
introduction  of  steam  through  a  wrought-iron 
worm  reposing  upon  the  bottom.  The  whole 
arrangement  is  not  unlike  that  used  in  the  ma- 
nufacture of  alimentary  gelatin.  The  cleansed 
materials  are  thrown  into  the  vats,  covered 
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with  water,  and  then  treated  with  a  current  of 
steam,  until  the  solution  is  thick  enough  to  be 
drawn  off  through  the  exit  cock  near  the  base 
of  the  vessel.  This  first  running  makes  glue 
of  quality  No.  1.  A  repetition  of  this  treat- 
ment with  a  fresh  quantity  of  water,  furnishes 
glue  No.  2;  which,  when  the  materials  are  of 
ordinary  purity,  form  the  only  two  grades  that 
are  procured  by  boiling  with  ste.am. 

I  o,iv  Glue.  Gelatin  can  be  extracted  from 
bones  in  two  ways:  1st,  by  digestion  with 
water  in  steam-tight  vessels;  and  2d,  by  treat- 
ment with  dilute  hydrochloric  acid,  which  dis- 
solves out  the  calcareous  salts  and  leaves  the 
cellular  tissue  untouched.  The  first  method, 
as  before  said,  impairs  the  tenacity  and  adhe- 
siveness of  the  gelatin,  and  consequently  the 
latter  plan  is  that  solely  used  for  the  manufac- 
ture of  bone  glue. 

Bones  consist  approximately  of  40  pr.  ct.  of 
animal  matter,  and  60  pr.  ct.  of  phosphate  and 
carbonate  of  lime,  of  which  the  phosphate 
forms  four-fifths.  The  acid  dissolves  the  car- 
bonate with  disengagement  of  carbonic  acid, 
and,  by  abstracting  a  portion  of  its  base,  trans- 
forms the  insoluble  phosphate  into  a  soluble 
bi-salt;  the  chloride  of  calcium,  which  is  also 
formed  during  the  reaction,  remains  in  solu- 
tion with  the  other  salts. 

Practically,  all  bones  are  not  equally  good 
for  yielding  gelatin  ;  some  are  so  compact  as 
to  yield  too  slowly  to  the  action  of  the  acid, 
and  others  again  do  not  give  enough  gelatin  to 
pay  the  cost  of  the  operation.  Those  bones 
called  fit  bones  are  unfit  for  this  fabrication. 
Those  most  applicable  are — 

1st.  The  corndlons  of  the  ox  or  cow.  These  are 
the  bones  occupying  the  interior  of  the  horns. 
They  yield  more  gelatin  and  of  a  better  quality 
than  any  others,  and  moreover,  by  their  poro- 
sity are  more  readily  acted  upon  by  the  acid. 

2d.  Skulk.  The  skeletons  of  the  heads  of 
oxen  and  horses,  being  very  thin,  are  readily 
attacked  by  the  acids,  and  furnish  a  glue  of 
handsome  appearance.  Before  use  they  should 
be  freed  of  the  teeth  which  remain  in  the  jaw, 
otherwise  there  will  be  a  useless  waste  of  a 
portion  of  the  acid. 

3d.  I.utton  scraps.  These  are  the  scraps  of 
the  thin  plates  from  which  the  buttons  have 
been  cut.  They  give  a  very  white  glue  of 
good  quality,  and  their  shape  affords  facility 
for  extracting  it. 

4th.  Sheep  skulh.  These  bones  also  yield  a 
very  white  glue,  but  of  inferior  quality  and  in 
less  proportion  than  the  preceding;  and  as 
their  gelatinous  product  has  a  tendency  to  be- 
come milky,  they  are  seldom  used  when  better 
material  can  be  procured. 

Generally  speaking,  the  bones  are  not  sub- 
jected to  any  preliminary  treatment,  but  it 
would  be  advantageous  to  give  them  a  good 
soaking  in  clean  waters.  The  bones  being 
thus  cleansed  and  freed  of  all  foreign  matters, 
will  be  more  readily  acted  upon  by  the  acid. 
It  is  rarely  necessary  to  crush  them,  and  as 
most  of  their  grease  is  generally  separated  by 
those  who  make  it  a  business,  no  operation  is 
requisite  to  remove  the  slight  portion  that  may 
remain. 

To  soften  them,  the  bones  are  placed  in 


large  wooden  casks,  or  in  square  lead-lined 
vats  of  about  two  cubic  metres'  capacity,  and 
completely  immersed  in  hydrochloric  acid 
(23°  B.)  diluted  with  four  times  its  weight  of 
water.  The  macerating  vessels  should  be  in 
a  covered  apartment  and  free  from  the  sun. 
because  at  a  high  temperature  the  animal  mat- 
ter itself  will  be  attacked. 

A  week's  maceration  completes  the  soften- 
ing of  the  bones,  which  then  must  be  removed 
by  a  cullendered  leaden  dip,  and  transferred  to 
the  edulcorating  vats,  where  they  are  freed  of 
acid  and  saline  matters  by  repeated  washings 
with  water. 

As  the  acid  bath  still  retains  some  of  its 
solvent  power,  it  should  be  treated  with  a 
second  quantity  of  bones  equal  to  the  first; 
these,  after  a  day  or  two,  having  completely 
exhausted  the  acid,  are  then  removed  with  the 
cullender  and  transferred  to  a  fresh  bath,  where 
they  remain,  as  the  first,  seven  or  eight  days. 
The  operation  can  thus  be  consecutively  con- 
tinued throughout  the  season. 

The  mode  of  operating  would  be  more  me- 
thodical by  more  frequent  transfers  of  the 
bones  from  the  baths.  It  is  important  too 
that  the  macerated  bones  should  be  carefully 
washed.  This  is  generally  done  by  exposing 
them  to  a  current  of  water;  and  some  manu- 
facturers, to  saturate  any  remaining  traces  of 
acid,  subsequently  dip  them  into  a  lime-water 
bath. 

The  residual  acid-waters  are  an  excellent 
material  for  the  manufacture  of  phosphorus; 
and  when  saturated  by  ammoniacal  waters 
and  evaporated,  form  a  valuable  manure. 

The  softened  bones,  after  having  been  tho- 
roughly washed  and  dipped  in  lime-water,  are 
freely  exposed  upon  clean  surfaces  until  per- 
fectly dry.  This  desiccation  is  not  only  neces- 
sary for  the  storing  of  the  bones,  but  is  also 
indispensable  to  the  good  quality  of  the  glue. 

To  convert  these  dried  cellular  tissues  into 
glue,  they  are  next  digested  with  boiling  water. 
When  this  operation  is  conducted  in  a  copper, 
iron,  or  any  metallic  vessel,  it  is  necessary,  in 
order  that  the  products  may  not  be  discolored, 
that  the  heat  shall  not  exceed  212°.  To  pro- 
vide against  the  contingency  of  scorching,  and 
consequent  injury  to  the  materials,  some  manu- 
facturers use  a  double  kettle,  the  outer  one  of 
which  being  heated  directly  by  the  fire,  serves, 
with  the  water  which  it  contains,  as  a  heating 
bath  for  the  inner  kettle  containing  the  glue 
materials.  A  more  recent  and  advantageous 
plan  is  to  use  wooden  vats,  or  else  lead-lined 
casks,  which  are  heated  by  steam  introduced 
through  a  worm  resting  upon  the  bottom  and 
hugging  closely  to  the  sides. 

Only  so  much  water  is  used  as  is  requisite 
to  make  the  gelatinous  solution  without  re- 
course to  evaporation;  and  this  latter,  as  soon 
as  finished,  is  left  for  some  time  to  settle  and 
then  drawn  off  into  the  cooling  boxes.  It 
should  be  passed  through  a  sieve  previous  to 
passing  into  the  boxes,  so  as  to  separate  the 
insoluble  impurities. 

Sometimes  the  gelatinous  solution  is  drawn 
off  whilst  boiling,  into  a  second  caldron  enve- 
loped with  some  material  nonconductive  of 
heat.    After  remaining  therein  for  some  hours 
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it  settles  and  clarifies,  and  is  then  ready  to  be 
run  into  the  boxes.  After  having  perfectly- 
congealed,  it  is  taken  out  in  masses  of  8 
inches  length,  3  in.  breadth,  and  6  in.  thick- 
ness, which  are  again  subsequently  divided 
jnto  very  thin  layers  previous  to  being  trans- 
ferred to  the  drying  frames.  For  this  purpose 
there  is  a  simple  and  ingenious  contrivance. 
In  England  they  use  a  brass  box,  with  a  mov- 
able bottom,  which  can  be  raised  or  lowered  at 
will  to  any  desired  extent,  by  means  of  a  mi- 
crometric  screw.  The  mass  of  gelatin  to  be 
divided  being  placed  in  this  box,  the  bottom  is 
then  raised  until  the  top  of  the  glue  extends 
beyond  the  ledges  of  the  box  to  a  height 
equalling  the  intended  thickness  of  the  plates 
of  glue;  then,  with  a  brass  wire  stretched 
across  the  sides  of  a  box-like  frame,  the  pro- 
truding portion  is  sliced  orf,  and  thus  is  ob- 
tained the  first  cake  of  glue.  The  bottom 
being  further  elevated  to  the  required  height, 
a  second  cut  is  similarly  made;  and  so  on 
consecutively  until  the  whole  mass  has  been 
sliced.  The  lower  slice,  which  retains  the 
impurities  which  have  settled  during  the  cool- 
ing of  the  glue,  should  be  thrown  aside  to  be 
remelted  and  cleansed. 

The  qualities  of  glue.  Well-made  glue  of  good 
quality  is  bright  and  transparent,  breaks  with 
a  conchoidal  fracture,  softens  and  swells  in 
cold  water  without  dissolving.  To  possess 
the  greatest  tenacity  and  unalterability  by 
moisture,  it  must  be  made  by  the  method  first 
given,  of  treating  the  materials  by  consecutive 
solutions.  The  glues  obtained  with  only  one 
water  are  inferior,  and  more  or  less  soluble  in 
cold  water. 

Schattenmann,  in  a  letter  to  Dumas,  makes 
the  following  useful  remarks  in  relation  to  the 
comparative  values  of  different  glues  : 

'•I  found  by  experiment  that  green  glue, 
which  is  obtained  by  dissolving  glutinous  mat- 
ters, dried  much  less  easily  than  the  jelly  of 
glue  which  had  been  already  dried  and  re- 
melted;  and  that  dried  glue,  soaked  in  cold 
water,  imbibes,  according  to  the  different  sorts 
and  qualities,  a  greater  or  less  amount  of 
water;  and  that  its  body  and  cohesive  force, 
as  tested  by  this  process,  is  in  proportion  to  its 
real  value. 

"From  these  facts  I  concluded  that  the 
green  glue  derived  from  the  fusion  of  the  glu- 
tinous matters  contains  water  of  composition 
more  intimately  combined  with  the  glue  than 
the  water  arising  from  the  remelting  of  dry 
glue,  which  is  only  in  a  state  of  admixture, 
and  is  disengaged  and  evaporates  much  more 
easily  than  the  water  of  composition ;  that  in- 
deed the  dry  glue  contains  a  certain  quantity 
of  water  of  composition,  which  diminishes  by 
the  frequent  remeltings  and  desiccations  to 
which  the  glue  is  submitted.  I  have  from  this 
drawn  the  conclusion  that  the  manufacture  of 
glue  in  thin  leaves,  susceptible  of  a  more  com- 
plete desiccation,  is  preferable  to  that  in  thick 
leaves,  like  the  glues  of  Givet  and  Boulogne. 

"I  have  recently  made  a  series  of  new  ex- 
periments, to  ascertain  the  value  of  the  dry 
glue  from  the  quantity  of  water  it  imbibes  in 
the  cold,  and  the  changes  it  undergoes  by  re- 
meltins,  or  by  more  complete  desiccation.  The 
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result  of  these  experiments  seems  to  me  to  be 
of  great  practical  importance;  for,  if  it  be  true 
that  a  dry  glue  of  the  same  appearance  may 
vary  considerably  as  to  strength  or  body,  we 
must  necessarily  admit  that  i 

of  the  amount  of  dry  glue  should  be  aband ,1. 

and  in  its  place  should  be  substituted  th 
the  jelly  obtained  by  the  immersion  of  th 
glue  in  cold  water  at  a  temperature  of  8 
62°  for  24  hours,  because  this  jelly  is  th 
expression  of  the  quantity  of  the  glue,  am 
the  jelly  thus  obtained  indicates  by  its  greater 
or  less  consistence  the  quality  of  the  glue. 

"The  bone  glue,  or  gelatin,  is  evidently  the 
best  of  all  the  strong  glues,  as  much  by  its 
strength  as  by  the  consistence  of  its  jelly. 

"Our  manufacture  of  this  glue  is  so  regu- 
lated as  only  to  obtain  thin  leaves  perfectly 
dried  of  two  kinds  of  glue, — 1st,  the  fine  white 
bone  glue;  2d,  the  fine  blond  bone  glue. 

"  Our  fine  white  bone  glue,  by  its  immersion 
in  cold  water  during  24  hours,  imbibes  as  a 
mean  12  times  its  weight  of  water;  that  is  to 
say,  that  a  leaf  of  3  grms.  gives  39  grms.  of  a 
firm  and  elastic  jelly  of  very  remarkable  con- 
sistence. 

"  The  fine  blonde  bone  glue,  treated  in  the 
same  manner,  absorbs  as  a  mean  9  times  its 
weight  of  water,  and  gives  a  jelly  evidently 
less  firm  than  the  white  bone  glue. 

"  The  common  strong  glue  of  Alsatia  or  of 
Germany,  made  with  the  offals  from  domestic 
animals,  treated  in  the  above  manner,  only 
imbibes  as  a  mean  5  times  its  weight  of  water, 
and  gives  a  very  soft  brown  jelly,  without  elas- 
ticity and  without  consistence,  and  which  falls 
to  pieces  by  handling.  This  jelly,  which  is 
evidently  of  very  inferior  value  and  quality,  is 
not  to  be  compared  with  the  jelly  of  our  fine 
blonde  bone  glue,  and  still  less  with  that  of 
our  white  bone  glue. 

"  The  Boulogne  glue  made,  like  that  of 
Givet,  with  the  parings  of  skins  of  wild  ani- 
mals, and  subjected  to  the  same  treatment 
after  24  hours  of  immersion,  imbibes  but  3J 
times  its  weight  of  water;  but  after  six  times 
24  hours  it  imbibes  7£  times  its  weight  of 
water.  Its  jelly  is  tolerably  firm,  and  appears 
to  be  of  good  quality. 

"  The  bone  glue,  remelted  and  dried  afresh, 
soaked  for  24  hours,  absorbs  as  a  mean  a  third 
more  water  than  the  quantity  imbibed  by  the 
dry  glue  obtained  from  bones. 

"Our  remelted  bone  glues  imbibe  therefore 
as  a  mean — 

"The  fine  white  bone  glue,  16  times  its 
weight  of  water. 

"The  fine  blonde  bone  glue,  12  times  its 
weight  of  water. 

"The  jelly  obtained  from  these  glues  pos- 
sesses less  firmness  and  consistence  than  that 
of  the  same  glues  obtained  direct  from  bones. 

"The  loss  or  diminution  resulting  from  the 
remelting  of  our  dry  bone  glues  is  about  10  pr. 
ct.,  and  thus  it  is  not  in  exact  relation  with  the 
superior  capacity  which  the  remelted  glue  pos- 
sesses of  imbibing  a  greater  quantity  of  water. 

"I  attribute  the  diminution  which  the  dry 
glue  undergoes  by  remelting,  partly  to  the 
losses  inseparable  to  this  operation,  and  partly 
to  a  more  thorough  expulsion  of  the  water  of 
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composition;  and  I  find  the  proof  of  it  in  the 
superior  capacity  of  the  remelted  glue  for  im- 
bibing a  greater  quantity  of  water,  and  in  this, 
that  the  well-dried  glues,  and  especially  those 
which  have  been  remelted,  are  less  hygrome- 
trical  than  the  badly  manufactured  glues,  or 
those  which  are  made  from  matters  of  bad 
quality  which  possess  this  property  in  a  high 
degree. 

"  I  think  that  the  water  of  composition  of 
the  glue  injures  its  quality,  and  thai  it  para- 
lyses its  cohesive  force,  and  that  thus  its 
strength  increases  in  proportion  to  its  desic- 
cation. 

"From  what  precedes,  I  conclude  that  the 
surest  practical  means,  and  the  most  suitable 
for  ascertaining  the  strength  and  quality  of  the 
glue,  consists  in  soaking  it  for  24  hours  in  cold 
water,  in  order  to  convert  it  into  jelly:  that  its 
quality  must  be  appreciated  from  the  consist- 
ence and  firmness  of  this  jelly,  and  its  amount 
of  cohesive  matter  from  the  quantity  of  water 
it  imbibes. 

'■  If  the  facts  and  principles  which  I  have 
just  exposed  be  true,  as  I  am  led  to  believe,  it 
must  be  admitted  that  in  practice  the  deter- 
mining the  value  from  the  dry  glue  should  be 
abandoned,  because  it  is  irrational  and  not 
precise ;  and  that  we  should  substitute  for  it 
that  of  the  jelly  obtained  by  the  immersion  of 
the  dry  glue  in  cold  water  for  a  certain  time, 
of  at  least  24  hours. 

"The  result,  moreover,  is,  that  the  glues  of 
inferior  quality,  at  a  low  price,  instead  of  be- 
ing economical,  are,  on  the  contrary,  the  cause 
of  increased  expense,  and  often  injurious;  for 
it  is  not  seldom  that  the  common  strong  glues, 
and  especially  the  green  glues  obtained  from 
the  cuttings  of  skins,  employed  latterly  in  stif- 
fening woollen  goods,  become  putrid,  and  in- 
fect very  valuable  goods,  especially  when  these 
are  exposed  to  humid  air  or  to  an  elevated 
temperature. 

"We  sell  the  fine  white  bone  glue  at  300 
francs,  and  the  fine  blonde  glue  at  190  francs 
the  100  kilogrms.  delivered  at  Paris,  as  we 
have  mentioned  in  the  notice  sent  with  the 
sample  of  our  products  to  the  public  exposition. 

"  Our  fine  blonde  bone  glue,  soaked  during 
24  hours  in  cold  water,  imbibes  9  parts  of 
water,  and  this  gives  10  parts  of  firm  jelly  of 
excellent  quality. 

"The  Alsatian  or  German  glue,  worth  130 
francs  the  100  kilogrms.,  treated  in  the  same 
manner,  only  absorbs  5  times  its  weight  of 
water,  and  thus  it  only  gives  6  parts  of  soft 
jelly,  which  is  brown  and  of  bad  quality.  The 
result  is  that  100  kilogrms.  of  fine  blonde  bone 
glue,  giving  1000  kilogrms.  of  jelly,  and  the 
same  quantity  of  strong  Alsatian  glue,  only 
giving  600  kilogrms.  of  jelly  by  their  immer- 
sion in  cold  water  for  24  hours  at  a  tempera- 
ture of  from  60°  to  62° ;  the  jelly  of  the  first 
glue  costs  but  19  francs,  whilst  that  of  the 
second  amounts  to  21^  francs  the  100  kilogrms. 
Bone  glue  is  an  economy  of  14  pr.  ct.  over  the 
common  strong  glue,  independent  of  the  great 
superiority  of  the  former  in  quality.  Such  is 
the  result  which  the  preference  given  to  low- 
priced  articles  frequently  leads  to."  Ann.  de 
Chim.  et  de  Phys.,  Feb.  1845. 


GENTIAN.  The  root  of  the  Gentiana  lutea. 
Its  principal  constituents  are  Oil  of  Gentian, 
Gentisin  or  Gentisic  Acid,  Gentianin,  Pectin, 
and  Sugar. 

The  oil,  which  is  soluble  in  alcohol,  is  ob- 
tained by  distilling  the  root  with  water. 

Gentisic  Acid.  Obtained  by  the  action  of 
ether  upon  the  inspissated  alcoholic  solution 
of  the  alcoholic  extract  of  the  root  previously 
washed  with  water.  Is  pale  yellow,  crystallizes 
in  needles,  and  forms  yellow  salts  with  the 
alkalies.     When  pure  it  is  not  bitter. 

Pectin.  To  this  component  is  due  the  occa- 
sional gelatinization  of  infusion  of  gentian 
under  certain  circumstances.  The  sugar  in- 
gredient causes  the  vinous  fermentation,  by 
which  the  alcoholic  beverage  used  by  the 
Swiss  is  made. 

Gentianin.  Syn.  Gentianite.  The  bitter  prin- 
ciple of  the  plant  has  not  yet  been  obtained 
entirely  isolated.  Water  dissolves  out  a  bitter 
acid  matter  from  the  alcoholic  extract  of  the 
root.  This  acid,  when  separated  by  a  lead  salt, 
leaves  a  solution  which  yields  on  evaporation 
a  sweet  and  bitter  extract,  from  which  ether 
removes  au  aromatic  fat,  an  odorous  resin, 
and  wax.  The  bitter  matter  has  not  been  se- 
parated from  the  sugar.  (Pereira.)  The  Gen- 
tianin of  Dr.  Baumert  (Chem.  Gaz.,  v.  446)  is 
not  the  bitter  and  medicinal  principle  of  the 
root,  but  is  a  neutral  body,  which  crystallizes 
in  pale  yellow  tasteless  needles,  slightly  solu- 
ble in  water  and  most  readily  in  boiling  alco- 
hol, and  combines  with  acids  and  bases  with- 
out parting  with  the  elements  of  water.  At 
572°  to  644°  it  disengages  yellow  vapors, 
which  partially  condense  into  yellow  needles, 
but  is  mostly  carbonized.     Formula  C]4H.Os. 

GEODE.  Geol.  A  small  cavity  in  rock,  or 
a  detached  hollow  spherical  stone,  usually 
lined  with  crystals.  Agate  masses  are  apt  to 
assume  this  form,  internally  coated  with  crys- 
tals of  quartz. 

GEOKRONITE.  Min.  Syn.Kilbrickenite(?). 
Cryst.  Right  Rhombic;  also  massive,  with  one 
imperfect  cleavage;  granular,  earthy.  H.  = 
2  —  2-5.  G.  =  6-4  —  6-54.  Color  and  streak 
bluish  gray;  metallic;  fracture  uneven.  It 
fuses  readily,  and  gives  the  usual  tests  of  ar- 
senic, antimony,  and  lead.  Form.  5  PbS,  SbS3; 
or  PbS,  SbS3  -j-  4  PbS,  according  to  the  ana- 
lyses of  Svanberg,  Sauvage,  and  Kerndt.  A 
part  of  the  antimony  is  replaced  by  arsenic, 
except  in  that  from  Spain.  Kilbrickenite  is  in- 
cluded in  this  species  by  Dana  and  Rammels- 
berg;  although  Apjohn's  analysis  gives  6  eq. 
of  sulphuret  of  lead,  which  allies  it  to  Brittle 
silver. 

Local.  Sala,  Sweden  ;  Meredo,  Spain  ;  Val 
di  Castello,  near  Pietrosanto,  Tuscany.  See 
Antimonial  ores. 

GEOGNOSY.-?      The  science  which  treats 

GEOLOGY.  5  of  the  structure  of  the  earth 
and  the  history  of  its  formation.  It  includes  a 
portion  of  mineralogy  as  subordinate  to  it,  in 
order  to  express  the  nature  of  rocks  or  mineral 
aggregates,  and  to  identify  formations  from  a 
similarity  of  mineral  contents.  It  draws  upon 
chemistry  to  illustrate  the  changes  which  form- 
ations undergo  by  the  force  of  affinity.  The 
principal  minerals  which  it  calls  to  its  aid  are 
3  l  2  677 


GEOLOGY. 


Quartz,  Feldspars,  Mica  and  Talc,  Hornblende 
and  Augite,  Limestones. 

Geological  formations  are  either  of  igneous 
origin,  mineral  masses  more  or  less  perfectly 
fused  by  heat;  of  aqueous  origin,  deposited 
from  water;  or  of  an  intermediate  character, 
resulting  from  both  the  preceding  causes  com- 
bined, the  sedimentary  having  been  apparently 
subjected  to  heat,  probably  in  the  presence  of 
water.  The  first  and  last  are  more  or  less 
crystalline;  the  sedimentary  rarely  so.  The 
first  embraces  those  without  stratification  ;  the 
third  those  which  appear  to  have  been  sedi- 
mentary and  still  usually  retain  their  stratified 
character.  The  last  have  been  termed  meta- 
morphic  rocks.  Although  these  divisions  are 
in  general  well  marked,  they  graduate  into 
each  other  so  imperceptibly  that  it  is  often  dif- 
ficult to  define  their  exact 'limits.  Organic  re- 
mains are  abundantly  distributed  through  the 
sedimentary  formations;  traces  of  organic 
forms  are  sometimes,  but  rarely,  observed  in 
the  metamorphic  series ;  and  the  true  igneous 
rocks  are  wholly  destitute  of  them.  The  igne- 
ous and  some  of  the  metamorphic  rocks  are 
often  designated  as  Primary  or  Primitive,  on 
the  supposition  of  their  having  been  first 
formed.  The  unaltered  sedimentary  rocks  are 
either  Secondary,  the  older  rocks  containing 
organic  remains,  or  Tertiary,  the  latest  formed 
previous  to  the  human  historic  period. 

I.  Igneous  rocks  include,  1.  Granite,  com- 
posed of  quartz,  feldspar,  and  mica.  If  mica 
be  wanting,  it  is  termed  Gramdite ;  if  both  feld- 
spar and  mica  be  absent,  it  is  called  Granular 
Quartz;  if  mica  predominate,  it  is  Mica  slate. 
2.  Syenite.  When  the  mica  is  replaced  by 
hornblende,  it  becomes  a  Syenite,  or  if  partially 
replaced,  a  Syenitic  Granite.  When  the  rock  is 
not  crystalline,  and  consists  largely  of  horn- 
blende, it  is  termed  Aphanite  or  Hornblende 
Rod:  3.  Protogine  or  Tulcose  Granite,  with 
talc  replacing  mica.  When  more  magnesian 
and  homogeneous,  it  is  Serpentine,  which  gra- 
duates into  DiaUage  Bock,  composed  mainly 
of  feldspar  and  diallage.  4.  Trappean  Rocks. 
Frequently  intrusive  through  sedimentary 
rocks,  mainly  consisting  of  feldspars  and 
hornblende,  very  compact,  and  often  slightly 
crystalline.  5.  Basalts,  composed  of  feldspars 
and  augite,  but  usually  so  compact  as  to  be 
destitute  of  crystalline  structure.  The  variety 
IJokrite  consists  of  labradorite  and  augite. 
6.  Porphyry  appears  to  be  a  trap  or  basalt 
mainly  composed  of  feldspar,  with  detached 
crystals  of  feldspar  in  a  compact,  feldspathic 
and  quartzose  matrix.  Under  it  may  be  includ- 
ed CUnkdone  (Phonolite),  compact,  and  lighter 
colored,  and  Trachyte,  also  compact,  containing 
glassy  feldspar.  7.  Lavas,  comprising  Obsidian 
or  black  volcanic  glass,  Pumice,  a  light-colored 
porous  mass,  and  Ashes,  a  loose  powder. 

If  detached  crystals  of  feldspar  be  dissemi- 
nated in  anv  of  the  preceding,  it  is  termed  Por- 
phvntic.  Granites  have  usually  a  white,  light 
gray  or  reddish  color;  syenites  vary  from 
these  to  nearly  black,  when  hornblende  predo- 
minates; talcose  vary  from  light  green  to 
greenish  black;  trap,  basalt  and  porphyry 
are  usually  very  dark,  gray,  bluish,  brownish, 
and  black. 
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II.  Metamorphic  rocks  generally  run  paral- 
lel to  many  of  the  ignecus  rocks;  1.  G 
and,  2.  Mica  slate,  corresponding 

3.  Hornblende  slate  to  syenite.     4.   Talcose 
resemble  gneiss  and  mica  slate,  with  talc  in- 
stead  of  mica.      5.  Chlorite  slate   is   allii 
talcose    slate,  wilh    chlorite    instead   of 
6.   Granular  Limestone,  in  which   the  sediment- 
ary  character  is  sometimes  wholly  obliterated, 
is    highly    crystalline,    and    constitutes   mos| 
crystalline  marbles.    When  abounding  in  ca 
bonate  of  magnesia,  it  is  termed  Dolomite. 

III.  Sedimentary  rocks.  1.  Olay,  usually 
ascribed  to  the  decomposition  of  feldspars, 
2.  Clay  slate  is  hardened  clay,  and  when  yery 
compact,  and  without  organic  remains,  is 
termed  Argillitc ;  when  abounding  in  bitumen, 
Bituminous  shale  or  slate.  3.  Sandstone,  ce»m- 
posed  of  quartz  sand,  cemented  by  siliceous 
matter  forming  a  very  hard  and  tough  rock, 
or  by  clay  (argillaceous  sandstone),  when  a 
is  more  friable,  or  by  lime,  forming  a  mode- 
rately hard  rock.  When  the  clay  contains 
much  oxide  of  iron,  the  rock  forms  a  red  or 
brown  sandstone.  Previous  to  its  hardening 
or  cementation,  the  formation  is  termed  a  sanl 

4.  Conglomerate,  composed  of  fragments  of 
rocks,  less  comminuted  than  sandstone.  If 
the  fragments  be  angular,  it  is  termed  a  Brec- 
cia.  Millstone  grit  is  composed  of  quartz  peb- 
bles with  a  siliceous  cement.  Previous  to  ce- 
mentation, a  conglomerate  is  gravel.  5.  Lime- 
stone,  more  rarely  crystalline  than  granular 
limestone,  and  of  various  colors,  although 
bluish  gray  is  the  predominating  tint.  When 
abounding  in  magnesia,  it  forms  Magnesian 
limestone;  in  clay,  an  Argillaceous  limestone. 
When  the  silica  is  in  a  finely  divided  stale 
(probably  hydrated),  and  it  is  slightly  burned, 
it  has  the  property  of  hardening  under  water, 
and  is  called  Hydraulic  limestone.  Varieties  are 
Chalk,  Oolite,  and  Marl. 

All  the  sedimentary  rocks  contain  more  or 
less  organic  remains.  The  sandstones  and 
limestones  abound  more  in  marine  shells  or 
their  casts.  The  slates  more  frequently  con- 
tain vegetable  remains.  See  Basalt,  Chalk, 
Clat,  Granite,  &c. 

GERMAN  SILVER.  See  Augentan  and 
Allot. 

GERMINATION.  That  gradual  develop- 
ment of  an  organized  nucleus  or  germ  which 
enlarges  its  structure,  and  by  increasing  its 
energies,  enables  the  assimilation  of  matter 
necessary  for  its  growth  and  sustenance.  The 
chemical  changes  accompanying  germination 
have  not  been  minutely  investigated. 

GIALAPPONE.  A  variety  of  Jalap  root 
examined  by  Cannobid.     It  contains 

Resin,  identical  with  jalap  resin .  5-8 

Gummy  extractive 29'8 

Starch T6 

Veg.  albumen ™ 

"     Fibre 32-2 

Water l6'° 

Lime  and  Potassa  salts *•* 
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GIBBSITE.     Min.    Stalactitic    and    small 
maramillary;  with  a  somewhat  fibrous  struc- 
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ture.  H.  =  3  —  3-5.  G.  =  2-09  —  2-4.  Gray- 
ish or  greenish  white;  translucent;  with  a 
white  streak.  It  gives  water  in  a  closed  tube, 
is  infusible,  and  acts  like  pure  alumina  (]); 
soluble  in  acids.  (Torrey.)  Form.  A1203,  P05 
-\-  8  HO.  (Hermann.)  Formerly  regarded  as 
hydrate  of  alumina.  It  occurs  at  Richmond 
and  Lenox,  Mass. ;  Union  Vale,  Dutchess  Co., 
and  in  Orange  Co.,  N.  Y. 

GIESECKITE.  Mm.  Hexagonal;  H.  = 
2-5  —  3.  G.  =  2-78.  Grayish  and  dirty  olive- 
green  ;  greasy;  subtranslucent,  opake;  frac- 
ture, uneven,  splintery.  Its  behavior  resem- 
bles Pinite  and  Nephelin,  to  the  latter  of  which 
Tamnau  proposes  to  unite  it.  It  occurs  at  Ju- 
lianenhaab,  Greenland. 

GIGANTOLITE.  Min,  Hexagonal,  cleav- 
age parallel  to  6-sided  prism  and  end-plane. 
H.  =  3-5.  G.  =  2-86  —  2-878.  Greenish  to 
dark  steel-gray;  between  vitreous  and  waxy. 
Fuses  readily  to  a  greenish  slag,  with  some 
intumescence;  gives  reaction  of  iron  with  the 
fluxes.  Form.  RO,  Si03  +  A1203,  Si03  +  HO, 
in  which  RO  =  protoxides  of  manganese  and 
iron,  magnesia,  potassa,  and  soda.  It  is  allied 
to  Fahlunite  and  Chlorophyllite.  It  occurs  at 
Tammela  in  Finland. 

GILBERTITE.  Min.  In  white,  silky,  trans- 
lucent plates;  sectile.  H.  =  2-75.  G.  =  2-648. 
It  appears  from  Lehunt's  analysis  to  be 
2  (A1203,  Si03)  +  HO.  Found  in  lode  of 
Stonagwyn,  Cornwall. 

GINGER.  The  root  of  the  Amomum  zingiber 
or  Zingiber  officinale.  The  two  varieties  are  the 
black  and  white.  Bucholtz's  and  Morri's  ana- 
lyses give  as  its  composition :  Yellow  volatile 
oil,  acrid  soft  resin,  resinous  mutter  insoluble  in 
ether  and  oils  but  soluble  in  alcohol,  acidulous  ex- 
tractive insoluble  in  alcohol,  gum,  starch,  fibre,  ul- 
min  (1),  osmazome,  bassorin,  water,  acetic  acid, 
sulphur,  and  fixed  salts. 

Volatile  Oil.  Lighter  than  water,  and  of  odor 
similar  to  that  of  the  root. 

Ginger  is  mostly  used  as  a  spice,  for  domes- 
tic purposes,  and  occasionally  in  medicine. 
In  company  with  other  ingredients,  its  de- 
coction forms  the  well-known  beverage,  root 
Beer. 

GINSENG.     See  Panax. 

GIOBERTITE.     See  Magnesite. 

GISMONDINE.     See  Zeagonite. 

GLANCE.  Min.  The  name  of  an  order  of 
minerals,  adopted  by  some  mineralogists,  em- 
bracing those  of  a  brilliant  lustre;  as  Cobalt- 
glance,  Iron-glance  (specular  iron). 

GLANCE-COBALT.     See  Cobalt-glance. 

GLASS.  Tech.  Ger.  Glas.  JY.Verre.  Glass 
consists  essentially  of  silex  and  alkali  heated 
to  fusion,  and  presenting,  after  cooling,  a 
transparent  (rarely  translucent)  and  hard 
body,  without  any  tendency  to  crystalline 
structure.  The  history  of  its  manufacture 
may  be  clearly  traced  from  the  present  time 
through  the  times  of  the  Romans  and  Pheni- 
cians  to  the  Egyptians,  some  of  whose  produc- 
tions remain  to  this  day.  It  flourished  in  Tyre, 
in  Alexandria,  and  lastly  in  Rome,  and  after 
being  depressed  for  some  ages,  again  revived 
under  the  Venetians,  who  transmitted  it  to  the 
rest  of  the  nations  of  Europe.  The  art  has 
improved  slowly  during  the  last  two  centuries, 


and  has  only  within  a  few  years  begun  to  feel 
the  influence  of  chemical  science. 

I.  Composition  and  Properties.  Glass  consists 
of  silex  and  alkali  or  alkaline  earth,  some- 
times with  other  substances,  chiefly  metallic 
oxides,  designed  to  modify  its  external  charac- 
ters of  hardness,  fusibility,  brilliancy,  color, 
and  transparency. 

1.  Kinds  of  glass.  The  alkaline  matter  is 
usually  introduced  into  it  in  the  form  of  car- 
bonate, sometimes  as  other  salts,  which  are 
then  decomposed. 

Silex  and  alkali  are  in  every  kind  of  glass, 
but  whether  the  alkali  be  potassa  or  soda  de- 
termines the  variety.  Many  kinds  contain 
lime,  and  a  few  oxide  of  lead.  Alumina  and 
oxide  of  iron  are  constituents  of  one  kind,  and 
are  contained  as  accidental  impurities  in  nearly 
all  the  others. 

The  kinds  of  glass  are — 

1.  Soluble,  a  silicate  of  potassa  or  soda,  or 
of  both. 

2.  Bohemian,  a  silicate  of  potassa  and  lime. 

3.  Crown  or  spread,  a  silicate  of  soda  and 
lime. 

4.  Plate,  silicate  of  soda  and  lime,  cast  into 
plates. 

5.  Bottle,  silicate  of  potassa  (or  soda),  lime, 
alumina,  and  oxide  of  iron. 

6.  Crystal,  silicate  of  potassa  and  oxide  of 
lead. 

7.  Flint,  the  same,  with  more  lead. 

8.  Strass  or  paste,  the  same,  with  still  more 
lead. 

9.  Enamel  and  colored  glass,  any  of  the  pre- 
ceding, except  1  and  5,  colored  by  metallic 
oxides. 

2.  Materials.  1.  Silex,  as  white  sand  for  the 
finer  kinds,  river  sand  for  coarser  glass,  pow- 
dered quartz,  calcined  and  ground  flints.  The 
last  are  now  rarely  used.  The  white  sand  in 
New  Jersey  is  well  adapted  to  glass-making. 
A  superior  quality  of  silex  is  found  in  Mis- 
souri, near  St.  Genevieve,  consisting  of  a  white 
sandstone,  which  appears  to  be  destitute  of  ce- 
ment, and  crumbles  to  a  fine  sand.  Sand  fre- 
quently requires  to  be  calcined,  sifted,  and 
washed,  to  remove  organic  and  argillaceous 
matter.  2.  Potassa  is  used  as  purified  pearl- 
ash  (carbonate  of  potassa),  soda  as  fine  ash 
(carbonate  of  soda),  for  plate  and  the  finer 
kinds  of  glass;  common  potash  and  crude  soda 
for  inferior  qualities  ;  sulphates  of  potassa  and 
soda,  and  common  salt,  are  used  for  the  com- 
monest glass.  3.  Lime,  either  as  quicklime, 
air-slacked,  or  as  carbonate  (marble,  chalk). 
4.  Oxide  of  lead,  as  litharge  or  red-lead,  rarely 
as  carbonate  or  sulphate.  5.  To  purify  glass, 
nitre,  binoxide  of  manganese,  and  arsenious 
acid,  are  employed. 

3.  Chemical  Relations.  Silex,  although  infusi- 
ble at  any  furnace  heat,  is  brought  into  a 
melted  and  liquid  state  at  high  temperatures 
by  the  addition  of  various  quantities  of  alkali 
(potassa,  soda,  lime)  or  of  oxides  of  lead,  iron 
or  manganese.  The  definite  composition  of 
many  crystallized,  artificial  and  natural  com- 
pounds of  silex  with  various  bases,  pointing 
out  its  acid  character,  it  is  called  silicic  acid, 
and  its  compounds  silicates.  Silicic  acid  coin- 
bines  feebly  with  a  strong  solution  of  potassa 
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by  digestion,  but  when  exposed  to  heat,  they 
readily  unite  to  a  melted  mass;  and  if  the 
potassa  were  carbonated,  silicic  acid  expels 
the  carbonic.  Silica  (silicic  acid)  combines 
in  many  proportions  with  alkali,  some  of 
which  are  doubtless  definite  crystallizable 
compounds,  and  the  others  are  solutions  by 
heat  of  the  ingredient  in  excess  in  the  definite 
compound.  But  these  compounds  and  mix- 
tures appear  to  be  perfectly  homogeneous  and 
amorphous.  Three  pts.  carbonate  of  potassa 
or  soda  form  a  very  fluid  mass  with  1  pt.  silica 
at  a  low  furnace  temperature,  but  a  very  small 
quantity  of  alkali  is  requisite  to  produce  the 
same  effect  at  a  high  heat.  The  compounds 
of  potassa,  from  KO,  Si03  to  KO,  4  Si03, 
are  transparent  and  somewhat  blebby;  KO, 
6  Si03  (85-7  pr.  ct.  silica)  is  transparent  and 
very  blebby;  KO,  10  Si03  (91  pr.  ct.  silica)  is 
still  transparent,  but  very  porous.  The  silicates 
of  soda  from  NaO,  Si63  to  NaO,  4  Si03  are 
transparent  and  compact;  those  of  NaO,  6  Si03 
to  NaO,  8  Si03  (90  to  92-4  pr.  ct.  silica)  are 
transparent,  but  very  porous;  NaO,  10  Si03 
forms  a  white  enamel.  For  equal  weights, 
the  silicates  of  soda  are  more  fusible  than 
those  of  potassa.  The  alkaline  silicates  never 
assume  a  stony  appearance,  a  crystalline  or 
even  lamellar  structure,  when  cooled  rapidly 
or  slowly. 

The  silicates  of  lime  are  much  less  fusible 
or  scarcely  fusible.  CaO,  Si03  (62  pr.  ct. 
silica)  fuses  with  difficulty  and  imperfectly; 
with  less  or  more  silica  the  fusion  is  still  more 
imperfect.  Silicate  of  alumina  is  wholly  in- 
fusible at  furnace  heats  in  any  proportion. 
Several  silicates  of  protoxide  of  manganese 
are  fusible,  those  being  most  fusible  between 
3  MnO,  Si03  and  3  MnO,  2  Si03  (containing 
33-8  and  46-6  pr.  ct.  silica).  Protosilicate  of 
iron  is  much  more  fusible  than  that  of  man- 
ganese;  even  6  FeO,  Si03  (18  pr.  ct.  silica) 
fuses  into  a  black  scoria;  FeO,  2  Si03  is  still 
perfectly  fusible,  but  the  most  fusible  is  3  FeO, 
Si03  (31  pr.  ct.  silica).  The  silicates  of  mag- 
netic oxide  are  somewhat  less  fusible  than 
those  of  the  protoxide ;  those  of  the  peroxide 
of  iron  are  infusible.  The  silicates  of  lead 
are  most  easily  and  most  perfectly  fusible, 
from  6  PbO,  Si03  to  PbO,  3  Si03  (12  to  18  pr. 
ct.  silica). 

Compound  silicates  are  much  more  readily 
and  perfectly  fusible  than  the  simple  silicates. 
Hence,  although  silicate  of  lime  is  so  difficultly 
fusible,  it  becomes  readily  so  by  admixture 
with  alkaline  silicates,  and  even  the  two  nearly 
infusible  silicates  of  lime  and  alumina  will 
fuse  perfectly  in  several  proportions.  More- 
over, according  to  Berthier,  the  power  of  fusion 
seems  to  increase  with  the  number  of  mixed 
silicates.  It  is  on  this  ground  in  part  that  the 
advantage  of  mingling  alkaline  silicates  with 
others  depends  in  making  glass.  There  ap- 
pears also  to  be  a  more  stable  compound 
formed,  one  less  easily  acted  upon  by  chemical 
agents;  and  this  is  probably  the  chief  reason 
why  bottle  glass,  the  most  mixed  kind,  although 
less  fusible  from  the  admixture  of  iron  and 
alumina,  resists  chemical  action  most  power- 
fully. The  resistance  of  mixed  silicates  to  the 
action  of  moisture  is  clearly  shown  by  experi- 
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ments  made  on  two  kinds  of  glass,  one  com- 
posed of  1  pt.  silica  and  1  pt.  potassa,  the  other 
of  1  pt.  silica,  1  pt.  potassa,  and  1  pt.  lime. 
While  the  former  was  deficient  in  brilliancy 
and  solidity,  and  attracted  moisture  from  the 
air  so  as  to  form  a  saturated  solution  of  car- 
bonate of  potassa,  the  second  was  inalterable 
in  the  air,  although  it  contained  twice  as  much 
alkaline  matter.  The  mixed  silicates  arc  there- 
fore better  for  glass,  by  reason  of  their  insolu- 
bility. There  are  other  advantages  presented 
by  these  mixtures.  The  silicates  of  lime,  alu- 
mina, and  oxide  of  iron,  are  usually  crystal- 
line, but  mixed  with  alkaline  silicates,  are  ho- 
mogeneous, compact  and  amorphous.  \ 
the  silicates  of  the  alkalies  and  of  lead  are 
transparent,  the  others  are  translucent  or 
nearly  opake;  and  although  by  fusing  translu- 
cent silicates  together,  the  mixture  is  more 
translucent,  yet  transparency  is  only  attained 
by  mingling  alkaline  and  other  silicates  toge- 
ther. There  are  three  classes  of  silicates 
employed  in  the  manufacture  of  glass.  The 
silicated  alkalies  are  transparent,  amorphous, 
soluble  ;  silicate  of  lead  is  transparent,  amor- 
phous, insoluble;  silicates  of  lime,  iron,  &c. 
are  translucent,  crystalline,  insoluble.  By  com- 
bining two  or  more  of  these  classes  we  obtain 
glass,  transparent,  amorphous,  insoluble. 

When  carbonate  of  potassa,  soda,  or  lime, 
are  employed  to  make  glass,  the  silicic  acid 
expels  the  carbonic  and  unites  with  its  base. 
The  sulphates  of  soda  and  potassa  are  some- 
times used  to  replace  carbonated  alkali  wholly 
or  in  part.  If  charcoal  be  added  at  the  same 
time,  either  the  sulphuric  acid  is  wholly  re- 
duced and  sulphur  expelled,  or  more  probably 
a  partial  reduction  takes  place,  and  the  escape 
of  gas  facilitates  the  escape  of  the  remaining 
sulphuric  acid.  Without  charcoal,  an  excess 
of  lime  or  chalk  is  added,  which  forms  sul- 
phate of  lime  and  falls  to  the  bottom  of  the 
glass-pot,  or  where  chalk  is  used,  the  escaping 
carbonic  acid  carries  off  a  portion  of  sulphuric; 
for  experience  has  shown  that  carbonate  is 
better  than  caustic  lime.  An  excess  of  char- 
coal imparts  a  yellow,  brown,  or  greenish  tint 
to  glass.  Common  salt  (chloride  of  sodium) 
is  also  introduced  into  glass,  but  it  is  not  de- 
composed into  alkali  and  muriatic  acid,  its 
chief  action  consisting  in  its  volatility,  where- 
by in  rising  through  the  melted  mass  it  clears 
the  glass,  and  forming  a  layer  at  the  top,  vola- 
tilizes if  time  be  allowed.  The  chloride  of 
potassium  is  more  volatile  than  common  salt, 
if  the  latter  be  added  to  a  glass  containing 
potassa,  soda  and  chloride  of  potassium  are 
generated,  the  former  uniting  with  silica,  and 
the  latter  rising  to  the  top.  By  its  greater 
volatility,  chloride  of  potassium  clears  glass 
more  perfectly  than  common  salt. 

As  the  materials  employed  in  glass-making 
always  contain  a  small  quantity  of  oxide  of 
iron,  which  imparts  a  greenish  tint  to  it  if  in 
the  state  of  protoxide,  or  faintly  yellowish  it 
peroxide,  this  inconvenience  is  obviated  by 
adding  a  little  peroxide  of  manganese,  where- 
by the  iron  is  peroxidized,  and  the  manganese 
reduced  partly  to  protoxide  and  partly  to  ses- 
quioxide.  The  protoxide  forms  a  colorless 
silicate,  but  the  sesquioxide  added  to  glass  in 
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moderate  quantity  produces  a  violet  color, 
which  neutralizes  the  yellow  color  arising 
from  peroxide  of  iron.  A  still  better  neutral- 
ization of  color  is  produced  by  using  a  little 
oxide  of  cobalt,  which  gives  alone  a  blue  bor- 
dering on  violet.  To  effect  the  same  change 
of  protoxide  of  iron  into  the  less  coloring  per- 
oxide, saltpeter  and  arsenious  acid  are  used, 
the  former  of  which,  after  losing  oxygen,  unites 
with  silica;  the  latter,  after  giving  off  its  oxy- 
gen, is  dissipated  in  vapor  as  metallic  arsenic. 
These  oxidizing  agents  also  destroy  an  excess 
of  carbonaceous  matter.  If  too  much  manga- 
nese be  employed,  the  glass  assumes  a  violet 
tint,  which  is  obviated  by  thrusting  in  a  wood- 
en rod,  which  reduces  the  sesqui  to  the  pro- 
toxide. 

An  excess  of  alkali  is  often  used  in  order  to 
obtain  a  more  fusible  glass,  but  such  glass  is 
more  readily  acted  upon  by  acids,  and  even 
water  boiled  in  it  will  readily  convert  red  lit- 
mus to  blue  by  its  content  of  alkali.  If  pure 
water  be  boiled  for  some  time  in  glass,  it  will 
almost  always  abstract  a  portion  of  alkali, 
without  necessarily  indicating  an  inferior  qua- 
lity of  glass.  The  best  test  of  its  quality  in 
this  respect  is  to  boil  a  little  strong  muriatic 
or  sulphuric  acid  in  it,  and  if  the  surface  re- 
main smooth  and  transparent  the  glass  is 
good.  Caustic  fixed  alkali  attacks  glass  by 
dissolving  silica.  Fluohydric  acid  decomposes 
glass  readily. 

4.  Physical  Characters. — Relations  to  heat.  All 
glass  is  fusible,  but  the  temperatures  for  dif- 
ferent kinds  are  different.  Oxide  of  lead  or  a 
larger  amount  of  alkaline  silicate  imparts 
more  ready  fusibility;  and  a  similar  effect  is 
produced  by  borax.  Bottle  glass,  containing 
oxide  of  iron  and  alumina,  and  less  alkali,  is 
more  difficult  of  fusion  than  other  kinds. 
When  melted  glass  is  cooled,  it  is  perfectly 
flexible  and  plastic  through  a  wide  range  of 
temperature  before  it  becomes  cooled  to  rigid- 
ity. The  softer  kinds,  especially  flint  or  borax 
glass,  when  heated,  begin  to  be  plastic  below 
a  red  heat;  the  others,  at  higher  temperatures ; 
and  the  plasticity  of  all  increases  up  to  perfect 
fusion.  When  in  the  plastic  state,  two  pieces 
will  unite  together  as  firmly  as  if  they  were 
melted  together.  Some  glasses  are  more  mo- 
bile than  others  when  in  fusion.  When  glass 
is  much  softened  by  heat  it  may  be  readily 
drawn  out  into  rods  or  tubes,  or,  if  passed 
around  a  revolving  wheel,  into  minute  flexible 
threads  (glass  hair).  These  relations  of  glass 
to  heat  are  the  principal  properties  on  which 
depends  the  forming  of  glass  into  the  number- 
less shapes  demanded  by  the  wants  of  civilized 
life.  From  its  perfect  mobility  when  fused,  it 
may  be  cast  into  large  sheets  (plate-glass) ; 
from  its  plasticity  below  fusion,  it  may  be 
moulded  into  any  form  by  a  few  simple  instru- 
ments, or  by  a  mould  of  given  form;  from  the 
firm  union  of  two  plastic  pieces,  very  complex 
forms  are  attainable.       , 

Glass  conducts  heat  so  imperfectly,  that  the 
end  of  a  rod  heated  to  whiteness  may  be  held 
with  safety  by  the  hand  within  an  inch  or  two 
of  the  heated  end.  But  while  this  property  is 
available  for  some  uses,  it  is  an  inconvenience 
in  other  respects,  which  demands  a  remedy. 
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Wh  mi  a  tumbler  or  other  vessel  of  thick  glass 
is  cooled  in  the  air  (Bologna  vial),  if  it  do  not 
fly  to  pieces  on  cooling,  it  will  readily  do  so 
by  dropping  in  a  grain  of  sand  or  minute  an- 
gular piece  of  flint,  while  it  may  be  struck  a 
smart  blow  with  a  wooden  mallet  or  other 
smooth  body.  Prince  Rupert's  drops  are  pear- 
shaped  pieces  of  glass  with  a  long  thin  stem, 
made  by  dropping  melted  glass  into  water. 
The  bulb  may  be  struck  without  injury,  but  if 
the  smallest  particle  of  the  stem  be  broken  off, 
the  whole  drop  flies  into  powder  with  explo- 
sive noise  and  violence.  These  effects  are 
due  to  the  bad  conducting  power  of  glass, 
combined  with  the  cohesive  force  of  its  parti- 
cles. Glass  expands  when  heated;  and  con- 
tracts on  cooling  (see  Expansion)  ;  but  as  its 
particles  move  more  slowly  in  proportion  as  it 
approaches  the  cold  rigid  state,  the  rate  of 
cooling  must  be  very  slow  to  allow  the  parti- 
cles to  come  uniformly  close  together.  If  sud- 
denly cooled  by  dropping  melted  glass  into 
water,  the  outside  suddenly  assumes  the  rigid 
and  more  contracted  form,  while  the  interior 
is  still  soft  and  expanded,  from  the  bad  con- 
ducting power  of  the  glass.  When  thoroughly 
cooled,  the  interior  must  still  retain  the  ex- 
panded state,  so  contrary  to  its  cohesive  force 
at  common  temperatures,  and  when  the  cohe- 
sion of  the  outer  layer  is  in  the  least  disturbed, 
as  by  a  scratch  or  slight  fracture,  the  whole 
of  the  cohesive  force  exerts  its  power  to  frac- 
ture the  whole  mass.  These  facts  point  out 
the  necessity  of  cooling  more  slowly  than  can 
take  place  in  the  air,  and  give  rise  to  the  pro- 
cess of  annealing,  whereby  the  glass  vessel,  as 
soon  as  made,  and  while  still  hot,  is  placed  in 
one  end  of  a  long  annealing  oven,  with  a  fire 
at  this  end,  and  gradually  pushed  to  the  farther 
and  cold  end  of  the  oven.  The  particles  of  the 
interior  and  exterior  have  then  time  to  arrange 
themselves  uniformly  according  to  their  cohe- 
sive force  at  each  point  of  temperature,  until 
they  become  perfectly  rigid. 

When  transparent  glass  is  maintained  for 
some  time  at  a  high  heat,  but  below  fusion,  it 
becomes  opake  or  translucent,  fibrous  in  struc- 
ture, harder,  less  fusible,  and  a  better  conduc- 
tor of  heat  and  electricity ;  it  is  so  much  harder 
as  to  scratch  glass,  give  sparks  with  steel,  and 
will  bear  sudden  changes  of  temperature  like 
porcelain.  It  is  commonly  called  devitrified 
glass,  or  Reaumur's  porcelain;  but  its  proper 
designation  would  be  crystalline  glass,  as  dis- 
tinguished from  ordinary  amorphous  glass. 
Although  most  glasses  are  subject  to  this 
change,  yet  it  is  most  readily  effected  with 
common  bottle  or  window  glass.  Although  a 
portion  of  alkali  is  sublimed,  yet  the  change  is 
not  dependent  on  the  loss,  nor  on  the  presence 
of  any  accidental  impurities.  The  alteration 
is  wholly  molecular,  and  consists  in  a  re 
arrangement  of  the  particles  in  a  crystalline 
form,  whereas  glass  itself  is  entirely  amor- 
phous. Similar  changes  in  properties  have 
been  noticed  among  organic  bodies  in  pass- 
ing from  the  crystalline  to  the  amorphous 
state.  See  Fcsion.  When  crystalline  glass 
is  still  more  highly  heated,  it  fuses,  and  then 
on  cooling  has  the  properties  of  amorphous 
glass,  but   requires   a   little   higher  heat  for 
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fusion  after  each  molecular  change ;  which  is 
due  to  loss  of  alkali. 

Hardness  and  Elasticity.  The  different  kinds 
of  glass  have  different  degrees  of  hardness, 
bottle  glass  being  the  hardest,  from  the  quan- 
tity of  oxide  of  iron  and  alumina,  and  the 
smaller  amount  of  alkali.  Lead  glass  is  softer, 
and  its  softness  in  proportion  to  its  content  of 
oxide  of  lead.  An  excess  of  alkali  imparts 
greater  softness.  The  surface  of  glass  appears 
to  be  harder  than  the  interior.  Quartz,  other 
hard  minerals,  and  a  steel  file,  scratch  glass 
readily,  but  the  diamond,  from  its  superior 
hardness,  is  employed  to  cut  it.  For  this  pur- 
pose the  angles  of  the  diamond  should  have  a 
peculiar  form,  for  any  other  angular  fragment 
merely  scratches  glass.  The  curved  facets  of 
the  diamond  crystal  present  also  curved  edges, 
and  while  the  point  barely  enters  the  glass, 
the  curved  edges  or  shoulders  act  like  a  wedge 
to  split  the  glass  in  the  direction  of  the  cut. 
Glass  is  very  elastic,  as  may  be  shown  by  any 
strip  of  window  glass,  but  more  strikingly  by 
hollow  balls  suspended  by  strings.  The  ring 
or  sound  emitted  by  glass  on  being  struck  is 
dependent  on  its  elasticity.  A  glass  harmoni- 
con  consists  of  small  strips  of  window  glass 
of  different  sizes  suspended  on  two  parallel 
strings,  and  may  be  graduated  to  any  scale. 
Goblets  of  various  sizes  are  sometimes  em- 
ployed in  a  similar  manner,  and  are  made  to 
vibrate  by  passing  the  moistened  finger  around 
their  upper  edges. 

Defects  in  glass.  Threads,  tears,  and  opake 
points  in  glass  are  due  to  portions  of  the  cru- 
cible or  furnace  dropping  into  the  mass  and 
not  fusing  perfectly.  Having  a  different  ex- 
pansibility from  glass,  their  presence  is  apt 
to  cause  the  glass  to  break,  at  different  tem- 
peratures, and  sometimes  without  apparent 
cause.  Air  bubbles  arise  from  the  glass  not 
having  been  kept  very  liquid  for  a  sufficient 
length  of  time,  and  are  often  difficult  to  remedy 
after  fusion.  Chloride  of  sodium,  and  espe- 
cially chloride  of  potassium,  seem  well  adapted 
to  clear  glass  of  the  air  bubbles.  Although 
striae  are  often  observed  in  every  kind  of  glass, 
they  are  frequently  and  almost  always  found 
in  flint  glass,  and  are  doubtless  due  to  an  im- 
perfect commingling  of  the  lighter  alkaline 
silicates  with  the  heavier  silicates  of  lead. 
For  ordinary  articles  the  difference  in  density 
of  the  same  piece  is  a  matter  of  inferior  mo- 
ment, but  is  very. important   in    lenses    and 
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obviate  this  defect  various  expedients  have 
been  tried  with  more  or  less  success,  but 
much  yet  remains  to  be  done. 

II.  Details  of  Manufacture,      1.  Soluble  glau. 
Silicic  acid,  precipitated  from  its  solutions,  by 
acids,  is  Soluble  both  in  caustic  potassa  and 
soda.     A  crystallized  soda-compound  thus  ob- 
tained has  the  composition  3  NaO,  2  Si03  -|- 
27  aq.  (=  56-5  pr.  ct.  aqua),  and  another  crys- 
talline body  has  the  same  formula  but  only  18 
eq.  water.     Rose    observed   that   1   eq.  silica 
would  expel  3  eq.  carbonic  acid  from  carbonate 
of  potassa,  forming  a  silicate  of  potassa,  3  KO, 
Si03,  which  is  soluble  in  water.    Fuchs  disco- 
vered these  soluble  combinations  of  silica  and 
alkali,  and  termed  them  water-glass,  or  soluble 
glass.     He  mingled   10  pts.  pearlash,  15  pts. 
quartz  powder,  and  1  pt.  charcoal,  and  ignited 
it  strongly  in  a  refractory  crucible  for  6  hours. 
The  mass  is  pulverized,  added  in  small  por- 
tions to  boiling  water  until  the  whole  is  dis- 
solved, and  evaporated  to  a  spec.  grav.  of  1-24 
to  1-25,  when   the  carbonic  acid  of  the  air 
ceases  to  decompose  it.     The  liquid  of  1-25 
contains    28  pr.  ct.   silicate  of  potassa.    By 
farther  evaporation  it  is  obtained  in  a  solid 
form,  resembling   common   glass,  but  much 
softer  and  more  fusible.     Dobereiner  recom- 
mends 70  pts.  carbonate  of  potassa,  54  pts. 
carbonate  of  soda,  and  152  pts.  quartz  powder, 
which  proportions   are  nearly  2  KO  (NaO), 
3  Si03.     This  glass  is  more  fusible,  and  its 
solution  more  penetrating  to  wood.    Soluble 
glass  has  been  proposed  and  used  as  a  paint 
for  wood,  textile  fabrics,  &c,  in  order  to  pre- 
vent  their   readily   taking   fire   from   sparks. 
For  this  purpose  it  is  generally  mingled  with 
chalk,  clay,  bone-ash,  &c,  finely  levigated.  A 
thin  solution  should  be  first  employed,  in  order 
to  enter  the  pores  of  the  wood,  and  followed  by 
a  solution  with  clay,  &c,  to  protect  the  sur- 
face more  perfectly.    It  may  be  highly  recom- 
mended for  shingle  roofs,  wooden  bridges,  and 
other  structures,  to  render  them  more  or  less 
fire-proof. 

2.  Bohemian  glass.  The  materials,  consisting 
of  silex,  potash,  and  lime,  are  fritted  in  a  calcar 
(colcar),  or  reverberatory  oven,  by  being  well 
heated,  and  thrown  red-hot  into  the  glass-pots 
or  crucibles,  where  the  fritted  mass  is  melted. 
The  objects  of  fritting  are  to  expel  moisture 
and  carbonic  acid,  and  produce  a  caking  toge- 
ther, which  facilitates  fusion.  The  following 
table    presents  the   proportions   of  materials 


Silica  100 

Pearlash  (purified) 60 

Carbonate  of  lime 16 

Saltpeter 

Arsenious  acid   

Manganese 

The  glass  may  contain  some  soda  and  less 
potash,  and  is  fused  in  open  pots,  placed  in  a 
furnace  of  elliptical  form.  It  is  employed  lor 
making  panes,  tumblers,  and  various  articles, 
which  are  characterized  by  their  levity,  as 
compared  with  flint  and  crystal  glass,  by  its 


100 
40 
15 


100 

50 

20 

2 


100 
53 
15 


0-6 


100 

50 

20 
1-6 
1-6 
0-1 


Average. 

100 

50—60 

20—35 

0—2 

ft-* 


3.  Vial  glass  and  spread  glass  are  similar  in 
composition,  containing  silex,  soda,  lime,  and 
sometimes  potassa.   The  proportions  of  ingre- 
dients do  not  materially  vary  from  those  em- 
ployed  for   Bohemian   glass,   but    a   smaller 
„    amount  of  soda  is  requisite  than  of  potassa, 
^eXinfSl^^nd'^s^e^chemical  |  because   soda  has  a  lower  equivalent     (See 
agents,  as  compared  with  a  pure  soda  glass.     |  the  Principles  abo/e.)     Less  care  is  0eneraiiy 
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had  in  regard  to  the  quality  of  the  materials 
than  for  finer  kinds  of  glass;  and  hence  this 
glass  is  almost  always  sensibly  colored  green- 
ish by  the  protoxide  of  iron.  For  spread  or 
common  window  glass,  a  considerable  quan- 
tity of  soda  is  used,  in  order  to  flux  the  mate- 
rials rapidly,  and  the  addition  of  salt  is  believed 
to  clear  the  glass.     (See  Materials  above.) 

Where  wood-ashes  can  be  obtained  cheaply, 
it  is  always  substituted  wholly  or  in  part  for 
soda,  and  then  the  glass  approaches  the  Bohe- 
mian kind  in  composition.  A  pure  soda  glass 
melted  and  blown  rapidly  is  apt  to  get  stains 
on  the  surface,  probably  from  the  imperfect 
separation  of  chlorides;  but  if  one-third  or 
more  of  the  alkali  be  potash,  the  stain  is  rarely 
observed.  This  is  probably  due  to  the  greater 
volatility  of  chloride  of  potassium,  which 
clears  the  glass  more  perfectly  in  a  rapid 
melt.  Vials,  tumblers,  druggists'  ware,  &c,  of 
a  light  green  color,  are  made  from  this  glass. 
In  making  window  panes,  a  lump  of  melted 
glass  is  taken  out  of  the  pot,  blown  and 
elongated  into  a  pear,  then  blown  and  rolled 
into  a  cylinder,  which  is  slit  on  one  side 
longitudinally  the  whole  length  of  the  cylin- 
der. It  is  then  placed  on  the  smooth  hearth 
of  the  flattening  kiln,  with  the  slit  sides  upper- 
most, and  when  softened  by  heat,  is  opened, 
until  it  spreads  out  upon  the  hearth,  a  flat- 
tened sheet.  The  sheets  were  transferred  then 
to  the  annealing  kiln,  but  the  two  kilns  are 
now  so  arranged,  that  after  spreading,  the 
sheet  is  not  lifted  from  its  bed.  Chance's 
method  consists  in  having  two  contiguous 
circular  kilns,  the  hearths  of  which  revolve. 
The  hearth  of  the  flattening  kiln  is  composed 
of  flat  stones,  and  is  highly  heated  near  where 
the  slit  cylinder  is  introduced;  it  is  then  caused 
to  revolve  until  the  cylinder  is  opposite  the 
working  hole,  where  it  is  flattened.  On  being 
moved  farther  round,  it  is  easily  transferred  to 
the  revolving  hearth  of  the  annealing  oven, 
where  it  is  gradually  cooled.  It  is  evident 
that  both  these  kilns  might  be  united  in  one, 
and  the  heat  of  flattening  employed  for  an- 
nealing. 

4.  Crown  glass.  The  materials  employed  for 
crown  glass  are  similar  to  those  for  the  pre- 
ceding kind,  being  silex,  soda,  and  lime,  but 
they  are  generally  purer.  One  proportion  is, 
100  silica,  60  soda  ash,  8  potash,  10  lime,  4 
saltpeter,  J  arsenious  acid.  Sulphate  of  soda 
is  also  used,  with  a  little  charcoal,  instead  of 
soda  ash.  Another  proportion  is,  100  sand, 
16  soda  ash,  40  chalk,  with  a  little  arsenic 
and  manganese.  The  sand  and  chalk  in  pow- 
der are  calcined,  the  former  at  a  red,  the  latter 
at  a  lower  heat,  well  sifted,  and  mixed  with 
the  other  materials,  also  well  dried,  and  then 
thrown  into  the  melting  pot.  The  object  of 
calcination  is  chiefly  to  expel  the  water.  The 
melting  furnace  is  rectangular,  containing 
from  4  to  6  pots,  containing  about  half  a  ton 
of  glass.  The  mingled  materials  are  thrown 
in,  the  furnace  quickly  heated  up  to  the  melt- 
ing point,  and  when  the  first  charge  is  melted 
down,  the  next  is  thrown  in,  and  so  on  until 
the  pot  is  sufficiently  filled.  The  temperature 
is  lowered  for  a  few  hours,  during  which  some 
of  the  foreign  matters  subside,  and  glass-gall 


rises  to  the  top,  when,  after  raising  the  fire  a 
little,  it  is  skimmed  off.  A  quantity  of  glass  is 
taken  up  and  rolled  with  blowing  into  a  pear- 
shape,  then  heated  at  the  "  blowing  furnace." 
It  is  again  rolled  and  blown,  and  after  a  second 
softening  at  the  blowing  furnace,  is  expanded 
into  a  sphere.  It  is  then  heated  at  the  mouth 
of  another  furnace,  the  "bottoming  hole,"  be- 
ing turned  round  by  the  blowing  tube,  which 
rests  on  a  hook,  when  it  assumes  the  form  of 
a  thick  flattened  disk,  with  a  rising  central 
cone,  to  which  the  tube  is  attached.  Being 
transferred  to  the  iron  rod  (punto)  with  a  little 
glass  on  its  end,  the  opposite  end  is  broken 
ofT  from  the  cone,  and  leaves  the  glass  some- 
what in  the  form  of  a  crown.  This  crown  is 
then  held  to  the  mouth  of  the  flashing  furnace, 
and  turned  round,  first  slowly,  and  then  rapid- 
ly, during  which  it  gradually  collects  together, 
when  it  suddenly  flashes  out  into  a  flat  circu- 
lar disk  of  about  5  ft.  diameter,  with  a  thick 
mass  in  the  centre,  called  the  bull's-eye,  where 
the  punt  is  attached.  The  punt  being  detach- 
ed, the  plate  is  transferred  to  the  annealing 
arch,  where  it  is  placed  upright  on  its  edge, 
and  gradually  cooled.  The  disks  are  then  cut 
into  panes. 

5.  Plate  glass.  This  glass,  usually  cast  into 
large  plates  for  mirrors  and  large  panes,  is 
composed  of  silex,  soda,  and  lime,  nearly  in 
the  following  proportions. 

Silica 100  100 

Carbonate  of  soda,  pure. .     33  33 

Carbonate  of  lime 20  25 

Manganese £ 

All  the  material  must  be  very  pure.  Pure  soda 
crystals  are  prepared  at  St.  Gobin,  France,  and 
dried;  at  Ravenshead,  England,  they  employ 
pure  soda  ash.  The  lime  is  used  as  carbonate, 
dry  slacked  or  caustic.  All  the  materials  are 
dried,  sifted,  and  mingled  together,  and  thrown 
into  the  melting  pols,  without  previous  frit- 
ting. The  melting  furnace  contains  6  pots, 
capable  of  holding  nearly  a  ton  of  glass, 
into  which  the  materials  are  thrown,  when  the 
pots  have  been  brought  to  bright  redness,  and 
suffered  to  remain  24  hours.  It  is  then  ladled 
into  the  squares  (cuvettes),  square-shaped  pots 
in  another  furnace,  where  the  metal,  kept  in 
a  fused  state  for  12  hours,  becomes  refined  by 
the  escape  of  air  bubbles  and  the  settling  of 
unfused  matter.  A  square  is  then  removed  by 
a  carriage  to  the  casting  table,  made  of  cast- 
iron,  and  its  contents  poured  out  upon  the 
table,  proceeding  from  one  end  to  the  other, 
and  followed  by  a  roller  to  level  the  surface. 
The  thickness  of  the  plate  is  determined  by 
rules  on  the  sides  of  the  table,  over  which  the 
roller  passes.  The  table  being  near  the  an- 
nealing arch,  the  stiffened,  but  not  cold  plate, 
is  pushed  into  the  annealing  furnace,  where  it 
is  gradually  pushed  from  the  hot  to  the  colder 
end.  Two  plates  are  simultaneously  ground, 
by  cementing  the  lower  one  to  a  table  and  the 
upper  smaller  one  into  a  frame,  which  moves 
over  the  lower  by  a  peculiar  eccentric  motion, 
whereby  true  surfaces  are  obtained.  The  ma- 
terials successively  used  between  the  plates 
are,  sand;  emery,  Nos.  1,  2  and  3,  for  grinding. 
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by  machinery;  emery,  Nos.  4  to  8,  for  smooth- 
ing; and  colcothar,  for  polishing,  by  hand. 

6.  Bottle  glass.  Is  similar  to  vial  or  spread 
glass,  but  contains,  in  addition  to  silex,  soda, 
and  lime,  oxide  of  iron  and  alumina.  For- 
merly, the  coarsest  materials  were  employed, 
and  the  color  was  due  to  the  accidental  pre- 
sence of  oxide  of  iron.  Latterly,  however, 
better  materials  have  been  used,  sand,  soda 
ash,  lime,  clay,  and  smithy  slack  or  iron  ore, 
the  latter  to  give  color  and  impart  hardness 
and  resistance  to  acids.  In  this  country,  green 
sand  is  sometimes  added  to  spread  glass  for 
beer-bottles,  to  which  it  gives  a  rich  green 
color.  Barytes  is  also  used  to  a  limited  extent 
in  France.  The  composition  of  bottle  glass 
approaching  to  that  of  basalt  and  other  igne- 
ous rocks  (see  Basalt),  these  rocks,  either 


whole  or  disintegrated,  have  ployed, 

by  mixture  with  sand,  and   sometin 
to  make  bottles.    Basalt  is  sometimes  added 
to  a  spread  glass  to  obtain  tlu-  same  i 
The  main  difficulty  attending  the  w.  ■  .■■ 
rocks  or  other  soils,  lies  in  their  want  of  uni- 
form composition;  but  as   good  glass    mads 
from  them  has  been  proved  to  be  of  less  spe» 
cific    gravity,   more    tough    and   resisting   to 
chemical  action,  it  would  be  highly  desirable 
to  substitute  it  wholly  or  in  part  for  a  glass 
composition. 

7.  Lead  glass  comprises  three  varieties,  crys- 
tal, flint  glass,  and  strass  or  paste,  differing  in 
the  proportions  of  oxide  of  lead  they  contain. 
The  following  table  shows  the  various  propor- 
tions, from  crystal  with  little  lead  to  paste  con- 
taining more  oxide  of  lead  than  silica. 


Crystal. 

Common  Flint. 

Optical. 

Paste. 

1.        2.        3.        4.        5 
100   100  100  100   100 
10     30     42     45     58 
35     33     33     35     16 
..      10     15      ..      .. 
13      8 

6.        7.            8.                9.      10. 
100  100       100          100   100 
66     70  80—85      100   100 
26     40  35—40        23     23 
7       3     2—3           ..        1-3 
Borax  7       1-8 

11.     12.         13. 

100   100      100 

133   154      160 

13     56        20 

. .      . .        20 

6-3     . . 

Oxide  of  lead 

Potash,  purified  . . 

Carbonate  of  lime. 

No.  2  is  a  proportion  recommended  by  Aikin, 
8  proportions  of  Loysel,  9  optical  flint  glass 
of  Bontemps,  and  10  of  Guinaud ;  11  is  a 
paste  proposed  by  Lancon,  12  by  Douault — 
Wieland,  and  13  for  ruby  glass.  Lead  glass 
should  be  worked  in  closed  pots,  with  a  mouth 
opening  outside  the  furnace,  in  order  to  pre- 
vent the  access  of  carbonaceous  matter,  which 
would  deoxidize  the  lead  and  blacken  the  glass. 
The  furnace  is  generally  circular,  with  a  num- 
ber of  pots  arranged  on  the  inside.  The  dried 
and  mingled  materials  are  thrown  into  the 
white-hot  melting  pots,  and  when  full  of  melt- 
ed glass,  the  mouths  are  closed.  Some  heavy 
combinations  of  lead  sink  to  the  bottom,  while 
the  salts  which  will  not  incorporate  with  the 
glass,  rise  to  the  top  as  a  scum,  called  glass- 
gall,  sandiver:  the  greater  part  of  this  is  skim- 
med off,  the  balance  volatilizing.  It  is  chiefly 
composed  of  chlorides.  When  the  glass  is 
cleared,  the  heat  of  the  furnace  is  reduced,  so 
that  the  very  fluid  metal  is  brought  to  a  more 
plastic  and  workable  state.  The  vessels,  when 
finished,  are  put  into  the  hot  end  of  the  an- 
nealing furnace  on  trays,  which,  as  they  be- 
come filled,  are  pushed  along  slowly  until  they 
reach  the  cold  extremity  of  the  oven.  This 
furnace  is  sometimes  50  feet  long. 

Much  more  care  is  used  in  preparing  the 
materials  for  optical  glass  and  paste  than  for 
ordinary  flint  glass.  For  the  two  former,  pure 
pulverized  quartz  is  employed;  and  for  paste, 
carbonate  of  potash  from  cream  of  tartar.  To 
prepare  a  very  pure  glass,  Kunckel  and  Nen  re- 
commend the  melted  glass  to  be  quenched  in 
water,  pulverized  and  remelted.  To  imitate 
the  diamond,  as  much  pure  oxide  or  carbonate 
of  lead  must  be  used  as  the  paste  will  bear 
without  assuming  a  yellow  tint.  It  is  very 
desirable  to  obtain  a  homogeneous  flint  glass 
for  optical  purposes,  since  strata  of  differing 
density  have  a  tendency  to  form  in  it,  render- 
ing it  unfit  for  fine  lenses  or  prisms.  Although 
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much  has  been  done  to  attain  such  a  glass, 
much  more  remains  to  be  done. 

III.  Colored  glass.  Glass  is  most  frequently 
tinged  greenish  or  yellowish  with  oxide  of 
iron  contained  in  the  sand  or  other  materials 
employed,  and  requires  the  addition  of  oxide 
of  manganese  to  remove  the  color.  Too  much 
manganese  will  impart  a  violet  tint.  In  like 
manner,  other  metallic  oxides  are  capable  of 
imparting  to  glass  various  hues,  which  may 
be  varied  by  combination  or  shaded  by  quan- 
tity. The  coloring  power  of  the  different 
oxides  varies,  as  may  be  seen  by  the  pro- 
portions given  below.  Yellow  is  produced  by 
charcoal,  antimonite  of  potassa,  silver,  and 
oxide  of  uranium;  blue,  by  oxide  of  cobalt, 
and  probably  by  a  mixture  of  oxides  of  cop- 
per and  iron  ;  green,  by  oxide  of  copper  or  of 
chrome  (opake),  or  by  antimonite  of  potassa, 
litharge,  and  cobalt;  red,  by  gold,  suboxide  of 
copper  (nearly  opake),  oxide  of  iron  ;  violet,  by 
manganese;  black,  by  protoxide  of  uranium, 
iridium,  platinum,  and  by  a  mixture  of  man- 
ganese, copper,  iron,  and  cobalt;  white,  by 
oxide  of  tin,  arsenic,  and  bone  ash. 

By  combining  one  or  more  of  these  oxides, 
various  shades  and  hues  may  be  attained. 
The  yellow  glass  of  antimony  may  be  shaded 
more  into  orange  by  the  use  of  a  little  oxide 
of  iron  ;  the  purple-red  of  gold  passes  into  car- 
mine by  employing  silver  with  gold;  the  blue 
of  cobalt  may  be  shaded  into  purple  by  a  little 
gold,  into  green  by  antimony  or  other  yellow 
colors.  A  rich  grass-green  is  obtained  from 
oxide  of  chrome  with  a  little  antimony  and 
litharge;  a  brilliant  emerald-green  from  a 
mixture  of  oxides  of  uranium  and  nickel; 
oxide  of  nickel  alone  yields  a  hyacinth-red. 
The  ruby-red  of  gold  requires  much  care  in 
its  preparation.  1.  Dissolve  1  pt.  gold  in  18 
pts.  aqua  regia,  dilute  it  with  5  times  its  vo- 
lume of  water,  and  add  £  of  the  solution  10 
512  pts.  of  the  paste  No.  13  in  the  above  table 
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of  lead  glass,  together  with  48  pts.  borax,  3 
oxide  of  tin,  and  3  oxide  of  antimony.  Two 
pts.  tin  will  be  sufficient  for  heavier  glass, 
and  4  pts.  for  smaller  articles.  The  mixture 
is  heated  for  12  to  14  hours  in  an  open  cruci- 
ble. 2.  Dissolve  1  pt.  pure  gold  in  12  pts. 
nitric  acid,  12  pts.  muriatic,  and  1  pt.  salam- 
moniac,  and  add  it  to  1  pt.  tin  dissolved  in  20  pts. 
nitric  acid  and  6  pts.  muriatic,  and  diluted  in  a 
flask  with  500  pts.  water.  This  purple  preci- 
pitate of  Cassius  is  filtered,  washed,  and  dried, 
and  added  in  small  quantity  to  the  following 
mixture,  40  pts.  quartz,  16  saltpeter,  8  borax, 
1  arsenious  acid,  and  1  cream  of  tartar,  and 
the  whole  is  heated  in  a  glass  pot,  with  stir- 
ring until  it  has  attained  low  redness,  when  it 
is  covered  and  a  higher  heat  given.  When 
clear,  the  glass  is  cooled,  pulverized,  sifted, 
and  mixed  with  a  sifted  glass  composed  of 
128  pts.  quartz,  64  saltpeter,  3  borax,  and  3 
arsenious  acid.  Thin  glass  made  in  this  man- 
ner assumes  a  beautiful  ruby  tint  by  smoking 
it.  The  Bohemian  ruby  is  prepared  by  fusing 
together  100  pts.  quartz,  150  red  lead,  30  frit- 
ted potash,  20  melted  borax,  5  crude  antimony, 
5  manganese,  and  5  pts.  fulminating  gold, 
ground  up  with  oil  of  terpentine. 

Glass  is  either  colored  throughout  the  mass, 
or  several  colors  may  be  blown  out  together 
and  retain  their  relative  thickness  when  finish- 
ed. This  double  glass  (Gcr.  Ueberfangglas,  Fr. 
verre  double)  is  made  by  dipping  the  blowing 
tube  first  into  one  color  and  then  into  another. 
Thus,  to  make  a  red  copper-glass  vessel,  with 
the  coating  inside,  a  small  quantity  of  red 
glass  is  taken  up,  and  when  slightly  cooled,  it 
is  dipped  into  colorless  glass,  of  which  a  large 
quantity  is  taken  up.  The  article  is  then 
blown,  as  a  plate,  and  appears  to  be  colored 
throughout.  A  colorless  figure  may  be  pro- 
duced on  a  red  ground,  by  cutting  the  figure 
through  the  thin  layer  of  red  to  the  colorless 
glass.  The  Germans  have  succeeded  in  thus 
combining  different  colors,  more  or  less  opake, 
irregularly  in  one  piece,  presenting  the  appear- 
ance of  agate  and  jasper,  when  cut. 

Glass  painting.  It  is  convenient  to  distin- 
guish glass  colored  as  above  from  glass  stain- 
ing and  painting.  In  the  former  the  colors  are 
made  in  the  pot;  in  the  latter  they  are  brought 
upon  the  surface  of  a  finished  glass  vessel, 
and  burned  in  or  upon  the  surface.  The  terms 
staining  and  painting  are  used  confusedly,  but 
the  best  distinction  seems  to  be  that,  in  stain- 
ing, certain  colors  with  their  fluxes  are  brought 
on  the  surface  of  a  pane  of  crown  glass,  and 
then  fused  in  a  muffle,  whereby  the  transpa- 
rent color  diffuses  itself  uniformly  over  the 
whole  surface.  Painting  is  performed  by  ap- 
plying the  fluxed  oxides  with  a  brush,  as  in 
ordinary  painting,  and  burning  in,  whereby 
the  materials  undergo  imperfect  fusion,  and 
are  translucent,  rarely  transparent. 

For  glass  painting  the  following  recipes 
may  be  given.  The  colors  may  be  divided 
into  those  which  are  previously  fused  with  a 
flux  (stains),  and  those  merely  mixed  with  the 
flux  (colors).  Red.  1.  Stain.  1  pt.  oxide  of 
iron  is  fused  with  3  pts.  of  a  flux  (composed 
of  4  pts.  sand,  4  pts.  litharge,  and  1  pt.  borax), 
cast  in  cold  water,  and  pulverized  very  fine. 


2.  Color.  1  pt.  pure  copperas,  dried  and  heat- 
ed, and  ground  with  2  to  3  pts.  of  the  flux, 
gives  from  light  red  to  violet;  the  flux  is  6 
pts.  quartz,  4 — 5  litharge,  2 — 3  bismuth  peari 
powder,  mixed,  heated  to  redness  with  stirring, 
then  fused,  cast  into  water,  and  pulverized. 

3.  Color.  Equal  parts  ochre,  fused  litharge, 
antimony  glass,  sulphuret  of  copper  and  of 
silver,  are  ground  with  water,  and  applied 
without  flux.  4.  1  pt.  silver  fused  with  2  pts. 
crude  antimony,  powdered  and  mixed  with  as 
much  oxide  of  iron,  without  flux.  5.  1  pt.  pur- 
ple precipitate  of  Cassius  is  mixed  with  4  to  12 
pts.  flux  (composed  of  1  pt.  quartz,  1^  borax 
glass,  f  red  lead,  fused,  and  ground).  Blue.  It 
is  difficult  to  paint  or  stain  with  cobalt  to  ob- 
tain a  transparent  color.  One  plan  is  to  fuse 
1  pt.  oxide  of  cobalt  with  4  pts.  borax  glass  for 
several  hours,  and  to  mix  this  stain  with  a 
flux  of  1  pt.  quartz  and  1  pt.  borax  glass. 
The  Saxon  blue  (Konigsblau)  may  be  used, 
mixed  with  various  quantities  of  flux.  Boracic 
acid  is  a  convenient  flux  for  cobalt.     Yellow. 

1.  Stain.  1  pt.  antimonic  acid,  1  pt.  carbonate 
of  soda,  and  2  pts.  of  a  calcined  mixture  of 
equal  pts.  tin  and  lead,  are  fused  with  24  pts. 
of  a  flux  of  1  pt.  quartz  and  3  pts.  red  lead. 

2.  Mix  1  pt.  oxide  of  silver  with  £  pt.  antimo- 
ny with  a  flux,  fuse  at  a  high  heat,  and  pul- 
verize; the  flux  is  2  pts.  sand  and  6  pts. 
litharge,  fused  and  ground.  3.  Color.  Yellow 
oxide  of  uranium,  1  pt.,  is  mixed  with  3  pts.  of 
flux  (composed  of  4  pts.  red  lead  and  1  pt. 
quartz,  fused  and  powdered).  Green.  1.  Stain. 
1  pt.  carbonate  of  copper  is  well  mixed  with  4 
pts.  powdered  glass  and  2  pts.  red  lead,  kept 
fused  until  clear,  then  powdered.  2.  1  pt.  oxide 
of  copper,  10  pts.  antimoniate  of  potassa,  and 
30  pts.  flux  (of  1  pt.  quartz,  3  pts.  red  lead), 
fused.  3.  1  pt.  borate  of  copper,  3  pts.  glass, 
1  pt.  red  lead.  4.  Color.  3  pts.  oxide  of  cobalt 
and  2  pts.  tin,  dissolved  severally  in  nitric  and 
muriatic  acids,  precipitated  by  carbonated  al- 
kali, washed,  ignited,  and  mixed  with  1  pt. 
quartz,  2  pts.  litharge,  and  1  pt.  borax  glass. 
5.  1  pt.  green  oxide  of  chrome  and  3  pts.  flux 
(composed  of  1  pt.  quartz  and  4  pts.  red  lead, 
fused  and  powdered).  Violet.  1.  Stain.  1  pt. 
manganese  calcined  with  1  pt.  saltpeter,  mixed 
with  6  pts.  glass  powder  and  2  pts.  red  lead 
and  fused.  A  little  cobalt  shades  it  bluish. 
2.  Color.  1  pt.  chloride  of  silver  is  fused  with 
3  pts.  quartz,  5  pts.  burned  borax,  1  pt.  red 
lead,  powdered  and  mixed  with  gold  purple, 
according  to  the  tint  required.  3.  Gold  pur- 
ple and  cobalt  glass  gives  a  brilliant  violet. 
White.  1  pt.  bone  ash  or  oxide  of  tin  with  2 
pts.  lead  glass.  2.  Black.  Equal  pts.  oxides 
of  iron,  copper,  manganese,  and  cobalt,  with  4 
to  10  pts.  flux  of  1  pt.  sand  to  3  pts.  red  lead. 
By  omitting  cobalt,  it  forms  a  tolerable  black; 
with  more  cobalt,  a  bluish  black;  with  more 
manganese,  a  brownish  black. 

Opake  glass.  Oxide  of  tin,  or  bone  ash,  im- 
parts an  opacity  to  glass,  more  or  less  strong 
in  proportion  to  the  quantity  of  tin  or  ash,  and 
an  opalescence  if  in  small  quantity.  Arsenic 
has  been  used,  but  is  inferior.  Colors  may  be 
given  at  the  same  time.  Thus  the  bluish  green 
of  copper,  or  of  copper  and  cobalt,  produces  a 
turquoise.  A  fine  opaline  green  is  given  b' 
3  M  685 


GLAUBERITE. 


cLonn.iN. 


bone  ash,  with  oxides  of  uranium  and  nickel. 
A  simple  and  ingenious  method  followed  in 
Bohemia  in  making  alabaster  glass,  consists 
in  melting  ordinary  glass,  taking  it  out  and 
quenching  it  in  water.  Another  charge  is  in- 
troduced and  melted,  and  the  quenched  glass 
thrown  in.  As  soon  as  melted,  the  whole  is 
worked  off  at  the  lowest  temperature,  and  re- 
mains opake  or  translucent.  Glass  colored  by 
a  sufficient  quantity  of  oxide  of  tin  to  give  it 
opacity,  is  termed  enamel.  Fluor-spar  ground 
up  may  be  painted  on  the  surface  of  a  glass 
pane,  the  portions  to  remain  transparent 
scratched  out,  and  the  pane  then  heated  in 
a  muffle.  It  produces  an  effect  similar  to  a 
ground  surface. 

Colors    may    be    imparted    superficially    to 
glass  by  dusting  them  on  an  adhesive  ground. 


By  the   same  means   an    engraving  may  be 
transferred,   by   printing    with    the    adhesive 

ground  and  dusting  a  color  on  the  surface. 

In  the  construction  of  compound  pieces, 
such  as  windows,  it  is  usual  now  to  employ 
colored  panes  (from  glass  colored  in  the 
and  unite  them  by  thin  lead  strips.  Shading 
may  be  brought  upon  one  side  (by  the  broq  n 
color  of  oxide  of  iron,  &c).  A  green  m 
produced  by  a  blue  and  yellow  pane  together, 
or  a  purple  by  red  and  blue.  But  where  'I li- 
ferent colors  are  on  the  same  pane,  they  must 
be  wholly  or  partly  painted. 

Paste.  The  following  recipes  for  colored 
strass  or  artificial  gems,  may  serve  to  show 
their  general  composition.  To  1000  pts.  of 
paste  No.  12  in  the  table  of  lead  glass,  are 
added  the  following  oxides. 


Colorless  paste 1000 

Antimony  glass 40 

Oxide  of  manganese  ... 

Gold  purple 1 

Oxide  of  cobalt 

Oxide  of  copper 

Oxide  of  chrome 

GLAUBERITE.  Min.  Syn.  Brogniartin. 
Cryst.  Oblique  Rhombic;  cleavage  perfect 
parallel  to  base.  H.  =  2-5  —  3.  G.  =  2-75  — 
2-85.  Pale  yellow  or  gray;  vitreous;  brittle, 
with  conchoidal  fracture  and  white  streak; 
taste,  slightly  saline. 

Chem.  Rel.  In  a  tube  it  decrepitates  violently ; 
it  fuses  at  low  redness  to  a  transparent  glass, 
and  on  charcoal  in  the  reducing  flame,  be- 
comes hepatic,  with  or  without  soda;  dis- 
solves in  borax  with  effervescence,  and  is  ab- 
sorbed by  charcoal;  dissolves  similarly  in 
mic.  salt  to  a  white  glass;  fuses  with  fluor- 
spar; decomposed  by  little  water,  leaving  sul- 
phate of  lime;  wholly  soluble  in  a  large  quan- 
tity of  water.  Form.  NaO,  S03  +  CaO,  S03. 
It  is  formed  artificially  in  concentrating  sa- 
lines by  evaporation. 

Local.  In  rock  salt,  at  Villa  Rubia,  near 
Ocana,  in  New  Castile;  Vic,  France:  Aussee, 
Upper  Austria. 

GLAUBER'S  SALT.  Min.  Syn.  Sulphate 
of  soda,  Exanthalose.  Cryst.  Oblique  Rhom- 
bic, in  efflorescences.  H.  =  1-6  —  2.  G.  = 
1-48.  White:  vitreous;  transparent,  opake; 
taste  saline,  cooling.  It  fuses  in  its  crystal- 
water,  and  on  charcoal  becomes  hepatic; 
wholly  soluble  in  water.  Form.  NaO,  S03  + 
10  HO.     Its  localities  are  numerous. 

GLAUBER  SALT.  Chem.  Crystallized  sul- 
phate of  Soda. 

GLAUCEUM  LUTEUM.  This  plant  is 
nearly  allied  to  the  Chelidonium  magus.  Its 
composition,  according  to  Probst,  is  a  charac- 
teristic acrid  alkaloid  Glaucin,  Glauctc  acid 
identical  with  Fcmakic  acid,  Chelerythrin,  a 
brown  humic  acid,  a  brown  basic  substance, 
a  bitter  alkaloid  Glauropicrin,  a  blue  matter 
Glaurolut,  and  a  yellow  coloring  substance 
answering  to  Xanthophyll. 

Glaucin.     Exists  in  the  herbaceous  parts  of 
the  young  plant.    It  crystallizes  from  its  solu- 
tions in  hot  water.    The  salts  which  it  forms 
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with  the  acids  are  white,  neutral,  and  crystal- 
lizable. 

Chelerythrin.     Syn.  Pyrrhopine.     See  Cheli- 

DONIN. 

Glaucopicrin.  Crystallizes  in  white  transpa- 
rent plates.  Is  soluble  in  boiling  water  and 
alcohol,  but  very  slightly  so  in  ether.  Its  com- 
binations with  the  acids  are  very  bitter,  and 
crystallize  from  their  solutions  by  spontane- 
ous evaporation. 

GLAUCOMELANIC  ACID.  Formed  by  the 
action  of  air  upon  a  strong  solution  of  Br- 
zoaiuc  acid  in  caustic  potassa,  and  also  the 
basic  alkaline  bezoarates  generally.  With 
bases  it  unites  and  forms  bluish  black  salts, 
that  of  potassa  at  212°  losing  all  its  water  of 
crystallization  without  being  at  all  altered  in 
appearance.  Merklein  and  Wohler,  Ann.  der 
Pharm..  1845. 

GLAUCOPICRIN.     See  Glauceuw. 

GLAUKOLITE.  Min.  Massive,  with  traces 
of  rhombic  cleavage.  H.  =  5.  G.  =  2-72  — 
2-19.  Lavender  blue,  passing  into  green;  vi- 
treous; fracture  splintry.  It  loses  color  by 
heat,  and  fuses  with  difficulty  on  the  edges; 
borax  and  mic.  salt  dissolve  it  with  difficulty. 
It  is  probably  labradorite.  It  occurs  near  Lake 
Baikal,  Siberia. 

GLAUKOPHAN.  Min.  Long  oblique  6-sided 
prisms.     H.  =  5-5.    G.  =  1-08.     Light  blue; 
translucent,  opake;  brittle,  with  grayish  blue 
streak;  its  powder  is  slightly  attracted  by  the 
magnet;  fuses  readily  and  quietly  to  a  dirty 
olive-green   glass,  and   gives  the  reaction  of 
iron  with  the  fluxes.     Form.  3  RO,  2  Si03  + 
2  (A1203  +  2  SiO,),  in  which  RO  =  protox- 
ides of  iron  and  manganese,  magnesia,  lime 
and  soda.     It  occurs  on  the  island  Syra,  with 
light-red    garnet,   actinolite,   hornblende,  and 
mica.     Hausmann  and  Schnedermann. 
GLAUKOSIDERITE.     See  Vivianite. 
GL1ADIN.     See  Glut  ex. 
GLOBULIN.     The  substance  extracted  by 
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Berzelius  from  Blood,  and  differs  from  albu- 
men by  its  insolubility  in  saline  solutions  of  a 
certain  strength,  and  coagulability  by  heat  into 
a  granular  mass.  Together  with  hasmatosin 
it  forms  the  chief  portion  of  blood  corpuscules. 
The  two  are  difficultly  separable,  and  hence 
globulin  has  not  been  obtained  entirely  free  of 
hanmatin.  Lecanu,  in  his  analysis,  couples 
the  two  together  under  the  name  of  coloring 
matter.  Simon  considers  globulin  a  peculiar 
form  of  Casein.  It  is  of  the  protein  group, 
and  the  formula  for  its  compound  with  sul- 
phuric acid  is,  according  to  Mulder,  15Pr-f-S. 
The  sulphate  of  globulin  is  of  a  dirty  white 
color,  and  when  incinerated  leaves  an  ash 
more  or  less  rich  in  oxide  of  iron.  Its  aque- 
ous solution  is  brownish. 

GLOTTALITE.  In.  Cryst.  Regular.  H. 
=  3-5.  G.  =  2-18.  White,  vitreous,  translu- 
cent; fuses  with  intumescence  to  a  white  ena- 
mel, behaving  like  the  zeolites,  which  it  evi- 
dently resembles.  Form.  3  CaO,  2  Si03  -f- 
A1203,  Si03  +  9  HO  (Berz.  and  V.  Kobell),  or 
3  Ca  O,  SiOs  +  A1203,  2  Si03  -f  9  HO  (/.  C.  B.) 
Found  in  the  Clyde,  Scotland. 

GLUCIC  ACID.     See  Grape  Sugar. 

GLUCINUM.  Syn.  Glycium,  Beryllium. 
The  oxide  of  glucinum  or  glucina  was  disco- 
vered in  1798,  by  Vauquelin,  the  metal  in 
1828,  by  Wuhler  and  Bussy.  Glucina  is  a 
rare  earth,  occurring  in  a  few  silicates,  eme- 
rald, beryl,  chrysoberyl,  leucophane,  euclase, 
phenakite,  gadolinite,  &c. 

Glucinum.  Dry  chloride  of  glucinum  is  in- 
terstratified  in  a  platinum  crucible  with  flat- 
tened globules  of  potassium,  a  little  less  than 
sufficient  to  decompose  the  whole  chloride ; 
the  cover  is  bound  on  with  iron  wire,  and  the 
whole  heated  over  a  Berzelius  lamp.  A  vio- 
lent action  ensues,  which  heats  the  crucible  to 
whiteness.  The  cover  being  removed,  the 
whole  is  thrown  into  water,  which  dissolves 
the  chloride  of  potassium  and  leaves  metallic 
glucinum,  as  a  dark  gray  powder  with  metallic 
streak,  scarcely  fusible.  (Wohler.)  Becquerel 
obtained  it  in  steel-gray  scales  by  a  galvanic 
battery. 

It  is  soluble  in  dilute  acids  and  caustic 
potassa  with  evolution  of  hydrogen,  in  oil  of 
vitriol  and  nitric  acid  with  evolution  of  sul- 
phurous acid  and  nitric  oxide  respectively.  It 
burns  readily  in  the  air  to  glucina. 

Sym.  G.  Equiv.  7  (or  87-124  when  O  =  100, 
Berz.).  According  to  Awdejew,  glucina  is  com- 
posed of  GO,  in  which  case  its  equiv.  would  be 
4-65  (or  58-04,  0  =  100).  But  Berzelius  makes 
it  probable  that  glucina  is  G203,  like  alumina, 
whence  its  equiv.  7. 

Glucina.  Gcr.  Beryllerde,  Siisserde.  Prep. 
From  beryl,  which  contains  about  13  pr.  ct. 
glucina.  1.  By  igniting  1  pt.  in  powder  with 
3  pts.  caustic  or  carbonated  alkali,  dissolving 
in  water,  evaporating  to  dryness  to  render  the 
silica  insoluble,  dissolving  in  muriatic  acid 
water,  precipitating  by  ammonia  and  washing, 
digesting  the  precipitated  alumina  and  glucina 
with  carbonate  of  ammonia,  which  dissolves 
glucina;  filtering  and  boiling  the  solution, 
which  precipitates  carbonate  of  glucina;  wash- 
ing, drying  and  igniting  gives  pure  glucina. 


(Vauquelin  and  Berzelius.)  2.  To  separate  alu- 
mina and  glucina,  precipitated  by  ammonia, 
dissolve  in  potassa,  which  leaves  oxide  of  iron, 
supersaturate  slightly  with  chlorohydric  acid, 
precipitate  again  by  ammonia,  dissolve  in 
sulphurous  acid,  and  boil  the  clear  solution, 
which  precipitates  basic  sulphite  of  alumina 
and  leaves  sulphite  of  glucina  in  solution. 
Berthier. 

Prop.  A  light,  voluminous,  white  powder, 
adhering  to  the  tongue,  tasteless,  insoluble  in 
water,  spec.  grav.  2-967.  Form.  G203.  It  is 
distinguished  from  alumina  by  its  solubility  in 
carbonate  of  ammonia,  by  not  precipitating 
when  its  solution  in  sulphurous  acid  is  boiled, 
by  precipitating  from  a  dilute  boiling  solution 
in  potassa,  by  its  not  becoming  blue  when 
heated  by  the  blowpipe  with  a  solution  of 
cobalt. 

The  hydrate  is  precipitated  from  a  solution 
by  caustic  fixed  alkali;  that  obtained  from  the 
chloride  by  ammonia  in  excess  is  G203  -f- 
4  HO.     Schaffgolsch. 

Sulphuret  of  Glucinum,  obtained  by  heating 
the  metal  and  sulphur  together,  is  a  gray  mass, 
slowly  soluble  in  water  without  evolving  sul- 
phohydric  acid.     Wohlcr. 

Phosphuret  of  Glucinum,  made  by  heating  the 
metal  in  vapor  of  phosphorus,  is  a  gray  powder. 

The  salts  of  glucinum  are  easily  made  by 
dissolving  the  hydrate  in  acids,  but  the  affini- 
ties of  the  earth  are  less  than  those  of  the  alka- 
lies, and  yttria,  although  by  boiling  it  decom- 
poses the  ammoniacal  salts.  The  salts  are 
colorless  with  a  colorless  acid,  generally  solu- 
ble in  water,  redden  litmus,  and  have  a  sweet 
and  astringent  taste.  The  caustic  and  car- 
bonated alkalies  precipitate  it  in  the  cold,  car- 
bonate of  baryla  by  heat;  phosphate  and  suc- 
cinate of  alkali  produce  white  precipitates; 
when  fluoride  of  potassium  is  added  to  a  warm 
solution  until  a  precipitate  appears,  a  crystal- 
line double  salt  separates  on  cooling;  yellow 
prussiate  of  potash  forms  after  some  time  a 
gelatinous  mass. 

1.  Haloid  Sails.  Chloride  of  Glucinum.  G2C'3. 
The  dry  salt  is  obtained  by  mingling  glucina 
and  lampblack,  drying  by  a  strong  heat,  and 
passing  chlorine  gas  over  it  in  a  porcelain 
tube  at  a  high  heat,  as  in  preparing  chloride 
of  Aluminum.  It  sublimes  in  white  scales, 
very  fusible,  and  soluble  in  water;  by  evapo- 
ration in  the  desiccator  it  crystallizes  with  12 
eq.  water.  The  bromide  and  iodide,  G2Br3,  G2I3, 
are  obtained  by  heating  glucinum  in  vapor  of 
bromine  and  iodine  respectively,  and  are  very 
fusible  and  volatile  needles.  The  fluoride,  G2F3, 
obtained  by  solution  of  the  earth  in  fluohydric 
acid,  dries  down  to  a  transparent  gummy  mass. 
The  fluoride  of  glucinum  and  potassium,  3  KF  -f- 
G2F3,  precipitates  crystalline  scales  from  the 
mingled  solutions  of  the  two  salts.  Silicofluoride 
of  glucinum,  3  G2F3  -f-  2  SiF3,  is  very  soluble, 
uncrystallizable. 

2.  Oxysalts.  Neutral  sulphate  of  glucina,  form- 
ed by  nearly  neutralizing  dilute  sulphuric  acid 
with  carbonate  of  glucina,  concentrating  and 
allowing  spontaneous  evaporation,  yields  8-he- 
dra,  of  the  form.  G203,  3  S03  +  12  HO  (40-56 
pr.  ct.  aq.),  soluble  in  water,  insoluble  in  alco 
hoi,  decomposed  by  a  strong  heat.    By  digest 
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ing  the  neutral  salt  with  carbonate  of  glucina, 
until  carbonic  acid  ceases  to  pass  off',  filtering, 
and  diluting  until  precipitation  ceases,  filter- 
ing again,  and  evaporating,  the  %  sulphate  is 
formed,  2  G203,  3  S03 ;  if  evaporated  without 
dilution,  the  £  sulphate  is  formed,  G203,  S03; 
if  the  preceding  solution  be  diluted  with  water, 
the  £  sulphate  precipitates,  2  G203,  S03  + 
3  HO ;  by  mingling  sulphate  of  potassa  and 
of  glucina,  and  evaporation  in  the  desiccator, 
a  double  salt  is  formed  3  (KO,  S03)  +  G203, 
3  S03  -f-  6  HO ;  the  sulphite,  G203,  3  S02,  is 
soluble,  and  decomposed  by  boiling.  The  ni- 
trate, G203,  3  N05,  crystallizes  with  difficulty, 
and  is  soluble  in  alcohol.  The  phosphate,  2  G2Oa, 
3  PO,.,  is  a  mucilaginous  mass;  the  phosphite, 

2  G203,  3  P03,  a  white  powder;  the  hypophos- 
phite,  G203,  3  PO,  a  hard,  vitreous  mass.  The 
carbonate,  G2  03,  C02  -|-  5  HO,  is  a  flocculent 
precipitate;  that  obtained, by  boiling  its  solu- 
tion in  carbonate  of  ammonia,  is  a  light  pow- 
der, characterized  by  its  ready  solution  in  car- 
bonated alkali,  especially  in  carbonate  of  am- 
monia; the  oxalate,  G203,  3  C203,  is  gummy, 
soluble,  and  very  sweet;  the  rhodizonate  has  a 
chocolate-brown    color;    the   crocronate,  G203, 

3  C5H4,  is  yellow,  crystallizable,  soluble  in 
alcohol  and  water. 

For  silicate  of  glucina,  see  Phenakitf,  ;  for 
silicate  of  alumina  and  glucina,  see  Beryl 
and  Euclase;  for  aluminate  of  glucina,  see 
Chrtsoberyl.  Other  oxysalts  and  the  sulpho- 
.salts  of  glucinum,  see  under  Arsenic,  Sele- 
nium, Tellurium,  &c. 

GLUCOSE.     See  Starch. 

GLUE.     See  Gelatin. 

GLUE,  MARINE.  A  composition,  invented 
by  Jeffery,  of  London,  which  is  remarkable  for 
its  tenacious  adhesiveness.  It  is  completely 
insoluble  in  water,  and,  moreover,  is  not  af- 
fected by  the  heat  of  the  sun.  It  resists  a 
traction  of  20  to  25  kilogrammes  per  square 
centimetre,  and  so  great  is  its  power  of  resist- 
ance, that  it  is  more  easy  to  break  the  wood  in 
a  new  place  than  at  the  juncture  cemented  by 
this  glue. 

This  glue  is  a  solution  of  450  grammes  of 
caoutchouc  in  18  litres  essential  oil  of  tar,  to 
which  is  added  shellac. 

The  proportions.  After  ten  days'  maceration 
of  the  caoutchouc  in  the  liquid,  the  mixture 
takes  a  thick  creamy  consistence,  and  at  this 
time  two  parts  of  shellac  to  one  of  solution 
are  added.  The  whole  is  then  heated  and 
poured  out  into  plates.  It  is  applied  at  about 
250°. 

GLUTEN.  An  ingredient  of  the  fruit  of  the 
cereals.  Mulder  prepares  it  by  kneading  wheat 
flour,  of  which  it  forms  from  20  to  25  pr.  ct., 
with  water.  Soluble  albumen,  gum,  sugar  and 
starch  being  thus  removed,  the  residue  is  treat- 
ed with  alcohol,  precipitated  by  water,  redis- 
solved  twice  in  alcohol,  and  again  thrown 
down  by  water.  When  dried  at  266°  it  has 
the  formula  C200Hl55N25O60S  or  5  Pr  +  S. 

As  usually  obtained,  merely  by  removing 
the  starch  with  water,  it  is  a  complex  com- 
pound, separable  into  three  distinct  substances, 
Glai'adin,  Glutin,  and  Fibrin. 

It  is  adhesive,  elastic,  brittle  when  dry,  and 
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liable  to  decomposition  when  moist;  ins. 
in  water,  but  soluble  in  alkalies,  acetic  and 
dilute  phosphoric  acids.   The  precipitates  pro- 
duced in  its  dilute  potassa  solution  by  the  two 
latter  acids,  redissolve  in  an  excess  of  either. 

Glaladin.  Separated  from  the  impure  gluten 
by  cold  alcohol.  Transparent  and  reddish  when 
dry;  softens  and  swells,  but  does  not  dissolve 
in  water: — tartaric  acid  renders  it  apparent!] 
soluble,  but  tannin  precipitates  it  from  tin's 
solution.  It  is  by  this  acid  and  ; 
says  Francois,  that  it  is  held  in  solution  to 
wines,  and  to  its  presence  is  due  the  turbid- 
ness  occasioned  in  white  wine  when  : 
converted  into  artificial  champagne  by  a  sur- 
charge of  carbonic  acid. 

Glutin.  Extracted  by  boiling  alcohol,  and 
forms  that  part  which  does  not  precipitate 
from  the  cooled  solution.  Obtained  by  evapo- 
ration, it  is  soluble  in  alkalies  and  acids;  of 
the  latter,  the  hydrochloric  giving  a  blue  solu- 
tion. Its  acetic  solution  is  precipitated  by 
chloride  of  mercury  and  infusion  of  galls,  but 
not  by  acetate  of  lead  nor  persulphate  of  iron. 
Though  of  the  same  ultimate  composition  as 
albumen  and  casein,  it  differs  from  them  by 
its  solubility  in  alcohol. 

It  is  the  gluten  of  flour  that  gives  its  pro- 
perty of  being  converted  into  Bread.  The 
vinous  fermentation  of  its  saccharine  portion 
promoted  by  small  additions  of  yeast,  gene- 
rates the  carbonic  acid  which  expands  the 
gluten  into  vesicles,  and  thus  causes  the  light 
spongy  consistence  of  the  baked  loaf. 

GLYCERYL.  Syn.  Glyceren.  The  hypo- 
thetic radical  (C6  H„)  of  Glycerin. 

Glycerin.  Scheele  s  "sweet  principle  of  fids." 
The  oxide  of  glyceryl  is  a  yellowish  sweet- 
fasting  viscous  liquid,  existing  as  the  organic 
base  of  certain  organic  acids  (oleic,  &c.)  in 
the  various  fats  and  fat  oils, and  as  phospho- 
glyceric  acid  in  the  yelk  of  egg.     Gobley. 

Preparation.  It  is  obtained  pure  by  saponi- 
fying olive  oil  or  any  one  of  the  animal  fats 
with  litharge,  and  carefully  replacing  with 
boiling  water  such  of  the  first  added  portions 
of  that  liquid  as  may  escape  by  vaporization 
during  the  heating.  The  soap  being  made,  the 
glycerin  remains  dissolved  in  the  water,  from 
which  any  lead  must  be  separated  by  a  stream 
of  sulphuretted  hydrogen  gas.  The  decanted 
liquor,  freed  of  the  excess  of  this  gas  by  boil- 
ing, and  purified  by  filtration  through  washed 
bone  black,  gives,  by  careful  concentration  in 
a  stove  or  vacuo,  pure  glycerin. 

Properties.  In  an  anhydrous  state  (glyceric 
ether)  its  formula  would  be  C6H.05;  but  it  is 
never  found  uncombined  with  water,  and 
hence  it  is  C6H,0.,  HO.  Its  spec.  grav.  varies 
from  1-25  to  1>27.  Alcohol  and  water  mix 
with  it  in  all  proportions.  In  ether  it  is  inso- 
luble. Its  solvent  power  is  almost  equal  to 
water,  and  extends  to  all  the  deliquescent 
salts,  and  even  to  oxide  of  lead  and  some  of 
the  metallic  nitrates,  chlorides,  and  sulphates. 
(Pclouze.)  Solid  potassa  transforms  it,  by  a 
gentle  heat,  into  acetate  and  formate,  with 
disengagement  of  hydrogen.  (Dwmat  and 
Stass.)  Nitric  acid  converts  it  into  water,  car- 
bonic and  oxalic  acids.  Chlorine  generates 
a  white   floculent  precipitate,  of  an  ethereal 
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odor  and  acid  astringent  taste,  the  formula  of 
which  is  C12HuC]3O10.  This  compound  cor- 
responds to  a  chloric  ether.  By  substituting 
bromine  for  chlorine  in  the  preceding  reaction, 
an  analogous  ethereal  compound  is  formed,  of 
the  same  composition.  Glycerin  has  no  tend- 
ency to  fermentation,  but,  according  to  Redten- 
bacher,  when  mixed  with  dilute  ferment  and 
exposed  for  some  months  at  70°  to  85°,  it 
yields  metacetonic  acid.  (Milton's  Annuaire, 
1847,  p.  508.)  It  is  decomposed  when  boiled 
with  a  solution  of  sulphate  of  copper;  its  com- 
pound with  potassa  is  soluble  in  alcohol. 

With  sulphuric  acid  it  forms  Sulpho-glyceric 
Acid  (Bi-sulphate  of  the  oxide  of  Glyceryl.  Liebig), 
2  S03,  C6H705  -f-  HO,  which  readily  decom- 
poses, especially  by  heat,  into  glycerin  and 
sulphuric  acid. 

The  Sulpho-glycerates  formed  by  neutralizing 
this  acid  with  bases  are  double  salts,  and  ac- 
cording to  Pelouze,  are  analogous  to  the  sul- 
phovinates,  like  which,  one  eq.  of  water  is  lost 
to  the  free  glycerin  in  these  combinations. 
These  compounds  are  very  soluble  and  crystal- 
lizable,  but  readily  decomposed  by  ebullition. 

Phospho-glyceric  Acid.  Form.  P05,  C6H70.. 
(Pelouze.)  Its  salts  are  soluble  in  water,  but 
insoluble  in  alcohol,  those  of  lime  and  baryta 
being  precipitated  thereby  from  their  aqueous 
solutions.  The  lime  salt,  however,  is  more 
soluble  in  cold  than  hot  water,  and  readily 
drops  from  its  solution  in  the  latter  at  212°  F. 
The  identity  in  composition  of  the  benzoate  of 
glycerin  with  picrotoxin  (Liebig),  strengthens 
the  inference  of  Gobley  that  this  base  exists  in 
other  combinations  than  with  the  fatty  acids. 

Glycerin  is  inflammable,  and  burns  with  a 
luminous  flame.  Among  the  products  gene- 
rated by  its  destructive  distillation  are  acrolein, 
a  new  acid  acrylic,  resembling  the  acetic,  sul- 
phurous acid,  and  acrole  resin. 

Acrolein.  It  is  best  prepared  by  distilling  gly- 
cerin with  bisulphate  of  potassa  in  excess.  The 
entire  contents  of  the  recipient,  digested  with 
oxide  of  lead  until  the  absence  of  all  acid  re- 
action, by  redistillation,  yield  pure  acrolein, 
which  when  dried  over  perfectly  neutral  chlo- 
ride of  calcium,  is  freed  of  the  water  which 
passes  over  with  it.  (Redtenbacher.)  To  pre- 
vent the  decomposition  of  the  acrolein,  the  ap- 
paratus must  be  freed  of  air  by  carbonic  acid. 

Prop.  When  pure,  it  is  transparent,  color- 
less, highly  refractive,  and  of  an  acrid  irri- 
tating odor.  Spec.  grav.  lighter  than  water, 
boils  at  126°,  dissolves  readily  in  ether  and 
in  40  pts.  of  water,  imparting  to  the  latter  its 
odor  and  taste.  By  absorption  of  oxygen,  espe- 
cially in  aqueous  solution,  it  is  transformed 
into  white  disacrone  and  acrylic  acid,  and  even 
undergoes  this  change  whilst  hermetically 
closed  in  bottles.  Chlorine  and  bromine  form 
oily  compounds  with  evolution  of  hydracids. 
It  is  carbonized  by  sulphuric  acid  with  evolu- 
tion of  sulphurous  acid.  Nitric  acid  oxidizes 
it  with  slight  attendant  deflagration  and  disen- 
gagement of  nitric  oxide  gas.  Ammonia  added 
to  its  ethereal  solution,  precipitates  as  crystal- 
line carbonate.  Potassa  generates  resinous 
products,  and  transforms  the  original  smell 
into  that  of  cinnamon.  According  to  Redten- 
bacher, it  is  the  hydrate  of  the  oxide  of  acryl  (a 
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new  radical,  C6H3),  and  its  formula  accord- 
ingly is  C6H30  +  HO. 

Acrylic  Acid.  Form.  C6H303,  HO.  Produced  by 
the  oxidation  of  acrolein.  It  is  so  similar  to 
acetic  acid  in  odor  and  taste,  that  it  is  difficult  to 
distinguish  one  from  the  other.  It  is  a  volatile 
liquid,  and  forms  salts  with  the  bases.  The 
acrylate,  and  acetate  of  silver,  correspond  in 
appearance;  the  former  is  convertible  into  the 
latter  by  dissolving  it  in  ammonia  and  saturat- 
ing the  solution  with  nitric  acid.  The  acrylate 
of  soda  crystallizes  in  small  transparent  prisms, 
which  effloresce  upon  exposure. 

Hydrate  of  Acrylic  Acid.  An  empyreumatic- 
smelling  limpid  liquid,  resembling  acetic  acid. 
Solidifies  below  32°,  boils  at  212  P.,  and  distils 
unaltered.  Acrylous  acid  is  intermediate  be- 
tween acrolein  and  acrylic  acid,  similarly  as 
acetylous  acid  exists  between  aldehyde  and 
acetic  acid. 

Disacrone.  The  tasteless,  inodorous  white 
powder  (C,0H7O4)  formed  by  the  prolonged 
action  of  water  upon  acrolein  ;  is  insoluble 
in  acids,  alkalies,  and  other  solvents ;  fused 
potassa  dissolves  it.  The  water  from  which 
disacrone  is  separated  after  its  formation,  as 
above,  contains  formic,  acetic,  and  acrylic 
acids. 

Disacrone  Resin.  A  pulverulent  white  sub- 
stance, formed  sometimes  under  the  same  cir- 
cumstances precisely  as  disacrone.  It  melts  at 
212°,  is  insoluble  in  water,  but  dissolves  in 
ether,  alkalies,  and  alcohol,  from  the  latter  of 
which  it  separates  by  careful  evaporation  in 
glittering  scales.     When   dry,  its  formula  is 

C20HI3°3- 

Acrole  Resin.  The  resinous  product  formed 
with  evolution  of  cinnamon  odor  by  the  action 
of  alkaline  solutions  upon  acrolein. 

The  properties  of  glycerin  and  acrolein, 
and  the  oxidation  of  the  latter  to  an  acid,  re- 
sembling the  acetic,  point  out  the  relation  of 
these  bodies  to  an  alcohol.  But  if  we  com- 
pare acrolein,  C6H402  (CnHn_2  02)  with 
any  alcohol  CnHa  +  2  02,  we  observe  the  dis- 
crepancy at  once.  When  acrolein  is  oxidized 
by  nitric  acid,  acetic  and  formic  acids  are  pro- 
duced, by  the  addition  of  2HO  &  O  ;  thus 
C6H402  +  2  HO  +  04=C6H608=C4H40A 
(acetic)  -(-  C2H204  (formic).  When  oxidized 
slowly  in  close  vessels,  disacrone,  together 
with  formic,  acetic,  and  acrylic  acids  are 
formed;  and  Berzelius  observes  that,  if  from 
2  eq.  acrolein,  C12Hg04,  we  abstract  and  oxi- 
dize C2H,  acetic,  formic,  or  disacrylic  acid 
will  result,  while  there  remains  disacrone, 
C,0H7O4.  It  appears  highly  probable  from  a 
consideration  of  all  these  reactions  that  acro- 
lein is  either  a  conjugate  acetic  acid,  0I2H„O4 
=C8H4-f-  C4H404,  or  it  is  a  conjugate  formic 
aldehyde,  C6H402=C4H2  -f-  C2H202.  The  lat- 
ter is  the  more  probable  view,  because  acro- 
lein has  a  neutral  reaction,  although  formie 
aldehyde  is  unknown,  unless  it  be  in  formo- 
methylal.  By  partial  oxidation  it  is  converted 
into  acrylic  acid,  which  would  be  formic  acid 
with  the  same  conjugate  C6H402-f-  02=C4H., 
-f-C2H204.  By  oxidation  of  acrylic  acid  (or  a 
stronger  oxidation  of  acrolein)  formic  and 
acetic  acids  result,  the  latter  being  formed 
from  the  conjugate  by  assuming  2  HO  and  0„ 
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C4H2  +  2  HO  -f  02=C4H40  ,   acetic  acid. 
The  formation  of  disacrone  with  one  of  these 
acids  is  also  more  readily  explained  and  ac- 
cords with  Berzelius'  remark.     Moreover,  the 
behaviour  of  acrolein  to  nitrate  of  silver  is 
analogous  to   the  behavior  of  aldehyde;    the 
white  precipitate  is    reduced,  some  metallic. 
silver  formed,  and  acrylate  of  silver  dissolved. 
Berzelius  suggested  that  the  white  precipitate  is 
acrylite  of  silver,  and  that  there  is  therefore  an 
acrylous  acid, of  the  composition  C6H403  or  C6 
H30„,  HO,  or  that  it  is   hypacrylite  of  silver, 
the  acid  being  C6H402  or  C6H30,  HO.     The 
former  is  the  more  probable,  and  gives  us   a 
conjugate    formylous    acid,    C4H2  +  C2H203. 
The  latter  is  closely  analogous  to  acetylous  or 
aldehydic    acid.      Berzelius   had    already   ob- 
served that  acrolein  bore  the  same  relation  to 
aldehyde,  as   acrylic    to  acetic   acid,  from  a 
similar  mode  of  oxidation,  and  that  they  ap- 
peared to  have  a  corresponding  intermediate 
oxidation.    Alkali  also  forms  with  acrolein  as 
with  aldehyde,  acrole  resin.     It  appears   then 
that  acrolein    is    a  conjugate   meihaldehyde; 
acrylous  or  formylous  acid  is  a  conjugate  me- 
thacetylous   acid;  and  acrylic  is  a  conjugate 
melhacetic  acid.     The  formation  of  acrolein 
from  glycerin  will   be  readily  understood  by 
the  distillation  of  the  latter  alone  or  with  phos- 
phoric   acid;    glycerin,    C6H806,  loses  4  eq. 
water  and   becomes   acrolein,  C6Hg06 — H404 
=  C6H402.     This  result  is  probably  due  to  a 
series  of  reactions,  as  follows  :    Glycerin  by 
distillation  yields  methylic  alcohol  and  a  body 
of  the  composition  of  acetic  acid  :  C6Hg06  = 
OHO  -|-C4H404.    By  an  internal  combustion 
dunng2the  distillation,  the  alcohol  loses  2  eq. 
hydrogen,  which,  with  2  more  of  hydrogen  and 
4  of  oxygen,  pass  off  as  water,  leaving  methal- 
dehyde'with  its  conjugate,  C4H2. 

Berzelius  considers  that  ihe  basic  consti- 
tuent of  fats  is  oxide  of  Liptl  (a  new  radical 
=F  C  H20),  and  that  like  the  base  in  the  com- 
pound ethers  (when  it  is  set  free  from  the  iat 
acids),  it  enters  into  a  new  combination  with 
the  elements  of  water,  and  forms    glycerin; 
but  this  change  is  not  perfectly  analogous  to 
the  conversion  of  the  oxide  of  ethyl  into  alco- 
hol, for  2  atoms  of  oxide  of  lipyl  combine  with 
the  elements  of  3  atoms  of  water  to  form  one 
atom  of  glycerin  =  C6H705,  which  then  com- 
bines with  one  atom  of  water  to  form  a  hy- 
drate.    To  these  facts  he  attributed  the  diffi- 
culty of  combining  glycerin  with  the  acids  to 
form  salts,  or  of  obtaining  oxide  ol  lipyl  with 
other  than  the  fatty  acids.     More  lately,  how- 
ever   Pelouze  and  Gelis  have  succeeded  in 
forming  butyrin  artificially  by  the  action  of 
sulphuric  acid  upon  a  mixture  of  butyric  acid 
and  glycerin  (now  considered  as  belonging  to 
the  alcohol  series);  but  the  number  of  equiva- 
lents of  water  lost  by  the  glycerin,  entering 
into  combination,  was  not  determined  by  these 
chemists.     Some  researches  by  Redtenbacher 
(Chem.  Uaz.,  vol.  iv.  292),  later  than  those  be- 
fore  referred   to,  have   shown   that  glycerin 
yields  by  exposure  for  several  months  at  08 
to  86°,  with  the  presence  of  yeast,  metacelonic 

acid. 

GLYCOCOLL.     See  Gelatin,  Sugar. 
GLYOYRRHIZA  GLABRA.    Licorice  root 
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contains  Glycyrrliizin,  slarch,  asparagin,  resinous 
oil,  albumen,  woody  fibre,  malic  and  pkotphoric 
adds,  tune,  and  tnagnerieu 

The  slight  acridity  of  the  root  is  due  to  the 
resinous  oil. 

Glycyrrhizin.  Dr.  Lade  (Licbig's  Jnnahn, 
1846)  has  made  some  late  investigations  as 
to  this  substance.  Obtained  by  evaporation 
from  its  alcoholic  solution,  it  is  a  transparent, 
shining,  brown  mass,  which  yields  a  brownish 
yellow  powder.  Partially  soluble  in  hot,  and 
less  so  in  cold  water.  The  hot  saturated 
ous  solution  solidifies  on  cooling  to  a  brown 
transparent  jelly.  It  is  very  sweet,  and  is 
readily  dissolved  by  alcohol,  but  not  by  ether. 
Continued  digestion  with  dilute  sulphuric 
acid  produces  no  transformation  into  grape 
sugar,  nor  can  it  be  fermented  by  means  of 
yeast;  hence  it  is  one  of  the  class  of  uncrys- 
tallizable  sugars  without  tendency  to  fermenta- 
tion. Lade's  formula  for  glycyrrhizin  is  C36 
H22°i2  +  2  HO  =  C36H240]4,  and  differs  fmm 
that  previously  given  by  Vogel,  jun.,  C|6H|2 
06.  By  solution  in  nitric  acid,  oxidation  en- 
sues, and  the  addition  of  water  precipitates  a 
yellowish  white  caseous  substance,  which, 
dried  over  a  water-bath,  becomes  a  yellowish 
white,  loose  powder.  This  precipitate  dis- 
solves in  alcohol  and  ether,  but  is  separated 
by  water,  in  which  it  is  but  sparingly  soluble, 
though  it  imparts  thereto  a  bitter  taste  and 
acid  reaction.  From  alkaline  solutions  it  is 
precipitated  unaltered  by  acids.  Its  formula 
is  C36H230|7  and  a  minute  portion  of  nitrogen. 
Its  compound  with  lead  is  a  beautiful  lemon- 
yellow  powder. 

Glycyrrhizin  combines  with  bases,  and  the 
formula  for  its  lead  salt  is  PbO,  HO  -)-  C36 
H22012. 

The  common  licorice  paste  found  in  com- 
merce is  the  inspissated  aqueous  extract  of 
the  root,  and  this  extract,  when  further  puri- 
fied by  resolution  and  evaporation,  and  rolled 
into  thin  sticks  which  are  glazed  with  a  solu- 
tion of  gelatin,  become  the  refined  licorice  of 
the  shops. 

GMELINITE.  See  Chaiiazite. 
GNEISS.  Geol.  A  rock  composed  of  quartz, 
feldspar,  and  mica,  in  varying  proportions, and 
included  among  the  metamorpnic  rocks.  It  is 
durable  building-stone,  and  its  tendency  to 
lamination,  due  either  to  its  original  deposi- 
tion or  the  parallelism  of  the  micaceous 
scales,  makes  it  easily  quarried,  while  its 
general  softness  adapts  it  well  to  trimming. 
When  the  mica  is  very  abundant,  it  graduates 
into  mica-slate,  and  forms  a  good  material  for 
the  construction  of  some  chemical  furnaces. 
See  Geology. 

GOKUMITE.  See  Idocras*. 
GOLD.  Mm.  Svn.  Native  Gold;  Ger.  Gedie- 
genes  Gold.  Cryst.  Regular;  combinations 
are  the  6-  8-  12-  24-  4X6-hedra.  PI.  VllL 
figs.  1—6  and  8—10.  It  has  been  observed 
compounded  like  fig.  52,  PI.  IX.,  but  in  the 
form  of  the  24-hedron,  fig.  4.  It  is  oftener 
found  in  imitative  forms,  filiform,  reticulated, 
arborescent,  and  in  laminae,  rolled  grains,  or 
larger  masses.  H.  =  2-5  —  3.  G.  =  12  -  W- 
Color  gold-yellow  to  very  light  yellow;  metal- 
lic; opake;  ductile  and  malleable. 
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Chem.  Rel.  Almost  all  gold  contains  silver 
together  with  small  quantities  of  iron,  copper, 
&c.  If  it  contain  but  little  silver,  it  gives  an 
opalescent  glass  with  mic  salt;  if  much  silver, 
a  yellow   and   opake   glass.     The   following 


analyses  from  Rammelsberg's  Chem.  Minera^. 
show  the  varying  proportion  of  these  two 
metals.  Nos.  1  to  5  are  by  Boussingault, 
Nos.  6  to  14  by  G.  Rose. 


Gold.  Silver. 

1.  Crystal  from  Transylvania 64-52  35.84 

2.  "          "      Marmato 73-45  26-48 

3.  Grain  from  La  Vega  de  Supia 82-10  17-90 

4.  "         "     near     «             «      88-58  11-42 

5.  Lamina  from  Bucaramanga 98-00  2-00 

6.  Gold  from  Vorospatak 60-49  38-74 

7.  Crystals  from  Titiribi 76-41  23-12 

8.  G.  from  Boruschka,  near  Nischne  Tagil 83-85  16-15 

9.  G.  from  near  Bogoslowsk 86-81  13-19 

10.  G.  from  near  Miask 89-35  10-65 

11.  Crystals  from  Beresow 91-88  8-03 

12.  Crystal  from  Katharinenburg 93-34  6-28 

13.  G.  from  Boruschka 94-41  5-23 

14.  G.  from  near  Katherinenburg 98-96  0-16 


Awdejew  examined  crystals  from  the  gold-washing 
composed  as  follows  : 

Spec.  grav. 

Dodecahedral 18-89 

18-00 

Tetrahedral 16-03 

Octahedral 15-63 


of  Katharinenburg,  and  found  them 


Gold. 

95-30 
91-21 
79-00 
70-86 


Silver. 

3-86 

8-03 
20-34 
28-30 


Copper,  iron, 
and  loss. 

0-84 
0-76 
0-66 
0-84 


All  these  analyses  confirm  Rose's  conclu- 
sion that  gold  and  silver  as  isomorphs  are  not 
combined  in  definite  proportions ;  but  Awdejew 
thinks  from  his  results  (see  above)  that  the 
form  of  the  crystal  is  influenced  by  their  rela- 
tive proportions. 

Local.  Gold  is  found  in  grains,  lamina?,  and 
larger  masses,  disseminated  in  gravel  and 
sand,  derived  from  the  disintegration  of  veins. 
It  is  usually  associated  with  talcose  rocks,  its 
immediate  gangue  being  quartz.  Its  original 
position  seems  to  be  in  iron  or  arsenical  py- 
rites. The  alluvial  deposits  are  washed  for 
gold;  the  veins  are  regularly  mined.  Small 
quantities  of  gold  are  found  in  Germanv, 
France,  Britain,  &c.  Larger  amounts  are  ob- 
tained from  Hungary.  The  quantities  found 
on  the  Ural  have  so  increased,  that  it  is  sup- 
posed that  the  value  of  the  same  weights  of 
metal  will  be  lowered.  It  is  in  this  deposit 
that  the  largest  specimens  have  been  found, 
one  obtained  in  1842  weighing  100  lbs.  Troy. 
Gold  is  also  found  in  many  places  in  the  inte- 
rior of  Asia,  Africa,  and  in  Australia.  In 
Mexico  and  S.  America,  it  is  chiefly  obtained 
by  washing  alluvial  deposits;  one  piece  is 
said  to  have  been  found  in  Paraguay  weighing 
50  lbs.  In  the  U.  S.  it  has  been  observed  in 
Maine,  N.  Hampshire,  and  Vermont,  and  in  a 
nearly  continuous  line  from  Pennsylvania  to 
Alabama,  along  the  more  or  less  altered  rocks, 
and  is  worked  from  the  Rappahannock  in  Vir- 
ginia to  the  Coosa  in  Alabama,  both  by  allu- 
vial washing  and  from  veins.  The  pyritous 
ores  have  not  yet  been  worked.  See  Gold, 
Chem. 

GOLD.  Chem.  Fr.  Or.  Lat.  Aurum,  Sol. 
Being  mostly  found  in  the  native  state,  gold 
has  been  known  since  the  earliest  historic  pe- 
riod ;  most  of  its  chemical  properties  were 
studied  by  the  alchemists,  and  probably  before 
them.     The  purple  precipitate  was  first  de- 


scribed in  1685  byCassius  and  son  ;  the  fuller 
knowledge  of  its  properties  is  due  to  the  pre- 
sent century.  It  occurs  disseminated  in  gravel 
and  sand,  due  to  the  disintegration  of  rocks; 
in  iron  and  copper  pyrites,  in  galena;  com- 
bined with  tellurium  in  Graphic,  White,  and 
Foliated  Tellurium.  See  the  preceding 
article. 

Metallurgic  Treatment  of  Gold  Ores. 

Testing.  The  simplest  method  of  testing 
auriferous  sand  is  to  wash  over  carefully  and 
repeatedly  with  water,  agitating  the  vessel  so 
that  the  gold  particles  may  subside,  and  de- 
canting the  water  so  as  to  carry  off  the  fine 
sediment;  then  to  pulverize  the  residue  finely 
and  wash  again,  repeating  this  operation  until 
all  the  gangue  is  washed  away  and  only  gold 
remains.  Vein  gold  not  containing  pyrites 
may  be  similarly  treated,  beginning  with  pul- 
verization. If  the  ore  abound  in  pyrites,  the 
best  method  is  to  pulverize,  roast  thoroughly, 
wash  over,  pulverize  and  wash  again,  until 
the  gangue  is  nearly  all  washed  away.  The 
former  method  gives  a  tolerably  close  analysis, 
but  it  is  more  accurate  in  both  cases  to  wash 
the  greater  part  of  the  gangue  away,  dissolve 
the  residue  in  aqua  regia  by  the  aid  of  heat, 
evaporate  to  a  small  bulk  to  get  rid  of  nitric 
acid  by  adding  muriatic  during  evaporation, 
filter,  add  a  clear  solution  of  copperas  to  the 
clear  solution,  and  after  standing  24  hours, 
decant  the  greater  part  of  the  liquor  with  care 
from  the  precipitated  gold,  treat  the  residue 
by  heat  with  muriatic  acid,  filter,  wash,  burn 
the  filter,  and  weigh  the  pure  gold.  Not  less 
than  1  or  2  lbs.  of  poor  ore  should  be  employ- 
ed, unless  with  a  very  sensitive  balance;  and 
if  the  gold  do  not  precipitate  at  first,  indicated 
by  a  momentary  darkening  of  the  solution,  it 
will  do  so  by  standing.  Very  rich  ores  may 
be  smelted  dirtctly  with   borax,  or  litharge, 
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and  in  the  latter  case  a  little  charcoal  will  re- 
duce a  portion  of  the  lead,  which  then  takes 
up  gold  and  silver,  and  must  be  cupelled. 

Extraction.  A.  Siliceous  ores.  1.  Washing  sand. 
Auriferous  sand  is  sometimes  washed  by  hand 
(in  Africa,  Hungary,  &c.)  over  an  inclined 
plane  with  transverse  parallel  grooves,  in  the 
lowest  of  which  the  gold  particles  will  be 
found  mixed  with  sand;  this  should  be  pulve- 
rized and  washed  again  to  get  pure  gold. 
2.  S'amping  ores.  Sand  and  gravel  are  some- 
limes  washed  by  machinery,  whereby  the  peb- 
ble and  gravel  are  removed  by  sifting,  and  the 
fine  sand  washed  as  above,  by  the  machinery. 
But  the  sand  and  vein  ore  are  more  frequently 
stamped  fine  with  water,  and  the  fine  sand  and 
mud  stirred  with  mercury  to  amalgamate  the 
gold.  The  sand  is  washed  off,  the  liquid  amal- 
gam pressed  in  bags  of  fine  canvas  or  buck- 
skin, and  the  solid  amalgam  remaining  dis- 
tilled, mercury  passing  over,  and  gold  being 
left  in  a  spongy  state.  Much  mercury  is  lost 
if  it  be  introduced  into  the  stamping  mill,  and 
hence  the  employment  of  several  mills,  Chi- 
lian, Mexican,  Tyrolesian  bowls,  &c,  to  amal- 
gamate the  gold  contained  in  the  sand  after 
leaving  the  stampers.  A  considerable  quan- 
tity of  gold  is  lost  by  any  one  of  these  arrange- 
ments, and  a  better  plan  is  to  amalgamate  in 
revolving  barrels.  About  6  dwt.  gold  to  the 
bushel  pays  the  cost  of  extraction  in  the  U.  S. 

B.  Rich  ores.  These  may  be  first  powdered 
and  washed,  and  the  residue  smelted  with 
borax,  litharge,  or  other  fluxes,  or  they  may 
be  picked  by  hand,  powdered,  and  directly 
smelted. 

C.  Pyritous  ores.  1.  These  are  sometimes 
pulverized  finely,  and  washed  over  to  a  small 
very  rich  residue.  The  pyrites  deposited  from 
the  water  is  washed  again,  once  or  twice,  then 
exposed  for  months  in  heaps  to  the  air,  again 
ground,  and  washed  over.  This  process  is 
very  imperfect.  2.  The  pyrites  is  first  roasted, 
then  ground,  and  amalgamated;  or  it  is  smelted 
to  concentrate  it,  with  or  without  previous  i 
roasting,  the  resulting  stone  ground  and  amal- 
gamated. 3.  The  pyrites  is  smelted,  with  or 
without  previous  roasting,  and  the  ground 
stone  then  fused  with  lead,  which  is  ehquated 
and  cupelled.  If  copper  pyrites  predominate, 
amalgamation  is  better  than  imbibition  with 
lead  and  eliquation. 

Parting.  The  gold  obtained  by  any  of  these 
processes  usually  contains  silver,  which  must 
be  parted  or  separated,  either  in  the  dry  or  wet 
way.  A.  Dry  parting.  1.  With  sulphur.  The 
impure  gold  is  fused  and  granulated  in  cold 
water,  mixed  with  i  to  £  of  its  weight  ot  sul- 
phur, kept  heated  for  2  hours  or  more  without 
fusion,  to  form  sulphuret  of  silver  by  cementa- 
tion, then  highly  heated  to  fusion  for  1  hour, 
lo  perfect  the  production  of  sulphuret  and  the 
separation  of  silver  richer  in  gold;  a  little 
litharge  is  then  added  gradually,  and  the  cru- 
cible slowly  cooled,  during  which  the  greater 
part,  4  to  L  of  the  gold  with  silver  collects  at 
the  bottom  (king),  and  is  separated  by  a  ham- 
mer from  the  upper  sulphuret  of  silver  and 
lead  (called  plachmal)  containing  £  to  >  ot  the 
gold;  the  plachmal  is  several  times  fused  with 
litharge  until  all  the  gold  is  extracted.  I  he 
(392 


GOLD. 

kings  are  fused  with  sulphur,  &c,  and  when 
rich  enough,  subjected  to  quartation;  the 
plachmal  is  fused  with  iron,  forming  sul- 
phuret of  iron  and  silver,  which  is  refined. 

2.  With  crude  antimony.  The  alloy  is  fused 
in  a  glazed  crucible  with  twice  as  much  runic 
(sulphuret  of)  antimony,  to  which,  when  the 
content  of  silver  is  more  than  5,  a  suitable 
quantity  of  sulphur  is  added.  The  sulphur 
unites  with  the  silver,  copper,  &c,  and  the 
antimony  with  the  gold,  the  latter  alloy  sink- 
ing to  the  bottom.  If  the  gold  contain  much 
silver,  this  operation  is  repeated,  with  less 
antimony,  after  previous  calcination.  By  cal- 
cination in  a  muffel,  the  antimony  is  driven 
off  as  oxide;  the  alloy  may  be  smelted  with 
saltpeter,  which  is  apt  to  occasion  more  loss 
of  gold.  The  gold  after  calcination  is  fused 
with  I  borax,  \  saltpeter,  and  i  glass  powder. 

3.  An  obsolete  method  of  parting  consisted 
in  stratifying  the  rolled  or  granulated  alloy  in 
a  cement  box  with  regal  cement,  composed  of 
4  pts.  brickdust,  1  pt.  common  salt,  and  1  pi. 
calcined  copperas,  and  giving  a  slowly  increas- 
ing  heat  for  18  to  24  hours.  The  sulphuric 
acid  set  free  from  the  vitriol  disengaged  from 
the  salt  muriatic  acid,  which  formed  chloride 
of  silver  and  left  a  finer  gold.  The  last  was 
then  cemented  with  saltpeter  and  common 
salt,  whereby  the  remainder  of  the  silver  was 
extracted. 

B.  Wet  parting.  Parting  by  acids  is  supe- 
rior to  dry  parting.  1.  Sulphuric  acid.  This 
process,  chiefly  adopted  in  France,  consists  in 
heating  the  granulated  alloy  with  oil  of  vitriol 
in  cast-iron  vessels  (or  in  less  strong  acid  in 
platinum),  whereby  sulphate  of  silver,  copper, 
&c.  is  formed  and  dissolved,  and  gold  left, 
which  is  again  treated  with  sulphuric  acid, 
washed,  dried,  and  fused  with  saltpeter  in 
black  lead  pots.  This  process  is  well  adapted 
to  large  operations. 

2.  Quartation  is  performed  by  nitric  acid, 
which,  when  free  from  muriatic  or  nitrous 
acid,  dissolves  silver  and  not  gold,  provided 
the  alloy  contain  3  pts.  silver  to  1  pt.  gold.  If 
it  contain  less  silver,  a  portion  must  be  added ; 
if  copper  be  present,  the  alloy  must  be  cupelled. 
See  Assay  for  the  details  of  the  operation. 
This  process  is  only  adapted  for  silver  con- 
taining gold  in  nearly  due  proportion. 

3.  By  aqua  regia.  Gold  containing  silver  is 
treated  with  aqua  regia  made  by  mixing  1  pt. 
nitric  acid  of  32°  B.  (spec.  grav.  1-28)  and  4 
pts.  muriatic  acid  of  22°  B.  (=  1-178).  The 
granulated  or  laminated  alloy  is  put  into  a 
flask,  3  or  4  times  its  weight  of  aqua  regia 
poured  over  it,  and  digested  until  vapors  cease 
to  rise.  The  clear  solution  is  poured  off,  the 
residue  treated  with  1  to  2  pts.  aqua  regia,  this 
poured  into  the  first,  and  the  residue,  chloride 
of  silver,  washed  in  the  flask  and  then  on  a 
filter.  A  solution  of  copperas  is  then  added  Ic 
the  gold  solution,  whereby  metallic  gold  is  pre- 
cipitated, which  is  digested  with  dilate  muri- 
atic acid,  washed,  and  fused  with  borax  ana 
saltpeter. 


Alloys  and  non-saline  compounds. 
1.  Gold.    The  precipitated  powder  is  brown, 
dull  yellow,  with  metallic  streak,  and  may  be 
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welded  like  platinum.  The  solid  metal  is  yel- 
low, takes  a  high  lustre,  is  softer  than  silver, 
less  coherent,  and  slightly  elastic;  the  most 
ductile  and  malleable  of  all  metals,  1  grain 
may  be  drawn  into  a  length  of  500  ft.,  or  ham- 
mered into  leaves  of  more  than  50  square 
inches  surface,  and  j^^Vno  °^  an  incn  thick; 
spec.  grav.  of  the  melted  metal  19-2;  of  the 
hammered  19-4  to  19-65;  fusible  with  consi- 
derable expansion  at  2200°,  scarcely  vaporiza- 
ble  by  the  oxyhydrogen  blowpipe,  and  con- 
tracting on  cooling  more  than  any  other  metal. 
Its  affinities  are  in  general  feeble,  and  it  dis- 
solves in  no  single  acid,  but  readily  in  nitro- 
muriatic  or  nitrofluoric  acid;  it  readily  alloys 
with  arsenic,  mercury,  and  other  metals.  Sym. 
Au.  Eq.  199.  Berzelius  regards  the  equiv. 
Au  as  Au2;  the  atom  is  therefore  99-5  or 
1243-013  on  the  oxygen  scale. 

2.  Oxide  of  gold.  AuO.  Formed  by  boiling 
peroxide  or  perchloride  of  gold  with  a  solution 
of  caustic  or  carbonated  fixed  alkali,  or  by 
precipitating  the  terchloride  by  dinitrate  of 
mercury.  A  dark-green  powder  (Berz.) ;  vio- 
let (?)  (Figuier)  ;  decomposes  instantly  by  chlo- 
rohydric  acid  into  perchloride  and  metallic 
gold;  does  not  combine  with  acids. 

3.  Peroxide  of  gold.  Syn.  Tritoxide  of  gold, 
Auric  acid.  Form.  AuOr  Prep.  Terchlo- 
ride is  not  perfectly  precipitated  by  alkali; 
and  baryta  used  as  a  precipitant  is  extracted 
with  difficulty.  Digest  terchloride  with  a  slight 
excess  of  magnesia  or  oxide  of  zinc,  which 
throws  down  nearly  all  the  gold  with  magnesia 
or  zinc,  wash  the  precipitate  with  water,  and 
digest  with  strong  nitric  acid,  which  leaves 
black  or  brown  anhydrous  oxide  of  gold,  and 
dissolves  magnesia,  with  some  gold.  By  di- 
gestion with  dilute  nitric  acid,  reddish  hydrated 
oxide  is  obtained.  It  should  be  dried  without 
heat;  the  hydrated  oxide,  dried  at  212°,  loses 
water,  becoming  black,  anhydrous,  and  is  par- 
tially reduced.  It  is  soluble  in  chlorohydric 
acid;  by  digestion  with  tincture  of  potassa,  it 
is  reduced  to  fine  metallic  gold;  it  is  readily 
reduced  to  metal  below  a  red  heat,  and  even 
partially  reduces  by  keeping  in  the  dark,  more 
perfectly  and  rapidly  in  sunlight. 

Purple  oxide.  For  the  preparation  and  use 
of  gold  for  red  glass,  see  Colored  Glass.  Some 
hold  that  the  purple  body  is  metallic  gold  in  a 
state  of  exceeding  fineness,  for  when  gold  is 
thrown  down  from  very  dilute  solutions  in  the 
metallic  state,  the  liquid  sometimes  appears 
for  a  moment  purplish  red,  and  the  heat  at 
which  this  body  communicates  a  red  color  to 
glass  ought  to  reduce  the  gold  to  the  metallic 
state.  Berzelius  holds  that  the  purple  body 
thrown  down  from  terchloride  of  gold  by  dini- 
trate of  mercury  is  a  chloride  intermediate  be- 
tween proto  and  terchloride,  and  that  the  red 
color  of  the  glass  is  due  to  the  corresponding 
oxide;  for  although  oxide  of  silver  is  easily 
reduced  by  heat,  yet  this  oxide  communicates 
a  yellow  color  to  glass. 

Purple  of  Cassius.  Prep.  1.  To  a  solution  of 
perchloride  of  iron  add  a  solution  of  protochlo- 
ride  of  tin,  until  the  yellow  color  passes  into  a 
pale  green,  and  add  this  solution  to  a  gold  solu- 
tion freed  from  nitric  acid.  (Fuchs.)  2.  Dis- 
solve gold  in  aqua  regia,  evaporate  with  an 


excess  of  muriatic  acid  to  expel  all  the  nitric, 
and  dilute  largely  with  water.  The  necessary 
dilution  is  ascertained  by  dipping  a  glass  rod 
in  a  solution  of  sesquichloride  of  tin  and  then 
into  the  gold  solution  ;  if  the  precipitate  redis- 
solve  by  agitation,  it  is  sufficiently  diluted. 
Then  add  a  solution  of  sesquichloride  of  tin 
in  small  portions  with  stirring  until  there  is  no 
more  chloride  of  gold  remaining,  and  avoid  an 
excess  of  tin  salt.  The  liquid  is  deep  brown, 
or  purplish  red,  and  after  standing  24  hours 
deposits  the  purple,  which  is  then  filtered  and 
washed.  (Berzelius.)  3.  Dissolve  1  pt.  tin  in 
muriatic  acid,  not  in  excess;  dissolve  2  pts. 
tin  in  a  cold  mixture  of  3  nitric  and  1  muriatic 
acid,  and  warm  the  solution  at  last,  so  as  to 
make  perchloride  of  tin ;  dissolve  7  pts.  gold 
in  nitromuriatic  acid  (6  muriatic  and  1  nitric) 
and  dilute  the  solution  with  3500  pts.  water. 
Add  the  perchloride  of  tin  to  the  gold  solution, 
and  then  the  protochloride  by  drops  until  the 
proper  color  is  attained.  (Buisson.)  4.  Warm 
10  pts.  perchloride  of  tin  and  ammonium  with 
1-07  pts.  tin  and  40  water,  until  the  tin  is  dis- 
solved, and  add  140  pts.  water;  dissolve  1-34 
pts.  gold  in  nitromuriatic,  not  in  excess,  and 
dilute  with  48  pts.  water;  pour  the  former  into 
the  latter  as  long  as  it  produces  a  precipitate; 
filter,  wash,  and  dry  at  212°. 

Prop.  Brown  or  dark  purplish  red,  soluble 
while  still  moist,  in  ammonia,  with  a  deep 
purple  color,  from  which  it  separates  by  add- 
ing acid  or  by  boiling;  the  ammoniacal  solu- 
tion heated  in  a  close  flask  from  140°  to  176°, 
deposits  purple  rapidly  without  redissolving  it; 
if  evaporated,  the  precipitate,  although  appa- 
rently unchanged,  is  insoluble  in  ammonia; 
the  solution  gradually  decomposes  in  light, 
depositing  metallic  gold.  The  purple  retains 
water  at  212°,  but  loses  it  by  ignition,  giving 
off  no  fixed  gas,  and  becoming  brick-red ;  by 
fusion  with  saltpeter,  it  forms  stannate  of  po- 
tassa and  a  bead  of  alloy  of  gold  and  tin; 
nitromuriatic  acid  extracts  all  the  gold  and  a 
little  tin,  leaving  peroxide  of  tin.  Different 
views  are  entertained  of  the  composition  of 
the  purple;  it  is  terstannate  of  protoxide  of 
gold,  AuO,  3  Sn02  +  4  HO,  with  42-5  pr.  ct. 
gold  (Figuier);  or  hexastannate  of  protoxide, 
AuO,  6  Sn02  +  6  HO,  with  28  pr.  ct.  gold 
(Firmer) ;  or  protostannate  of  tin  and  gold, 
SnO,  3  Sn02  +  AuO,  2  Sn02  +  6  HO 
(Schweigger — Seidel) ;  or  stannite  of  binoxide 
of  gold,  Au02  2  Sn203+  4  HO,  with  39  pr.  ct. 
gold  (Berzelius);  or  it  is  sesquioxide  of  tin  and 
stannate  of  binoxide  of  gold,  2  (SnO,  Sn02) -f- 
Au02,  2  Sn02  -f  6  HO,  with  28  pr.  ct.  gold. 
(Fuchs.)  As  mercury  extracts  no  gold  from  it, 
the  latter  must  be  oxidized;  the  perchloride  of 
tin  does  not  precipitate  the  purple  from  per- 
chloride of  gold,  but  the  protochloride  does; 
and  therefore  the  gold  or  tin,  or  both,  must  be 
in  a  lower  state  of  oxidation ;  a  stannate  of 
protoxide  of  gold  would  probably  give  off  oxy- 
gen, which  the  purple  does  not,  and  it  is  there- 
fore either  stannate  or  stannite  of  a  higher 
oxide  of  gold,  probably  Au02.  From  its  not 
giving  oxygen,  the  probability  is  that  Berze- 
lius' view  is  the  most  correct,  for  the  deutoxide 
of  gold  would  merely  convert  the  sesquioxide 
of  tin  into  the  deutoxide  and  metallic  gold; 
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Au02,  2  Sn203  =  Au  -f  4  SnO?.  The  purple 
is  largely  employed  for  imparting  a  brilliant 
red  to  glass,  and  for  painting  porcelain  and 
enamel  of  a  pink  or  rose  color. 

4.  Sulphuret  of  gold.  AuS.  Pass  sulphohy- 
dric  acid  through  a  boiling  solution  of  ter- 
chloride.  It  is  black  with  a  dark-brown  streak, 
and  contains  92-5  pr.  ct.  of  gold.  The  persul- 
phurct,  AuS3,  formed  by  passing  sulphohydric 
acid  through  a  cold  dilute  solution  of  terchlo- 
ride,  is  black  ;  by  precipitating  the  sulphaurate 
of  potassium  by  acids,  it  forms  yellow  floc- 
culEe.  Both  sulphurets  are  easily  decomposed 
by  heat,  leaving  metallic  gold.  The  last  dis- 
solves partially  in  caustic  potassa.  The  per- 
sulphuret  dissolves  readily  in  a  solution  of 
sulphuret  of  potassium,  and  acts  as  a  sulph- 
acid  to  the  other  positive  sulphurets,  but  as  a 
sulphobase  to  the  negative  sulphurets  of  ar- 
senic, molybdenum,  &c.  The  sulphocarbonate, 
AuS3,  3  CS2,  forms  a  black  precipitate  by 
bringing  together  the  terchloride  and  sulphu- 
ret of  carbon,  both  in  solution. 

5.  Phosphuret  of  gold.  Gold  and  phosphorus 
readily  combine  to  a  nearly  white  metallic 
compound,  more  fusible  and  brittle  than  gold; 
it  may  also  be  formed  by  heating  gold  with 
phosphoric  glass  and  charcoal.  By  heating  in 
the  air,  the  phosphorus  burns. 

6.  Fulminating  gold.  There  are  two  kinds, 
one  containing  chlorine  explodes  less,  the 
other  without  chlorine  more  violently.  The 
former  is  made  by  digesting  terchloride  of 
gold  with  an  excess  of  caustic  ammonia,  wash- 
ing the  yellow  precipitate  with  warm  water 
until  the  filtrate  ceases  to  test  of  chlorine,  and 
drying  in  a  water-bath.  It  is  a  dark-yellow 
powder,  detonating  when  heated  to  400°.  The 
other,  without  chlorine,  is  made  by  digesting 
the  former  in  a  mixture  of  potassa  and  ammo- 
nia, until  it  changes  to  a  yellowish  brown, 
which  becomes  deeper  by  washing  and  drying. 
It  is  also  made  by  digesting  oxide  of  gold  in 
ammonia  or  its  salts.  It  explodes  violently  at 
212°,  by  friction,  stroke  or  electricity;  if  moist 
it  is  far  less  explosive,  and  by  mixture  with 
indifferent  bodies  (20  pts.  sulphate  of  potassa, 
silica,  magnesia,  &c).  Its  composition  is 
Au03  +  2  NH3  +  HO  {Berzelius) ;  AuN  + 
]>IH„  +  3  HO.     Dumas. 

7.  Moys  of  gold.  Gold  combines  readily 
with  arsenic,  even  in  vapor,  forming  a  gray, 
brittle  alloy,  containing  ^|T  pt.  arsenic,  which 
cannot  be  whollv  expelled  by  2  hours  fusion 
in  an  open  crucible.  -e^  pt.  arsenic  renders 
gold  brittle  without  altering  its  color.  The 
alloy  with  A  antimony  is  pale  and  brittle,  and 
the  antimony  may  be  wholly  expelled  by  heat ; 

'-  antimony  destroys  the  malleability  of 
gofd'.  Telluret  of  gold  is  formed  by  precipi- 
tating terchloride  by  telluret  of  hydrogen  or 
potassium,  or  by  heating  sulphotellunte  of 
gold.  It  also  occurs  native  in  Graphic  and 
White  Tellurium. 

The  platinoid  metals  readily  unite  with  gold 
to  alloys,  which  are  brittle  and  paler,  unless 
the  gold  be  in  considerable  excess;  very 
little  palladium  or  platinum  pales  gold,  and 
6  pts.  gold  to  1  palladium  is  nearly  white. 

Gold   and  silver  alloy  in  every  proportion, 
with  a  color  and  spec.  grav.  nearly  correspond- 
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ing  to  the  proportion.  The  alloy  is  harder, 
paler  and  more  fusible  than  gold,  the  hardest 
consisting  of  2  pts.  gold  to  1  pt.  silver.  Bee 
Gold,  Mm.;  Alloy,  Assay.  Minim/  readily 
alloys  or  amalgamates  with  gold  in  v;u 
proportions,  at  least  one  of  which  is  ;i  defi- 
nite alloy  crystallizing  in  dendrites  or  4-sided 
prisms,  and  composed  of  AuIIg12,  or  1  pt.  gold 
to  6  pts.  mercury.  It  is  solid,  and  is  obi 
in  amalgamating  gold  ores,  by  pressing  its 
suspension  in  excess  of  mercury  through  por- 
ous materials.  When  heated,  all  the  mercury 
is  expelled,  leaving  pure  gold,  and  on  this  de- 
pends the  process  of  fire-gilding. 

Gold  unites  with  copper  in  every  proportion, 
but  forming  one  crystalline  alloy  composed  of 
Cu2Au.  Copper  exerts  little  influence  upon 
its  malleability,  but  reddens  its  color;  the  addi- 
tion of  a  little  silver  obviates  the  reddening, or 
heating  it  in  strong  caustic  ammonia.  Com- 
mon gold  may  contain  25  pr.  ct.  copper  and 
silver.  Cupellation  with  lead  will  not  remove 
all  the  copper,  unless  3  pts.  silver  and  24  pts. 
lead  be  first  fused  with  it. 

Eleven  pts.  gold  to  1  bismuth  forms  a  green- 
ish yellow,  very  brittle,  fine-grained  alloy,  of 
spec.  grav.  18-038.  11  gold  to  1  lead  is  pale 
yellow,  exceedingly  brittle,  fine-grained,  of 
spec.  grav.  18-08.  j^  pt.  bismuth  or  lead 
renders  gold  brittle.  Both  can  be  separated 
from  gold  by  cupellation. 

Eleven  gold  to  1  zinc  is  pale  greenish  yel- 
low, brittle,  of  spec.  grav.  16-937;  1  gold,  1 
zinc,  is  very  white  and  hard;  even  60  gold 
and  1  zinc  is  brittle ;  1  pt.  brass  renders  gold 
brittle.  11  gold  to  1  tin  gives  a  very  pale- 
yellow  alloy,  slightly  ductile,  of  spec.  grav. 
17-307;  they  are  best  separated  by  fusion  with 
crude  antimony. 

One  pt.  gold  to  4  pts.  iron  is  silver-white;  1 
gold  to  1  iron  is  gray ;  1 1  gold  to  1  iron  is  yel- 
lowish gray,  hard,  very  malleable,  spec.  grav. 
16-885.  Gold  does  not  improve  the  quality  of 
steel.  7  or  8  gold  to  1  manganese  is  pale  yel- 
lowish gray,  very  hard,  less  fusible  than  gold, 
slightly  malleable.  18  gold  to  1  cobalt  is  dark- 
yellow,  very  brittle,  64  to  1  is  still  brittle,  109  to 
1  is  ductile.  Gold  combines  readily  with 
to  a  yellowish  white,  hard,  very  malleable  alloy, 
as  magnetic  as  nickel  itself. 

Uses.  Gold  possesses  intrinsic  value  inde- 
pendently of  its  rarity.  Its  color,  high  specific 
gravity,  ductility  and  malleability,  fusibility, 
and  resistance  to  chemical  action,  especially 
to  atmospheric  agents,  render  it  very  valuable, 
and  the  best  medium  of  exchange.  Pure  gold 
is  too  soft  for  use  as  coin  or  plate,  and  hence 
the  advantage  of  alloying  it  with  copper,  while 
its  specific  gravity  offers  a  mean  of  testii 
quality.  Although  a  rare  metal,  its  exceeding 
malleability  allows  its  extensive  employment 
for  gilding  surfaces  at  little  cost,  while  its  un- 
alterability  prevents  such  surfaces  from  i 
tarnishing.  For  many  objects  of  ornament  ami 
utility,  electrotype  gilding  has  superseded  leaf 
!  and  fire-gilding. 


Salts  of  Gold. 
Gold  has  so  little  tendency  to  combine  with 
acids,  that  but  few  salts  of  gold  have  been 
studied.   The  sulphosalts  see  under  the  sulpn- 
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acids  of  Arsenic,  Molybdenum,  Tellurium, 
and  Tungsten.  Oxide  of  gold  is  dissolved  by 
sulphite  or  hyposulphite  of  potassa  or  soda, 
forming  double  salts  of  mono  and  dithionites 
of  soda  and  protoxide  of  gold.  Fordos  and 
Gelis,  and  Himly. 

The  haloid  salts  are  most  numerous  and 
best  known.  They  are  of  a  yellow  or  orange- 
color;  precipitate  the  purple  of  Cassius,  when 
very  dilute,  by  protochloride  of  tin,  and  metal- 
lic gold  of  a  brown  color  by  protosulphate  of 
iron  and  other  deoxidizing  agents. 

1.  Chlorides,  a.  The  protochloride,  AuCl,  formed 
by  evaporating  the  lerchloride  and  heating  it  in 
porcelain  to  about  450°,  with  constant  stirring, 
until  chlorine  ceases  to  be  evolved,  is  yellow- 
ish white,  easily  decomposed  by  a  higher  heat 
into  chlorine  and  gold,  by  hot  water  into  ter- 
chloride  and  metallic  gold,  by  potassa  into 
chloride  of  potassium  and  protoxide  of  gold. 
It  forms  a  double  salt  with  chloride  of  potas- 
sium, by  heating  the  double  terchloride  of  gold 
and  potassium.  By  adding  terchloride  of  gold 
in  successive  portions  to  hyposulphite  of  soda 
until  the  yellow  color  disappears,  and  evapo- 
rating to  crystallization,  the  greater  part  of 
hyposulphite  and  sulphate  of  soda  separate. 
The  liquid  again  crystallized  yields  among 
others  colorless  needles,  which  by  solution  in 
alcohol  of  0-9,  and  spontaneous  evaporation, 
yield  the  same  crystals.  They  are  probably 
dithionite  of  soda  and  gold. 

b.  Terchloride  is  the  most  important  salt  of 
gold,  and  is  obtained  by  dissolving  gold  in 
aqua  regia  and  evaporating  the  excess  of  acid. 
The  acid  salt  yields  crystalline  needles,  which 
are  easily  decomposed  by  heat.  The  solution 
of  gold  is  best  made  with  an  excess  of  metallic 
gold,  which  ensures  the  destruction  of  all  the 
nitric  acid.  It  is  yellow  when  dilute,  orange 
when  concentrated.  The  solution  is  reduced 
in  part  in  a  close  glass  vessel,  by  exposure  to 
light,  on  which  side  metallic  gold  deposits.  It 
is  reduced  by  phosphorus,  hydrogen,  phospho- 
hydrogen,  sulphurous  acid  and  the  sulphites, 
nitric  oxide,  peroxide  of  nitrogen  and  nitrite 
of  potassa,  in  the  cold,  and  by  sulphur  and 
selenium  in  heat.  It  is  reduced  by  almost  all 
metals,  by  arseniuretted  and  antimoniuretted 
hydrogen,  terchloride  of  antimony  and  white 
arsenic,  and  protosalts  of  iron.  Protochloride 
of  tin  precipitates  brown  gold-tin  from  a  strong, 
and  purple  (Cassius')  from  a  dilute  solution; 
protonitrate  of  mercury  gives  a  dark-blue  pre- 
cipitate. It  is  also  reduced  by  most  organic 
bodies,  whether  in  solution  or  not,  especially 
by  the  addition  of  potassa.  Potassa,  soda, 
strontia,  lime,  magnesia,  and  oxide  of  zinc, 
throw  down  the  greater  part  of  the  gold  as  an 
impure  oxide,  or  a  basic  salt,  of  which  the 
precipitate  by  the  two  last  is  easily  purified  by 
nitric  acid.  Sulphuretted  hydrogen  throws 
down  sulphuret  of  gold,  soluble  in  alkaline 
sulphurets.  Ammonia  precipitates  fulminat- 
ing gold. 

Chloraurides.  The  terchloride  combines  with 
nearly  all  metallic  protochlorides  by  direct 
union,  forming  compounds  which  contain  3 
eq.  chlorine  in  the  chloracid  to  1  eq.  chlorine 
in  the  chlorobase.  In  the  crystallized  state 
they  are  almost  all  orange-colored,  lighter  yel- 


low by  efiiorescence,  but  deep-red  when  anhy- 
drous. 

Chlorauride  of  potassium  forms  rhombic  prisms 
or  6-sided  tables,  efflorescent,  losing  all  water 
at  212°  without  farther  decomposition,  at  a 
higher  heat  becoming  double  protochlorides; 
soluble  in  water  and  alcohol.  Form,  dry, 
KC1,  AuCl3  (52-4  pr.  ct.  gold);  cryst.  KC1, 
AuCl3  +  5  HO  (46-84  pr.  ct.  gold).  The  salt 
of  sodium  is  permanent  in  the  air.  NaCl,  AuCl,. 
-f  4  HO  (dry  54-7,  cryst.  49-78  pr.  ct.  gold)! 
The  lithium  salt  is  deliquescent;  that  of  ammo- 
nium with  2  eq.  water,  made  with  neutral  gold 
solution,  is  yellow,  and  by  solution  in  aqua 
regia,  red.  The  salts  of  barium,  strontium,  cal- 
cium, magnesium,  zinc,  manganese,  cobalt,  nickel, 
and  cadmium,  are  yellow  rhombic  prisms,  of 
cobalt  dark  yellow,  of  nickel  greenish  yellow ; 
of  strontium,  zinc,  cadmium,  cobalt  and  nickel 
permanent,  the  rest  somewhat  deliquescent; 
that  of  calcium  contains  6  eq.,  of  magnesium 
12  eq.  water. 

2.  Bromides.  Terbromide  of  gold,  formed  by 
dissolving  gold  in  nitro-bromhydric  acid,  forms 
by  evaporation  a  red  saline  mass,  which  com- 
bines with  most  simple  bromides  to  form  dou- 
ble salts  or  bromaurides,  analogous  to  the 
chloraurides,  containing  water,  but  of  purple 
or  brownish  red  colors. 

3.  Iodides.  a.  Protiodide  of  gold,  Aul,  is 
formed,  1.  by  the  action  of  iodohydric  acid  on 
oxide  of  gold,  whereby  iodine  is  set  free  and 
may  be  volatilized  by  boiling  the  solution; 
Au03  4-  3  HI  =  Aul  +  3  HO  -{-  2  I.  2.  By 
the  action  of  iodohydric  acid  in  excess  on 
finely  divided  gold,  with  the  addition  of  small 
portions  of  nitric  acid;  the  liquid,  filtered  boil- 
ing, separates  most  of  the  salt  on  cooling  as  a 
yellow  powder,  and  the  balance  is  obtained  by 
heating  the  liquid  with  nitric  acid  until  all 
iodine  disappears.  3.  Add  iodide  of  potassium 
to  terchloride  of  gold  carefully,  until  it  ceases 
to  precipitate ;  AuCl3  +  3  KI  ==  Aul  +  3  KC1 
4-2  1;  wash  with  alcohol  and  then  with  water. 
It  is  a  yellowish  crystalline  powder,  not  readily 
decomposed  by  acids  excepting  when  heated, 
instantly  decomposed  by  alkali,  decomposed 
by  iodohydric  acid,  iodide  of  potassium  and  of 
iron,  with  the  separation  of  gold  and  formation 
of  teriodide. 

b.  Teriodide.  Add  terchloride  of  gold  gra- 
dually to  iodide  of  potassium  in  dilute  solution, 
until  it  is  dark  green;  agitate  the  liquid  until 
the  precipitate  is  redissolved,  and  add  more 
terchloride,  which  precipitates  the  teriodide. 
It  is  dark  green,  easily  decomposed,  dissolves 
in  hydriodic  acid,  forming  a  dark  reddish- 
brown  crystallizable  solution,  and  unites  with 
basic  iodides  to  form  iodaurides,  which  are 
black  and  crystallizable. 

GONG.  A  large  plate-shaped  cymbal,  used 
in  China  as  a  substitute  for  bells.  The  metal 
of  which  they  are  composed  is  copper  mixed 
•with  20  to  25  pr.  ct.  of  pure  tin.  See  Temper- 
ing, &c.  under  Bronze,  on  which  the  peculiar 
ring  of  the  gong  depends.     See  also  Alloy. 

GONIOMETER.  Cryst.  An  instrument  for 
measuring  the  angles  made  by  planes  of  crys- 
tals with  each  other.  Two  kinds  are  used,  the 
direct  or  common,  and  the  reflecting.  The 
Common  Goniometer  consists,  as  represented  in 
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fig.  83,  of  a  brass  or  silver  semicircle  a  b  c, 
graduated  into  180°,  each  degree  being  marked 
on  the  instrument  by  a  short  line  extending 
from  the    outer   rim  to  the  circle,  which  is 
about  one-twentieth  of  an  inch  within  it ;  d  e 
and/g  are  two  steel  arms,  the  horizontal  one 
being  fixed,  the  vertical  movable;  beneath  the 
arm  d  e,  a  plate  of  steel  or  brass  is  attached  to 
the  semicircle  near  c,  and  extends  somewhat 
more  than  half-way  towards  a,  its  termination 
being  connected  with  the  semicircle  by  the  bar 
h  for  the  sake  of  firmness :  i  is  the  head  of  a 
pin  in  the  centre  of  motion,  equidistant  from 
all    points    of   the    semi-circumference,    and 
passes  through  both  arms  and  the  brass  plate; 
on  this  pin  the  arm  f  g  is  moved  at  pleasure. 
The  upper  part  of  the  arm  f  g  cuts  the  semi- 
circle in  the  figure  precisely  at  90°;  if  then 
two  faces  of  a  cube  were  presented  to  the 
lower  portions  of  the  two  arms  g  i  and  i  e,  it 
would  be  found  to  fit  them  accurately,  since 
the  planes  of  a  cube  always  meet  each  other 
at  the  angle  of  90°.     But  if  the  solid  be  less 
or  more  than  that  angle,  the  instrument  may 
be  accommodated  to  the  angle  by  moving  the 
arm/g  by  its  termination/;  and  the  value  of 
the  angle  will  be  indicated  by  the  edge  of  the 
movable   arm.     If  the  crystal  be    small   and 
surrounded  by  obstruction,  the  two  arms  may 
be  drawn  by  the  ends  d  and  /,  so  that  the 
points  g  and  e  will  be  much  nearer  the  pin  i. 
Sometimes   this   goniometer  is  made   in  two 
parts,  the  semicircle  being  one  of  them,  and 
the  two  arms,  connected  by  the  pin,  the  other. 
The  arms  are  then  separately  adjusted  to  the 
crystal,  and  being  secured,  the  pin  is  dropped 
into  the  hole  made  to  receive  it.    Phillips. 

Since  in  a  majority  of  cases  the  reflection 

of  the  natural  or  cleaved  surfaces  of  crystals 

is  very  distinct,  Dr.  Wollaston  contrived  the 

Reflecting  Goniometer,  which  is  very  superior  to 

Fig.  84. 
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the  common  goniometer  in  such  cases.  Fig. 
84  represents  the  principle  on  which  this  in- 
strument operates.  The  angle  a  b  c  is  required. 
The  eye  at  P,  looking  at  the  face  of  the  crys- 
tal, 6  c,  observes  a  reflected  image  of  M,  in  (he 
direction  of  P  N.  The  crystal  may  now  be 
so  changed  in  its  position,  that  the  same 
image  is  seen  reflected  by  the  next  face,  and 
in  the  same  direction,  P  N.  To  effect  this, 
crystal  must  be  turned  around,  until  a  l>  d  has 
the  present  direction  of  b  c.  The  angle  d  b  c 
measures,  therefore,  the  number  of  degrees 
through  which  the  crystal  must  be  turned. 
But  d  b  c,  subtracted  from  180°,  equals  the 
required  angle  of  the  crystal  a  b  c.  The  crys- 
tal is  therefore  passed  in  its  revolution  through 
a  number  of  degrees,  which,  subtracted  from 
180,  give  the  required  angle.     Fig.  85  repre- 

Fig.  85. 


sents  the  goniometer.  A  B  is  the  circle  gra- 
duated to  half  degrees.  By  means  of  the  ver- 
nier, v,  minutes  are  measured.  The  wheel  m 
is  attached  to  the  main  axis,  and  moves  the 
graduated  circle,  together  with  the  adjusted 
crystal.  The  wheel  n  is  connected  with  an 
axis  which  passes  through  the  main  axis 
(which  is  hollow  for  the  purpose),  and  moves 
merely  the  parts  to  which  the  crystal  is  at- 
tached, in  order  to  aid  in  its  adjustment.  The 
contrivances  for  the  adjustment  of  the  crystal 
are  at  p,  q,  r.  To  use  the  instrument,  it  must 
be  placed  on  a  small  stand  or  table,  and  so 
elevated,  as  to  allow  the  observer  to  rest  his 
elbows  on  the  table.  The  whole,  thus  firmly 
arranged,  is  to  be  placed  in  front  of  a  window, 
distant  from  the  same  from  six  to  twelve  feet, 
with  the  axis  of  the  instrument  parallel  to  it. 
Before  operation,  a  dark  line  should  be  drawn 
below  the  window  near  the  floor,  parallel  to  the 
bars  of  the  window;  or,  what  is  still  better,  on 
a  slate  or  board  placed  before  the  observer  on 
the  table.  , . 

The  crystal  is  attached  to  the  movable 
plate,  q,  by  a  piece  of  wax,  and  so  arranged, 
that  the  edge  of  intersection  of  the  two  planes, 
including  the  required  angle,  shall  be  in  a  line 
with  the  axis  of  the  instrument.  This  is  done 
by  varying  its  situation  on  the  plate  q,  or  the 
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situation  of  the  plate  itself,  or  by  means  of  the 
adjacent  joints  and  wheel,  r,  s,  p. 

When  apparently  adjusted,  the  eye  should 
be  brought  close  to  the  crystal,  nearly  in  con- 
tact with  it,  and  on  looking  into  a  face,  part 
of  the  window  will  be  seen  reflected,  one  bar 
of  which  must  be  selected  for  the  experiment. 
If  the  crystal  is  correctly  adjusted,  the  selected 
bar  will  appear  horizontal,  and  on  turning  the 
wheel  n,  till  this  bar,  reflected,  is  observed  to 
approach  the  dark  line  below  seen  in  a  direct 
view,  it  will  be  found  to  be  parallel  to  this 
dark  line,  and  ultimately  to  coincide  with  it. 
If  there  is  not  a  perfect  coincidence,  the  adjust- 
ment must  be  altered  until  this  coincidence  is 
obtained.  Continue  then  the  revolution  of  the 
wheel  n,  till  the  same  bar  is  seen  by  reflection 
in  the  next  face,  and  if  here  there  is  also  a 
coincidence  of  the  reflected  bar  with  the  dark 
line  seen  direct,  the  adjustment  is  complete; 
if  not,  alterations  must  be  made,  and  the  first 
face  again  tried.  A  few  successive  trials  of 
the  two  faces,  will  enable  the  observer  to  ob- 
tain a  perfect  adjustment. 

After  adjustment,  180°  on  the  arc  should  be 
brought  opposite  0,  on  the  vernier.  The  coin- 
cidence of  the  bar  and  dark  line  is  then  to  be 
obtained,  by  turning  the  wheel  n.  As  soon  as 
obtained,  the  wheel  m  should  be  turned  until 
the  same  coincidence  is  observed,  by  means 
of  the  next  face  of  the  crystal.  If  a  line  on  the 
graduated  circle  now  corresponds  with  0  on  the 
vernier,  the  angle  is  immediately  determined 
by  the  number  of  degrees  marked  by  this  line. 
If  no  line  corresponds  with  0,  we  must  ob- 
serve which  line  on  the  vernier  coincides  with 
a  line  on  the  circle.  If  it  is  the  18th  on  the 
vernier,  and  the  line  on  the  circle  next  below 
0  on  the  vernier  marks  125°,  the  required 
angle  is  125°  18';  if  this  line  marks  125°  30', 
the  required  angle  is  125°  48'. 

Some  goniometers  are  furnished  with  a 
small  polished  reflector  attached  to  the  foot 
of  the  instrument,  below  the  part  s  q,  and 
placed  at  an  oblique  angle  so  as  to  reflect  a 

Fig.  86. 


bar  of  the  window.  The  reflector  may  be 
easily  added  to  the  common  instruments, 
placing  it  at  an  angle  of  about  45°,  or  such  as 
will  reflect  the  bar  to  the  eye,  when  looking 
towards  the  crystal  while  observing. 

Fig.  86  represents  an  improved  arrangement 
for  adjusting  the  crystal,  drawn  from  a  German 
instrument.  The  contrivance  a  c  d  is  also  an 
important  addition.  It  contains  a  slit  at  d  for 
sighting  the  crystals,  by  using  which,  one  of 
the  lines  may  be  dispensed  with.  It  slides  up 
and  down  in  the  part  a  b,  and  also  moves  back 
and  forth,  parallel  with  the  plane  of  the  gra- 
duated circle,  on  the  pivot  by  which  it  is  at- 
tached to  the  stand  of  the  goniometer.    Dana. 

GOTHITE.     See  Brown  Hematite. 

GOULARD'S  EXTRACT.     See  Lead. 

GRAMMATITE.     See  Hornblende. 

GRAMMITE.     See  Tabular  Spar. 

GRANITE.  Geol.  A  rock  composed  of 
quartz,  feldspar  and  mica.  It  is  generally  be- 
lieved to  be  the  original  rock  from  which 
others  are  derived,  and  to  have  been  in  a  fused 
slate.  Hence  its  crystalline  structure.  It  is 
an  excellent  building-stone,  and  from  the  ab- 
sence of  stratification  or  lamination  is  obtain- 
able in  large  masses.  Syenite  and  other  ig- 
neous rocks  are  popularly  called  granite.  See 
Geology. 

GRANULAR.  Min.  A  mineral  is  said  to 
be  granular,  when  it  consists  of  coarser  or 
finer  sandy  particles,  more  or  less  coherent. 
This  structure  is  due  to  imperfect  Crystal- 
lization. 

GRANULATION.  This  term,  as  applied  to 
metals  or  fusible  substances,  expresses  their 
comminution  into  fine  particles  or  grains. 
The  usual  process  of  effecting  this  is  to  pour 
the  melted  body  into  water  agitated  simul- 
taneously by  a  twirl-stick  or  stirrer.  The 
manufacture  of  shot  is  an  instance  of  granu- 
lation, though  in  this  instance  the  granules 
are  by  a  suitable  arrangement  made  to  take  a 
spherical  form  and  uniform  size.  Granulation 
increases  the  surface  of  bodies,  and  is  thus 
advantageous  where  they  are  to  be  submitted 
to  the  action  of  reagents.  The  separation  of 
the  molecules  of  a  solid  body  from  a  liquid  in 
which  it  is  intimately  suspended,  is  also  termed 
granulation,  as  in  the  instance  of  the  sepa- 
ration of  stearin  from  olein  in  preparing 
lard  for  the  expression  of  its  oil.  This,  how- 
ever, more  properly,  is  a  species  of  crystalliza- 
tion, which  must  be  promoted  by  a  certain 
temperature. 

GRANULITE.     See  Granite  under  Geology. 

GRAPHIC  GOLD.  See  Graphic  Tellu- 
rium. 

GRAPHIC  GRANITE.  Geol.  Is  granite 
mainly  composed  of  feldspar,  with  quartz  dis- 
seminated through  it,  so  as  to  resemble  writ- 
ten characters  on  a  cleaved  surface. 

GRAPHIC  TELLURIUM.  Min.  Syn.  Gra- 
phic Gold,  Schrifterz.  Cryst.  Right  Rhombic; 
cleavage  very  perfect  parallel  to  vertical  prism, 
less  perfect  parallel  to  main  end-plane;  also 
columnar  and  granular.  H.  =  1-5  —  2.  G.  = 
6  —  8-28.  Color  and  streak,  steel-gray ;  me- 
tallic; fracture  uneven;  very  sectile. 

Chem.  Rel.  Alone  on  charcoal  it  melts  lo  a 
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dark-gray  metallic  globule,  depositing  a  white 
coating,  which  disappears  with  a  greenish 
light  by  directing  the  flame  upon  it;  by  long 
blowing,  a  yellow,  malleable  globule  remains, 
which  at  the  moment  of  cooling  becomes 
white  hot;  in  an  open  tube  it  deposits  white 
fumes,  which  fuse,  when  heated,  into  transpa- 
rent drops.  It  is  soluble  in  aqua  regia,  depo- 
siting chloride  of  silver;  the  solution  becomes 
milky  by  dilution.  Form.  AgTe  +  2  AuTe3, 
containing  about  60  tellurium,  27  gold,  and  13 
silver.  It  appears  to  be  the  same  with  White 
Tellurium.  It  occurs  at  Offenbanya,  Tran- 
sylvania, and  at  Nagyag. 

GRAPHITE.  Min.  Syn.  Plumbago,  Black 
Lead,  Carburet  of  Iron.    Ger.  Reissblei.    Cryst. 

1. 

Carbon 53-4 

Iron 7-9 

Lime  and  alumina 36-0 

Silica,  &c 2-7 

Local.  §c.  Some  of  the  finest  quality  for  pen- 
cils is  found  at  Cumberland,  Engl.,  and  the  dif- 
ferent degrees  of  hardness  is  usefully  applied 
to  pencils  for  sketching,  shading,  &c.  It  is 
generally  contained  in  primary  rocks,  and  in 
the  older,  altered  limestones,  whose  lead-gray 
color  is  due  to  it.  Fine  specimens  are  found 
near  the  head  of  Lake  Champlain.  Scales  of 
graphite  are  sometimes  substituted  for  mica  in 
gneiss,  and  constitute  an  extensive  graphite 
formation,  as  in  N.  Carolina,  where  large 
blocks  can  be  quarried  out.  There  are  nu- 
merous other  localities  of  graphite.  Besides  its 
use  for  pencils,  it  is  an  important  constituent 
in  the  black-lead  crucible.     See  Crucible. 

GRASS  OIL.  Syn.  Oil  of  Namur,  Indian- 
grass  Oil.  The  product  of  the  Andropogon  Iva- 
racusa.  Odor  similar  to  that  of  oil  of  roses. 
Boiling  point  from  297°  to  320°.  The  rectified 
oil  consists  of  C5H  .  Its  affinity  for  oxygen  is 
such,  that  during  distillation  a  portion  of  it  is 
converted  into  resin.  In  its  impure  state  it  is 
composed  of  two  oils,  one  of  which  contains 
oxygen.     Slenhouse. 

GRATIOLA  OFFICINALIS.  The  resinous 
matter  of  the  herb,  considered  by  Vauquelin  as 
its  active  principle,  consists  of  tannic  acid, 
Gratiolin,  and  a  non-crystalline  substance  inso- 
luble in  water,  but  soluble  in  alcohol  and  ether, 
and  in  sulphuric  acid  with  a  pale  reddish 
yellow  color. 

Gratiolin  crystallizes  from  its  alcoholic  so- 
lution in  warty  groups,  and  in  water  and  ether 
is  but  sparingly  soluble.     Marchand. 

GRAY  ANTIMONY.  Min.  Syn.  Sulphuret 
of  Antimony.  Ger.  Antimonglanz,  Grauspiess- 
glanzerz.  Lat.  Stibium,  Plumbum  nigrum. 
Jlchem.  Lupus  metallorum.  Gr.'Xrt/u/M.  Cryst. 
Right  Rhombic,  generally  in  long  prisms,  lon- 
gitudinally striated;  cleavage  perfect  parallel 
to  shorter  lateral  axis ;  also  foliated,  granular. 
H.  =  2.  G.  =  2-62  —  2-626.  Color  and  streak 
dark  lead-gray;  metallic;  very  sectile  and 
brittle,  with  a  subconchoidal  fracture. 

Chem.  Rel.    Very  fusible,  coloring  the  flame 
bluish  green,  volatilizing,  coating  the  charcoal 
white,  and  giving  the  odor  of  sulphurous  acid; 
in  an  open  tube  sublimes  antimonious  acid,  i 
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Hexagonal,  with  laminated  structure.  H.  = 
1  —  2.  G.  =  2-089.  Iron-black,  dark  steel- 
gray;  lustre  metallic;  opake ;  greasy;  sectile, 
soils  paper,  and  produces  a  dark  lead 
streak  on  porcelain,  which  distinguishes  it 
from  molybdenite. 

Chan.  Rel.  Very  slowly  and  only  partially 
burned  off"  by  the  blowpipe,  leaving  an  ash 
usually  containing  iron;  deflagrates  slightly 
with  saltpeter;  acids  extract  metallic  oxides. 
It  is  essentially  pure  carbon,  C,  with  variable 
quantities  of  foreign  matter,  as  the  following 
analyses  show.  1,  English  of  fine  quality"; 
2,  Ceylon,  native;  3,  from  Himalaya;  4,  crys- 
tallized, from  Ceylon — all  analysed  by  Prin- 
sep;  5,  Wunsiedel,  by  Fuchs. 


2. 

3. 

4. 

5. 

2-8 

71-6 

94-6 

99-67 

7-2 

5-0 
8-4 

6-0  i 

0-33 

1-5 

■± 

and  then  oxide  of  antimony.  Soluble  in  heated 
muriatic  acid,  with  evolution  of  sulphuretted 
hydrogen,  and  usually  leaving  chloride  of  lead; 
decomposed  by  nitric  acid,  with  the  separation 
of  oxide  of  antimony ;  soluble  in  caustic  po- 
tassa,  forming  a  yellow  solution,  which,  on 
adding  acid,  deposits  yellowish  red  sulphuret. 
Form.  SbS3,  containing,  when  pure,  72-77  pr. 
ct.  antimony. 

Loral,  fyc.  It  occurs  in  numerous  localities; 
very  fine  specimens  are  obtained  at  Felso- 
banya,  Schemnitz  and  Kremnitz,  Hungary.  In 
the  U.  S.  at  Carmel,  Penobscot  Co.,  Maine;  at 
Cornish  and  Lyme,  N.  H. ;  at  Soldier's  Delight, 
Md. ;  in  the  lead  mines  of  Southern  Illinois 
and  Kentucky.  It  is  the  chief  source  of  Anti- 
mony in  commerce. 

GRAY  COPPER.  Min.  Syn.  Fahlerz.  Ger. 
Kupferfahlerz,  Schwarzgultigerz,  Schwarzerz. 
Fr.  Cuivre  gris.  Cryst.  Regular,  sometimes 
8-hedral,  but  generally  in  hemihedral  forms,  as 
shown  in  PI.  VIII.  figs.  12,  13  and  14.  It  is 
often  compounded  on  an  8-hedral  plane,  paral- 
lel to  which  it  cleaves  imperfectly.  It  also 
occurs  granular.  H.  =  3  —  4.  G.  =  4-8  —  5-1. 
Color  between  steel-gray  and  iron-black;  streak 
the  same  or  brownish  ;  metallic ;  opake ;  rather 
brittle,  with  subconchoidal  fracture. 

Chem.  Rel.  Calcined  in  an  open  tube,  it  gives 
the  odor  of  sulphurous  acid,  sometimes  of  ar- 
senic, and  sublimes  oxide  and  acid  of  antimo- 
ny. It  fuses  on  charcoal,  evolving  the  same 
vapors,  and  by  treating  the  residue  with  soda 
and  borax,  gives  a  copper  globule,  which  by 
cupellation  yields  silver.  It  is  also  decom- 
posed by  nitric  acid,  and  partially  by  caustic 
potassa;  from  the  latter  solution,  acid  sepa- 
rates an  orange  or  yellow  sulphuret.  Of  the 
following  analyses,  1,  2,  5,  7,  9,  10,  11  are  by 
H.  Rose,  3  by  Scheidthauer,  4  by  Kersten,  6  by 
Bromeis,  8  by  Lander.  No.  1  is  from  Mar- 
kirchen,  in  Elsace;  2  from  Gersdorf,  near 
Freiberg;  3,  near  Iglo,  in  Hungary;  4,  near 
Pietra  Santa,  in  Tuscany;  5,  Kapnik,  in  Hun- 
gary ;  6,  Durango,  in  Mexico;  7  and  8,  Klaus- 
thai,  on  the  Hartz;  9  and  10,  near  Wolfach  in 
Fiirstenberg;  11,  near  Freiberg. 
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GREEN  EARTH. 


l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

.   26-83 

26-33 

23-34 

24-17 

25-77 

23-76 

24-73 

24-1 

25-50 

23-52 

21-17 

Antimony  . 

.    12-46 

16-52 

18-48 

24-47 

23-94 

25-97 

28-24 

26-8 

27-00 

26-63 

24-63 

.    10-19 

7-21 

3-98 

2-88 

.   40-60 

38-63 

35-90 

35-80 

37-98 

37-11 

34-48 

35-7 

25-50 

25-23 

14-81 

4-66 
.      3-69 
.      0-60 

4-89 
2-76 
2-37 

4-90 
1-01 

1-89 
6-05 
0-33 

0-86 
7-29 
0-62 

4-42 
5-02 
1-09 

2-27 
5-55 
4-97 

4-5 
8.9 

7-00 
13-25 

3-72 

3-10 

17-71 

5-98 

0-99 

31-29 

7-52 

2-70 

Lead,  0-54 

0-9 

99-03     98-71     95-13     95-41     99-34     97-91    100-24   100-9     98-25     99-91     98-87 


Nos.  2,  3,  4  and  6  contained  a  little  quartz 
gangue. 

Gray  copper  is  remarkable  from  the  replace- 
ment of  many  isomorphous  sulphobases,  and 
two  sulphacids.  The  sulphuret  of  mercury  in 
3  and  4  is  probably  HgS.  That  of  copper  is 
probably  Cu2S,  and  it  would  appear  to  be  iso- 
morphous with  sulphuret  of  silver,  AgS.  But 
there  are  differences  of  opinion  on  this  point, 
and  it  is  therefore  difficult  to  establish  a  for- 
mula correctly.  Calling  the  acid  SbS3,  since 
the  quantity  of  arsenic  is  generally  little  or 
nothing,  and  sulphurets  of  iron,  zinc,  and  mer- 
cury RS,  we  have  the  formula  4  RS,  SbS3  + 
2  (4  Cu2S,  SbS3).  The  unvarying  proportion 
of  sulphuret  of  copper  in  most  of  the  ore,  seems 
to  separate  its  sulphosalt  from  the  rest;  but 
then  there  is  no  place  for  the  sulphuret  of  silver, 
unless  we  assume  that  it  partly  replaces  the 
copper.  By  including  all  the  bases  together, 
with  Frankenheim,  we  have  the  more  simple 
formula,  4  RS,  SbS3. 

Local.  St.  Austle,  Cornwall ;  Andreasberg, 
Hartz;  Dillenberg,  Nassau;  Schwartz,  Tyrol, 
and  other  places  above  mentioned.  It  is  worked 
for  silver  and  gold. 

GRAYWACKE.  Gcol.  A  name  for  some 
of  the  older  slates  of  the  lowest  secondary 
rocks,  now  abandoned. 

GREEN  EARTH.  Greek  Sand.  Min.  Un- 
der this  name  are  included  several  substances 
apparently  derived  from  the  decomposition  of 


augitic  and  talcose  minerals,  or  allied  to  chlo- 
rite. But  it  is  remarkable  that  green  sand, 
contained  in  the  upper  secondary  or  lower  ter- 
tiary formations,  often  presents  an  analogous 
composition,  although  no  connection  between 
it  and  the  green  earth  has  been  established, 
nor  are  they  allied  in  all  their  physical  charac- 
ters. The  following  analyses  will  show  the 
differences  in  composition  between  the  true 
green  sand  and  the  green  earth.  Nos.  1  to  5 
are  green  earth.  Nos.  6  to  13,  green  sand; 
but  6  and  7  are  evidently  different  from  8  to 
13  in  their  larger  proportion  of  alumina.  No. 
1  is  grengesite  from  Dalarne,  by  Hisinger,  and 
contains  in  addition  2-18  protoxide  of  manga- 
nese ;  2  and  3  are  by  Klaproth,  the  former 
from  Lossossna,  E.  Prussia,  the  latter  from 
Mt.  Baldo,  the  iron  is  given  as  peroxide  and 
the  4-5  alkali  is  soda,  but  from  the  green  color 
it  is  probable  that  the  iron  is  protoxide ;  4  and 
5  are  pseudomorphs  of  augite  from  Fassathal, 
by  Rammelsberg,  who  estimated  $  of  the  iron 
in  4  as  peroxide ;  6,  green  sand,  by  Turner, 
and  7,  from  Gay  Head,  Mass.,  U.  S.,  by  S.  L. 
Dana  (ought  not  7  water  to  be  added  1)  ;  8, 
green  sand  in  chloritic  chalk  from  Germany, 
by  Berthier,  the  silica  gelatinized,  and  there 
are  11-5  of  quartz  besides  in  the  analysis  ;  9  to 
13  from  the  U.  S.,  9  from  Poke  Hill,  Burling- 
ton Co.,  N.  J.,  and  10  from  Sculltown,  N.  J.,  by 
H.  D.  Rogers;  11  and  12  from  Delaware,  by 
J.  C.  Booth,  and  13  by  C.  Morfit. 


l.  2.       3. 

Silica 27-81  5b     53 

Alumina 14-31  12-      .. 

Protoxide  of  iron  25-63  17-     28 

Magnesia 14.31  3-5     2 

Lime 2-5   . . 

Potassa 4-5  10 

Water 12-53  9-       6 


4. 
45-87 
11-18 
24-63 

0-28 

1-50 

6-72^ 

9-82  5 


5.           6.        7.  8.         9.  10.           11.  12.          13. 

39-48  48-5  56-7  46-1  50-75  51-50  48-30  56-35  55-9 

10.31  17-0  13-3  5-5     6-50  6-40       4-80  6-00     4-9 

24.60  22-0  20-1  19.6  22-14  24-30  26-46  22-25   18-1 

1-70  3-8      1-2  3-8      . 


15-24 
8-67 


7-0 


1-6     .. 

5-3   12-96 
7-01   8-9     7-50 


v.} 


1.50      traces 


9-96 
7-70 


8.63 
10-79 


8-42     8.0 
7-11    12-1 


94-59  99-5  99   100-       100.       98-3  99-9  89-2  99-85  99.86   100-48   100-13  99. 


Of  these  the  1st  is  allied  to  Chlorite.  The  | 
green  sands  8 — 13,  from  very  different  locali- 
ties, appear  to  point  out  a  definite  composition. 
By  calculating  No.  11,  we  have  2  (KO,  Si03), 
A1203,  2  SiU3+  4  |2  (FeO,  Si03),  3  HO},  the 
first  member  of  which  resembles  Isoptr,  and 
the  second  is  sesquihydrate  of  neutral  silicate 
of  iron.  An  average  of  5  analyses  seems  to 
point  out  a  similar  silicate  of  iron,  but  the 
other  member  of  the  formula  is  different.  It 
remains  yet  to  be  ascertained  in  what  manner 
the  substances  are  united  together  in  green 
sand. 

Use.  Green  sand  has  been  largely  employed 
in  the  U.  S.,  especially  in  New  Jersey,  Dela- 
ware, Maryland,  and  Virginia,  for  fertilizing 


the  crops,  an  effect  which  might  be  inferred 
from  its  content  of  potassa  alone.  But  in  ad- 
dition to  potassa,  it  usually  contains  a  small 
quantity  of  lime,  and  almost  always  phos- 
phates of  iron,  lime,  alumina,  and  magnesia. 
In  some  localities  crystallized  phosphate  of 
iron  occurs  in  it  in  abundance.  Its  value  is 
enhanced  by  the  hydrous  state  of  the  com- 
pound, whereby  it  is  more  readily  acted  upon 
by  meteoric  agents.  It  may  even  be  decom- 
posed by  carbonic  acid.  See  Report  on  the 
Geology  of  Delaware,  by  J.  C.  Booth.  This 
valuable  formation  extends  from  near  Amboy, 
in  New  Jersey,  through  Delaware,  Maryland, 
and  Virginia,  but  as  it  traverses  southward  it 
becomes  more  calcareous,  passing  into  a  shell- 
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marl.  It  occurs  in  beds  of  from  1  to  30  ft.  in 
thickness,  and  analysis  No.  11  was  taken  from 
a  bed  of  about  10  ft.  thickness  and  of  uniform 
quality  throughout.  Spread  over  poor  soils  it 
produces  a  remarkable  effect  on  the  crops ; 
and  it  may  be  employed  in  quantities  of  from 
30  to  300  bushels  per  acre.  See  Reports  on 
the  Geology  of  New  Jersey  by  H.  D.  Rogers, 
of  Delaware  by  Booth,  of  Maryland  by  Ducatel, 
and  of  Virginia  by  W.  B.  Rogers.  Green  sand 
has  been  also  applied  to  bottle  glass,  to  which 
it  imparts  a  rich  green  tint. 

GREEN  IRON-STONE.  Min.  Syn.  Allu- 
audit.  Fibrous  ;  H.  =  3  ;  G.  =  3-23 ;  dull  leek- 
green,  altering  by  exposure  to  yellow  and 
brown;  lustre  feeble  silky;  subtranslucent. 
Fusible  to  a  black  porous  slag;  yielding  water 
in  a  closed  tube;  gives  the  reactions  of  phos- 
phoric acid  and  iron.  Form.  2  (2  Fe203,  P05) 
4-  5  HO.  It  occurs  in  Saxony.  (Karsten.) 
The  alluaudite  of  Vauquelin  is  undoubtedly 
the  same,  from  Hureaux,  France.  See  Berau- 
nite  and  Karphosiiierite. 

GREENLANDITE.     See  Garnet. 

GREEN  MALACHITE.     See  Malachite. 

GREENOCKITE.  Min.  Cryst.  Hexagonal, 
the  prism  with  several  6-sided  pyramids;  late- 
ral cleavage  distinct.  H.  =  3  —  3-5.  G.  =  4-9. 
Orange-yellow  color  and  streak;  adamantine; 
transparent,  with  strong  double  refraction.  It 
decrepitates  in  a  closed  tube,  assuming  a  pass- 
ing carmine-color;  gives  off  sulphurous  acid, 
and  with  soda  on  charcoal  a  reddish  coating. 
Soluble  in  warm  muriatic  acid,  evolving  sul- 
phuretted hydrogen.  Form.  CdS,  containing 
77-3  pr.  ct.  cadmium.  Local.  Bishopton,  Ren- 
frewshire, Scotland. 

GREENOVITE.  Min.  Cryst.  Triclinate  (1). 
H.  =  5  —  7.  G.  =  3-4  —  3-53.  Rose-red,  with 
lighter  streak;  splendent  and  vitreous  on  cleav- 
age planes.  It  consists  of  titanic  acid  74-5,  and 
oxide  of  manganese  24-8  (Cacarrie),  and  ac- 
cording to  Briethaupt  is  manganesian  Sphene. 
Local.  St.  Marcel,  Piedmont. 

GREEN-STONE.     See  Diorite. 

GREEN  VITRIOL.  Min.  See  Copperas. 
Chem.     See  Prolosulphate  of  Iron. 

GRENATITE.     See  Staurotide. 

GRENGESITE.     See  Green  Earth. 

GROPPITE.  Min.  Crystalline,  foliated; 
rose-red;  subtransparent;  brittle;  light  streak. 
H.  =  3-5.  Gr.  =  2-73.  It  yields  water  in  a 
tube;  becomes  white  on  charcoal  with  partial 
fusion,  and  acts  like  a  silicate  to  the  fluxes. 
Form.  2  RO,  Si03  +  R203,  Sio3  +  2  HO,  in 
which  RO  is  magnesia,  lime,  potassa  and  soda, 
and  R203  alumina  and  oxide  of  iron.  It  has 
the  same  formula  as  prehnite,  but  with  twice 
as  much  water.     Local.  Gropptrop,  Sweden. 

GROROILITE.     See  Wad. 

GROSSULARITE.     See  Garnet. 

GUANO.  Corrupted  from  Huano,  the  Peru- 
vian for  dung.  The  accumulated  and  altered 
excretions  of  certain  sea-fowls,  deposited  on 
many  parts  of  the  coasts  of  Peru,  Bolivia  and 
Africa,  in  strata,  sometimes  of  many  feet  thick- 
ness. As  a  manure  it  is  of  great  value,  owing 
its  fertilizing  influence  to  the  nitrogen,  earthy 
and  alkaline  phosphates  and  other  salts  which 
it  contains.  The  variable  proportions  of  these 
ingredients  in  the  different  species  occasions 
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their  difference  of  value.  Those  which  con- 
tain the  largest  per-centage  of  fertilizing  mat- 
ter (nitrogenous  matter  and  phosphates)  are 
the  most  valuable.  Below  are  the  analyses 
of  several  varieties.  In  addition  to  the  ingre- 
dients enumerated,  Unger  found  xanthic  oxide, 
which,  from  its  inequality  of  distribution 
through  the  guano,  is  supposed  to  be  a  dis- 
eased product  secreted  with  the  excrements 
of  the  birds. 

The  average  result  of  the  analyses  (by  Ure) 
of  genuine  guano  in  reference  to  its  agricul- 
tural value,  is — 

Azotized  animal  matter  (urate  of  am- 
monia, &c.)  capable  of  yielding  8 
to  16  pr.  ct.  of  ammonia  by  slow  de- 
composition in  the  soil 50 

Water  8  to  11 

Phosphate  of  lime 12  to  25 

Phosphate  and  sulphate  of  ammonia, 
ammonia,  phosphate  of  magnesia, 
containing  together  from  5  to  9  pts 

of  ammonia 13 

Silicious  sand 1 

2.  A  brown  yellowish  guano,  by  Oellacher: 

Sal  ammoniac 2-25 

Urate  of  ammonia 12-20 

Oxalate           do 17-73 

Phosphate      do 6-90 

Carbonate      do 0-80 

Humate          do 1-06 

Phosphate  of  ammonia  and  magnesia  .  11-63 

Phosphate  of  lime 20-16 

Oxalate  of        do 1-30 

Carbonate  of   do 1-65 

Chloride  of  sodium 0-40 

Sulphate  of  potassa 4-00 

Sulphate  of  soda 4-92 

Waxy  matter 0-75 

Sand 1-68 

Water 4-31 

Undetermined  organic  matter 8-26 

100-00 

3.  Brown  red  guano : 

From  Liverpool.    From  Lima. 
Bartels.  Volkel. 

Sal  ammoniac 6-500  4-2 

Oxalate  of  ammonia. .  13-351  10-6 

Urate  of  ammonia  . . .  3-244  9-0 

Phosphate  of  ammonia      6-250  6-0 

Waxy  matter 0-600 

Sulphate  of  potassa  . .      4-227  5-5 

Sulphate  of  soda 1-119  3-8 

Phosphate  of  soda. . . .  5.291 
Phosphate  of  ammonia 

and  magnesia 4-196  2-6 

Common  salt 0-100 

Phosphate  of  lime 9.940  14-3 

Oxalate  of  lime 16-360  7-0 

Alumina 0-104 

Residue    insoluble    in 

nitric  acid 5-800  4-7 

Loss  (water, ammonia, 
undetermined  orga- 
nic matter 22-718  32-3 


100-000 
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Chilian  Guano. 

4.  Colquhoun's  analysis : 

Urate  of  ammonia,  ammoniacal  salts,  and 

decomposed  animal  matter 174 

Phosphate  of  lime  and  magnesia,  oxalate 

of  lime 48-1 

Fixed  alkaline  salts 10-8 

Stony  matters 1-4 

Moisture    22-3 

100 

5.  Ure's  analysis : 

Combustible,  organic,  and  volatile  matter, 

containing  2£  pr.  ct.  of  ammonia 22-5 

Water 24 

Silica   0-5 

Phosphate  of  lime 53 

100 

Peruvian  Guano. 

6.  Ure's  analysis : 

Nitrogenized   organic   matter,  including 

urate  of  ammonia 50 

Water 11 

Phosphate  of  lime 25 

Phosphate    of  ammonia   and  magnesia, 
phosphate  of  ammonia,  oxalate  of  ditto, 

containing  4-9  pr.  ct.  of  ammonia 13 

Silica 1 

100 

7.  Kersten's  analysis  of  two  varieties  : 

l.        2. 
Combustible  matter,  of  which  3-2  pr. 
ct.  is  humic  acid;  in  No.  1,2-7  uric 

acid,  in  No.  2,  traces 36-5  35-0 

Ammonia  8-6     7-5 

Phosphate  of  lime  and  magnesia. . .   20-5  22-5 
Phosphate,  sulphate,  and  chloride  of 

potassium  and  sodium 6-5     8-2 

Quarzy  sand 1-5     2-0 

Water 26-0  25-0 

100    100 
African  Guano. 

8.  Teschemacher's  analysis: 
Volatile  ammonia  and  salts,  as  oxalate, 

phosphate,  and  humate,   with  animal 
matters  containing  5  pr.  ct.  ammonia  .   25 
Fixed  alkaline  salts,  as  chloride,  sulphate 

and  phosphate  of  potassa 11 

Phosphate  of  lime  and  magnesia 32 

Water 30 

Earthy  matters 2 

100 

9.  Ure's  analysis,  sample  No.  1 : 
Saline  and  organic  matter,  containing  10 

pr.  ct.  of  ammonia 50 

Water 21-5 

Phosphate  of  lime  and  magnesia,  also  of 

potassa 26 

Silica   1 

Sulphate  of  potassa  and  chloride  of  potas- 
sium      1-5 

100 


10.  Ure's  analysis,  sample  No.  2: 

Combustible  animal  matter 37 

Ammonia,  chiefly  as  phosphate 9-5 

Alkaline  and  earthy  phosphates 18-5 

Alkaline,  chiefly  potash  salts 6-0 

Silica   0-5 

Water 28-5 

100 

11.  Kersten's  analysis  (guano  from  the  island 
of Ichaboe) : 

Combustible  matter,  of  which  6-5  pr.  ct. 

is  humic  acid,  with  traces  of  uric  acid  .  39-5 

Ammonia   9*5 

Phosphate  of  lime  and  magnesia 17-5 

Phosphate,  sulphate,  and  chloride  of  po- 
tassium and  sodium 7-3 

Quarzy  sand 1-3 

Water 25-0 

100 

12.  J.  Davy's  analysis,  comparative  of  the 
American  with  the  African  guano: 

American.  African. 

Soluble  matters,  oxalate,  phos- 
phate, and  chloride  of  ammo- 
nium, and  animal  matters 41-2     40-2 

Incombustible  and  insoluble.chief- 
ly  phosphate  of  lime  and  of  mag- 
nesia    29        28-2 

Incombustible,  soluble,  chloride, 
carbonate  and  sulphate  of  po- 
tassa       2-8       6-4 

Combustible,  sparingly  soluble, 
chiefly  urate  of  ammonia 19 

Expelled    by   drying;    water   and 

carbonate  of  ammonia 8        25-2 

100      100 
Davy  found  neither  urea  nor  oxalic  acid. 

13.  Francis's  analysis: 

Volatile  salts,  as  oxalate  and  carbonate 
of  ammonia,  sal  ammoniac,  and  com- 
bustible organic  matter,  containing 
5-50  pr.  ct.  of  humic  acid,  uric  acid, 
and  extractive  matter,  and  9-70  pr.  ct. 

of  ammonia 42-59 

Water 27-13 

Phosphate  of  lime  and  magnesia 22-39 

Sand  0-81 

Alkaline  salts,  chiefly  phosphate,  chlo- 
ride, and  a  little  sulphate  of  potassa,  7-08 

100 
English  Guano. 

14.  J.  Davy's  analysis  of  sample  from  the 
Yorkshire  coast.  It  is  light  brown,  and  emits 
an  ammoniacal  odor  when  mixed  with  lime 
and  moistened. 

Saline  matter  (containing,  among  other 
matters,  nitric,  sulphuric  and  muriatic 
acids,  and  lime,  potassa,  ammonia  and 
magnesia)    10 

Organic  matter  (chiefly  vegetable)  inso- 
luble in  water 24 

Phosphate  of  lime,  with  a  little  carbonate 
of  lime  and  magnesia 21 

Sand 39 

Hygrometric  moisture 6 
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The  sample  from  the  Pentland  Firlh,  north 
coast  of  Scotland,  was  in  lumps,  of  a  dirty 
brown  color,  speckled  with  white,  and  yielded 
an  ammoniacal  odor  when  moistened  and 
mixed  with  lime.  It  consists,  according  to  J. 
Davy,  of — 

Muriate  of  ammonia,  nitrate  and  sulphate 
of  lime,  with  a  trace  of  chloride  of  so- 
dium       4 

Vegetable  and  animal  matter,  nearly  in- 
soluble in  water,  and  destructible  by 
fire    28 

Carbonate  and  phosphate  of  lime,  with 
traces  of  magnesia  and  sulphate  of 
lime 30-6 

Sand  29-4 

Hygrometric  moisture 8-0 

Genuine  guano  is  sometimes  attempted  to 
be  imitated  by  fraudulent  composts,  as  is  shown 
by  the  following  analysis  {Ure)  of  a  fictitious 
article  sold  as  true  Peruvian : 

Common  salt 32-0 

Sand 28 

Sulphate  of  iron 5-2 

Phosphate  of  lime 4-0 

Organic  matter  from  bad  guano  (to  give 

smell) 23-3 

Moisture   7-5 

It  will  be  perceived  from  the  composition 
of  guano,  as  presented  by  the  above  analyses, 
and  inferred  from  its  ready  decomposition,  and 
the  more  or  less  easy  solubility  of  its  important 
ingredients,  that  it  must  prove  an  invaluable 
manure,  even  when  sparingly  applied  to  the 
soil.  Practice  has  preceded  theory  in  this  re- 
spect, and  proved  its  value,  although  there  can 
be  no  doubt  that  the  impulse  given  by  Liebig 
to  chemical  agriculture,  has  induced  the  more 
extended  employment  of  guano.  On  the  other 
hand,  the  value  put  upon  guano, from  its  proved 
practical  effects,  has  tended  to  confirm  the 
views  of  Liebig,  as  set  forth  in  his  "  Chemistry 
applied  to  Agriculture."  Some  guano  may  be 
also  used  as  a  source  of  ammoniacal  com- 
pounds. 

GUARANIN.  Chem.  Identical  with  Caf- 
fein.  Found  in  the  Brazilian  Guarana,  or 
dried  fruit  of  the  Paulinia  sorbilis. 

GUIACUM  OFFICINALE.  Syn.  Lignum 
vitag.  TromsdorfFs  analysis  of  the  wood  gave, 
Resin  26-0,  bitter  extractive  0-8,  mucous  extractive 
and  vegetable  salt  of  lime  2-8,  coloring  matter  1-0, 
and  woody  fibre  69-4.  The  resin  of  the  bark 
differs  from  that  of  the  wood. 

Resin  exudes  naturally  from  the  stem.  Form. 
C40H23O10.  (Johnston.)  Jahn  (Jrchiv.  der  Phann. 
1843)  announces  its  composition  as — 

Soft  resin,  soluble  in  ether  and  in  ammo- 
nia   •  •   18-7 

Soft  resin,  easily  soluble  in  ether,  but  dif- 
ficultly in  ammonia 58-3 

Hard  resin,  soluble  in  ammonia,  but  not 
in  ether  U'3 

Benzoic  acid traces 

Impurities  H"? 

Guiacum  resin  by  distillation  yields  water, 

and  an  oily  substance  composed  of  a  neutral 

oil  lighter  than  water  and  ot  an  acid  oil  which 

.s  heavier,  and  has  its  boiling  point  at  400°. 
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The  pyroguiacic  acid  has  a  spec.  graV.  of  1-119, 
is  soluble  in  alcohol  and  ether,  but  very  slightly 
in  water;  oxidizes  on  exposure.  Its  alcoholic 
solution  reduces  gold  and  silver,  and  c 
iron  and  copper  to  pass  to  a  lower  state  of 
oxidation.  (Sobrero.)  Caustic  potassa,  but  not 
the  alkaline  carbonates,  dissolve  it,  and  its 
solution  in  the  former  blackens  and  pi 
tates  carbon  upon  exposure.  Its  formula  is 
C15Hg04.  Jahn  thinks  it  identical  with  ben- 
zoic acid;  but  the  later  researches  of  Deville 
make  it  a  constituent  of  the  resin  which  he 
terms  hydruret  of  guiacyl,  C)4H804  -f  H.  It 
suffers  the  same  change  of  color  observable  in 
the  guiac  resin,  which  on  exposure  to  air  and 
alkali  passes  from  a  light  rose-red  to  deep 
green.  It  appears  to  belong  to  the  same  series 
as  tolu  balsam.  Osann  proposes  a  mixture  of 
recent  tincture  of  guiacum  and  salt  for  detect- 
ing feeble  electric  currents,  for,  according  to 
Schonbein,  it  is  colored  blue  by  ozone,  and 
also  by  chlorine.  As  a  test  of  the  perchloride 
of  iron  it  is  extremely  sensitive,  becoming 
blue-tinctured  even  when  the  proportion  added 
is  so  small  as  to  give  no  coloring  upon  the 
addition  of  a  tincture  of  galls. 

De  Smedt  uses  hypochlorite  of  soda  to  dis- 
cover the  presence  of  this  resin,  even  to  the 
yl^th  part,  in  those  of  jalap  and  scammony, 
with  which  it  is  not  unfrequently  mixed.  The 
suspected  resin  dissolved  in  one-fourth  its 
weight  of  alcohol  of  0-828,  gives  a  green  color 
to  a  single  drop  of  the  hypochlorite  if  guiac  be 
present.  Subsequently  the  green  precipitate 
subsides  and  forms  a  distinct  stratum,  while 
the  supernatant  liquor  retains  its  primitive 
color. 

The  genuineness  of  guiacum  wood,  says 
Schwacke,  is  known  when  a  few  drops  of  a 
solution  of  chloride  of  mercury  poured  over 
some  of  its  shavings,  in  a  test  tube  warmed 
over  a  spirit  lamp,  produces  a  bluish  green 
color.  Schacht  and  Muller  have  given  an 
essay  upon  the  blue  color  produced  in  tincture 
of  guiacum  by  various  re-agents  (Jhchiv.  der 
Pharm.  xxxv.) ;  but  whether  it  can  be  employed 
to  distinguish  vegetable  from  animal  albumen 
is  yet  uncertain,  as  it  is  still  to  be  shown  whe- 
ther the  former  does  not  produce  the  blue  color 
also  in  its  coagulated  state,  and  the  latter,  like- 
wise, in  its  soluble  form. 

GUMS.  Chem.,  Tech.  The  exudations  of 
certain  plants,  which  concrete  in  transparent 
or  translucent  amorphous  drops,  are  of  several 
varieties,  but  distinct  from  the  resins  in  being 
soluble  in  water  and  insoluble  in  alcohol.  The 
general  formula  is  C12H,.0M,  but  at  266°  they 
become  essentially  altered  in  properties  by  the 
loss  of  one  eq.  of  water.  The  several  species 
of  gums  are  distinguished  by  their  behavior  to 
water.  Some  only  soften  and  swell  up  in  that  li- 
quid ;  others  again  become  dissolved  and  form 
mucilages.  From  these  it  is  precipitated  unal- 
tered by  alcohol,  and  as  a  white  mass,  insoluble 
in  water,  by  subacetate  of  lead.  (The  mucila- 
ges formed  by  triturating  certain  seeds  in  wa- 
ter, contain  silicated,  calcareous  and  nitrogen- 
ized  matters.)  Their  proximate  principles  are 
arabin,  cerasin,  and  bassorin.  Baudrimont  con- 
siders each  of  them  identical,  and  that  the  ap- 
parent difference  between  them  is  not  owing  to 
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any  species  of  polymorphism,  but  to  the  pre- 
sence of  foreign  matters,  which  mix  in  with 
them  during  desiccation  and  vary  their  proper- 
ties. The  same  chemist  attributes  a  general 
basis  to  all  gums,  and  calls  it  mucose.  It  is  par- 
ticularly insoluble  in  water,  and  is  the  same 
substance  generated  in  the  viscous  fermenta- 
tion of  sugar.  Liebig  divides  them  into  gums 
soluble  in  cold  water,  arabin,  mucilage;  and 
gums  which  only  swell  up  to  a  jelly,  traga- 
canth,  cerasin,  pectin.  Like  sugar  of  milk,  they 
yield  mucic  acid  when  acted  upon  by  nitric 
acid.  Gottlieb  (Ann.der  Chem.  und  Pharm.  lii.) 
obtained  formic  and  acetic  acids,  and  also  the 
metacetonic  acid,  by  the  action  of  concentrated 
potassa  solution  upon  gum ;  binoxalate  of  po- 
tassa  being  also  a  simultaneous  product. 

Arabin.  Form.  C|2HnOn,  the  same  as  that 
of  cane  sugar.  It  constitutes  the  principal 
part  of  gum  arabic,  Senegal,  and  of  other  gums, 
and  is  found  in  almost  all  plants,  as  well  as  in 
nearly  all  parts  of  plants.  It  dissolves  in  water, 
which  becomes  mucilaginous  in  proportion  to 
the  quantity  dissolved.  Some  chemists  hold 
that  its  particles,  instead  of  being  dissolved, 
are  merely  suspended  in  water,  and  not  being 
capable  of  suspension  by  alcohol,  are  precipi- 
tated by  it.  But  this  precipitation  will  not 
occur  unless  the  alcohol  be  of  high  proof,  for 
arabin  or  gum  is  retained  by  dilute  spirits. 
Silicate  of  potassa,  acetate  of  lead,  and  the  sub- 
salts  of  iron  also  precipitate  it  from  its  appa- 
rent solution.  Ether  and  the  oils  are  without 
influence  in  dissolving  it.  By  the  action  of 
nitric  acid  it  passes  into  mucic,  and  finally 
into  oxalic  acid.  Sulphuric  acid,  at  a  tempera- 
ture near  boiling,  transforms  it  into  dextrin 
and  glucose.  Its  solution  in  boiling  water  is 
much  less  viscous  than  when  made  with  cold 
water.  Their  circular  polarizing  power  is  left. 
Arabin  is  not  susceptible  of  the  alcoholic  fer- 
mentation, but  when  dissolved  and  exposed  it 
acquires  an  acid  reaction.  According  to  Vau- 
quelin  and  Simonin,  chlorine  gas  produces 
citric  acid  in  a  solution  of  gum,  but  their  re- 
sult has  not  been  confirmed. 

The  composition  of  arabin  dried  at  212°, 
C12HuOu.  According  to  Guerin  and  Mulder, 
gum  Senegal  at  266°  loses  an  eq.  water,  be- 
coming C12H10O10,  which  formula  it  shows  in 
its  compound  with  litharge.  When  the  lead 
compound  is  dried  at  356°  its  formula  is  C]2 
Hg09  {Peligot),  but  it  is  altered  in  its  nature. 
Mulder. 

Mucilage.  The  gum  obtained  from  carrageen, 
flaxseed,  quince  seed,  althea  root,  symphitum 
and  salep,  is  soluble  in  water,  and  precipitates 
with  oxide  of  lead.  Their  compound  with 
oxide  of  lead  points  to  the  formula  C|2HgO,0. 
(Mulder.')   When  heated  it  behaves  like  arabin. 

Bassorin,  constituting  a  large  portion  of  gum 
tragacanth  and  other  gums,  is  less  transparent 
than  arabin,  difficultly  pulverizable,  softens 
and  swells  in  water,  and  forms  a  transparent 
jelly.  The  pure  alkalies  and  silicate  of  potassa 
dissolve  it  completely.  In  composition  it  is 
identical  with  arabin,  and,  like  it,  is  trans- 
formed by  digestion  with  dilute  sulphuric  acid 
into  grape  sugar  and  cellulose.  Nitric  acid 
converts  it  into  mucic  acid  and  ultimately  into 
oxalic  acid. 


Guibourt  considers  tragacanth  entirely  dif- 
ferent in  composition  and  chemical  and  phy- 
sical properties  from  gum  arabic,  and  as  con- 
sisting of  an  organized  gelatinous  matter,  and 
that  its  insoluble  portion  is  not  bassorin,  but  a 
mixture  of  starch  and  lignin. 

Adragantin  may  be  modified  arabin,  as  it 
only  differs  from  it  in  being  unaltered  by  sili- 
cate of  potassa  and  perchloride  of  iron,  and 
also  by  the  peculiar  opaque  mucous  mass 
which  its  precipitate  by  alcohol  forms. 

Mulder's  analysis  of  the  compound  of  bas- 
sorin and  lead  gives  nearly  C12H8O|0.  Mul- 
der's analysis  of  pectic  acid  gives  the  same 
formula,  and  they  all  appear  also  to  belong  to 
the  same  class  of  bodies  from  other  analogous 
properties,  but  different  from  arabin  in  an  ex- 
cess of  oxygen  over  hydrogen.     See  Pkctin. 

By  the  viscous  fermentation  of  beet  roots, 
&c.  a  mucilaginous  substance  is  produced, 
which,  according  to  Kircher,  has  the  same 
composition  as  arabin. 

Cerasin  is  the  chief  proximate  principle  of 
the  gums  yielded  by  the  different  species  of 
Pnmus.  It  is  insoluble  in  water  and  allied  to 
bassorin,  but  by  boiling  conducts  itself  to  that 
liquid  similarly  as  arabin,  like  which  it  is  also 
affected  by  dilute  sulphuric  and  nitric  acids. 
The  chloride  of  tin  precipitates  it,  but  this  pro- 
perty does  not  belong  to  the  silicate  of  potassa, 
the  subsalts  of  iron  and  the  nitrate  of  mercury. 
Guerin-  Vary. 

Calcnduhn,  Phyteumacolla  and  Pseudotoxin 
seem  to  be  of  the  same  character  as  the  above 
mucilaginous  substances.  It  is  evident  that 
the  chemical  nature  of  the  several  gums  re- 
mains to  be  investigated.  For  the  gum  from 
torrefied  starch,  see  British  Gum;  for  those 
from  the  decomposition  of  starch  spontane- 
ously or  by  sulphuric  acid,  see  Dextrin  and 
Starch.  Until  the  composition  and  properties 
of  the  constituents  of  natural  gums  are  well 
known,  investigations  of  the  latter  cannot  be 
depended  on. 

Gum  Arabic  is  the  gum  of  the  Acacia  vera, 
arabica,  lortilis,  Senegal,  &c.  The  purest  kind 
is  colorless,  or  light  yellow,  transparent,  some- 
what brittle.  When  darker  colored  and  tougher, 
it  passes  into  Gum  Senegal,  which  appears  to 
contain  a  larger  portion  of  insoluble  or  mucous 
gum  (bassorin  ?).  The  dry  gum  heated  in  a 
water-bath  loses  about  16  pr.  ct.  water,  besides 
which  it  contains  3  pr.  ct.  salts.  A  solution  of 
gum  prevents  the  precipitation  of  fine  pow- 
ders, and  hence  one  of  its  applications  for 
inks,  mucilages.  Its  clamminess  when  moist, 
and  firmness  when  dry,  gives  rise  to  its  appli- 
cation for  cementing  or  pasting  paper  and 
other  light  articles  which  are  not  to  be  ex- 
posed to  moisture. 

Gum  Tragacanth,  the  product  of  several  spe- 
cies of  Astragalus,  expands  through  a  large 
quantity  of  water,  and  being  tough  when  dry, 
forms  a  superior  paste  to  gum  arabic.  Between 
these  two  extremes  of  perfectly  soluble  gum 
arabic  and  the  merely  swelling  tragacanth, 
there  appear  to  be  various  mixtures  of  the  two 
gums  obtained  from  different  plants,  such  as 
cherry-tree  gum,  &c. 

GUM  ELASTIC.     See  Caoutchouc. 

GUM  RESINS.    Tech.    Natural  compounds 
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of  gum,  resin,  and  essential  oil,  obtained  bv 
puncturing  certain  plants.  The  milky  exuda- 
tions upon  exposure  to  air  become  concrete 
and  changed  in  aspect. 

The  emulsion  which  they  form  with  water 
is  owing  to  the  solution  of  the  gum,  and  the 
consequent  suspension  of  the  other  compo- 
nents in  the  mucilage.  Dilute  alcohol  is  a 
better  solvent  of  them  than  spirit  of  greater 
strength,  because  it  takes  up  both  gum  and 
resin.  In  dilute  alkalies  they  are  completely 
soluble. 

Gum  resins  are  always  more  or  less  mixed 
with  foreign  impurities,  of  which  it  is  often 
desirous  to  rid  them.  Lamothe  proposes  the 
following  economical  method:  Macerate  1  pt. 
of  gum  resin  in  4  pts.  distilled  water  for  a  day, 
frequently  agitating  with  a  wooden  spatula, 
and  at  the  end  of  that  time  heat  the  mixture 
for  a  few  minutes  to  158°  or  168°,  and  strain 
through  a  linen  cloth.  Press  the  residue  gently, 
and  treat  it  again  as  before  to  a  fourth  diges- 
tion, with  2  pts.  of  distilled  water  each  time. 
The  remaining  pitchy  magma  must  be  exposed 
to  a  gentle  heat  in  half  a  part  of  essence  of 
terpentine  and  as  much  distilled  water :  the 
former  dissolves  the  resin,  the  latter  the  gummy 
portion.  Strain  with  pressure.  If  the  residue 
is  not  entirely  exhausted,  again  place  it  over 
the  fire  with  a  fresh  quantity  of  essential  oil 
and  water.  Mix  all  the  liquids,  and  evaporate 
over  a  water-bath,  during  constant  stirring, 
until  the  dissipation  of  the  water. 

The  peculiar  character  of  the  resins  and 
gums  in  the  gum-resins  have  not  been  inves- 
tigated, excepting  in  a  few  instances.  The 
principal  gum-resins  are  ammoniac,  asafetida, 
bdellium,  euphorbium,  galbanum,  gamboge, 
myrrh,  olibanum,  opium  and  scammony.  See 
these  articles. 

GUN-COTTON.     See  Cotton. 

GUNPOWDER.  Tech.  A  mixture  of  nitre, 
sulphur,  and  charcoal,  which  deflagrates  vio- 
lently when  touched  by  a  spark.  The  mate- 
rials are  required  in  a  state  of  great  purity 
and  finely  pulverized.  Saltpeter  is  freed  from 
all  chloride  (common  salt),  by  crystallizing  it 
in  fine  powder,  and  washing  with  a  saturated 
solution  of  pure  saltpeter.  This  crystalline 
dour  may  be  employed  without  farther  grind- 
ing, but  if  it  is  to  be  stored  up,  it  should  be 
fused  and  cast  into  blocks.  The  flowers  of 
sulphur  are  apt  to  contain  sulphuric  acid,  and 
hence  pure  roll  sulphur  is  pulverized.  The 
best  charcoal  is  made  from  branches  of  willow, 
hazel,  vine,  &c,  1  to  2  inches  thick,  in  iron 
cylinders,  care  being  taken  to  avoid  the  return 
and  carbonization  of  tarry  vapors.  Particles 
of  sand  remaining  with  the  charcoal  might 
endanger  explosion.  The  charcoal  is  pulve- 
rized in  revolving  drums  or  cylinders,  with 
longitudinal  ledges,  by  means  of  bronze  or 
zinc  bullets;  for  example,  36  lbs.  of  charcoal 
are  put  into  the  drum  with  3  cwt.  of  bullets, 
and  revolved  for  12  hours,  at  30  revolutions 
per  minute;  30  lbs.  roll  sulphur  is  then  intro- 
duced, and  pulverized  and  mixed  with  the 
charcoal  at  the  same  time.  The  flap  of  the 
drum  is  replaced  by  a  sieve,  and  by  revolving, 
the  mixed  powder  falls  into  the  trough  below. 
This  is  then  mixed  with  fine  saltpeter  in  an- 
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other  drum  with  tin  bullets.  The  whole  mix- 
ture being  moistened  with  T'rt  water,  is  spread 
5  inch  thick  on  a  copper  surface,  a  moist  cloth 
laid  over  it,  another  layer  of  paste,  and  "so  on 
until  of  sufficient  thickness  to  go  under  the 
hydraulic  press,  where  the  layers  are  reduced 
to  ^  their  former  thickness.  Stamping  mills 
and  chasers  are  also  used  both  for  pulverizing 
and  mixing. 

The  cake  is  next  granulated  or  corned. 
Lumps  could  not  be  used,  from  the  difficulty 
of  regulating  a  charge,  and  on  other  grounds. 
Dust  powder  would  be  apt  to  separate  by  car- 
riage in  kegs,  the  heavier  saltpeter  and  sul- 
phur sinking  to  the  bottom.  Grain  powder  is 
more  advantageous  on  other  accounts.  The 
ignition  of  a  lump  can  only  be  progressive; 
that  of  dust,  less  violent,  because  the  particles 
lie  too  close;  while  in  grain  it  ignites  many 
grains  or  points  simultaneously;  moreover, 
grains  are  less  attractive  of  moisture  than 
dust.  Fine  grained  powder  ignites  more  ex- 
plosively than  coarse,  and  hence  the  former 
is  used  for  sporting,  the  latter  for  cannon. 
The  cake  is  broken  by  crushing  it  into  coarse 
sand,  which  by  sifting  is  separated  into  dust, 
grain  of  proper  size,  and  those  too  large.  The 
sieves  are  made  of  brass  wire,  hair,  perforated 
parchment,  leather,  &c. 

The  grain  is  usually  polished  or  glazed  by 
being  introduced  into  revolving  barrels,  very 
slightly  moistened,  made  to  revolve  slowly  at 
first,  then  faster,  and  finally  more  slowly  to 
cool  off  the  powder.  It  is  then  dried  in  layers 
in  the  open  air,  in  sun  or  shade,  or  still  better 
by  currents  of  warm,  dry  air,  in  apartments. 

Composition.  The  following  table  presents  the 
composition  of  various  kinds  of  gunpowder. 


Kind  of  Powder. 


Best  composition 

Prussian,  military 

American  and  French,  military 

Austrian,  musket 

English  (Waltham) 

"        (Dartford) 

Italian,  military 

Hessian,  cannon 

Russian,       "        

Dutch,  "        

Chinese,  military 

Blasting 

Italian,  sporting 

French,      "        

Champy 


To  100  pts.  Nitre.     I 


Charcoal.      Sulphur. 


17-76 

17-8 

16-6 

17-3 

18-0 

15-6 

15-8 

144 

25-0 

22-9 

37-4 

31-0 

24-8 

17-5 

24-7 


15-86 

15-3 

16-6 

15-0 

13-3 

9-8 
15-8 
204 
16-6 
20-0 
25-2 
23-0 
11-7 
12-5 

6-3 


The  proportions  may  evidently  be  varied 
within  wide  limits,  and  they  constitute  so 
many  kinds  of  powder,  according  to  the  ob- 
ject in  view.  The  nature  of  the  bodies  result- 
ing from  the  explosion  enables  us  to  estimate 
with  some  precision  the  force  of  powder,  but 
experience  has  led  to  similar  and  more  reli- 
able results.  When  a  mixture  of  4  pts.  nitre 
(1  equiv.)  and  1  pt.  charcoal  (4  equivs.)  are 
deflagrated,  the  combustion  is  vivid  from  the 
rapid  decomposition  of  the  nitric  acid  in  the 
saltpeter,  by  the  formation  of  carbonic  acid 
and  oxide,  and  liberation  of  nitrogen,  KO,  N06 
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GUTTA  PERCHA. 


-f  C4  =  KO,  C02  +  N  +  3  CO.  Since  car- 
bon combines  more  slowly  and  progressively 
with  oxygen,  and  part  of  the  carbonic  acid 
remains  with  the  potassa,  and  since  carbon 
does  not  decompose  the  potassa,  the  action  is 
less  violent  than  where  sulphur,  is  employed. 
Thus  when  a  mixture  of  3  pts.  nitre,  1  pt.  car- 
bonate of  potassa,  and  1  pt.  sulphur,  are  gently 
heated,  the  sulphur  begins  to  fuse,  and  a  vio- 
lent explosion  ensues,  which  would  endanger 
the  strongest  vessels,  because  the  gaseous 
matter,  nitrogen,  and  carbonic  and  sulphurous 
acids,  are  instantly  and  not  progressively  libe- 
rated; sulphate  of  potassa,  with  some  sulphu- 
ret  of  potassium,  remains.  While  therefore  a 
powder,  made  with  a  large  excess  of  sulphur, 
would  explode  violently  and  dangerously,  and 
while  the  deflagration  of  charcoal  is  too  slow, 
a  proper  mixture  of  the  two  combustibles  with 
nitre  produces  the  best  explosive  compound. 
The  reason  why  a  violently  explosive  body, 
like  that  above  mentioned,  or  any  fulminating 
substance,  cannot  be  employed  as  gunpowder, 
lies  in  the  necessity  of  overcoming  the  inertia 
of  a  body.  Suppose  a  bullet  to  be  rammed 
into  a  gun  above  the  powder,  and  the  latter  to 
be  then  ignited,  the  gases  evolved  must  first 
overcome  the  inertia  of  the  ball,  which  for  the 
first  moment  of  time  acts  as  resistingly  as  the 
sides  of  the  barrel.  If  then  the  powder  be  ful- 
minating, nearly  all  the  gas  is  generated  at 
this  moment  of  time,  and  the  consequence 
must  be  a  bursting  of  the  barrel,  unless  it  be 
of  inordinate  strength.  If  it  be  common  gun- 
powder, its  ignition  is  progressive,  so  that  the 
small  amount  of  gas  generated  in  the  first  in- 
stant exerts  itself  to  propel  the  ball,  whose 
velocity  is  accelerated  by  the  continued  evolu- 
tion of  gas  through  the  whole  length  of  the 
tube. 

The  composition  of  the  best  powder  in  the 
above  is  precisely  KO,  NO.  +  C3  +  S, 
which  by  explosion  is  resolved  into  KS  -J- 
N  -f  3  C02.  100  pts.  by  weight  yield  59  pts. 
by  weight  of  gas,  nitrogen  and  carbonic  acid, 
or  1  vol.  yields  300  vols.  gas.  A  powder  com- 
posed of  KO,  N05  -}-  C6  +  S,  somewhat  simi- 
lar to  the  Chinese  powder  in  the  above  table 
(or  35-5  charcoal  and  15-8  sulphur  to  100 
nitre),  is  resolved  into  KS  -f  N  +  6  CO. 
100  pts.  yield  64  pts.  gas  (nitrogen  and  car- 
bonic oxide),  or  1  vol.  yields  450  vols.  gas. 
It  would  seem  therefore  that  the  latter  compo- 
sition were  the  better;  but  the  heat  developed 
where  carbonic  acid  is  produced  is  twice  as 
great  as  where  carbonic  oxide  results,  and 
therefore  the  expansive  force  of  the  former  is 
much  greater  than  that  of  the  latter.  For  the 
300  vols,  of  the  first  heated  to  2200°  become 
1600,  while  the  450  of  the  last  when  heated 
to  1100°  become  only  1400.  This  expansive 
force  of  the  former  more  than  counterbalances 
the  greater  amount  of  gas  and  less  cost  of  the 
latter.  Between  these  extremes,  we  have  vari- 
ous compositions,  by  which  mixtures  of  car- 
bonic oxide  and  acid  result,  and  a  different 
sulphuret  of  potassium.  Thus  the  blasting 
powder  of  the  above  table  is  KO,  NO,  -f-  C 
+  S2,  and  yields  KS2  +  N  +  2  CO,  +  2  CO. 
Such  powder  with  excess  of  sulphur  should 
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not  be  used  for  fire-arms,  as  the  bisulphuret 
of  potassium  remaining  would  form,  besides 
sulphate  of  potassa,  some  free  sulphuric  acid 
by  oxidation,  whereby  the  metal  would  be  cor- 
roded. In  the  best  powder,  and  in  all  those 
with  less  sulphur,  the  simple  sulphuret  of 
potassium  can  only  oxidize  to  neutral  sulphate 
of  potassa.  But  powder  with  excess  of  sul- 
phur may  be  used  for  blasting  rocks,  and  pre- 
sents the  advantage  of  greater  explosivcness. 
The  more  powerful  action  of  gun-cotton  uill 
probably  cause  it  to  be  substituted  for  gun- 
powder, in  blasting,  if  not  for  other  applica- 
tions.    See  Cotton,  (Gun.) 

GURJUN.  A  thin  balsam,  well  known  in 
the  Indian  bazaars,  analogous  in  physical, 
chemical,  and  therapeutic  properties  to  copafva 
balsam.  (O'Shangnessy.)  It  is  the  product  of 
a  tree,  the  Dipterocarpus  lavis.  As  found  in 
commerce,  it  is  a  brown,  semitransparent,  oily 
liquid,  of  spec.  grav.  0-962,  totally  insoluble  in 
water,  difficultly  in  ether,  but  readily  in  h'ol 
alcohol  of  0-835.  By  distillation,  water  is  eli- 
minated, and  afterwards  a  crystalline  substance 
covers  the  upper  part  of  the  still,  while  an 
essential  oil  runs  over,  and  a  residuum  re- 
mains. 

Essential  oil.  Freed  from  water  by  prolonged 
contact  with  dry  chloride  of  calcium  and  re- 
distillation, it  is  nearly  colorless,  boils  at  240°, 
and  has  a  spec.  grav.  of  0-934.  Is  soluble  Jn 
alcohol,  ether,  naphtha  and  the  oils,  and  dis- 
solves caoutchouc,  copal,  valerian  resin,  and 
solid  gluten.  Potassium  and  sodium  are  pre- 
served unaltered  in  it,  and  with  undiminished 
lustre.  Its  odor  resembles  that  of  oil  of  co- 
paiva. 

The  resin  remaining  after  the  distillation  of 
the  oil  is  light  brown,  faintly  acrid  and  easily 
fusible.  It  is  separable  into  two  resins  by  ab- 
solute alcohol,  of  which  the  insoluble  Bila 
resin  dissolves  in  alcohol  of  0-835.  Both  have 
acid  properties,  and  are  analogous  to  the  co- 
paiba acid  resins.  Like  one  of  them,  the  gur- 
jun  Alpha  resin  forms  a  saline  compound 
with  magnesia,  which  dissolves  in  a  mixture 
of  the  beta  resin  and  essential  oil.  (Ckcm.  Gaz. 
1843.) 

GURHOFFITE.     See  Bitter  Spah. 

GUTTA  PERCHA.  The  Malayan  name 
for  the  concrete  juice  of  a  tree,  a  native  of 
Malacca,  Borneo,  and  their  vicinities.  The 
botanical  name  of  the  tree  is  unknown.  Gutta 
percha  is  a  variety  of  caoutchouc,  but  when 
crude,  differs  from  it  in  several  particulars. 
It  is  of  a  dirty  white  color,  very  tenacious,  non- 
elastic,  and  nearly  as  hard  as  wood.  Accord- 
ing to  Dr.  McLagan's  analyses,  it  is  a  modifi- 
cation of  caoutchouc,  as  it  yields  similar  pro- 
ducts by  distillation,  and,  like  it,  is  soluble  in 
caoutchicine,  coal  naphtha,  and  elher.  Heat 
develops  its  most  distinctive  peculiarity.  Wafer 
at  110°  does  not  affect  it,  but  at  145°  and  up- 
wards it  softens  and  becomes  so  pliant  that  it 
can  be  moulded  in  forms  or  rolled  in  sheets. 
Its  caoutchouc  elasticity  in  the  soft  state  de- 
creases as  it  hardens  again,  and  at  last,  when 
the  gutta  has  acquired  its  original  rigidity,  has 
entirely  disappeared.  It  is  capable  of  alternate 
hardening  and  softening  any  number  of  times 
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without  change  of  property.  It  is  ductile  to  a 
certain  extent,  and  so  tenacious  that  a  piece 
of  i  inch  thickness,  when  cold,  will  suspend 
upwards  of  40  lbs.  without  breaking.  Its  plia- 
bility in  a  soft  state,  and  other  advantageous 
properties,  render  it  a  useful  substitute  for  India 
rubber  for  many  purposes.  The  Malays  use  it 
as  material  for  many  domestic  implements. 
(  Ed.  Phil.  Jour.)  See  Kent  in  Jlmer.  Jour.  Sept. 
1848  ;  Vogel  in  Chem.  Gaz.  vi.  236;  and  Whis- 
havv,  vi.  352. 

GUYAQUILLITE.  Min.  A  mineral  resin, 
of  pale-yellow  color;  G.  =  1-092.  Begins  to 
fuse  at  157°,  is  perfectly  fluid  at  212°,  and 
forms  empyreumatic  oils  by  distillation.  Its 
solution  in  alcohol  has  a  very  bitter  taste; 
soluble  in  dilute  potassa,  and  reprecipitable  by 
acids;  soluble  in  oil  of  vitriol,  and  reprecipi- 
table by  water.  It  combines  with  bases.  Form. 
6  H  .03.  See  Bekengelite,  Middletonite, 
Retinite. 

GYMNITE.  Min.  It  occurs  near  Baltimore, 
and,  according  to  Thomson,  its  composition  is 
2  MgO,  Si03  +  3  HO. 

GYPSUM.  Mm.  Syn.  Alabaster,  Selenite, 
Sulphate  of  Lime,  Plaster  of  Paris;  Tu-^ce. 
Cryst.  Oblique  Rhombic;  cleavage  very  per- 
fect parallel  to  second  end-plane;  two  others 
imperfect;  PI.  IX.  figs.  30,  31.  It  is  some- 
times compounded  on  a  plane  parallel  to  a 
front  edge,  and  gives  an  arrow-shaped  form. 
It  also  occurs  lamellar,  fibrous,  granular  and 
nearly  compact  (Plaster).  H.  =  1-5  —  2.  G. 
_  2-3!  —  2-36.  Color  generally  white,  some- 
times reddish,  yellowish  blue:  lustre  of  main 
cleavage  pearly,  otherwise  vitreous;  transpa- 
rent, nearly  opake. 

Chem.  Rel.  Yields  water  in  a  tube ;  on  char- 
coal becomes  white,  opake,  exfoliates,  and 
fuses  to  a  white  enamel  with  alkaline  reac- 
tion, and  is  partly  reduced  to  a  sulphuret; 
fu*es  readily  to  a'clear  bead,  which  enamels 
on  cooling.  Form.  CaO,  SOs  +  2  HO.  See 
further  Sulphate  of  lime  under  Calcium. 

Local.  When  crystallized,  it  is  sometimes 
termed  Selenite;  when  fine-grained  and  trans- 
lucent, Alabaster.  Massive  gypsum,  or  plaster 
of  Pans,  occurs  in  extensive  deposits  in  se- 
condary and  tertiary  deposits,  and  is  most  fre- 
quently associated  with  rock  salt  or  salines. 
Fine  specimens  occur  in  many  localities  in 
Europe.  In  the  U.  S.,  large  beds  occur  in  New 
York,  Ohio,  Illinois,  Virginia,  Tennessee,  and 
Arkansas.  Fine  specimens  are  found  at  Lock- 
port,  Camillus,  Manlius,  N.  Y.:  Poland  and 
Canfield,  Ohio  ;  on  the  St.  Mary's  and  Patuxent, 
Md.  Beautifully  curved  fibrous  efflorescences 
ornament  some'of  the  farthest  chambers  in  the 
Mammoth  Cave,  Kentucky.  Heavy  beds  occur 
in  Nova  Scotia. 

Use.  Gypsum  is  a  valuable  mineral  for  ap- 
plication 'in  agriculture;  for  taking  plaster 
casts  of  objects  of  ornament  and  utility;  as 
an  addition  to  mortars  and  cements;  and  in 
making  artificial  marbles.  It  is  of  great  value 
for  moulds  in  stereotyping,  and  obtaining  fine 
metallic  castings  generally;  for  moulds  in 
porcelain,  and  nearly  all  the  clay  manufac- 
tures. See  Sulphate  of  lime  under  Calcium. 
GYRASOL.  See  Opal. 
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HA1DINGERITE.     See  Berthibbttb. 
HAIR.     Its   organic  constituents  are   mar 
garin,  olein,  a  brown  matter,  soluble  in  water, 
lactate  of  ammonia,  and  margaric  acid. 

Chlorides  of  sodium  and  potassium,  per- 
oxide  of  iron,  sulphates  of  lime  and  magnesia, 
and  phosphate  of  lime  and  silica  arc  the  in- 
organic components.  The  proportion  of  solu- 
ble and  insoluble  inorganic  parts  varies  in 
hairs  even  of  the  same  color. 

According  to  Van  Lear,  hair  consists  of  a 
gelatinous  tissue,  the  formula  of  which  is 
C13H10N3O5,  and  of  bi-sulphurel  of  protein, 
C  „H,,N.O,,S,.  The  effect  of  several  of  the 
metallic  salts  upon  the  color  of  the  hair  is  due 
to  the  large  amount  of  sulphur  which  it  con- 
tains. After  extracting  the  unessential  con- 
stituents with  water,  alcohol,  and  ether,  and 
passing  chlorine  through  it  in  water,  a  chlorite 
of  protein  is  formed.  By  dissolving  the  latter 
in  ammonia,  and  washing  the  evaporated  re- 
sidue with  alcohol,  it  forms  tritoxy-protein. 
By  dissolving  pure  hair  in  caustic  potassa, 
and  precipitating  with  excess  of  acid,  a  yel- 
low bioxy-protein  is  obtained. 

HAIR  PYRITES.  Min.  Syn.  Capillary  P.; 
Haarkies;  Sulphuret  of  Nickel.  Cryst.  Hex- 
agonal, with  rhombic  cleavage;  generally  in 
fine  hair-like  form.  H.  =  3.  G.  =  5-278. 
Light  yellow;  metallic;  opake;  brittle.  It 
gives  sulphurous  acid  by  roasting;  and  forms, 
on  charcoal,  a  malleable,  magnetic  mass, 
which  behaves  to  the  fluxes  like  nickel;  solu- 
ble in  nitro-muriatic  acid.  Form.  NiS.  Loral. 
Johanngeorgenstadl,  Andreasberg,  and  Corn- 
wall. 

HALLITE.  See  Aluminite. 
HALLOYSITE.  Mm.  Syn.  Halloylite, 
Tuisite,  Lenzinite,  Severite,  Pholerile,  Nosi- 
tronite,  Pinguite.  Amorphous,  earthy,  soft, 
unctuous,  white,  variously  tinted.  They  yield 
water  in  a  closed  lube;  some  are  fusible,  and 
others  not;  they  are  wholly  decomposed  by 
oil  of  vitriol.  They  are  all  hydrous  silicates 
of  alumina,  and  are  probably  mixtures  of  dif- 
ferent hydrosilicates.  In  nontronite  and  pin- 
guite, the  alumina  appears  to  be  replaced  by 
oxide  of  iron.  They  contain  37  to  4fi  pr.  ct. 
silica,  32  to  40  alumina,  and  15  to  25  water. 
See  Allophane,  Bulk,  &c. 

HALOGENS.  A  term  derived  from  Ut,  suit, 
and  applied  by  Berzelius  to  those  elementary 
bodies  whose  union  with  the  metals  produce 
haloid  salts.  Chlorine,  iodine,  bromine,  and 
fluorine  are  the  simple  halogens,  but  as  cyan- 
ogen, by  analogy,  behaves  similarly,  it  is 
styled  a  compound  halogen  body. 

HALOID  SALTS.  Syn.  Halogen  Salts. 
Compounds  of  a  metal  and  a  halogen  body. 
The  term  is  from  axe,  sail,  and  utou  farm,  be- 
cause the  principal  group  consists  mostly  ol 
binary  compounds,  one  or  both  of  which  are 
analogous  in  composition  to  common  salt. 
The  single  and  double  chlorides,  iod.des,  cyan- 
ides, and  the  like,  are  of  the  haloid  class  of 
salts.  They  differ  in  constitution  from  the 
oxysalts,  and  hence  are  sometimes  styled  salts 


HARMALIN. 


HAUYNE. 


of  the  hydracids.  In  the  double  haloids,  the 
bases  are  usually  the  electro-positive,  and  the 
acids  the  electro-negative  metals.  For  the 
action  of  waler,  see  Rose  in  Chern.  Gaz.,  vol.  i. 
118,  and  Pagg.  Ann.  iv.  533. 

HARMALIN.  Form.  C24H13N20,  or  C27H]4 
N202,  {Fritzschey  Exists  in  the  seeds  of  the 
Peranum  karmula,  which  are  abundant  in  Rus- 
sia. It  crystallizes  in  yellowish  brown  trans- 
parent crystals,  and  is  much  more  soluble  in 
alcohol  than  in  ether  or  water.  Its  salts 
(Chan.  Gaz.  v.  318)  are  yellow,  unless  it  has 
been  previously  oxidized,  then  they  are  of  a 
brilliant  red.  Being  of  easy  application,  its  co- 
loring matter  is  coming  into  use  as  a  dye- 
stuff. 

Leuroharmw.  Obtained  by  heating  chromate 
of  harmalin,  extracting  by  aicohol,  and  evapo- 
rating, to  form  colorless  prismatic  crystals  ;  or 
by  treating  harmalin  with  a  small  dose  of  ni- 
tric acid.  The  harmin  of  Fritsche,  which  is 
probably  identical,  is  described  at  p.  4?7,  Chem. 
Gaz.  vol.  v. 

Chrysoharmin.  Add  alcohol  to  an  aqueous 
solution  of  sulphate  of  harmalin,  and  then,  gra- 
dually, strong  nitric  acid.  The  precipitate,  or 
salt,  of  the  new  base,  washed  with  alcohol, 
dissolved  in  water,  and  precipitated,  is  of  a 
golden-yellow  color. 

Harmala,  or  Porphyharmin.  Extracted  from 
the  seeds,  by  infusing  them  with  a  little  alco- 
hol for  some  time,  pouring  off  the  liquid,  treat- 
ing the  seeds  with  acidulated  water,  and  pre- 
cipitating by  ammonia,  when  it  falls  of  a  bril- 
liant red  color.  See  further  Chern.  Gnz.  v.  348. 
HARMOTOME.  Min.  Syn.  Baryt-harmo- 
tome;  Andreolite;  Andreasbergolite ;  Ercinite. 
Ger.  Kreuzstein.  Lime-harmotome;  Phillip- 
site;  Gismondine;  Aricite;  Zeagonite;  Mor- 
venite.  Cryst.  Right  rhombic.  H.  =  4  —  4-5. 
G.  =  2  —  24.  White,  of  various  shades;  vi- 
treous; translucent,  opake;  brittle,  with  un- 
even fracture.  Baryt-H.  fuses  with  difficulty, 
and  without  effervescence;  the  lime  harmo- 
fonrte  swells  up;  both  yield  water  in  a  tube. 
Both  are  soluble  in  muriatic  acid,  when  in 
fine  powder.  From  many  analyses  of  both 
varieties,  they  appear  to  be  the  same,  and  their 
general  formula  3  RO,  2  Si03  4-  4  (Al203, 
2  8i03)-f  18  HO;  in  which  RO  is  baryta, 
Jime,  potassa,  and  soda. 

1.  2. 

Silica 38-50         37-00 

Sulphuric  acid 8-16         11-56 

Alumina 29-25         27-50 

Potassa —  — 

Soda 16-56         12-24 

Lime 1-14  8-14 

Oxide  of  iron 1-50  1-15 

Ox.  manganese 1-00  0-50 

Chlorine —  — 

Sulphur (HS)     3-00  1-50 

Water —  — 


99-01 


99-59 


It  is  exceedingly  difficult  to  establish  a 
formula,  although  the  above  minerals  doubt- 
less agree  in  composition.  There  is  a  large 
proportion  off  silicate  of  alumina,  with  3  or 
^  silicate  of  lime  or  alkali,  together  with  sul- 


HARRINGTONITE.     See   Brevicite  and 

Mksottim:. 

HARTIN.  Min.  A  white  crystalline  resin, 
obtained  from  an  ether-extract  of  brown  coal; 
inodorous  and  tasteless ;  most  soluble  in  dis- 
tilled petroleum,  begins  to  fuse  and  decom- 
pose at  446°.  Form.  C20H7O2.  Another  resin 
separated  from  hartin,  consists  of  several  other 
resins,  of  which  the  a  resin  is  C42II290_,  the 
8  resin  C32H210..  Two  distinct  resins  occur 
in  the  same  brown  coal,  one  of  which  has  the 
composition  and  nearly  all  the  properties  of 
hartin,  the  other  is  hartite. 

HARTITE.  Min.  Cryst.  Oblique  Rhombic. 
H.=  l.  G. =  1-046.  White,  translucent,  greasy. 
Fuses  at  168°,  and  distils  over  scarcely 
changed;  is  very  soluble  in  ether.  Form.  C6H., 
and  appears  to  be  isomeric  with  tekoretin. 

HATCHETIN.  Mineral  Tallow.  Crystal- 
line, soft  as  wax;  G.  =  0-916.  White,  trans- 
parent, greasy.  Fuses  at  1 15°,  distils  over 
unchanged;  dissolves  slightly  in  hot  alcohol, 
much  more  in  hot  ether.  Form.  CH,  which  is 
the  same  as  ozokerite. 

HAUSSMANNITE.  Min.  Syn.  Black 
Manganese:  Scharfmanganerz.  Cryst.  Qua- 
dratic; cleavage  parallel  to  main  end-plane; 
also  granular.  H.  =  5  —  5-5.  G.  =  4-72. 
Brownish  black,  submetallic,  opake;  uneven 
fracture,  and  brown  streak.  Oil  of  vitriol 
colors  the  powder  red;  soluble  in  muriatic 
acid,  with  evolution  of  a  little  chlorine;  be- 
haves to  the  fluxes  like  oxide  of  manganese. 
Form.  MnO,  Mn203,  corresponding  to  magnetic 
iron,  with  which  it  appears  strange  that  it  is 
not  isomorphous.  Loral.  Ilmenau,  in  Thu- 
ringen :  Framont,  in  Elsace;  and  Lebanon, 
in  Pennsylvania. 

HAUYNE.  Min.  Syn.  Nosean,  Ittnerite, 
Spinellan,  Lapis  Lazuli,  Ultramarine,  Lazur- 
stein.  Cryst.  Regular  12-hedron.  H.  =  5-5 — 6. 
G.  =  2-5 —  3-3.  Brilliant  azure-blue,  rarely 
green;  vitreous;  transparent,  opake;  fracture 
uneven.  Fuses  with  difficulty  to  a  white 
blebby  glass.  Decomposed  by  muriatic  acid, 
the  silica  gelatinizing. 

Analyse.  I  and  2  by  Bergmann ;  4  by  L. 
Gmelin  ;  3,  5,  6,  and  7  by  Varrentrapp.  1,  2, 
and  3,  Nosean,  from  Laachcr  lake ;  4,  Hauyne, 
from  Marino;  and  5,  from  Niedermeiidig: 
6,  Lapis  Lazuli ;  and  7,  Artificial  Ultramarine. 


3. 

35-99 

9-17 

32-57 

17-84 
1-11 

0-04 


4. 
35-48 
12-39 
18-87 
15-45 

12-00 
1-16 


0-65  — 

_  3-45 

1-85  — 


99-22 


98-81 


5. 
35-01 
12-60 
27-41 

9-12 

12-55 

0-17 

0-58 
•24 
•62 

98-30 


6. 

45-50 

5-89 

31-76 

9-09 
3-52 

0-86 

0-42 
0-95 
0-12 

98-11 


7. 

45-60 
3-83 

23-30 
1-75 

21-48 
0-02 
1-06 

trace 
1-69 


98-73 
chiefly 


phate  and  muriate  of  alkali,  which 
soda. 

Loral,  fye.  Hauyne  occurs  in  Vesuvian 
lavas,  at  the  Laacher  lake,  and  Niedermendig, 
near  Andernach  on   the  Rhine.     Lapis-lazuli 
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HEAT. 


is  found  in  granite  and  altered  limestones, 
and  is  brought  from  China,  Siberia,  Persia,  &c. 
For  its  use  as  a  pigment,  see  Ultramarine. 

HAYDENITE.  Min.  Cryst.  Oblique  Rhom- 
bic. H.  =  3.  G.  =  2-136  — 2-265.  Brownish, 
greenish,  or  wine-yellow;  vitreous,  bright; 
translucent,  transparent;  brittle.  In  a  tube 
it  gives  off  water  and  empyreumatic  odor; 
fuses  with  difficulty.  Partially  decomposed 
by  sulphuric  acid,  depositing  crystals  of  alum. 
(Sillimax.)  From  Silliman's  analysis,  if  the 
iron  be  protoxide,  the  formula  is  either  3(CaO, 
SiOs)  -f  A1203,  2  Si03  +  4  HO,  or  it  is  3  OaO, 

2  S1O3  -{-  A 1203,  3  Si03  +  4  HO,  the  former  of 
which  is  more  likely;  or  if  the  iron  be  perox- 
ide, the  form,  is  nearly  2  (CaO,  Si03)  +  A1203, 

3  S1O3  -f-  4  HO.  It  evidently  is  a  zeolitic 
mineral.     Local.  Jones'  falls,  near  Baltimore. 

HAYESINE.  Min.  See  Borocalcite.  By 
comparing  the  formula  there  given  with  that 
of  hydroboracite,  as  suggested  by  Berzelius, 
the  two  minerals  are  the  same,  a  portion  of 
lime  in  the  former  being  replaced  by  magnesia 
in  the  latter.  But  several  analyses  of  the  lat- 
ter seem  to  prove  it  to  be  3  RO,  4  B03.  And 
since  Hayes'  analysis  will  not  admit  of  the 
latter  formula,  the  minerals  are  different 
species. 

HEAT.  Chem.  Syn.  Caloric.  Ger.  Wurme, 
Wiirmestoff,  Hitze.  Fr.  Chaleur,  Calorique. 
Heat  is  indifferently  used  to  signify  the  sensa- 
tion produced  by  touching  a  hot  body,  and  the 
cause  of  that  sensation.  The  latter  is  some- 
times termed  caloric. 

Heat  may  be  viewed  as  the  vibrations  of  an 
ethereal  medium,  or  as  a  highly  elastic,  invisi- 
ble, imponderable,  self-repulsive  fluid,  existing 
in  all  matter,  as  far  as  we  know. 

1.  Radiation.  A  hot  body  throws  out  rays 
of  heat  in  every  direction  through  a  void, 
through  gases,  and  through  many  liquids  and 
solids,  its  intensity  being  inversely  at  the 
square  of  the  distance  from  the  heated  centre. 
This  heat  is  termed  radiant  heat.  It  passes 
freely  through  gases,  without  affecting  their 
temperature;  but  when  it  meets  with  a  solid 
or  liquid  it  is  more  or  less  retained,  each  solid 
and  liquid  seeming  to  have  a  specific  power 
in  this  respect.  Thus,  while  a  glass  mirror 
or  lens  concentrates  the  rays  of  sun-light,  it 
will  not  those  of  a  red-hot  iron  ball,  because  so 
much  of  the  heat  is  absorbed  in  the  latter  case. 
In  like  manner,  a  heated  body  seems  to  have 
a  specific  power  of  radiation,  depending  on  the 
nature  of  the  surface.  The  rays  of  heat  are 
refrangible;  the  hotter  the  radiant  body,  the 
more  refrangible  are  the  rays. 

The  following  table  of  the  radiant  power  of 
surfaces  is  by  Leslie: 


shows  the  number  transmitted  by  the  bodies 
named.     Mellon  i. 


Name. 


Rock  salt 

Flint-glass 

Bisulphur.  carbon. . . . 
Calc.-spar  and  quartz 

Smoky  topaz 

Crown  glass 

Chalcedony 

Glass 


Color. 


Bichromate  potassa. 
Spirits  terpentine. . . 

Fat  oil , 

Aquamarine 

Borax,  translucent . 

Turmaline 

Copaiva  balsam. . .. 
Adular,  translucent 
Glass 


Ether 

Gypsum 

Oil  of  vitriol 

Glass,  opake 

Nitric  and  citric  acids,  and  ~i 

alcohol 5 

Alum 

Water 


colorless 


brown 
colorless 

white 

violet 

red 

orange 

colorless 

M 

green 
colorless 
reen 
brown 
colorless 
green 
yellow 
blue 
colorless 


black 
colorless 


The  same  body  transmits  different  quantities 
of  heat  from  different  sources,  as  shown  by  the 
following  table  by  Melloni: 


Locatelli 

Red-hot 

Copper 

Copper 

Lamp. 

Platin'm 

at  734*. 

at  aa« 

Free  radiation. 

100 

100 

100 

100 

92 

92 

92 

92 

Fluor  spar 

78 

69 

42 

33 

Calc.  spar. . . . 

39 

28 

6 

0 

Plate  glass. . . . 

39 

24 

6 

0 

23 

11 

2 

0 

14 

5 

0 

0 

9 
6 

2 
0 

0 

0 

0 

0 

Lampblack 100 

Writing  paper  ...    98 

Rosin 96 

Sealing  wax 95 

Crown  glass 90 

Ice 85 


Red  lead 80 

Graphite 75 

Tarnished  lead 45 

Clean  lead 19 

Polished  iron 15 

Other  pol.  metals..  12 


Diathermous  bodies  are  those  which  allow 
rays  of  heat  to  pass  through  them,  such  as 
salts,  water,  and  even  some  nearly  opake  bo- 
dies, as  black  glass.  Of  100  rays  from  the 
flame  of  an  Argand  lamp,  the  following  table 
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The  transmitted  rays  are  then  nearly  all 
again  transmitted  by  the  same  or  other  sub- 
stances. 

2.  Conduction.  When  heat  is  absorbed  by 
the  surface  of  a  solid  body,  it  spreads  or  tra- 
vels slowly  through  it,  the  rapidity  varying 
with  the  nature  of  the  body,  as  shown  in  the 
following  table  by  Despretz: 
Gold 1000  I  Tin 804 


Lead 180 

Marble 24 

Porcelain 12 

Brick 11 


Silver 973 

Copper 898 

Platinum 381 

Iron 374 

Zinc 363  | 

Porous  bodies  conduct  badly,  especially  or- 
ganic bodies. 

Liquids  conduct  heat  more  slowly  than  so- 
lids, so  that  it  is  next  to  impossible  to  heat  a 
liquid  from  above.     When  the  heat  is  applied 


HEAT. 


HEAT. 


below,  the  heated  part  expands,  becomes  spe- 
cifically lighter,  and  rises,  while  a  colder  stra- 
tum flows  in  to  supply  its  place,  and  rises  in 
like  manner.  Thus,  a  liquid  is  heated  by  cir- 
cuhition  or  convection.  It  is  almost  impossible 
to  determine  whether  gases  do  or  do  not  con- 
duct heat. 

3.  Expansion.  See  Expansion,  Thermome- 
ter. 

4.  Specific  heat.  If  the  same  heat  be  applied 
to  two  different  bodies,  they  will  absorb  differ- 
ent quantities,  or  one  will  require  a  longer 
time  to  show  the  same  sensible  heat.  This 
amount  of  heat  is  termed  specific  heat,  capa- 
city for  heat,  when  equal  weights,  and  relative 
heat,  when  equal  volumes  are  compared.  The 
methods  of  determining  the  specific  heats  of 
bodies  are  various;  by  ascertaining  how  many 
degrees  of  heat  are  imparted  to  an  equal 
amount  of  water  by  equal  weights  of  bodies 
equally  heated;  or  how  much  ice  at  32°  they 
melt;  or  how  long  they  are  in  cooling;  or  by 
mixing  them  together  at  known  temperatures, 
and  observing  the  resulting  heat.  See  table 
of  Equivalents,  for  the  specific  heat  of  the 
elements.  The  specific  heat  seems  to  increase 
with  the  temperature,  as  the  following  table 
shows,  the  1st  column  being  the  specific  heat 
from  32°  to  212°,  and  the  2d  that  from  32°  to 
572°. 

Glass 0-1770 

Iron 0-1098 

Copper 0-0949 

Zinc 0-0927 

Silver 0-0557 

Platinum 0-0355 

Mercury 0-0330 

Dulong  pointed  out  a  relation  between  the 
specific  heats  and  equivalents  of  bodies.  If 
the  number  3-1  be  divided  by  the  specific  heat, 
as  in  the  following  table,  the  quotient  is  nearly 
the  equivalent,  or  stands  in  a  simple  ratio  to 
it.  The  first  column  contains  the  substances, 
the  2d  their  specific  heats,  the  3d  the  quotient, 
3-1  -j-sp.  H.,  the  4th  the  assumed  equivalents. 


Substance. 


0-1900 
0-1218 
0-1013 
0-1015 
0-0611 
0-0397 
0-0350 


Substance. 

Specific 
Heat. 

31 
Sp.  H. 

Real 
Equiv. 

Lead 

0-031 
0-056 
0095 
0-029 
0-054 
0-057 
0-188 
0-257 

100-0 
55-4 
32-6 

106-9 
57-4 
54-4 
16-5 
12-1 

103-6 

Tin 

57-9 

Zinc 

32-3 

Bismuth  

213-0 

126-3 

Silver   

108-0 

31-4 

Carbon  

6-0 

The  same  relation  is  found  to  exist  among 
compound  bodies,  although  each  particular 
class  of  bodies  seems  to  require  a  special 
number  instead  of  3-1.  Thus,  for  some  car- 
bonates the  number  is  10-4,  for  certain  sul- 
phates it  is  12-4,  and  for  some  oxides  it  is  5-4. 
The  3d  column  in  the  following  table  is  the 
quotient  of  those  numbers  by  the  specific  heats 
of  the  substances  named. 

By  multiplying  the  specific  heat  by  the 
atomic  weight,  the  number  3-1  or  3-2  is  ob- 
tained for  most  elements,  which  number  may 


Carbonate  of  lime.. 

"  iron . . 

"  zinc . . 

Bitter  spar 

Sulphate  of  baryta  . 

"  strontia 

"  lime  . . . 

Magnesia 

Oxide  of  mercury  . . 

"        zinc 

"        copper 


Specific 
Heat. 


0-2044 

0-1819 

0-1712 

0-2161 

0-1068 

0-1300 

0-1854 

0-276 

0-049 

0-132 

0-137 


50-9 
57-2 
60-7 
48-1 

116-1 
95-4 
66-8 
19-6 

110-2 
40-9 
39-4 


Real 
Equiv. 


50-0 
58-0 
62-5 
46-7 

116-6 
92-0 
68-0 
20-7 

108-0 
40-5 
39-7 


be  termed  the  normal  capacity  for  heat  of  the 
elementary  atoms,  but  in  oxygen  it  is  1-6,  or 
&  the  normal  capacity,  although  in  some  com- 
pounds it  enters  with  f  the  normal,  or  2-4. 
Chlorine,  bromine,  iodine,  phosphorus,  arsenic, 
antimony,  silver,  and  gold,  have  double  the 
normal,  or  6-4.  Carbon,  sulphur,  and  nitrogen 
seem  to  have  different  capacities,  according  to 
the  compounds  they  form. 

It  appears  that  in  general  the  capacity  of 
compound  atoms  is  the  sum  of  the  capacities 
of  their  elements.  Thus,  the  capacity  of  cop- 
per being  -0951,  its  atomic  capacity  is  3-01, 
(i.e.  its  equiv.  31-7  x  its  sp.  heat.)  Hence, 
the  atomic  capacity  of  the  red  oxide  should 
be  2Cu,  6+0,  1-6  =  7-6;  now  the  observed 
capacity  of  this  oxide  is  0-1173,  and  being  x 
its  equiv.,  the  resulting  atomic  capacity  is 
7-68.  So  the  observed  atomic  capacity  of  ice 
is  6-48,  its  calculated  6-4.  Of  the  oxides 
chrome,  iron,  and  bismuth,  observed  13 — 14-4, 
calculated  14.  Of  oxide  of  lead,  Pb,  3-26 -f- 
oxygen  2-4  =  5-66,  the  observed  is  5-69;  of 
dry  sulphuric  acid,  S,  3-2+  3  0,  (1-6  x  3) 
4-8  =  8-0;  and  of  sulphate  of  lead  5-69 -f- 8, 
=  13-69,  the  observed  of  which  is  12-87. 
See  full  tables,  in  Gmelin's  Chemie,  Bd.  i.  213 — 
223. 

5.  Latent  heat.  a.  Liquids.  When  solids  are 
sufficiently  heated  they  fuse,  become  liquid, 
and  most  of  them  heated  still  higher  are  con- 
verted into  gas  or  vapor.  In  both  cases,  a 
certain  amount  of  heat  is  said  to  be  absorbed, 
or  become  latent,  because,  although  the  ther- 
mometer shows  no  increase  in  heat,  yet  a  con- 
siderable quantity  may  be  obtained  from  them. 
Each  solid,  in  becoming  liquid,  seems  to  ab- 
sorb a  specific  amount,  which  it  retains  as 
long  as  it  is  kept  in  the  liquid  state,  and  hence 
it  is  termed  the  heat  of  liquidity  or  of  liquefac- 
tion. 

When  a  pound  of  water  at  32°  is  mixed 
with  a  pound  of  water  at  172°,  the  resulting 
mixture  will  show  the  medium  temperature  of 
102°,  but  if  the  former  pound  were  ice  at  32°, 
then  the  resulting  heat  of  the  2  lbs.  of  water 
would  be  but  32°.  Hence,  172  —  32=140° 
of  heat  have  disappeared.  If  1  lb.  water  and 
1  lb.  ice,  each  at  32°,  be  exposed  to  the  same 
heat  until  the  ice  is  melted,  while  the  latter, 
has  been  receiving  heat,  and  only  shows  the 
temperature  of  32°,  the  water  has  risen  to 
172°.  The  heat  of  liquefaction  has  been  as- 
certained in  but  few  bodies.  In  the  following 
table,  the  1st  column  of  numbers  shows  how 
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much  each  liquid  body  itself  would  be  heated  I  their  latent  heat  a!  their  several  boiling  points. 

by  the  heat  it  absorbs  in  fusing,  and  the  2d    The  second  column  numbers  may  1 

how   much   this   heat  would  heat  an  equal   dividing  those  of  the  first  by  the  specific  heat 


weight  of  water. 

Water 140  140-00 

Sulphur 144  27-14 

Lead 370  11-00 

Zinc 493  48-30 

Bismuth 550  23-25 

From  this  absorption  of  heat  while  melting, 
the  melting  of  ice  offers  us  a  convenient  and 
uniform  standard  of  temperature,  which  is 
employed  in  determining  one  of  the  points  on 
the  thermometer,  the  freezing  point.  Connected 
with  this  subject  is  the  absorption  of  heat  by 
solution  of  salts.  See  Fusion  and  Freezing 
Mixtub.es. 

As  far  as  is  known,  water  contains  the 
largest  amount  of  latent  heat.  It  is  therefore 
slowly  solidified  in  freezing,  and  ice  is  equally 
slow  in  melting.  Hence  the  wisdom  apparent 
m  the  economy  of  nature,  by  the  comparative 
slow  changes  of  temperature  on  the  surface  of 
the  earth.  When  water  freezes,  it  diminishes 
the  intensity  of  cold  by  giving  off  its  latent 
heat,  and  by  slowly  melting,  it  absorbs  the 
heat  gradually. 

b.   Vapors.     Most  liquids  and   solids,  when 
sufficiently  heated,  pass  into  the  state  of  vapor, 
and  as  long  as  they  retain  this  state,  resemble 
the  permanent  gases.     Vapors,  and  probably 
gases,  hold  an  amount  of  latent  heat,  but  that 
of  the  latter  cannot  be  determined,  unless  we 
can  obtain  the  gas  in  a  liquid  or  solid  state. 
That  of  the  former  may  be  measured  by  ob- 
serving the  quantity  of  heat  given  out  by  its 
condensation,  the    quantity    of  water   it  will 
heat  through  one  or  a  given  number  of  de- 
grees, or  the  number  of  degrees  it  will  raise 
a    given    amount   of  water.     To  obtain   this 
amount,  observe  the  weight  and  temperature 
of  water,  conduct  the  vapor  into  it,  note  the 
then  temperature  and  increased  weight  of  the 
mixed   water   and    condensed    vapor.     Then 
multiply  the  increased  number  of  degrees  of 
heat  by  the  weight  of  the  water,  (the  weight 
of  the  condensed  vapor  being  unity,)  subtract 
from  this   the  loss  of  heat  sustained  by  the 
condensed   vapor,  between    its   boiling  point 
and    the    resulting    temperature.       Thus,    if 
steam  were  conducted  into  8  oz.  water  at  60°, 
until   there  were  9  oz.,  and  the  temperature 
were  then  188°,  the  ounce  of  condensed  steam 
has   raised  the  8  oz.,   128°  (=  188°  —  60°). 
This  heat  would  therefore  have  raised  1  oz. 
128  X  8=  1024°,  but  the  ounce  of  condensed 
steam    has   lost   24°  (212°  — 188°).     Hence, 

1024° 24°  =  1000  would  be  the  latent  heat 

of  steam.  Experiments  have  shown  it  to  be 
nearly  this  amount.  The  following  table  shows 
the  latent  heat  of  the  vapor  of  several  bodies. 


Water 1000° 

Alcohol 374° 

Ether 163° 

Spirits  of  terpentine 138° 

Sulphur,  carbon 144° 


1000° 
609° 
314° 
299° 


of  the  several  bodies. 

The  latent  heat  of  steam  is  extensivi 
plied    to  boiling  liquids,   warming  build 
drying  substances,  &c,  for  which  purpo 
is    conducted  through   iron   pipes  and  tu 
provision  being  always  made  for  draw  in 
the  condensing  water  at  the  lowest  points  of 
the  pipe. 

(i.  Chemical  Effects,  a.  Change. of  color  is  pro- 
duced in  many  bodies  by  heat,  and  the  original 
color  restored  on  cooling.  A  darker  color  is 
always  produced,  and  it  is  yellow,  red,  or 
brown.  Peroxide  of  nitrogen,  N04,  is  color- 
less at —  4°,  yellowish  at  32°,  orange-yellow 
at  68°.  The  white  titanic,  columbic,  molyb- 
dic,  and  antimonious  acids  become  lemon- 
yellow;  yellow  sulphur  and  antimonic  acids, 
brownish  yellow;  bi-  and  tri-sulphurets  of  ar- 
senic, reddish  brown;  red  precipitate,  brown- 
ish black;  the  white  sulphate,  the  yellow  basic 
nitrate,  and  subiodide  of  mercury,  red.  In 
some  cases,  the  change  of  color  may  be  as- 
cribed to  incipient  decomposition. 

b.  Decomposition.  Where  a  body  which 
usually  has  a  gaseous  form  is  held  in  combi- 
nation with  another,  for  which  its  affinity  is 
not  very  strong,  the  compound  may  be  de- 
composed by  heat  alone,  as  in  complex  organic 
and  many  inorganic  bodies.  The  oxides  of 
the  precious  metals  are  wholly  reduced;  bin- 
oxides  of  lead  and  manganese  part  with  a  por- 
tion of  their  oxygen ;  some  of  the  haloid  salts 
of  the  precious  metals  evolve  all  of  the  halogen 
body;  most  sulphates  and  nitrates  are  wholly 
or  partly  decomposed,  the  acid  itself  suffering 
decomposition  ;  all  carbonates,  save  those  of 
the  fixed  alkalies  lose  their  acid.  The  effect 
in  these  cases  may  be  ascribed  to  the  repul- 
sion of  the  particles  of  a  substance,  caused  by 
heat. 

Decomposition  may  be  effected  by  the  as- 
sistance of  heat,  where  an  affinity  is  exerted 
to  produce  this  decomposition,  but  is  insuffi- 
cient to  effect  it  alone.  Thus,  iron  does  not 
decompose  water  at  ordinary  temperatures, 
but  steam  passed  over  it  at  a  high  heat  forms 
oxide  of  iron,  and  evolves  hydrogen.  In  ge- 
neral, heat  is  used  to  assist  affinity,  an  effect 
due  to  its  repulsive  effects  tending  to  decom- 
pose an  existing  compound.  But  it  would 
seem,  that  different  degrees  of  heat  produce 
different  and  often  contrary  effects.  Thus,  a 
moderate  degree  of  heat  applied  to  some  sili- 
cates causes  them  to  suffer  an  incipient  de- 
composition, for  it  renders  them  more  easily 
soluble  in  muriatic  acid;  on  the  other  hand, a 
higher  heat  applied  to  the  substance  thus  half 
disintegrated,  will  cause  its  constituents  to 
unite  together  again  as  firmly  as  at  first.  At 
one  temperature  silver  oxidizes  in  the  air,  at 
a  higher  it  is  again  reduced. 

c.  Composition.  The  union  of  many  bodies 
is  assisted  by  heat.  Few  solids  unite  simply 
by  force  of  affinity,  their  cohesive  force  appa- 
rently predominating.  But  when  heat  is  ap- 
plied to  two  bodies  having  a  mutual  affinity, 
sufficient  to  bring  one  into  fusion,  its  cohesive 


The  1st  column  of  numbers  shows  the  latent    . 
heat  of  the  vapors  measured  by  water,  the  2d  |  force   being   nearly   counterbalanced   by  tne 
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repulsive  effect  of  heat,  its  affinity  exerts 
nearly  all  its  power,  and  causes  it  to  unite 
with  the  other  body.  Hence  the  facility  of 
making  solutions  of  salts  in  water,  of  making 
amalgams,  sulphurets,  &c.  But  some  gases 
will  unite  together  by  the  application  of  heat, 
as  chlorine  and  hydrogen  exposed  to  a  brick 
heated  to  300°.  In  like  manner,  oxygen  com- 
bines with  iron,  nickel,  cobalt,  &c,  at  a  high 
heat  previous  to  their  entering  into  fusion. 
At  first  sight,  the  contrary  might  be  antici- 
pated, from  the  repulsive  action  of  heat  on  the 
oxygen ;  but  in  the  gas  the  cohesive  force  is 
already  destroyed,  and  heat  merely  expands  it, 
while  in  the  iron,  it  weakens  its  cohesive 
force,  and  leaves  its  affinity  proportionally 
stronger. 

7.     Evolution  of  Heat.     In  the  combustion  of 
substances  in  the  air  or  oxygen,  the  amount 


S03  gives  with HO 

HO,  S03         «  HO 

2  HO,  S03         »  HO 

3  HO,  S03  »  3  HO 

6HO,  S03  «  wzHO 


of  heat  developed  was  supposed  by  Welter  (o 
be  the  same  for  hydrogen,  carbon,  &c,  in  com- 
bining with  the  same  quantity  of  oxygen.  But 
different  experimenters  have  obtained  different 
results,  and  the  subject  requires  farther  inves- 
tigation.    See  Combustion. 

The  experiments  of  Hess  are  full  of  interest 
in  regard  to  the  amount  of  heat  developed  by 
the  union  of  bodies  without  the  appearance  of 
combustion.  1  eq.  anhydrous  sulphuric  acid 
(=  40  pts.  by  weight)  mixed  with  an  excess 
of  water,  evolves  as  much  heat  as  would  heat 
20202  pts.  of  water  through  1°  of  the  Centi- 
grade thermometer,  or  would  heat  1  pt.  of  wa- 
ter 20202°  on  that  scale.  In  the  following 
tables  the  Centigrade  thermometer  only  is 
used.  These  pts.  of  water,  or  degrees,  are 
termed  heat-units. 


Units 

of  heat. 

With  excess  of 

water. 

12432  == 

8 

1554 

20202   =    13 

•   1554 

3108  = 

2 

1554 

7770  =     5 

•   1554 

1554  = 

1 

1554 

4662  =     3 

•   1554 

1554  = 

1 

1554 

3108  =     2 

•    1554 

1554  = 

1 

1554 

1554  =      1 

•   1554 

20202  =13-1554 


wHO  signifies  so  much  water,  that  the  far- 
ther addition  of  it  evolves  no  more  heat. 
Calling  1554  a  heat-equivalent,  anhydrous 
sulphuric  acid  evolves  13  such  equivs.,  8  with 


HO,  NO. 

2  HO,  NO! 

gives 

u 

u 
a 
<« 
« 

,.,,.      HO 
HO 

Units 
of  heat. 

1554  = 

1554  — 

3  HO,  N05 

2HO 

1554  — 

5  HO,  NO. 

HO 

777  — 

6  HO,  NO. 

2  HO 

777  — 

8  HO,  N05 

mHO 

1554  = 

the  1st  eq.  water,  2  with  the  2d,  1  with  the  3d, 
&c.  The  last  column  shows,  that  oil  of  vi- 
triol, S03,  HO,  evolves  5  such  equivs.,  with 
an  excess  of  water,  &c. 


With  excess  of  water. 


1 

1554 

1 

1554 

1 

1554 

* 

1554 

4 

1554 

1 

1554 

5 

1554 

7770 

— 

5 

1554 

6216 

= 

4 

1554 

4662 

= 

3 

1554 

3108 

Z=7 

2 

1 554 

2331 

= 

H 

1554 

1554 

= 

1 

1554 

NO.,  HO  evolves  with  an  excess  of  water 
as  much  heat  as  S03,  HO.  The  total  quantity 
of  heat  evolved  by  either  acid  is  the  same, 
whether  the  water  be  added  successively  in 
equivs.  or  all  at  once;  thus  S03  evolves  with 
HO  8  equivs.  of  heat,  and  HO,  S03  with  ex- 
cess of  water  5  such  equivs.,  making  alto- 
gether 13  equivs.,  which  is  the  same  as  that 
produced  by  S03  with  an  excess  of  water. 

In  like  manner,  oil  of  vitriol,  HO,  S03, 
evolves  an  equal  amount  of  heat  by  combin- 
ing with  dilute  solutions  in  excess  of  potassa, 
soda  or  atnmonia,  about  24000  units  of  heat. 
Muriatic  acid,  spec.  grav.  1-125  =  8  HO,  HC1, 
evolves  about  14500  with  those  alkalies; 
8  HO,  N05  gives  16000.  Lime,  although 
slacked  and  diluted  with  water,  gives  more 
units  of  heat  than  the  alkalies,  which  Hess 
attributes  to  its  salts  containing  crystal-water 
even  in  solution. 

Evolution  of  heat  also  takes  place  by  com- 
pression, as  by  condensing  a  gas,  by  hammer- 
ing or  boring  iron.  When  a  liquid  enters  a 
porous  inorganic  body  without  chemical  union, 
the  rise  of  temperature  is  from  0-36°  to  0-9°, 
when  into  organic  bodies,  probably  from  their 
greater  porosity,  it  rises  from  1-8°  to  18°. 
HEAVY  SPAR.     Min.     Syn.    Sulphate  of 


7770  =  5 

Barytes,  Bolognian  Spar,  Cawk,  Liiheospore, 
Baroselenite.  Ger.  Schwerspath,Stangenspath, 
Hepatit.  Fr.  Barytine.  Cryst.  Right  Rhom- 
bic, presenting  a  great  variety  of  combinations 
of  vertical  and  horizontal  prisms  with  the  end 
planes.  Cleavage  perfect,  parallel  to  main 
end  plane  and  vertical  prism.  It  also  occurs 
fibrous,  columnar,  foliated,  granular  and 
earthy.  H.  =  2-5  — 3-5.  G.  =  4-3  — 4-7.  Coloi 
white,  often  tinted;  vitreous;  transparent, 
opake;  generally  translucent. 

Chem.  Rel.  Decrepitates  by  heating;  fuses 
with  difficulty,  or  rounds  on  its  edges,  and 
partially  forms  a  sulphuret  in  the  reducing 
flame.  It  is  not  decomposed  by  acids.  When 
pure,  it  is  simply  sulphate  of  baryta  with  the 
formula  BaO,  S03. 

Local.  It  is  frequently  associated  with  ores, 
and  forms  considerable  masses  in  secondary 
rocks.  Its  localities  are  very  numerous  in 
Europe  and  the  U.  S.  The  lead  mines  of  the 
West  afford  large  quantities.  Those  in  Mis- 
souri, below  St.  Louis,  supply  the  market  in 
part.  When  of  a  white  color,  it  is  ground 
finely  and  mixed  with  white  lead,  often  to  the 
extent  of  equal  weights.  When  colored  slight 
ly  by  iron,  sulphuric  acid  is  used  to  cleanse  i 

HEDENBERGITE.     See  Audit*. 
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HEDYPHANE. 

•  HEDYPHANE.  Min.  Amorphous,  and  in 
(8-sided  prisms.  H.  =  3-5  —  4.  G.  =  5-46  — 
5-49.  Color  and  streak  white ;  lustre  adaman- 
tine or  subresinous;  translucent.  It  fuses, 
giving  arsenical  fumes,  and  when  arsenic  pre- 
dominates over  phosphoric  acid,  it  remains  as 
a  fused  crystalline  globule.  Hedyphane  is 
one  of  the  mixed  arsenio-phosphates  of  lead. 
For  the  formula,  see  Arsenic-phosphates.  It 
occurs  at  Litngbanshyttan,  Sweden. 

HELIOTROPE.     See  Quartz. 

HELLEBORE,  WHITE.  The  poisonous 
root  of  the  Veralrum  album.  Its  composition 
is  fatty,  yellow  coloring,  and  ligneous  matters, 
gallic  acid,  starch,  gum,  phosphate  of  lime, 
carbonates  of  lime  and  potassa,  cevadicQ)  acid, 
VEHiTRiN,  barytin,  and  jervin. 

Cevadic  Acid.  Volatile,  and  extracted  by 
warm  ether,  together  with  the  fixed  matter 
from  which  it  is  separable  by  saponification 
with  potassa  and  the  action  of  baryta.  By 
sublimation,  it  forms  white  pearly  needles, 
fusible  at  68°,  and  soluble  in  water,  ether,  and 
alcohol.  Is  found  also  in  the  seed  of  the  Vera- 
trum  sabadilla. 

Barytin.  A  new  alkaloid,  precipitable  from 
its  acetic  or  phosphoric  solution  by  sulphuric 
acid,  or  the  sulphates.     Simon. 

Jervin.  Formula  C60H45N2O5,  (Will).  A 
crystalline  fusible  powder,  insoluble  in  water, 
but  soluble  in  alcohol,  and  forming  salts  with 
the  acids  of  which  the  sulphate,  nitrate,  and 
hydrochlorate  are  very  sparingly  soluble. 

HELLENIN.     See  Elecampane. 

HELVIN.  Min.  Crvst.  Regular,  PI.  VIII., 
fig.  12,  both  right  and  left.  H.  =  6  — 6-5. 
G.  =  3-1  —  3-3.  Wax-yellow,  siskin-green; 
vitreous;  subtranslucent;  fracture  uneven,  and 
streak  white.  Fuses  with  effervescence  in  the 
interior  flame  to  an  opake  yellow  bead,  gives 
manganese  reaction  with  borax;  fuses  with 
soda  to  a  blackish  hepar.  Decomposed  by 
muriatic  acid,  with  evolution  of  sulphuretted 
hydrogen,  and  leaving  gelatinous  silica.  Ber- 
zdiu.s'  formula  is  3(MnS,  MnO) -f  3  MnO, 
2SiO,,-f  2(G203,  Si03  +  Fe203,  Si03);  but, 
according  to  Awdejew's  new  determination  of 
glucina,  the  formula  is  MnO,  MnS  -f  3  (2  RO, 
Si03),  in  which  RO  =  MnO,  FeO,  GO.  It  is 
a  mineral  of  most  singular  composition.  It 
occurs  at  Schwarzenberg,  Saxony,  and  Modum, 
Norway. 

HEMATITE.  See  Brown  Hematite,  and 
Specular  Iron. 

HEMATOSIN.  Exists  along  with  globulin 
in  the  clots  or  globules  of  blood.  As  usually 
obtained  in  its  coagulated  form,  it  is  dark- 
brown,  insoluble  in  water,  alcohol,  and  ether, 
but  with  alkaline  or  acidified  alcohol  forms 
red  solutions.  Its  compounds  with  the  mine- 
rable  acids  are  insoluble  in  water,  but  soluble 
in  alcohol.  Mulder's  formula  is  C44H22N306, 
and  1  eq.  of  iron  when  ferriferous,  for  its  co- 
lor is  not  due  to  this  metal,  which  is  present 
integrally,  and  not  as  an  oxide.  Though  hav- 
ing many  properties  analogous  to  those  of 
albumen  there  is  no  connection  with  either  it 
or  protein.     Its  per  centage  of  iron  is  6-64. 

HEM1DESMUS  INDICUS.  The  Ununtamul 
of  the  Bengalese.  The  root  of  this  plant  is 
successfully  used  on  the  coast  of  Madras  and 
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in  England  as  a  Substitute  for  sarsaparilla.  It 
is  long  and  slender,  with  few  ramifications, 
covered  with  rust-colored,  fragrant  bark.  For 
further  description,  see  Chi  in.  Oaz.  i.  379. 

HEMIPINIC  ACID.     See  Nuu  „, ,  n. 

HEMLOCK.  See  Conium  Maculatu.h.  M. 
Meyer  proposes  tannic  acid  as  an  antidote  for 
the  poisonous  effects  of  this  vegetable.  The 
dose  is  given  after  the  evacuation  of  the  sto- 
mach by  an  emetic,  and  is  to  be  assisted  bv 
cold  applications  to  the  head,  and  friction  of 
the  cold  extremities  of  the  patient.  Chun.  Gaz. 
vol.  ii.,  p.  109. 

HEMP.  The  plant  Cannabis  sativtt.  By 
distillation,  yields  a.  volatile  oil.  The  resin  of 
hemp  (Cannubiii)  is  bitter,  but  fragrant,  and 
soluble  in  alcohol  and  ether.  The  Chumu  of 
the  Asiatics  is  the  concreted  resinous  exuda- 
tion from  the  leaves,  stems,  and  flowers  of  the 
Cannabis  Indica.  The  momeca  is  a  better  qua- 
lity of  churrus.  The  gun j ah  is  the  dried  flow- 
ered plant  itself,  and  the  bang,  subjte,  or  sidhee, 
the  larger  dried  leaves  and  capsules,  without 
the  stalks. 

The  Hadschy  of  the  Turks  is  prepared  from 
the  C.  sativa.  (Chem.  Gaz.  ii.  218.)  The  dif- 
ference between  the  two  species  is  not  essen- 
tial. (Pereira.)  The  seeds  of  the  latter,  as 
analyzed  by  Bucholz,  contain 

Fat  oil 19-1 

Albumen 24-7 

Brown  gum 9-0 

Bitter  extract,  with  sugar 1-6 

Hard  resin 1-6 

Fibre,  hulls,  &c 43-3 
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Oil.  Is  greenish  yellow,  when  first  express- 
ed, but  loses  its  green  tint  after  a  time.  Con- 
geals at  16-6,  is  soluble  in  hot  alcohol,  but 
when  cold  this  solvent  takes  up  but  one-thir- 
tieth of  its  weight.  It  is  used  for  making  soft 
soaps,  in  painting,  and  illumination,  but  for 
this  latter  purpose,  its  siccative  tendency  must 
be  nullified  by  the  addition  of  12  pr.  ct.  of 
butter.  The  alcoholic  or  resinous  extract  of 
(Cannabis)  Indian  hemp  is  the  inspissated 
tincture  of  the  adhesive  tops  of  the  i 
Majoon  is  a  confection  of  hemp  used  in  India 
and  Turkey  for  the  purpose  of  intoxication. 
•  HEPATITE.     See  Heavy  Spar. 

HERDERITE.  Mm.  Allogonite.  Right 
Rhombic.  H.  =  5.  G.  =  2-985.  Yellowish 
and  greenish  white;  vitreous;  translucent; 
very  brittle,  with  small  conchoidal  fracture. 
Not  analyzed. 

HERRERITE.  Min.  Cryst.  probably  Hex- 
agonal. H.  =  4  —  5.  G.  =  4.3.  Emerald 
green;  vitreous,  shining;  translucent;  streak 
yellowish  gray.  Contains  tellurium,  nickel, 
and  carbonic  acid,  but  requires  farther  inves- 
tigation.    It  occurs  at  Albarradon,  Mexico. 

HERSCHELITE.  Mm.  Cryst.  Hexagonal, 
cleavage  parallel  to  terminal  plane.  H.  =  4-5. 
G.  =  2-11.     White;  translucent,  opake. 

HETEROZITE.  Min.  Heteposite.  Ob- 
lique Rhombic.  H.  =  6.  G.  =  3-5.  Greenish 
or  bluish ;  resinous.  By  exposure  becomes 
violet  and  submetallic.  Fuses  to  a  dark- 
brown  enamel.     Soluble  in  acids.     Formula 


HEULANDITE. 

2  (5  FeO,  2  PO.)  -f  5  MnO,  2  P05  -f  5  HO. 

Local.     Thoreaux,  Haute  Vienne,  France. 

HEULANDITE.  Mm.  Syn.  Stilbite  (in 
part).  Foliated  Zeolite,  Euzeolite,  Lincolnile, 
Beaumontite.  Ger.  Blattriger  Stilbit,  Blat- 
terzeolit.  •  Cryst.     Oblique   Rhombic,  with  a 

very  perfect  pearly  cleavage.     H.  =  3-5 4. 

G.  =  2-2.  White,  red,  gray,  brown;  vitreous, 
and  pearly  on  cleavage;  transparent,  sub- 
translucent;  brittle,  with  uneven,  subcon- 
choidal  fracture.  Acts  like  zeolites,  yielding 
water,  intumescing  and  fusing;  dissolves  in 
muriatic  acid  without  gelatinizing.     Formula 

3  (CaO,  Si03)+  4  (A1203,  3  Si03)  +  18  or  21 
HO.  Local.  In  Trappean  rocks,  associated 
with  other  zeolites. 

HIPPURIC  ACID.  Chen,.  It  occurs  in  the 
urine  of  graminivorous  animals,  and  may  be 
obtained  by  evaporating  the  fresh  urine  of  the 
horse  or  cow,  at  a  gentle  heat  below  boiling, 
and  when  concentrated,  adding  muriatic  acid, 
until  there  is  an  acid  reaction,  when  hippuric 
acid  crystallizes  out  by  standing.  It  is  also 
prepared  by  adding  a  little  milk  of  lime  to  the 
urine,  removing  the  excess  of  lime,  boiling 
down  rapidly  to  f  its  bulk,  and  adding  muriatic 
acid;  the  crystals  are  purified  by  solution  in 
lime,  and  reprecipitation  by  acid.  (Gregory.) 
It  may  be  similarly  prepared  from  the  urine 
of  man,  when  a  dose  of  benzoic  acid  has  been 
previously  administered.  It  is  decolorized  by 
chlorine  and  recrystallized.  It  appears  as  long 
needles,  of  a  feeble,  bitterish  taste,  fusing  to 
an  oily  liquid,  and  congealing  to  a  crystalline 
mass  on  cooling;  soluble  in  water,  alcohol, 
and  slightly  in  ether. 

Dessaignes  proved  that  by  continued  boiling 
with  muriatic  acid,  it  is  resolved  into  benzoic 
acid  and  chloro-hydrate  of  glycocoll,  which 
shows  that  hippuric  acid  is  the  benzoic,  paired 
with  sugar  of  gelatin  (glycocoll).  Nitric,  sul- 
phuric, and  oxalic  acids,  and  potassa  effect  a 
similar  metamorphosis  of  hippuric  acid. 

Form.  ClgH9N06.  If  from  this  benzoic 
acid  C14HS    Q3  be   subtracted,   sugar  of 

gelatin  04  H4N03  remains  in  its  anhydrous 
state.  The  rational  formula  of  the  acid  is 
therefore  CuH503  -f-  C4H4N03.  This  paired 
acid  forms  a  series  of  salts  with  bases,  those 
of  the  metals  proper  being  difficultly  soluble 
in  cold,  more  soluble  in  hot  water,  and  crys- 
tallizable  from  the  solution. 

HIRCIN.  Exists  in  the  fat  of  the  goat,  with 
olein  as  the  liquid  portion,  and  probably  also 
in  the  leaves  of  Hypericum  hircinum,  which  have 
a  similar  strong  odor.  It  is  more  soluble  than 
olein  in  alcohol.  By  saponification  hircic  acid 
is  eliminated,  and  can  be  separated  as  are  the 
volatile  acids  of  butter. 

Hircic.  Acid.  Is  a  volatile  liquid,  lighter 
than  water,  and  slightly  soluble  therein.  It 
remains  fluid  at  0°,  and  form  salts  with  the 
bases,  of  which  the  hircates  of  potassa  and 
baryta  are  soluble  in  water.  Its  formula  has 
not  yet  been  determined. 

HISINGERITE.  Mm.  Thraulite.  Crys- 
talline, with  one  cleavage.  Soft.  G.  =  3-045. 
Black,  opake,  sectile,  cross  fracture  earthy; 
streak  greenish  gray  or  brownish  yellow. 
Gives  water  in  a  tube;  becomes  magnetic  on 
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charcoal,  giving  the  reactions  of  silica  and 
iron.  Decomposed  by  acids.  Form.  FeO, 
S,03+Fe203,  Si03+6HO.  Local.  Riddar- 
hyttan,  Bodenmais. 

HOC-ANITE.     See  Mesottpk. 
HOLLOW  SPAR.     See  Chiastolite. 
HOLMSITE.     See  Clintonite. 
HOMBERG'S    PHOSPHORUS.      A    ptro- 
phorus  made  by  mixing  over  the  fire  a  mixture 
of  equal  weights  of  alum  and  brown  sugar. 

HONEY.  Syn.  Lat.  Mel.  Fr.  Miel.  Ger. 
Honig.  The  saccharine  secretion  collected 
by  the  hive  bee  (Jpis  mellifica)  from  the  nec- 
tariferous glands  of  flowers.  The  delightful 
flavor  of  Narbonne  honey  is  due  to  the  labiate 
flowers  on  which  the  animal  feeds,  for  both 
the  odor  and  taste  of  honey  varies  accord- 
ing to  the  age  of  the  bees,  and  the  nature  of 
their  food.  It  is  deposited  in  combs  composed 
of  wax;  and  when  separated  therefrom  by  pres- 
sure, consists  of  odorous,  coloring,  gummy, 
and  waxy  matters,  a  crystallizable  sugar  analo- 
gous to  grape  sugar,  and  another  uncrystal- 
lizable,  and  similar  to  the  brown  syrup  of  su- 
gar cane.  In  addition  to  these,  Guibourt  found 
mannite. 

To  prevent  its  liability  to  fermentation,  and 
render  it  fit  for  use,  the  crude  honey  requires 
to  be  purified  of  certain  impurities  with  which 
it  is  always  mixed.     It  is  then  termed 

Mel  despumatum.  Vogel's  method  of  purifi- 
cation is  to  beat  5  lb.  with  the  white  of  one 
egg  until  it  froths,  and  then  add  water  enough 
to  give  it  a  syrupy  consistence.  It  is  then 
mixed  and  boiled  until  the  albumen  can  be 
removed  with  the  froth.  It  is  then  poured  in 
an  upright  vessel,  which  carries  a  cock  two 
or  three  inches  from  its  bottom.  Being  cover- 
ed and  set  aside  for  several  weeks,  the  impu- 
rities subside,  and  the  clear  honey  can  then 
be  racked  off  through  the  cock. 

HONEYSTONE.  Mm.  Mellite,  Mellilite, 
Mellate  of  Alumina;  Honigstein.  Cryst.  Qua- 
dratic. H.  =  2  —  2-5.  G.=  1-55  —  1-597. 
Honey-yellow,  reddish,  brownish;  resinous; 
transparent,  translucent;  sectile,  with  conohoi- 
dal  fracture,  and  white  streak.  Yields  water 
in  a  tube;  chars  by  ignition,  burns  white  on 
coal,  and  then  acts  like  alumina.  Form. 
A1203,  3M-f  15  HO.  Decomposed  by  acids, 
caustic  alkali,  and  boiling  water.  Local.  As- 
tern in  Thuringen,  in  brown  coal.  See  Mel- 
lttic  Acid. 

HOPEITE.  Min.  Zinkphyllit.  Right  Rhom- 
bic, cleavage  perfectly  parallel  with  an  end- 
plane.  H.  =  2-5  —  3.  G.  =  2-76.  Grayish 
white  and  brownish;  vitreous,  subpearly  on 
cleavage;  transparent,  translucent,  with  dou- 
ble refraction ;  sectile,  with  white  streak. 
Yields  water  in  a  tube ;  and  fuses  to  a  cleat 
colorless  bead,  tinging  the  flame  green;  with 
soda  gives  fumes  of  zinc.  Supposed  to 
contain  phosphoric  acid,  zinc,  cadmium,  and 
water. 

Loral.     Zinc  mines  of  Aix  la  Chapelle. 
HOPS.    The  aggregate  fruits  or  strabiles 
of    the    Humulus   Lupulus.     They    consist   of 
scales,  nuts,  and  lupulinic  glands. 

Chevalier    and    Payen's    analysis    of    the 
scales  gave  astringent  and  inert  coloring  mat- 
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ters,  chlorophylle,  gum,  lignin,  ammonia,  pot- 
ash, and  lime  salts  as  their  composition. 
The  lupulinic  grains  consist  of 

Volatile  oil 2-00 

Lupulin 10.30 

Resin 55-00 

Lignin 32-00 

Fatty,  astringent,  and  gummy  matters,} 
osmazome,  malic  acid,  earthy,  and  C  traces 
alkaline  salts j 

Volatile  Oil.  Yellowish,  acrid,  soluble  in 
alcohol,  ether,  and  water.  Spec.  grav.  0-910. 
Obtained  by  distilling  the  lupulinic  grains  with 
water.  It  is  fluid,  but  by  keeping  resinifies, 
and,  from  its  property  of  blackening  silver  ves- 
sels, is  supposed  to  contain  sulphur.  One 
cwt.  yields  3  ounces. 

Resin.  Probably  the  oxidized  oil.  Is  golden- 
yellow,  but  darkens  on  exposure.  Soluble  in 
alcohol  and  ether. 

Lvpulin.  Syn.  Lupulite.  The  bitter  prin- 
ciple of  hops.  Yellowish  white,  bitter,  un- 
crystallizable,  neutral,  soluble  in  alcohol,  less 
so  in  ether,  and  in  20  pts.  of  water.  Decom- 
posable by  heat,  without  the  production  of  am- 
monia. It  is  extracted  by  the  addition  of  wa- 
ter to  an  inspissated  alcoholic  tincture  of  the 
pollen  of  the  flowers,  and  neutralizing  the 
liquid  separated  from  the  precipitated  resin  by 
lime,  which  removes  the  tannin  and  malic 
acid.  The  evaporated  filtered  solution,  by 
treatment  with  ether  yields  lupulin.  By  fur- 
ther solution  in  alcohol,  it  may  be  obtained  in 
crystals. 

According  to  Redtenbacher,  lupulin,  the  as- 
tringent substance,  and  the  aromatic  oil,  are 
the  only  constituents  of  the  hop  which  enter 
into  the  composition  of  Beek.  In  brewing, 
therefore,  it  would  be  a  great  economy  to  use 
the  aqueous  extract,  and  add  the  oil  when  the 
beer  is  filled  into  the  fermenting  vats.  See 
PolyUch.  Central  Blatt.  1843,  No.  13. 

HORDEIN.     See  Bah  let. 

HORNBLENDE.  Min.  Syn.  Tremolite, 
Calamite,  Actinolite,  Pargasite,  Smaragdite, 
Asbestus  (in  part),  Amianthus,  Amianthoid, 
Lotalite,  Amphibole.  Ger.  Actinot,  Strahl- 
stein,  Gramatit,  Byssolith.  Descrip.  Cryst. 
Oblique  Rhombic,  presenting  a  great  variety 
of  combinations  similar  to  those  of  augite  and 
felspar,  PI.  IX.,  figs.  34,  35,  36,  with  a  perfect 
lateral  cleavage.  It  also  occurs  fibrous  (as- 
bestus, tremolite),  columnar,  granular. 

H.==5  — 6.  G.  =  2-9  — 3-4,  according  to 
its  content  of  iron.  Color  black,  and  greenish 
black,  (hornblende,  arfwedsonite,)  green,  (ac- 
tinolite, smaragdite,  pargasite,  &c.,)  white, 
(tremolite,  grammatite.)  The  prevailing  color 
is  green,  with  a  white,  grayish,  or  brown 
streak.  Lustre  generally  vitreous.  Rarely 
transparent,  usually  subtranslucent,  opake. 
Brittle,  with  uneven,  subconchoidal  fracture. 

Chem.  Rel.  Their  behavior  varies.  They 
are  all  fusible,  generally  intumescing,  to  a 
gray,  greenish,  or  black  glass.  Partially  at- 
tacked by  acids.  It  is  closely  allied  in  the 
number  and  nature  of  ingredients  to  augite. 
The  general  formula  is  RO,  Si03+ 3  RO, 
2Si03;  in  which  RO  is  magnesia,  lime,  pro- 
toxides of  iron  and  manganese.  In  some 
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hornblendes  the  quantity  of  alumina  is  very 
large,  amounting  to  15  pr.  el.,  and  it  seems  to 
increase  in  proportion  as  the  silex  diminishes, 
so  that  it  is  impracticable  to  give  a  general 
formula  for  hornblende,  unless  we  assume 
with  V.  Bonsdorf,  that  3  eq.  alumina  may  re- 
place 2  eq.  silica.  A.  Those  free  from  alu- 
mina. 1.  CaO,Si034-  3MgO,  2SiO„,  as  trem- 
olite, grammatite,  actinolite.  2.  FeO,  SiO  4- 
3  MgO,  2  Si03,  antophyllite.  3.  NaO,  Si03-f 
3  FeO,  2  Si03,  arfwedsonite,  aigirin.  B.  alumi- 
nous. Rammelsberg  gives  a  scries  of  bi-  and 
tri-silicates,  which  require  close  research  in 
order  to  throw  light  upon  the  hornblende  and 
augite  series. 

RO,  Si03  e=  talc  and  trisi- 

licateof  lime. 
3  (RO,  Si03)4-  3  RO,  2  Si03  =  babingtonite. 
3  (RO,  Si03)4-2  (3  RO,  2Si03) 

RO,Si03  -[-      3RO,  2Si03  =  hornblende. 
3RO,2Si03  =  augite. 

Local.  The  localities  are  very  numerous. 
It  occurs  in  large  veins,  or  spangling  primary 
rocks  like  mica  (hornblende  slates, gneiss,  &c), 
and  is  a  necessary  constituent  of  syenite  and 
greenstone.  Actinolite  occurs  frequently  in 
talcose  rocks,  and  tremolite  in  granular  lime- 
stone. Asbestus  is  found  in  serpentine  and 
other  primary  rocks.  Some  of  the  finer  trans- 
lucent green  varieties  have  been  employed  as 
gems.  Those  rich  in  iron  have  been  added  as 
flux  to  iron  ores  and  to  glass  mixture  to  make 
bottle  glass. 

HORN  MERCURY.  Min.  Native  Calomel. 
Quecksilberhornerz.  Cryst.  Quadratic;  also 
granular.  H.=  l— 2.  G.=  6-482.  Yellow- 
ish and  grayish  white;  adamantine;  translu- 
cent, subtranslucent;  sectile,  with  conchoidal 
fracture  and  white  streak.  Volatile  on  char- 
coal ;  sublimes  in  a  tube  without  fusion  as  a 
white  mass,  and  heated  with  soda  as  metallic 
mercury.  Form.  Hg2Cl.  It  is  of  rare  occur- 
rence in  quicksilver  mines. 

HORN  SILVER.  Mm.  Syn.  Muriate  or 
Chloride  of  Silver;  Hornerz,  Hornsilber. 
Cryst.  Regular.  PI.  VIII.,  figs.  1,  2,  3,  8,  9. 
Usually  massive,  and  often  imitative.  H.  =  1 
—  1-5.  G.  =  5-552.  Pearl-gray,  blue-gray, 
and  green,  becoming  brown  by  exposure  to 
light;  resinous,  subadamantine;  translucent, 
nearly  opake;  sectile,  with  conchoidal  frac- 
ture, and  shining  streak.  Fusible,  with  intu- 
mescence, to  a  gray,  brown,  or  black  bead, 
which  may  be  gradually  reduced  to  silver. 
Form.  AgCl.  It  is  common  in  silver  mines, 
and  is  the  most  abundant  silver  ore  in  Chili. 

HORNSTONE.     See  Quartz. 

HORNY  MATTER.  Is  that  product  of  the 
animal  organism  not  subject  to  re-absorption. 

Membranous  horny  matter  constitutes  the 
epidermis,  and  also  the  epithelium  in  its  dif- 
ferent modes  of  formation.  When  dried  at 
212°  and  burned,  it  leaves  1  pr.  ct.  of  earthy 
ashes. 

Compact  horny  matter  embraces  hair,  hoofs, 
nails,  wool,  and  silk.  Both  the  membranous 
and  compact  contain  sulphur,  together  with 
carbon,  hydrogen,  nitrogen,  and  oxygen.  Each 
of  the  above  substances,  on  being  burned,  give 
more  or  less  of  earthy  ashes.    To  exhibit  the 
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relation  of  this  class  of  substances  to  protein, 
Scheerer  gives  C48H39N7017=  Pr-f-  NH34- 
3  0,  as  the  empirical  formula  of  compact  horny 
matter.  The  solution  of  hair  or  horny  sub- 
stances in  caustic  potassa  is  attended  with  an 
evolution  of  ammonia  and  the  formation  of 
some  acetic  acid.  A  further  quantity  of  ace- 
tic acid  neutralizes  the  solution,  disengages 
sulphuretted  hydrogen,  and  precipitates  pro- 
tein. (Von  Laer.)  From  the  supernatant 
liquid,  binoxide  of  protein  is  separable  by  re- 
newed application  of  acetic  acid. 

Feathers  are  also  embraced  under  this  head, 
but,  according  to  Scherer,  they  contain  one  eq. 
less  of  oxygen. 

HORSERADISH.     See  Cochlearia. 

HUDSONITE.     See  Augite. 

HUMBOLDTILITE.  Min.  Mellilite,  Sar- 
colite.  (Jryst.  Quadratic,  the  prism.  H.  =  5. 
G.  =  2-9  —  3-1.  Brown,  yellow;  vitreous; 
translucent;  fracture  conchoidal,  uneven. 
Fuses  with  difficulty  without  becoming  opake. 
Decomposed  by  acids,  silica  gelatinizing. 
Form.  2  (3  RO,'Si03)4-R203,  Si03;  in  which 
KO  =  CaO,  with  MgO,  NaO,  KO.  R203  is 
A1„03,  Fe203.     Local.  Vesuvius. 

HUMBOLDTIN.  Min.  Humboldtite,  Ox- 
alite,  Eisenresin.  Earthy;  soft.  G.  =  2-13 
—  2489;  yellow,  dull.  Blackens  in  lamp 
flame,  and  becomes  magnetic ;  on  coal  it  be- 
comes black,  then  red.  Decomposed  by  acids 
and  alkali.  Form.  2  (FeO,  C203)  +  3  HO. 
Loral.  Koloseruk,  Bohemia. 

HUMITE.  Min.  Right  Rhombic,  in  minute 
and  highly  modified  crystals.  H.  =  6-5  —  7. 
G.  =  3-1  —  3-2.  Yellow,  vitreous,  transparent, 
translucent;  streak  white;  fracture  subcon- 
choidal.  It  is  not  unlikely  that  this  species 
and  chondrodite  are  identical.  Local.  Monte 
Somcna. 

HUMUS,  y     0      A, 

HUMI0ACID.5     SeeMoULD- 

HURAULITE.  Min.  Cryst.  Oblique  Rhom- 
bic. H.  =  3  4-  .  G.  =  2-27.  Reddish  yellow, 
vitreous,  transparent.  Easily  fusible  to  a 
black  bead,  with  metallic  lustre;  yields  water 
in  a  tube.  Form.  3  (5  MnO,  2  P05)  4-  5  FeO, 
P054-30HO.     Local.     Limoges,  France. 

HURONITE.  Min.  Imperfectly  crystal- 
lized. H.  =  3-25.  G.  =  2-86.  Light  yellow- 
ish green  ;  pearly  to  greasy;  translucent ;  gray 
streak.  Heated,  it  becomes  gray-white,  and  is 
infusible.  Not  decomposed  by  acids.  Form. 
3  RO,  2  Si03  -I-  4  ( A1203,  Si03)  -f  3  HO.  Local. 
Lake  Huron. 

HYACINTH.     See  Zircon. 

HYALITE.  See  Opal.  The  name  is  also 
given  to  black  Glass. 

HYALOMICT.  Geol.  A  friable  granular 
quartzose  rock,  containing  very  little  mica. 

HYALOSIDERITE.     See  Chrysolite. 

HYDRACIDS.  Chem.  Those  consisting  in 
the  dry  state  of  hydrogen  and  another  element, 
or  simple  radical,  such  chlorohydric  (muria- 
tic) acid,  HC1;  fluohydric,  HF;  cyanohydric 
(prussic),  HCy  =  H,  NC2.  According  to  one 
theory,  sulphuric  and  other  acids  may  be  re- 
garded as  hydracids,  thus  oil  of  vitriol,  HO, 
S03  =  H,  S04,  in  which  S04  is  the  radical. 

HYDRARGILLITE.  Min.  Hexagonal,  with 
perfect  cleavage.     H.  =  2-5  —  3.     Light  red- 


dish white,  translucent;  cleavage  pearly.  It 
yields  water  in  a  tube;  gives  a  brilliant  light, 
is  infusible,  and  gives  a  brilliant  blue  with 
cobalt  solution.  It  appears  to  be  a  simple 
hydrate  of  alumina.  From  Slatoust  in  Ural. 
See  Gibbsite. 

HYDRARGO-CHLORIDES.  A  family  of 
haloid  compounds,  in  which  the  acid  is  bi- 
chloride of  mercury  ;  for  example,  the  hydrar- 
go-chloride  of  potassium. 

HYDRARSINE.     See  Kakoiiile. 

HYDRATE.  Chem.  A  compound  of  water 
with  a  metallic  oxide  or  an  acid,  as  hydrate 
of  potassa  (caustic  potash),  KO,  HO.  See 
Hydrogen. 

HYDRIODIC  ACID.     See  Iodine. 

HYDRO-.  A  prefix  employed  in  mineralogy 
to  signify  water  as  a  constituent  of  the  mineral, 
as  Hydroboracite  ;  and  in  chemistry  to  de- 
note a  compound  of  hydrogen,  as  Hydro- 
carbon. 

HYDROBENZAMIDE.  See  Benzyl,  p.  314. 

HYDROBORACITE.  Min.  Resembles 
fibrous  and  foliated  gypsum.  Gives  water  in 
a  tube,  and  fuses  easily  to  a  clear  glass.  It  is 
slightly  soluble  in  water,  with  alkaline  reac- 
tion; very  soluble  in  hot  nitric  and  muriatic 
acids,  from  which,  on  cooling,  boracic  acid 
separates.  Form.  3  CaO,  4  B03  4-  3  MgO. 
4B034-18HO.  Local.  Caucasus  mountains. 
See  Bohocalcite. 

HYDROBOROCALCTTE.      See   Borocal- 

CITE. 

HYDROBROMIC  ACID.     See  Bromine. 

HYDROCARBON.     See  Hydrogen. 

HYDROCARBURETS.  Compounds  of  car- 
bon and  hydrogen,  of  which  the  illuminating 
gas  is  the  most  familiar. 

HYDROCHLORATES.  Syn.  Muriates. 
Compounds  of  hydrochloric  acid  with  bases. 

HYDROCHLORIC  ACID.     See  Chlorine. 

HYDROCYANIC  ACID.  }  Q      n 

HYDROCYANATES.       $       *  *-rAJf0(5E^- 

HYDROFERRID-CYANIC  ACID,   i      Q 

HYDRO-FERRIDCYANATES.  5  feee 
Cyanogen. 

HYDROFLUORIC  ACID.     See  Fluorine. 

HYDROGEN.  Chem.  Syn.  Inflammable 
gas.  Ger.  Wasserstofi'.  Discovered  after  the 
middle  of  the  last  century,  and  termed  inflam- 
mable air.  Cavendish  and  Watt  proved  that 
in  its  combustion  it  united  with  oxygen  and 
produced  water,  the  exact  composition  of 
which  by  volume  was  proved  by  Humboldt 
and  Gay-Lussac. 

Prep.  1.  Dilute  3  pts.  oil  of  vitriol  with  24 
pts.  water,  and  dissolve  in  it  2  pts.  zinc,  or  2h 
pts.  iron,  in  Apparatus,  fig.  23,  p.  174,  Analy- 
sis. HO,  S03  -f  M  =  MO,  S03  +  HO,  in 
which  M  represents  the  metal.  2.  Dissolve 
either  of  these  metals  in  chlorohydric  acid,  di- 
luted with  2  pts.  water.  HC1  -f  M  =  MCI  -f  H. 
3.  Pass  steam  through  a  white  hot  tube,  con- 
taining iron  wire,  turnings,  &c.  3  Fe  4-  4  HO 
=  Fe3044-H4.  4.  Thrust  potassium  under 
an  inverted  glass  filled  with  water.  The  hy- 
drogen rises  in  the  glass,  and  potassa  is  dis- 
solved.    H0  4-K  =  K0  4-H. 

The  first  is  the  usual  way  of  preparing  hy- 
drogen.  When  made  from  commercial  zinc 
and  common  acid,  the  gas  may  contain  sul- 
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phuretted,  phosphuretled,  and  arseniuretted 
hydrogen,  sulphurous  acid,  and  nitric  and  ni- 
trous oxides.  The  last  3  arise  from  the  acid, 
the  first  2  from  the  metal,  and  both  acid  and 
metal  may  contain  arsenic.  Iron  yields  be- 
sides these  impurities  a  carburetted  hydrogen 
from  its  carbon,  and  ferruretted  hydrogen. 

Prop.  Colorless  gas,  inodorous  and  taste- 
less, when  pure,  ordinarily  with  an  odor  from 
impurities;  spec.  grav.  69-3,  14$  times  lighter 
than  the  air;  refractive  power  =  0-47  (air=  1). 
Very  combustible,  but  does  not  support  com- 
bustion;  uniting  with  oxygen  to  form  water. 
It  destroys  life  rather  by  excluding  oxygen 
than  by  its  own  injurious  effects.  It  unites 
readily  with  oxygen  by  fire,  electricity,  a  pla- 
tinum surface,  and  sudden  compression  evolv- 
ing light  and  heat;  with  chlorine  by  the  same, 
and  in  sun-light.  It  forms  A  part  of  water, 
and  is  a  constituent  of  all  organic  bodies;  it 
is  therefore  one  of  the  abundant  elements. 
Sym.  H  =  1,  the  unit  of  comparison  on  the 
hydrogen  scale.     H  =  12-5  when  O  =  100. 

Uses.  From  its  levity  it  is  employed  to  in- 
flate balloons.  It  is  a  powerful  reducing  agent 
in  the  hands  of  the  chemist.  Burned  together 
with  oxygen,  it  constitutes  the  Hydrogen 
Blowpipi:.  A  jet  of  hydrogen  thrown  on  pla- 
tinum sponge  in  the  air  is  readily  ignited; 
Dbbereiner's  Hydrogen  lamp. 

Compounds.  I.  With  oxygen  or  water.  Formed 
by  burning  hydrogen  in  the  air  or  in  oxygen. 
Obtained  pure  by  distilling  rain,  river,  or  spring 
water  in  a  copper  still  with  tin  head  and  worm. 
A  glass  retort  yields  alkaline  salts.  Air  may 
be  removed  by  simple  boiling. 

Prop.  Water  is  a  colorless,  transparent, 
tasteless,  inodorous  liquid,  when  pure,  spec, 
grav.  =  1-00,  being  the  unit  of  comparison  for 
all  liquids  and  solids.  A  cubic  centimeter 
weighs  1  gramme  at  39-2°  F. ;  1  cub.  inch  at 
60°  and  30  Bar.  weighs  252-506  grains,  (Schuck- 
burgli) ;  it  is  815  times  heavier  than  atmospheric 
air.  It  is  scarcely  compressible  by  mechani- 
cal force;  0-000045  for  1  atmosphere,  and  in 
direct  proportion  to  the  force  up  to  70  atmo- 
spheres. (Oerstcdt.)  Its  greatest  density  is  at 
39°  to  39-2°  Fahr.  =  4°  Cent.  When  cooled 
below  39°  it  expands  to  32°  and  below;  heated 
above  39°  it  likewise  expands.  Cooled  to  32° 
and  agitated,  it  congeals  to  ice,  which  crystal- 
lizes in  the  hexagonal  system,  and  has  a  spec, 
grav.  =  0-927  —  0-95.  When  heated  to  212° 
it  rises  in  vapor  by  boiling.  See  Ebullition, 
Evaporation,  Vapoh. 

Water  absorbs  gases  in  very  different  pro- 
portions. See  Absorption.  It  is  the  most 
universal  solvent  of  solids  and  liquids.  See 
Solution. 

Combinations.  Basic  hydrates.  Bases  take  up 
usually  as  many  equivs.  water  as  they  do  of 
acid  to  form  salts,  and  in  combining  some  of 
them  evolve  light  and  heat,  as  baryta  and  lime. 
Thus  caustic  potassa,  baryta,  and  slacked  lime 
are  single  hydrates,  the  last  of  which  loses  its 
water  at  a  red  heat,  the  other  two  do  not,  and 
potassa  may  be  volatilized,  still  retaining  its 
water.  Most  other  basic  hydrates  are  easily 
decomposed. 

Acid  Hydrates.     Acids  combine  usually  with 


as  many  equivs.  of  water  as  they  c\o  of  hasp 
to   form   salts,  evolving  heat  by  combining. 

Thus  oil  of  vitriol  =  HO,  so.  ;  the  phosphoric 
acids  are  HO,  PO.;   2  HO.  PO.;   3  HO.  PO., 
&c.     The  combination  is  distilled 
whole  in  most  cases. 

Both  the  above  acids  and  bases  combine 
with  more  equivs.  water  to  form  crystallized 
bodies;  thus  cryst.  sulphuric  acid  =  Ho,  so 
+  HO;  cryst.  potassa  =  HO,  KO  -f-  1  IIO- 
cryst.  baryta  =  HO,  BaO  -f  8  HO. 

Saline  Hydrates.  Most  salts  contain  com- 
bined water,  varying  in  different  salts  from  1 
to  24  equivs.;  but  some,  as  common  salt,  sul- 
phate of  potassa,  &c,  crystallize  without  wa- 
ter. This  water  is  generally  driven  off  at  a 
low  heat,  although  different  equivs.  of  the 
water  in  any  one  salt  seem  to  combine  with 
different  force.  Thus,  while  4  eq.  HO  may  be 
expelled  from  blue  vitriol  at  212°,  it  requires 
400°  to  450°  to  expel  the  remaining  equivalent. 
The  4  former  equivs.  are  properly  the  crystal- 
line water,  and  the  latter  water  of  constitution. 
When  a  salt  has  been  deprived  of  its  water, 
it  will  usually  regain  it  by  exposure  to  air. 
Thus  dry  carbonate  of  soda  assumes  in  a 
short  time  10  equivs.  water,  but  dry  Glauber's 
salt  reassumes  none.  Carbonate  of  soda  as- 
sumes 5  different  proportions  of  water,  crys- 
tallizing in  as  many  different  forms,  viz.  1,  5, 
6,  8  &  10  equivs.  HO.  See  further,  under 
Water. 

b.  Binoxide  of  hydrogen.  Oxygenated  water. 
Prep,  from  peroxide  of  barium,  calcium,  &c. 
Ignite  pure  nitrate  of  baryta  in  porcelain, 
break  it  into  nut-sized  pieces  and  put  them  in 
a  coated  glass  tube;  heat  to  feeble  ignition 
and  pass  pure  oxygen  through  it.  Decompose 
this  peroxide  by  fluohydric,  or  silicofluohydric 
acid,  keeping  the  whole  cool;  filter  and  eva- 
porate in  vacuo  with  oil  of  vitriol.  It  is  a 
colorless,  transparent,  inodorous  liquid,  taste 
astringent  and  bitter;  spec.  grav.  1-452;  does 
not  congeal  at — 22°;  bleaches  litmus;  whi- 
tens the  skin  and  produces  pain;  miscible  in 
all  proportions  with  water  and  with  acids, 
which  prevent  its  easy  decomposition.  It  de- 
composes slowly  by  standing,  readily  by  heat; 
readily  and  violently  by  silver,  gold,  the  plati- 
nic  metals,  and  charcoal,  less  violently  by 
other  metals;  by  many  metallic  oxides;  by 
the  oxides  of  the  precious  metals  which  lose 
their  oxygen  at  the  same  time;  by  potassium, 
arsenic,  &c,  which  take  up  a  part  of  the 
liberated  oxygen  to  form  base  or  acid;  by  sul- 
phurous acid,  baryta,  &c,  which  take  up  all 
the  liberated  oxygen. 

c.  Ozone  probably  belongs  to  this  series. 
By  some  it  is  regarded  as  an  allotropic  condi- 
tion of  oxygen,  but  Bunsen  has  shown  it  to  be 
a  hyperoxide  of  hydrogen. 

2.  Carbon.  Carbon  combines  with  hydrogen 
in  manifold  proportions,  and  moreover  ex- 
hibits a  large  number  of  isomeric  bodies. 
The  following  table  shows  the  various  propor- 
tions between  them,  the  numbers  representing 
the  number  of  equivs.  They  are  usually 
classed  with  organic  bodies,  and  their  de- 
scription is  referred  to  other  places  in  this 
work. 
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C,  H, 

2  2 
4  4 
8  8 
10  10 
12  12 
16  16 
20  20 
32  32 
38  38 
40  40 

C2H, 
12  6 
16  8 
20  10 
32  16 

C3  H2 
12  8 
18  12 

CsHi 
24  8 
30   10 


Methylen. 
Olefiant  gas. 
Butyren. 
Amylen,  &c. 
Oleen. 

Naphthen,  &c 
Paramylen. 
Ceten,  &c. 
Heven. 
Ozokerite. 


Benzin,  &c. 
Styrole,  &c. 
Scheererite. 
Retinole. 


Mesitylen. 
Cumen,  &c. 


Chrysen. 
Idrialin. 


C.  H4 

5    4  Hartite. 
20  16  Camphen,  &c. 
30  24  Copaiven,  &c. 
40  32  Colophen,  &c. 

C5H2 

20     8  Naphthalin,&c. 
30  12  Anthracen,  &c. 

C9Hs 

18   16  Campholen. 

36  32  Tekoretin. 

CmHn 

4     3  Fichtelite. 

14  12  Vol.  Naphtha. 

20   18  Menthen. 

24  22  Naphthole. 
14     8  Dracyl. 

20   14  Cymen. 

25  12  Slilben. 

36  22  Phylloretin. 
2     4  Marsh  gas. 
48  50  Paraffin. 


Of  the  above  we  shall  now  describe  only 
olefiant  and  marsh  gases. 

Olefiant  gas.  Syn.  Light  carburetled  hydro- 
gen ;  Etherin,  Ethen;  Elayl,  Eerzel.  Ger.  Oel- 
bildendes  Gas. 

Prep.  1.  Heat  a  mixture  of  1  pt.  common 
alcohol  and  4  pts.  oil  of  vitriol  in  a  retort  or 
flask,  provided  with  a  tube  for  passing  the  gas 
into  glasses  over  water.  To  avoid  frothing, 
it  is  better  to  heat  the  4  pts.  of  acid  with  £  pr. 
of  alcohol  until  the  mixture  begins  to  be  black, 
when  the  rest  is  gradually  added  through  an 
S-tube.     Magnus. 

2.  Mix  in  a  retort  10  pts.  oil  of  vitriol 
with  3  pts.  water,  until  the  mixture  attains 
a  boiling  point  of  320°  to  329°;  keeping 
it  at  this  point,  pass  in  a  very  fine  stream 
of  80  pr.  ct.  alcohol,  or  the  vapor  of  the 
same.  As  long  as  this  heat  is  maintained, 
the  acid  will  catalyze  the  alcohol  into  the  gas 
and  water,  with  the  exception  of  a  small 
amount  of  ether  and  alcohol,  carried  over 
mechanically;  the  acid  remains  clear.  (See 
the  prep,  of  ether  under  Ethyl.)  The  same 
gas  is  also  obtained  in  the  dry  distillation  of 
fats,  resins,  essential  oils,  caoutchouc,  bitu- 
men, coals,  &c.  As  usually  prepared,  it  con- 
tains the  vapors  of  alcohol  and  ether,  carbonic 
acid  and  oxide,  and  sulphurous  acid.  These 
may  be  more  or  less  removed  by  washing 
with  oil  of  vitriol  and  milk  of  lime.  To  avoid 
carbonic  acid  and  oxide,  the  first  5  of  the  gas 
only  is  caught. 

Prop.  A  transparent,  colorless  gas,  of  a 
disagreeable,  suffocating  odor;  spec.  grav. 
0-978;  condensing  by  pressure  at — 160°,into 
a  clear  liquid  ;  1  vol.  water  absorbs  i  vol.  gas. 
In  the  air  it  burns  with  a  brilliant  white  flame  ; 
1  vol.  gas  and  3  vols,  oxygen,  by  flame  or  the 
electric  spark,  explode  with  the  greatest  vio- 
lence. It  is  decomposed  by  successive  elec- 
tric sparks  into  carbon  and  hydrogen;  par- 
tially decomposed,  when  passed  through  an 
ignited  porcelain  tube,  into   marsh  gas   and 


See  Mah- 


carbon.  For  its  composition  and  combina- 
tions, see  Elayl. 

Marsh  gas.  Syn.  Heavy  carburetted  hvdro- 
gen,  Pitgas,  Fire-damp.  Prep.  Heat  in  a  re- 
tort a  mixture  of  2  pts.  cryst.  acetate  of  soda, 
2  pts.  caustic  potassa,  and  3  pts.  lime.  It  may 
also  be  obtained  less  pure  by  passing  olefiant 
or  common  light  gas  through  an  ignited  tube, 
and  washing  with  chlorine  and  lime.  «The 
gas  rising  when  the  bottom  of  a  marsh  is 
stirred  up,  contains  10  to  20  pr.  ct.  nitrogen 
mixed  with  this  gas  (from  decomposing  or- 
ganic matter).  Prop.  Colorless,  inodorous, 
tasteless  gas,  spec.  grav.  0-6 ;  1  vol.  water  ab- 
sorbs 7'T  vol.  gas ;  very  combustible,  burning 
with  a  moderately  luminous  and  yellowish 
flame;  explodes  with  2  vols,  oxygen,  forming 
carbonic  acid  and  water;  decomposed  by  elec- 
tric sparks,  or  by  repeatedly  passing  through 
an  ignited  tube  into  carbon  and  twice  its  vol. 
hydrogen.     Form.  CH2  (75  C  -f  25  H  =  100.) 

Other  compounds  of  hydrogen  see  under 
Ammonia,  Chlorine,  &c,  Phosphorus,  Sui- 
piujii,  &c. 

HYDROLEIC  ACID.     See  Olein. 

HYDROLITE.     See  Chabazite. 

HYDROMAGNESITE.  Min.  White  crusts 
and  powder.  H.  =  2.  Behaves  like  mag- 
nesia; effervesces  with  acid.  Form.  3  (MgO, 
C02  +  HO)  +  MgO,  HO.  Hoboken,  N.  J., 
and  Negropont,  E.  India. 

HYDROMARGARITIC   ACID. 

HYDROMARGAR1C    \CID. 

GARIX. 

HYDROMEL.  The  fermented  mixture  of 
honey  and  water,  known  as  a  beverage  under 
the  name  of  Mend. 

HYDROMETER.  Ger.  Areometer;  Fr. 
Areometre.  This  is  a  simple  instrument, 
which  is  often  used  for  determining  the  spe- 
cific gravities,  or  densities  of  liquids,  and 
sometimes  of  solids.  It  is  based  upon  the 
hydrostatic  law,  that  a  floating  body  displaces 
its  own  weight  of  the  liquid  in  which  it  swims. 
Hence  the  more  dense  the  liquid,  the  smaller 
will  be  the  quantity  displaced,  or  the  depth  to 
which  a  hydrometer  will  sink  in  it. 

It  is  evident,  that  by  varying  the  weight  re- 
quired to  sink  a  body  of  given  bulk,  we  may 
determine  the  specific  gravities  of  liquids,  as 
well  as  by  measuring  the  relative  volume 
displaced  by  one  of  invariable  weight.  Hy- 
drometers are,  therefore,  constructed  upon 
each  of  these  principles,  and  they  may  be 
classified  as  those  of  constant  weight  and  those 
of  constant  volume. 

Hydrometers  of  constant 
weight  have  been  varied  ca- 
priciously and  to  an  almost 
indefinite  extent.  They  are 
all  made  either  of  metal  or 
glass,  and  nearly  of  the 
shape  of  the  marginal  figure, 
(Fig.  87,)  in  which  A  is  the 
graduated  stem,BC  the  bulb, 
and  D  a  heavy  counterpoise 
which  is  required  to  render 
the  equilibrium  stable,  and 
keep  the  instrument  always 
upright  in  position,  when  in 
use. 
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We  may  of  course  divide  a  given  magni- 1 
tude  into  any  arbitrary  number  of  fractional 
parts;  and  if  the  scales  of  hydrometers  be 
graduated  thus  capriciously,  every  country  and 
every  man  may  produce  a  different  instru- 
ment. It  is  in  this  manner  that  hydrometers 
have  been  multiplied  to  an  extent  which  is 
beyond  all  reason.  We  shall  not,  therefore, 
give  .an  account  of  those  arbitrary  hydro- 
meters which  have  by  accident  become  well 
known  in  particular  countries,  as  for  instance 
in  England,  but  refer  the  reader  to  books  pub- 
lished in  such  places,  and  describe  only  those 
instruments  which  are  founded  upon  natural 
bases,  or  which  have  become  generally  known 
and  used  throughout  the  world. 

The  stem  may  be  divided  so  as  to  indicate 
specific  gravities  directly;  for  this  purpose,  if 
we  denote  by  w  the  weight  of  the  hydrometer, 
by  v  the  volume  of  the  liquid  displaced,  and 
by  d  its  density  or  specific  gravity,  we  shall 
have  w  =  do, 

as  the  equation,  which  will  enable  us  to  calcu- 
late the  volume  displaced  or  immersed  for  any 
corresponding  density,  and  to  graduate  the 
stem  accordingly.  This  equation  is  that  of 
the  hyperbola;  if,  therefore,  the  specific  gravi- 
ties be  supposed  to  vary  by  equal  differences, 
the  corresponding  volumes  will  vary  unequally, 
or  the  stem  must  not  be  divided  into  equal 
parts,  but  into  intervals  proportionate  to  the 
differences  of  consecutive  ordinates  of  the 
hyperbola.  Such  hydrometers  are  conse- 
quently of  rather  difficult  construction,  and 
require  skill  and  intelligence  on  the  part  of 
the  manufacturer. 

Pure,  or  freshly-distilled  water,  at  its  maxi- 
mum density,  which  occurs  at  the  tempera- 
ture of  39-6°  Fahr.  nearly,  is  the  most  natural 
and  most  generally  accepted  unit  of  specific 
gravities.  If,  therefore,  the  volume  immersed 
in  water  of  maximum  density  be  divided  and 
subdivided  decimally,  such  a  system  of  gradua- 
tion for  hydrometers  may  be  considered  the 
most  natural  and  simple.  Instruments  of  this 
kind  have  been  made  in  France,  but  they  have 
been  very  little  used;  M.  Francoeur  has  the 
honor  of  being  their  inventor.  One  of  their 
greatest  advantages  is,  that  their  indications 
may  be  very  readily  converted  into  the  corre- 
sponding specific  gravities  by  simple  and  easy 
arithmetical  calculations. 

That  a  hydrometer  may  be  convenient  and 
useful  in  the  arts,  it  need  not,  and  perhaps  it 
should  not  read  specific  gravities:  for  these 
are  usually  expressed  in  decimal  fractions; 
therefore  are  recollected  with  difficulty,  and 
liable  to  accidental  mistakes.  The  manufac- 
turer has  no  need  of  them  in  his  processes, 
and  it  is,  for  instance,  far  simpler  and  more 
easy  to  remember  that  an  acid  or  syrup  has 
the  density  of  20°  Beaume,  than  that  its  spec, 
grav.  is  1-1 666 12,  that  of  water  being  unity. 
Hence  we  find  that  in  France,  though  Bris- 
son  brought  forward  simultaneously  a  hy- 
drometer reading  specific  gravities,  and  suc- 
ceeded in  causing  a  violent  opposition  to  the 
instrument  of  Beaume ;  the  latter  has  come 
into  very  general  use  not  merely  in  France, 
but  also  in  other  countries  of  Europe,  as  well 
as  in  the  West  Indies  and  our  own  country. 
718 


Certainly,  therefore,  the  cause  of  this  must  lie 
in  the  advantages  which  in  the  instrument  of 
Brisson  were  found  wanting.    The  difficulty 

of  construction,  and  consequent  high  price, 
were  perhaps  the  chief  reasons  why  an  in- 
strument based  on  rigid  scientific  prim 
was  superseded  by  one  depending  upon  arbi- 
trary and  uncertain  rules,  but  which  was  sim- 
ple and  easy  in  its  construction  ami  use,  and 
being  of  comparatively  low  cost,  was  there- 
fore economical.  Hydrometers  arc  furnished 
of  equal  accuracy  of  workmanship  and  fitness 
for  the  same  purpose,  which  vary  in  cost  so 
much  that  one  is  sold  for  fifty  cents  and  an- 
other for  twenty-five  dollars;  they  are  often 
injured,  and  must  then  be  replaced.  Certainly, 
therefore,  price  is  a  matter  of  great  moment, 
and  simplicity  in  construction  and  employ- 
ment is  of  essential  importance. 

Bcaume's  hydrometers.  For  fluids  lighter  than 
water  Beaume  invented  his  pese-csprii  (hydro- 
meter for  spirits');  and  for  fluids  heavier  than 
water,  a  single  instrument  called,  with  refe- 
rence to  its  particular  application,  by  the  diffe- 
rent names  of  pese-acide,  pese-sel,  or  pew-simp 
(acid,  salt,  or  syrup  measure).  These  instru- 
ments are  entirely  distinct,  and  form  no  part 
of  a  common  system,  for  they  are  constructed 
on  different  bases.  The  degrees  of  one  are 
not  equal  to  those  of  the  other;  and  the  zero- 
point,  which  is  determined  for  the  pe*e-esprit 
by  a  solution  containing  10  pr.  ct.  of  common 
salt,  corresponds  in  the  pese-acide  to  the  density 
of  pure  water.  Hence  we  shall  treat  of  these 
instruments  separately. 

The  pese-esprit  is  constructed  by  immersion 
in  a  solution  of  common  salt,  containing,  as 
already  stated,  10  pr.  ct.,  to  obtain  the  zero 
point;  then,  by  plunging  it  into  water  to  de- 
termine another  point,  which  Beaume  calls 
10°,  the  interval  is  graduated  equally,  and  the 
scale  extended  by  laying  off  repeatedly,  with 
a  pair  of  dividers,  the  same  interval  upon  the 
stem. 

The  zero  point  of  the  pese-acide  is  given  by 
the  surface  of  the  distilled  water  in  which  it 
floats.  Immersion  in  a  solution  containing 
15  pr.  ct.  of  common  salt  fixes  the  point  which 
is  to  be  marked  15°  upon  the  scale.  And  de- 
grees beyond  15°  are  determined  by  the  same 
process  of  extension  employed  for  the  pese-esprit. 

It  might  at  first  be  supposed  that  the  degrees 
of  these  instruments  would  constitute  parts 
of  a  common  scale;  but  the  densities  of  two 
solutions  of  common  salt  containing  one  10 
and  the  other  15  pr.  ct.,  will  not  be  such  as  to 
correspond  to  equal  degrees,  10°  and  15°, 
reckoned  from  water  as  a  common  origin; 
and,  therefore,  Beaume's  hydrometers  belong 
to  different  scales. 

It  is  a  great  and  fundamental  defect  of  these 
instruments,  that  their  scales  are  constructed  by 
the  multiplication  of  a  unit  of  length;  for  work- 
men generally  commit  an  error  in  determining 
the  fixed  points,  on  account  of  the  elevation  of 
the  liquid  upon  the  stem  by  capillary  attrac- 
tion ;  and  this  error  becomes  multiplied  by 
each  successive  repetition.  Hence  it  is  easy 
to  perceive  the  reason  why  Beaunic-'s  hydrome- 
ters, constructed  by  the  same  person  and  with 
equal  care,  often  differ  whole   degrees  Irom 
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each  other,  when  plunged  into  the  same  liquid. 
This  fault  is  the  more  important,  as  it  affects 
principally  those  degrees  which  are  most  used. 
In  hydrometers  of  the  decimal  system,  the 
graduation  is  performed  by  the  subdivision  of 
a  multiple,  arid,  therefore,  any  error  which  un- 
avoidably occurs  in  measuring  the  fixed  points 
will  be  diminished  in  the  ratio  of  the  number 
of  divisions  of  the  interval  between  them, 
which  certainly  constitutes  a  great  advantage, 
and  renders  accuracy  of  workmanship  almost 
certain. 

Another  defect  of  the  process  of  Beaume 
for  graduating  hydrometers  is,  that  common 
salt  generally  contains  impurities;  and  to  ob- 
tain it,  therefore,  perfectly  pure,  is  impracti- 


I  cable,  without  a  degree  of  chemical  knowledge 
j  which  instrument  makers  rarely  possess.    And 
j  even  if  pure  salt  be  obtained  and  the  solution 
be  properly  mixed,  they  are  liable  to  evapora- 
tion, which  will  alter  their  proportions   and 
density. 

The  uncertainty  of  the  indications  of  these 
hydrometers  is  established  by  the  fact  that 
tables  of  comparison  with  the  corresponding 
specific  gravities  have  been  experimentally 
constructed  by  several  distinguished  scientific 
men,  which  all  vary  from  each  oiher,  owing, 
doubtless,  to  the  difference  of  the  hydrometers 
used.  The  following  table  gives  the  results 
obtained  by  those  whose  names  are  above  the 
vertical  columns. 


A  Table  showing  the  discordant  results  of  different  observers,  obtained  by  experimental  comparison  of 
Beaume  s  hydrometers  with  specific  gravities  at  54^°  Fahrenheit. 


Pese-acide. 

/ 

Pese-csprit. 

Holland 

Deg. 

Francoeur. 

Delezennes. 

Gilpin. 

Deg. 

Francoeur. 

Delezennes. 

Gilpin. 

Pharma- 
copoeia, 

0 

1-0000 

1-0000 

1-000 

10 

1-0000 

1-0000 

1-000 

1-000 

3 

1-0201 

1-0219 

1-020 

15 

0-9669 

0-9655 

0-963 

0-967 

6 

1-0411 

1-0448 

1-040 

20 

0-9359 

0-9333 

0-928 

0-935 

9 

1-0630 

1-0687 

1-064 

25 

0-9068 

0-9033 

0-897 

0-906 

12 

1-0857 

1-0937 

1-089 

30 

0-8795 

0-8751 

0-867 

0-878 

15 

1-1095 

1-1200 

1-114 

31 

0-8742 

0-8696 

0-801 

0-873 

18 

1-1343 

1-1475 

1-140 

32 

0-8690 

0-8643 

0-856 

0-868 

21 

1-1603 

1-1764 

1-170 

33 

0-8639 

0-8590 

0-852 

0-863 

24 

1-1875 

1-2068 

1-200 

34 

0-8588 

0-8539 

0-847 

0-858 

27 

1-2160 

1-2389 

1-230 

35 

0-8538 

0-8486 

0-842 

0-852 

30 

1-2459 

1-2727 

1-261 

36 

0-8488 

0-8435 

0-837 

0-847 

33 

1-2773 

1-3083 

1-295 

37 

0-8439 

0-8384 

0-832 

0-812- 

36 

1-3103 

1-3333 

1-333 

38 

0-8391 

0-8334 

0-827 

0-837 

39 

1-3451 

1-3861 

1-373 

39 

0-8343 

0-8285 

0-822 

0-832 

42 

1-3818 

1-4285 

1-414 

40 

0-8295 

0-8236 

0-817 

0-828 

45 

1-4206 

1-4735 

1-455 

41 

0-8249 

0-8188 

0-814 

0-823 

48 

1-4615 

1-5217 

1-500 

42 

0-8202 

0-8141 

0-811 

0-819 

51 

1-4951 

1-5730 

1-547 

43 

0-8156 

0-8094 

0-808 

0-814 

54 

1-5510 

1-6279 

1-594 

44 

0-8111 

0-8017 

0-805 

0-810 

57 

1-6000 

1-6868 

1-659 

45 

0-8066 

0-8001 

0-802 

0-805 

60 

1-6522 

1-7501 

1-717 

46 

0-8022 

0-7956 

0-799 

0-800 

63 

1-7070 

1-8184 

1-779 

47 

0-7978 

0-7911 

0-797 

0-796 

66 

1-7674 

1-8922 

1-848 

48 

0-7935 

0-7866 

0-795 

0-792 

69 

1-8313 

1-9721 

1-920 

49 

0-7892 

0-7823 

0-793 

0-787 

70 

1-8537 

2-0003 

50 

0-7849 

0-7779 

0-79  1 

0-782 

Yet  the  hydrometers  of  Beaume,  by  possess- 
ing the  advantages  of  simplicity,  cheapness, 
cleanliness,  and  adaptation  to  the  liquids  for 
which  they  are  used — solutions  of  salts,  syrups, 
acids, etc. — and  being  founded  upon  known  and 
easy  bases  of  construction,  so  that  they  may 
be  made  by  any  workman,  have  passed  into 
use  notwithstanding  the  well-known  imperfec- 
tions I  have  mentioned,  and  to  an  extent  ex- 
ceeding that  of  any  other  hydrometer.  This 
would  be  surprising,  but  for  the  striking  con- 
trast of  the  advantages  mentioned,  with  the 
correlative  disadvantages  of  complicated  struc- 
ture, high  cost,  liability  to  corrosion,  limited 
application,  and  patented  or  secret  methods 
of  construction,  rendering  the  manufacture  a 
monopoly,  which  have  justly  confined  other 
instruments  to  particular  countries  or  cities. 


An  instrument  which  may  be  accurately, 
easily,  and  cheaply  made  by  any  workman,  is 
certainly  of  a  nature  which  should  recommend 
itself.  And  the  decimal  hydrometer,  which 
combines  all  the  advantages  of  the  instru- 
ments of  Beaume,  with  a  freedom  from  their 
defects,  and  the  superiority  of  being  founded 
upon  bases  which  nature  everywhere  presents, 
in  which  there  is  nothing  arbitrary  but  the 
system  of  counting  by  tens  instead  of  any 
other  numbers,  and  the  degrees  of  which  are 
converted  into  specific  gravities  by  a  rule  so 
simple  that  it  may  be  performed  mentally, 
should  certainly  be  adopted. 

Also,  by  adopting  that  scale  for  Beaume's 
hydrometer  which  seems  best  entitled  lo  credit 
for  exactness,  and  drawing  it  upon  the  same, 
slip  of  paper  with  the  corresponding  degrees 
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of  the  decimal  system,  instruments  may  be 
furnished  by  tradesmen  which  will  always  be 
accurate,  if  regarded  simply  as  pese-esprita  or 
pese-andes of  Beaume,  and  they  will  cost  only 
the  additional  labor  requisite  to  draw  two 
scales  upon  the  same  paper  instead  of  one. 

The  stems  of  hydrometers  are  sometimes 
graduated  to  indicate  the  pr.  cts.  of  a  salt, 
acid,  or  other  substance  contained  in  aqueous 
solutions,  instead  of  the  corresponding  spe- 
cific gravities.  The  alcoholometer  of  Tralles 
is  an  instrument,  of  this  kind,  with  reference 
to  which  the  reader  is  referred  to  the  article 
Alcoiiolomf.try,  for  more  full  information. 
This  hydrometer,  we  are  informed,  is  about 
to  be  introduced  into  the  revenue  service 
of  the  United  States,  in  place  of  that  of 
Dycas,  which  is  wholly  unworthy  of  confi- 
dence. 

The  invention  of  hydrometers  of  constant 
volume  is  ascribed  to  Fahrenheit;  they  have, 
however,  been  greatly  improved,  since  his 
time,  by  others.  These  instru- 
ments are  usually  constructed 
of  metal,  and  of  the  form  indi- 
cated by  the  annexed  figure,  (88). 
The  bulb  being  a  cylinder  ter- 
minated by  cones,  carrying  a 
small  dish  above  and  a  heavy 
counterpoise  below.  The  stem 
which  supports  the  dish  is 
marked  at  p,  to  which  point  the 
hydrometer  must  be  made  to 
sink  in  a  liquid,  of  which  the 
specific  gravity  is  to  be  taken 
by  adding  weights  in  the  dish. 
If  w  denotes  the  weight  of  the 
instrument,  x  and  x'  the  addi- 
tional weights  respectively  re- 
quired to  sink  it  to  the  point  p 
in  any  two  liquids,  then  the 
ratio  of  w  -f-  x  to  w  -\-  x1  will  be  that  of  their 
specific  gravities. 

In  Nicholson's  hydrometer  a  second  dish 
is  substituted  for  the  counterpoise  ball,  in 
order  that  the  instrument  may  be  used  for 
taking  the  specific  gravities  of  solids.  For 
this  purpose  the  weight  required  to  sink  the 
hydrometer  in  water  to  the  index  or  fixed 
point,  is  first  determined;  the  body  is  then 
placed  successively  in  each  dish,  and  weights 
are  added  in  that  above  the  water,  until  the 
instrument  is  immersed  to  the  same  point. 
If  a  be  the  observed  weight  required  to  sink 
the  hydrometer  in  water  of  maximum  density, 
and  s  and  s'  the  weights  added  respectively 
to  that  of  the  solid  body  when  in  the  upper 
and  lower  dish,  then  a  —  s  will  be  its  weight, 
and  s1  —  s  its  loss  of  weight  by  immersion; 
the  ratio  of  which  numbers  will  be  the  re- 
quired specific  gravity  of  the  solid. 

In  taking  the  specific  gravities  of  liquids, 
attention  should  always  be  paid  to  the  tem- 
perature, by  reason  of  the  changes  of  volume, 
which  are  produced  by  variations  of  heat. 
And  whenever  accuracy  is  required,  correc- 
tions for  dilatation  both  of  the  liquid  and  of 
the  hydrometer  must  be  applied,  if  we  would 
refer  the  results  to  any  standard  temperatures 
or  normal  conditions. 

HYDROPHANE.     See  Opal.     A  massive 
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and  fibrous  green  mineral,  allied  to  Skiipkit. 

TINE. 

HYDROSALTS.  Compounds,  in  the  acid 
or  base  of  which  hydrogen  is  an  elementary 
constituent.  In  other  words,  they  arc  salts 
formed  by  the  union  of  HrmiAcms  with  bases. 
For  example  the  Hydrochlorates,  Hydrio 
&c. 

HYDROSILICITE.     See  Kkbolitb. 

HYDROSULPHURIC  ACID.  See  Hvnno- 
gex,  Sulphuretted. 

HYDROTALCITE.  Min.  Resembles  talc, 
and  is  formed  in  steatite.  Comp.  12  MgO 
2  A1203  (Fe203),  3  C02,  24  HO.  Berzelins 
thinks  it  to  be  a  mixture.  It  may  be  a  com- 
pound of  Hydromagnesite,  with  hydrous  alu- 
minate  and  hydrate  of  magnesia. 

HYDROTHIONIC  ACID.  A  term  some- 
times applied  to  sulphuretted  hydrogen. 

HYDROUS  ANTHOPHYLLITE.  Mm.  In 
plates  and  fibres.  H.=  2-5.  G.  =  2-91.  White, 
yellowish,  bluish;  silky;  opake;  sectile.  It 
is  a  hydrous  silicate  of  magnesia,  potassa,  and 
iron.     Fishkill  and  Manhattan  Island,  N.  Y. 

HYDROUS  MAGNESIA.  Mm.  Hexago- 
nal, foliated;  H.  =  1-5.  G.  =  2-35.  White, 
pearly,  translucent,  sectile,  flexible  in  thin 
leaves.  Yields  water  in  a  tube,  and  tests 
alkaline;  is  infusible;  readily  soluble  in  acids. 
Rose  says  he  always  finds  carbonic  acid  in  it. 
Form.  MgO,  HO.  Local.  Swinaness,  Shetland 
Isles;  Hoboken,  N.  J.,  the  veins  sometimes 
two  inches  thick;  also  in  Richmond  Co.  and 
Westchester  Co.,  N.  Y. 

HYDROUS  MICA.  Min.  Right  rhombic, 
foliated,  flexible  but  not  elastic,  otherwise  re- 
sembling mica.  Gives  water  in  a  tube  ;  partly 
soluble  in  muriatic  acid,  evolving  chlorine. 
According  to  Morin  it  is  a  hydrous  silicate  of 
alumina,  lime,  protoxide  of  iron,  and  bin  oxide 
of  manganese  (?)  with  14  pr.  ct.  water.  Local. 
Mont  Rose,  Simplon  in  the  Valais. 

HYDROXANTHIC  ACID.  See  Ethtl, 
Sulpho-carbonate. 

HYPARGYR1TE.     See  Rujit  Silvf.u. 

HYPEROXYMURIATES.     See  Chloiunb. 

HYPERSTHENE.     See  Aitmtk. 

HYPO.  Client.  A  prefix  equivalent  to  the 
Latin  Sub,  under,  below; — thus  Hypo-sulphuric 
=  S20.  is  below  sulphuric,  S03,  in  the  amount 
of  oxygen. 

HYPOMARGARYLIC  ACID.  See  Sri  ah. x. 

HYPOSTILBITE.     See  Stilbitb. 

HYSSOP,  OIL  OF.  The  aromatic,  volatile 
essence  of  the  Hyssopus  officinalis;  Stcnhouse 
has  made  some  recent  partial  examinations 
of  it,  but  could  not  obtain  a  non-oxygenated 
oil  by  treatment  with  potassa.  Its  boiling 
point  is  288°  rising  gradually  to  325°. 

HYSTATITE.     See  Titanic  mox. 
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ICE.  Water  in  a  concrete  form,  this  so- 
lidity being  assumed  only  at  that  degree  of 
temperature  designated  by  the  thermometer  as 
its  freezing  point.     See  Hydrogen. 

ICELAND    MOSS.      See    Cetrarin    and 

LlCllKNS. 

ICELAND  SPAR.     See  Calcareous  spar. 
ICE-SPAR.     See  Feldspar. 


ICHTHYOPHTHALMITE. 
ICHTHYOPHTHALMITE.     See  Apophyl- 

LITE. 

ICHTYOCOLLA.     See  Gelatin. 

ICICA  RESIN.  Forms  small  opake  gran- 
ules or  masses  of  whitish  color,  and  is  derived 
from  the  genus  Idea  of  Guiana.  Insoluble  in 
water,  but  soluble  in  55  pts.  of  cold,  and  15 
pts.  boiling  alcohol,  and  yields  no  volatile 
matter.     Terpentine  also  dissolves  it.    Scribe. 

Comp.  Three  neutral  resins,  differing  in  solu- 
bility and  composition;  insoluble  in  alkalies, 
and  non-precipitable  from  the  alcoholic  solu- 
tion by  lead  or  silver  salts. 

Brean.  Cs0H67O3.  Drops  in  crystals  from 
the  cooling  solution  of  the  resin  in  boiling 
alcohol.  Fuses  at  315°,  and  on  solidifying 
again  resembles  amber. 

Inran.  CI60H,37O9.  Crystallizes  from  the 
slightly  evaporated  alcoholic  liquor  from  which 
the  brean  has  been  separated.  Is  more  solu- 
ble in  alcohol,  but  otherwise  resembles  brean 
in  properties. 

Colophony.  Is  similar  to  ordinary  colophony, 
except  in  its  neutrality.  It  remains  in  the  mo- 
ther liquor,  from  which  the  two  above-men- 
tioned resins  have  been  separated.  Ann.  de 
Chim.  et  de  Phys.  xiii.  166. 

IDOCRASE.  Min,  Syn.  Pyramidal  Garnet, 
M.  Vesuvian,  Egeran,  Loboite,  Frugardite, 
Wiluite,  Gokumit,  Cyprine,  Xanthite. 

Descrip.  Quadratic,  presenting  most  of  the 
forms  from  fig.  18  to  24,  PI.  VIII.  H.  =  6-5. 
G.  =  3-349  —  3-399.  Color  brown,  green, 
rarely  yellow;  vitreous,  subresinous ;  sub- 
transparent,  translucent;  streak  white;  frac- 
ture subconchoidal,  uneven.  Behaves  alone 
and  to  fluxes  similarly  to  garnet,  but  fuses 
with  more  difficulty  with  soda.  After  ignition, 
it  is  easily  decomposed  by  muriatic  acid. 
Form.  3  RO,  Si03  -f  R203,  Si03,  in  which  RO 
=  lime,  magnesia,  and  protoxide  of  iron.  The 
remarkable  agreement  of  idocrase  in  compo- 
sition with  garnet,  while  it  differs  in  crystal- 
line form,  has  given  rise  to  many  analyses ; 
and  Magnus  always  found  the  oxygen  of  the 
silica  less  than  that  of  the  bases,  but  yet  it 
seems  necessary  at  present  to  adopt  the  for- 
mula for  garnet. 

IDRIALIN.  Grayish  or  brownish  black, 
greasy,  opake.  Burns  by  a  candle  flame,  with 
much  smoke  and  sulphurous  acid.  Heated  to 
400°  —  460°,  it  sublimes  mercury  and  sulphur, 
and  gives  off  defiant  gas,  leaving  a  porous 
coal.  The  main  mass  of  the  mercurial  ore 
may  be  extracted  by  olive  oil,  terpentine,  crea- 
sote,  &c.  It  is  insoluble  in  water,  scarcely 
soluble  in  alcohol  and  ether,  soluble  in  oil  of 
vitriol  with  a  blue  color.  Formula,  C42H|4+  O 
(Bodecker).  It  occurs  in  the  cinnabar  ores  of 
Idria. 

IDRYL.  Chem.  An  organic  principle,  C3H, 
extracted  by  boiling  alcohol  from  Stupp.  The 
sofl,  brown  mass  after  the  distillation  of  the 
alcohol,  by  solution  in  concentrated  boiling 
acetic  acid,  yields  the  idryl  as  glittering  la- 
minae, with  a  slightly  yellowish  green  irid- 
escence. Is  nearly  inodorous  and  tasteless- 
melts  at  187°,  and  solidifies  at  174°  to  an  almost 
colorless,  opake  mass;  is  nearly  insoluble  in 
cold,  but  readily  soluble  in  boiling  alcohol, 
ether,  terpentine  and  acetic  acid.  Is  distin- 
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guished  from  Idrialin  (042H,40),  its  oxide,  by 
the  higher  fusing  point  (313°)  of  the  latter. 
Idryl  also  colors  sulphuric  acid  yellow,  while 
idrialin  imparts  an  intense  blue.  Bodeker. 
Annuaire  de  Chim.  1846. 

IGASURIC  ACID.     See  Strychnine. 
IGLOITE.     See  Arragonite. 
ILLUMINATION.     See  Gas. 
ILMENITE.     See  Titanic  iron. 
ILMENIUM.    Chem.   A  metal  recently  found 
by  Hermann  in  the  Yttroilmenite  of  Siberia 
and   Pyrochlor   of  Miask.     Sym.  II.     Equiv. 
63. 

Prep.  By  igniting  the  ammonio-chloride  of 
ilmenium  in  an  atmosphere  of  ammonia,  a 
black,  sooty  mass,  resembling  charred  sugar, 
remains.  Sulphuric,  hydrochloric,  nitric,  ami 
hydrofluoric  acids  are  without  action  upon  it, 
even  at  boiling  heat ;  but  it  is  readily  dissolved 
by  a  mixture  of  the  nitric  and  hydrofluoric. 
When  heated  in  the  air  it  is  transformed  into 
ilmenic  acid. 

Oxide.  Precipitates  in  brown  flakes  from 
the  muriatic  solution  of  the  chloride  of  ilme- 
nium upon  the  addition  of  zinc;  absorbs  oxy- 
gen on  exposure,  and  becomes 

Ilmenic.  Acid.  Spec.  grav.  4-1  — 4-35.  Equiv. 
II02.  It  is  prepared  as  follows  :— The  yttroil- 
menite is  reduced  to  a  fine  powder,  and  this 
fused  with  6  times  its  weight  of  the  bisulphate 
of  potash;  the  fused  mass  is  poured  out, 
rubbed  to  a  powder,  and  exhausted  upon  the 
filter  with  hot  water  so  long  as  any  thing  is 
removed;  an  impure  ilmenic  acid,  containing 
sulphuric  acid,  is  left  upon  the  filter.  If  any 
tungstic  acid  had  been  found  by  preliminary 
experiment,  the  residue  is  digested  with  sui- 
phuret  of  ammonium,  and  again  well  washed. 
After  this  treatment,  the  still  moist  ilmenic 
acid  is  evaporated  to  dryness  with  a  suffi- 
ciently large  quantity  of  the  bisulphate  of 
ammonia,  and  finally  fused  with  it  to  a  clear 
mass.  On  treating  this  fused  mass  with  cold 
water,  the  whole  of  the  ilmenic  acid  is  de- 
posited in  transparent  flakes.  This  precipi- 
tate is  well  washed,  formed  into  a  thin  paste 
with  water,  sulphuric  acid  added  to  it,  and 
then  evaporated  until  the  excess  of  sulphuric 
acid  begins  to  be  expelled.  The  acid  residue 
is  mixed  with  a  little  water,  poured  upon  a 
filter,  and  washed  with  water  as  long  as  the 
liquid  which  passes  off  has  an  acid  taste- 
A  combination  of  ilmenic  with  sulphuric 
acid  remains  on  the  filter,  which  usually  no 
longer  colors  microcosmic  salt;  should  this 
not  be  the  case,  the  fusion  with  bisulphate  of 
ammonia  and  evaporation  with  sulphuric,  acid 
is  repeated  until  it  is  perfectly  free  from  every 
admixture,  when  it  is  heated  to  redness  to  ex- 
pel the  sulphuric  acid.  The  ilmenic  acid  may 
be  prepared  in  the  same  manner  from  the 
pyrochlor  of  Miask.     Chem.  Gaz.  v.  398. 

Prop.  When  heated  assumes  a  golden  tint, 
but  becomes  colorless  on  cooling.  Forms 
salts  with  bases,  some  of  which  are  crystal- 
lizable.  The  soda  compound,  NaO,  110  -f- 
HO  being  the  most  soluble,  is  well  adapted 
for  the  preparation  of  other  salts  by  double 
decomposition.  When  separated  from  its  soda 
compound  by  an  excess  of  hydrochloric  acid, 
it  is  hydrated  and  falls  as  a  white,  diaphanous* 
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gelatinous  precipitate,  which  dries  into  opake,  I 
compact  pieces. 

Chloride  of  llmenium.  Is  obtained  in  yellow- 
ish, frost-like  prisms;  attracts  moisture  on 
exposure,  loses  muriatic  acid,  and  becomes 
hydrated  ilmenic  acid.  It  absorbs  dry  am- 
monia greedily,  with  disengagement  of  heat, 
and  changes  into  yellow  chloride  of  ilmenium 
and  ammonia. 

Sidphuret  of  Ilmenium.  Prepared  by  heating 
ilmenic  acid  to  redness  in  the  vapor  of  sul- 
phuret  of  carbon.  Form.  I12S3.  Heated  in 
air  it  burns  with  a  blue  flame,  and  becomes 
sulphated  ilmenic  acid.  Chem.  Gaz.  iv.  449. 
Jour,  fur  Prukt.  Chem.  xi.  457. 

ILVAITE.     See  Ybnitk. 

IMPERATORIN.  Chem.  A  colorless,  styp- 
tic, crystallizable  compound,  extracted  by  ether 
from  the  root  of  the  Imperatoria  ostruihium. 
Formula  C21H1205;  spec.  grav.  1-192.  Fuses 
at  167°.  Soluble  in  alcohol,  ether,  olive  oil 
and  essence  of  terpentine.  Sulphuric  acid 
dissolves  it,  imparting  a  reddish  brown  tint 
to  the  liquor,  and  nitric  acid  gives  a  yellow 

Shade. 

IMPONDERABLES.  A  term  applied  to 
that  class  of  substances  which,  in  being 
added  to  or  subtracted  from  a  body,^  neither 
increase  nor  diminish  its  weight.  Their  in- 
fluence over  chemical  phenomena  and  modus 
operandi  are  given  under  Heat,  Light,  and 
Electricity. 

INCANDESCENCE.  The  intense  glow 
emitted  from  a  body  in  which  there  is  an  ex- 
cessive accumulation  of  heat. 

INCINERATION.  The  reduction  of  sub- 
stances to  ashes  by  burning,  in  order  to  drive 
off  their  destructible  portions,  and  obtain  the 
fixed  products. 

INCOMBUSTIBLE  CLOTH.  Cloth  satu- 
rated with  a  solution  of  alum  or  silicate  of 
potassa,  said  to  be  proof  against  fire.  See 
also  Asbestos. 

INDIANITE.  See  Axohthite. 
1NDICOLITE.  See  Tourmalin. 
INDIGO.  Chem.  Tech.  A  beautiful  blue 
coloring  matter,  extracted  by  fermentation 
from  the  leaves  of  the  different  species  of  the 
Indigo'ifera.  It  has  also  been  obtained  from 
the  Pdy&onum  liticlorum,  Isatis  tinctoria,  Amorpha 
fiucinisti,  Gymnema  tivgens,  &c.  &c. 

The  general  constituents  are  ammonia,  green 
extractive  and  gummy  matters,  indigo  white, 
blue,  brown,  and  red,  indigo  gluten,  red  resin, 
carbonate  of  lime,  silica,  peroxide  of  iron,  and 
alumina.  The  proportion  of  indigo  blue  va- 
ries, in  the  different  commercial  varieties,  and 
as  the  coloring  power  is  vested  in  this  ingre- 
dient, their  value  is  rated  accordingly.  That 
known  as  Bengal  is  preferred.  The  mode  of 
isolating  the  several  components  is  given  in 
detail  at  pp.  163,  225,  297,  Franklin  Journal, 
vol.  i.,  3d  series,  and  in  Dumas,  vol.  via.,  pp. 
12,  14.  .  . 

1.  Gluten.  A  yellowish  transparent  varnish, 
resembling  true  gluten  in  its  behavior  to  rea- 
gents, but  differing  therefrom  by  its  solubility 
in  a'cohol  and  incoagulability  by  boiling. 

2.  Wh^e.  C,6H6N02.  Isomeric  with  the  cya- 
nide of  benzoyle.  Is  solid,  crystalline,  fibrous, 
silky,  tasteless,  and   inodorous.     Is   heavier 
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than  water,  and  without  action  upon  litmus 
paper.  Forms  yellow  solutions  with  alcohol 
and  ether;  is  insoluble  in  water.  Docs  not 
unite  with  the  weak,  but  is  entirely  changed 
by  the  concentrated  acids.  Becomes  directly 
blue  by  exposure,  owing  to  its  powerful  affinity 
for  oxygen. 

3.  Brown.  Very  difficult  to  obtain  in  a  pure 
state.  A  transparent,  brown  varnish,  slightly 
soluble  in  water,  and  forming  a  neutral  solu- 
tion. It  readily  forms  compounds  with  acids 
which  are  scarcely  soluble  in  water,  and  unites 
so  powerfully  with  alkalies,  that  the  resultant 
solutions  give  no  alkaline  reaction. 

4.  Red.  A  dark  red  powder,  insoluble  in 
water,  alkali,  or  dilute  acid.  Concentrated 
sulphuric  acid  dissolves  it  with  a  dark  yellow 
color;  chlorine  water  softens  anil  yellows  it, 
but  on  exposure  it  resumes  its  original  cha- 
nctcr 

5.  Indigo  blue.  C16H.N02,  (Crum).  Is  pre- 
pared in  the  wet  way,  or  by  sublimation.  In 
the  first  case,  take  5  pts.  of  commercial  indigo, 
10  pts.  of  green  vitriol,  15  of  hydrate  of  lime, 
and  mix  and  transfer  them  to  a  stoppered  flask, 
add  60  pts.  of  water,  and  leave  to  repose  for 
several  days.  During  this  interval  the  pro- 
toxide of  iron  becomes  peroxide  at  the  expense 
of  the  indigo;  this  latter  is  transformed  into 
white  indigo,  which  unites  with  the  lime, 
forming  a  soluble  compound, — the  cold  vat  of 
the  dyers.  The  clear,  yellowish  solution  thus 
resulting,  is  decanted  and  treated  with  a  slight 
excess  of  muriatic  acid,  which  neutralizes  the 
lime  and  precipitates  the  indigo  colorless. 
The  precipitate  is  then  well  washed  with  pure 
water,  afterwards  with  boiling  alcohol  to  re- 
move indigo  red,  and  subsequently,  after  dry- 
ing, with  several  portions  of  boiling  snlphuret 
of  carbon  to  remove  the  free  sulphur  which  is 
formed  during  the  precipitation  by  the  acid. 
By  exposure  to  air  at  250°  F.,  it  becomes  per- 
fectly dry  and  blue. 

b.  To  obtain  the  indigo  in  crystals,  take4oz. 
of  the  crude  article  in  powder,  4  oz.  grape 
sugar,  and  mix  them  with  hot  alcohol  of  76 
pr.  ct. ;  transfer  to  a  six-quart  bottle,  and  add 
6  oz.  concentrated  alcoholic  ley  of  caustic  soda, 
and  fill  the  bottle  entirely  with  hot  alcohol; 
when  thoroughly  shaken  leave  the  whole  to 
repose,  then  draw  off  the  clear  liquid,  and  ex- 
pose it  to  the  air.  After  some  time  2  oz.  indigo, 
in  copper-colored  crystals,  will  be  deposited, 
and  are  to  be  purified  by  thorough  washing, 
first  in  alcohol  and  then  in  hot  water. 

r.  Crystals  of  pure  indigo  may  also  be  ob- 
tained by  sublimation,  it  being  only  necessary, 
for  this  purpose,  to  expose  a  thin  layer  of  the 
powdered  article  in  a  dish,  to  a  gentle  heat, 
and  to  catch  the  sublimate  in  a  head  or  cone 
of  strong  paper.  When  prepared  directly  in 
this  manner,  from  crude  indigo,  the  crystals 
require  to  be  purified  from  red  by  repeated 
boiling  with  alcohol. 

Indigo  blue  is  volatile,  but  decomposes  at  a 
heat  higher  than  its  point  of  volatilization.  Is 
insoluble  in  water,  alcohol,  ether,  olive  oil,  or 
spirits  of  terpentine;  unacted  upon  by  air, 
dilute  acids,  or  caustic  alkalies.  The  strong 
acids,  in  dissolving  it,  develope  new  com- 
pounds.   It  is  readily  deoxidized  by  su  bslances 
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having  a  strong  affinity  for  oxygen,  provided 
an  alkali  or  alkaline  earth  be  present,  in  which 
case  the  reduced  indigo  combines  with  the 
strong  base. 

Jlclion  (./Sulphuric  acid  upon  Indigo.  The  re- 
sultant products  vary  with  the  proportion  of 
acid  employed,  its  strength  and  length  of  con- 
tact. The  stronger  the  acid,  the  greater  its 
solvent  power.  To  ensure  the  solution  of  the 
whole  of  the  indigo,  15  pts.  of  concentrated 
acid  must  be  used  for  every  part  of  finely 
powdered  indigo,  and  the  two  digested  together 
in  a  glass  llask  for  several  days,  at  a  temp,  of 
120°  to  140°  F. ;  these  precautions  prevent 
the  formation  of 

Indigo  purple,  or  sulpho-purpuric  acid,  C|6 
H6N04,  803,  which  invariably  ensues  when 
tlie  acid  is  employed  too  weak,  or  in  too  small 
a  proportion.  Alter  sufficient  digestion,  dilute 
the  liquid  largely  with  water,  and  filter.  If 
the  reaction  has  been  perfect,  there  will  be 
no  residue  of  purple.  The  filtrate  contains 
sulphindifrotic  or  sulphindilic  acid,  C,6H5N02, 
2S03,  and  a  small  quantity  of  hyposulphindi- 
gotic  acid.  This  latter  acid  is-  more  frequent- 
ly a  result  when  fuming  acid  has  been  used 
for  effecting  solution.  These  acids  form  com- 
pounds with  the  alkalies,  soluble  in  water, 
but  insoluble  in  alkaline  liquors.  To  separate 
them,  therefore,  add  to  the  filtrate  a  concen- 
trated solution  of  acetate  of  potassa,  and 
again  filter  upon  paper.  The  liquor  passing 
through  should  be  clear  and  nearly  colorless. 
To  purify  the  precipitate  of  sulphate  of  po- 
tassa, it  must  be  several  times  washed  with  a 
solution  of  acetate  of  potassa;  and  to  remove 
the  latter,  subsequently  with  common  alcohol. 
The  formula  of  the  salt  thus  obtained  is  C  „ 
H4N02,  S20.,  KO. 

Both  of  these  acids  form  salts  with  the  alka- 
lies, of  which  the  hyposulphindigotates  are  the 
most  soluble  in  water,  and  the  ammoniacal 
salt  of  the  latter  soluble  in  alcohol.  To  ob- 
tain them  in  a  free  state,  it  is  only  necessary 
to  decompose  the  potassa  salt  with  acetate  of 
lead,  wash  the  precipitate,  and  decompose  it 
by  sulphuretted  hydrogen.  By  filtration,  a  yel- 
lowish liquid  is  obtained,  which  blues  in  the 
air,  and  by  evaporation  at  less  than  120°, 
passes  into  a  blackish  blue  solid.  These  acids, 
in  a  free  state,  are  yellow,  and  form  solutions 
with  water,  which  become  blue  on  exposure. 
The  solutions,  as  well  as  those  of  the  salts 
which  they  form,  are  turned  yellow  by  nitric 
acid,  chlorine,  and  bromine. 

The  suiphindigotic  acid  dissolved  in  dilute 
sulphuric  acid  gives,  in  contact  with  zinc  and 
iron,  a  colorless  or  yellowish  liquid,  which 
blues  by  exposure  to  air,  and  is  a  most  sensi- 
tive reagent  for  detecting  the  presence  of  oxy- 
gen in  gaseous  mixtures. 

Ltdi^o  purple,  Pha.uriu.  Sulphopurpuric  acid. 
Pheiiicisulphuric  acid,  C16H.N02S03.  Forms 
the  insoluble  residue  wtien  the  solution  of 
indigo  is  made  with  too  weak  or  too  little  sul- 
phuric acid.  It  is  made  in  the  same  way  as 
indigo  blue,  except  that  but  five  parts  of  acid 
are  employed  to  one  of  indigo.  The  precipi- 
tate obtained  is  to  be  washed  with  dilute 
muriatic  acid.     It  is  insoluble  in  acidulated, 


but  soluble  in  pure  water,  and  forms  floccu- 
lent  purple  compounds  with  the  alkalies. 

Chemic  blue.  This  is  the  solution  of  indigo 
in  sulphuric  acid,  used  for  dyeing  wool,  and 
known  as  "blue-dye." 

A  most  excellent  discharge  for  indigo  blue 
is  caustic  soda,  potassa,  or  ammonia  in  pre- 
sence of  red  prussiate  of  potassa;  the  latter, 
3  KOy  +  Fe2Cy3,  having  a  great  affinity  for 
an  additional  equiv.  of  potassium,  to  convert 
it  into  yellow  prussiate,  2KCy-|-FeCy,  the 
oxygen  at  the  moment  of  its  liberation  remov- 
ing the  coloring  matter. 

Oxidation  of  Indigo.  Jlction  of  Nitric  acid. 
Concentrated  nitric  acid  is  so  powerful  in  its 
action  upon  indigo  as  to  produce  ignition. 
When  diluted  it  generates  the  indigotic  and 
carbazotic  acids ;  if  still  weaker,  it  gives  rise 
to  isatin. 

Jnilic  and.  Syn.  Indigotic  acid ;  Nitrosa- 
licylic  acid.  CuH4NOD  -f-  HO.  Prepared  by 
adding  finely  powdered  indigo  in  successive 
portions,  as  fast  as  dissolved,  to  nitric  acid  of 
1-28  spec,  grav.,  diluted  with  an  equal  bulk  of 
water,  and  aiding  the  reaction  with  gentle 
warmth.  Two  acids  form,  and  for  their  sepa- 
ration it  is  necessary  to  add  acetate  of  lead  to 
the  hot  solution  as  long  as  it  gives  a  brown 
precipitate.  The  anilate  of  lead  remains  in 
solution,  and  subsequently  drops  in  crystals, 
from  which  the  acid  may  be  separated  by 
means  of  sulphuric  acid.  Thus  obtained  it 
is  in  fine  white  or  lemon-yellow  needles,  of  a 
strong  acid  taste.  It  is  fusible  and  vola- 
tilizable,  more  soluble  in  hot  than  cold  water, 
unites  with  the  bases,  forming  yellowish  or 
reddish  compounds,  of  which  those  with  am- 
monia and  with  the  oxides  of  lead  and  silver 
are  soluble  and  crystallizable. 

Carbazoiic  acid.  Syn.  Picric  acid ;  Nitropi- 
cric  acid;  Nitrophenisic  acid;  Welter's  bitter. 
Formula,  Ol2H2N3013  -f-  HO.  Is  formed  in  the 
preceding  process,  but  may  be  more  abun- 
dantly obtained  by  adding  portion  wise,  and 
with  great  caution  to  prevent  explosion,  one 
part  of  indigo  in  fine  powder  to  11  pts.  of  hot 
nitric  acid  of  spec.  grav.  1-43,  and  after  the 
liquid  is  quiet,  adding,  during  boiling,  more 
acid,  until  nitric  oxide  ceases  to  be  given  off. 
The  solution,  on  cooling,  drops  the  acid  in 
crystals,  which  require  to  be  purified  by  solu- 
tion in  potash,  precipitation  by  nitric  acid,  and 
recrystallization  from  water.  It  is  also  the 
product  of  the  action  of  strong  nitric  acid 
upon  coumarin,  salicin,  and  several  other 
substances.  It  is  in  bright  yellow,  scaly  crys- 
tals, of  a  very  bitter  taste,  readily  soluble  in 
hot  water  and  in  alcohol  and  ether;  fusible 
and  volatilizable  at  a  gentle  heat.  Its  salts 
are  yellow,  and  explode  when  heated.  That 
of  potassa  being  rather  insoluble  in  water  and 
wholly  so  in  alcohol,  an  alcoholic  solution  of 
this  acid  is  used  as  a  reagent  for  detecting  the 
presence  of  potassa.  The  picrate  of  soda  is 
very  soluble,  and  hence,  if  the  amount  of  water 
is  not  too  great,  the  two  alkalies  may  be  dis- 
tinguished from  each  other,  as  the  picrate  of 
potassa  deposits  in  minute  yellow  crystals. 

Isatin.  C|6H6N04.  Is  formed  by  making 
10  pts.  of  crude  pulverized  indigo  into  a  thick 
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pap  with  water,  digesting  in  a  porcelain  cap- 
sule at  a  mild  heat,  gradually  adding  at  the 
same  time,  and  during  constant  stirring  and 
boiling,  from  6  to  7  pts.  of  nitric  acid.  The 
indigo  is  transformed,  the  liquid  becomes  yel- 
low, and  contains  isatin  and  brown  matter. 
Dilute  the  whole  largely  with  water,  boil,  and 
rapidly  filter  the  hot  liquid.  The  isatin  de- 
posits after  a  time  in  reddish  powder,  which 
is  to  be  washed  with  slightly  ammoniacal 
water,  and  subsequently  with  boiling  water  or 
alcohol. 

Indigo  may  also  be  oxidized  into  isatin  by 
means  of  chromic  acid  eliminated  from  a 
mixture  of  bi-chromate  of  potassa  and  sul- 
phuric acid,  mixed  with  20  or  30  pts.  of  water. 
Heat  is  to  be  discontinued  as  soon  as  the  blue 
color  is  destroyed. 

Isatin  is  in  brilliant  reddish  crystals,  and 
readily  forms  solutions  with  hot  water  and 
alcohol,  which  stain  the  skin,  and  impart  an 
unpleasant  odor.  It  is  inodorous,  unalterable 
by  exposure,  and  in  volatilizing  gives  off  irri- 
tant vapors.  Alkalies  change  it  into  Isatic 
acid,  C16H6N05;  hydrosulphuret  of  ammo- 
nium into  Isatyde,  C16H8N04;  chlorine  into 
Cklorisalin,  C|6H4C1N04,  which  forms  orange 
crystals  and  Bich lor isatin,  C]6H3CI2N04,  in 
hyacinth  crystals,  rather  more  soluble  in  water 
and  alcohol  than  the  former;  ammonia  into 
Imesatin,  C)6HgN202,  Imasatin,  C32HuN306, 
hnasatinic  and,  C32HuN306-|-  HO,  and  Amasa- 
tin,  C16H7N203. 

Action  of  Chlorine  upon  Indigo.  There  is  no 
reaction  between  chlorine  and  indigo  in  a  dry 
state;  but  when  the  gas  is  passed  through  a 
paste  of  the  latter  at  a  low  temperature,  de- 
composition ensues,  the  mass  becomes  yellow, 
and  new  compounds  are  formed  without  dis- 
engagement of  carbonic  acid  or  any  other 
gaseous  product.  Among  these  products  are 
Chlorisatin  and  Bichlorisatin.  By  distillation 
of  the  mass  a  white  crystalline  sublimate 
(Chlorindopten)  results,  consisting  of  Chlorin- 
dalmit  and  Chlorindoptenic  acid.     Erdmann. 

Chhrindalmit.  C„H4C130.  Syn.  Trichlorani- 
lin.  Sublimes  as  a  white  mass  when  chlorin- 
dopten is  distilled  with  carbonate  of  potassa. 
It  is  also  derived,  according  to  Hoffmann, 
from  anilin,  C12H7N,  by  the  replacement  of 
3  equivs.  of  hydrogen  by  3  equivs.  of  chlorine. 
It  is  fusible  and  volatile,  has  a  fennel-like 
odor,  and  a  neutral  reaction. 

Chlorophesenicacid.  Syn.Chlortndoptenicacid. 
(■  h  oi  o+  HO.  The  potassa  salt  remain- 
ing in  the  retort  after  the  distillation  of  the 
chlorindatmit,  when  acted  upon  by  hydrochlo- 
ric acid,  yields  this  acid  as  a  white  flocculent 
precipitate,  of  a  nauseous  smell,  crystalhzable, 
and  forming  a  lemon-yellow,  insoluble  salt, 
with  oxide  of  silver. 

Action  of  Bromine  upon  Indigo.  Bromine,  un- 
der the  same  circumstances,  reacts  similarly 
to  chlorine  upon  indigo,  and  produces  an 
analogous  series  of  compounds. 

Action  of  Alkalies  upon  Indigo.  Potassa,  in 
reacting  upon  indigo,  produces  several  com- 
pounds varying  in  their  properties  with  the 
process  employed. 

Chrysanihc  acid.     Add  indigo  in  powder  to 
boiling  potassa  solution,  of  spec.  grav.  1*45, 
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and  evaporate  the  resultant  deep  red  liquid. 
The  crystalline  mass  which  forms  on  cooling 
when  exposed,  in  aqueous  solution,  depi 
blue  indigo.  By  neutralizing  the  greater  part 
of  the  potassa  with  an  acid  until  a  bluish 
green  precipitate  ceases  to  be  formed,  and 
then  adding  acetic  acid  to  the  clear  golden 
solution  obtained  by  filtration,  Ckryialinic  acid 
is  thrown  down.  (Fritschc.)  In  this  state  it  is 
a  brownish  precipitate,  but  becomes  yellow 
when  purified  by  solution  in  ether  and  evapo- 
ration. From  its  boiling  solution  in  dilute 
mineral  acids,  bluish  black  crystals  of  un- 
known composition  are  deposited,  and  Amlira- 
nilic  acid  remains  in  the  liquid. 

Anthranilic  acid.  C]4H6N03-f-HO  (Fritschf). 
Is  isomeric  with  Salicylumide.  To  the  alkaline 
solution,  made  as  above  directed,  add  linely 
powdered  peroxide  of  manganese  until  the 
liquid,  when  diluted  and  exposed  to  air,  no 
longer  yields  blue  indigo.  Anthranilate  of 
potassa  remains  in  solution  with  free  potassa. 
To  purify  the  crystals,  they  must  be  dissolved 
in  the  least  quantity  of  water  possible,  and 
neutralized  exactly  with  dilute  sulphuric  acid. 
The  mixture  evaporated  to  dryness  is  treated 
with  boiling  alcohol,  which  dissolves  out  the 
anthranilate  and  leaves  the  sulphate  of  po- 
tassa. Acetic  acid  being  added  in  excess  to 
the  alcoholic  solution,  throws  down  the  im- 
pure acid  in  orange-colored  flocculse.  To 
purify,  combine  it  with  lime,  recrystallize  the 
lime  salt  from  a  solution  decolored  by  bone- 
black,  and  separate  the  acid  anew  by  a  slight 
excess  of  acetic  acid. 

Anthranilic  acid  is  in  brilliant  yellowish 
white  plates,  soluble  in  alcohol  and  ether,  and 
sparingly  in  cold  water.  Its  compounds  with 
lime  and  with  silver  are  both  soluble  and 
crystallizable.  When  gently  heated  it  fuses 
and  sublimes,  but  by  a  stronger  heat  is  con- 
verted into  anilin  and  carbonic  acid. 

Anilin,  {Hoffmann).  Syn.  Crystalline,  (Uuvcr- 
dorben);  Benzidam,  (Zinui);  Kyanole,  (Runge). 
Formula  C,2H7N.  Is  formed  under  a  variety 
of  circumstances: — 1st,  By  the  action  of  po- 
tassa upon  indigo  or  isatin.  2d,  By  the  dis- 
tillation of  anthranilic  acid.  3d,  By  the  action 
of  sulphuret  of  ammonium  or  of  an  alcoholic 
solution  of  potassa  upon  nitrobenzine.  4th, 
By  the  distillation  of  nitrobenzoin  or  salicyla- 
mide  with  lime.  5th,  By  the  destructive  dis- 
tillation of  coal  and  of  indigo.  6th,  It  is  also 
a  frequent  product  of  the  decomposition,  at 
high  temperatures,  of  nitrogenous  substances. 

Prep.  1.  By  dissolving  powdered  indigo  blue, 
with  heat,  in  very  strong  potassa  ley,  and 
heating  the  mass  to  dryness.  2.  Hoffmann 
obtained  it  from  the  oil  of  coal  tar,  by  treating 
it  with  hydrochloric  acid  to  remove  the  basic 
oils  which  are  contained  in  the  loA-cr  stratum 
of  the  two  thus  formed,  after  twelve  hours. 
The  lower  stratum  is  to  be  agitated  with  an 
additional  quantity  of  tar  oil,  and  after  the 
hydrochloric  acid  has  become  neutralized,  the 
solution  is  treated  with  an  excess  of  milk  of 
lime,  and  distilled.  A  milky  liquid  first  con- 
denses, and  contains  impure  anilin  and  leukol, 
(quinolein),  to  purify  which  the  mixture  must 
be  again  neutralized  by  hydrochloric  acid  and 
then  treated  with  ether,  which  dissolves  the 
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non-alkaline  oils,  leaving  the  alkaloids  in  t.he  I  phorus,  camphor,  and  resin ;  coagulates  albu 
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aqueous  stratum,  swimming  on  the  top.  The 
two  bases  are  neutralized  by  an  alkali,  and 
subjected  to  distillation.  That  portion  which 
passes  over  at  360°,  contains  the  anilin, 
which  may  be  purified  by  converting  it  into 
oxalate  and  crystallizing  this  salt  repeatedly 
from  absolute  alcohol,  and  finally  decompos- 
ing the  solution  by  distilling  with  potassa. 

Prop.  A  colorless,  oily  liquid,  of  spec.  grav. 
1-020,  having  a  vinous  odor,  and  burning,  aro- 
matic taste.  It  is  highly  refractive ;  boils  at 
360°,  and  is  not  congealed  by  a  cold  of  — 4°  ; 
mixes  in  all  proportions  with  ether,  alcohol, 
wood-spirit,  acetone,  aldehyde,  sulphuret  of 
carbon,  the  fat  and  essential  oils.  Its  aqueous 
solution  does  not  affect  litmus  or  turmeric 
paper,  but  greens  the  coloring  matter  of  the 
dahlia.     It  dissolves,  whilst  hot,  sulphur,  phos- 


men,  and  forms  crystallizable  salts  with  the 
acids,  which  on  exposure  gradually  become 
rose-red,  and  ultimately  brown. 

This  base  is  analogous  to  ammonia,  forming, 
like  it,  double  salts,  with  bichlorides  of  mer- 
cury and  of  platinum.  It  is  very  oxidable, 
and  hence  the  facility  of  distinguishing  it  by 
its  property  of  forming  a  deep,  but  fugitive 
blue,  with  a  solution  of  chloride  of  lime.  Ni- 
tric acid  converts  it  into  picric  acid;  chlorine 
into  chlorophenisic  acid  and  chlorindatmit; 
bromine  into  bromaniloid,  which  transforma- 
tions indicate  that  anilin  belongs  to  the 
phenyl  series. 

"The  following  table  will  illustrate  the  rela- 
tion of  anilin  and  its  derivatives  to  the  hy- 
drate of  phenyl : — 


Hypothetical  radical ^12^5 Phenyl. 

Carbolic  acid C12H50,  HO Hydrat'ed  oxide  of  phenyl. 

Chlorindoptenic  acid C>2^cf  ?°>H0----  Chlorophenisic  acid. 

Chlorinized  chlorindoptenic  acid  . .  C,2C1,0,  HO Chlorophenusic  acid. 

Nitropicric,  or  Picric  acid C]2  £  f^Q  I  0,  HO    Nitrophenisic  acid. 

Anilin,  C12H7N  = C)2H6  +  N4H2 Phenylamide,  or  Amaphenase. 

their   chemical    state.      The    iron    salt 


"In  this  view,  anilin  is  composed  of  phenyl 
and  amide;  and,  whether  this  be  so  or  not,  it 
is  certain  that  every  one  of  the  compounds  in 
the  above  table  may  be  converted  into  chlo- 
ranile  by  the  action  of  chlorate  of  potash  and 
hydrochloric  acid,  which,  taken  along  with 
their  common  origin  in  indigo,  would  indicate 
a  close  relation  among  them  all."  Turner, 
[Aw  Organic],  p.  1222. 

Muriate  of  J  nil  in.  Crystalline;  soluble  in 
water  and  alcohol. 

Oxalate  of  Anilin.  Crystallizes  in  long 
needles  from  its  aqueous  solution.  Dumas, 
vol.  viii.,  p.  8.  Chem.  Gaz.  iii.  108,  136,  (Hoff- 
mann). Laurent,  Erdman's  Journ.  fur  Prakt. 
Chem.,  28,  337,  204,  198,  193. 

INFUSION.  Chem.  Pharm.  Bodies,  par- 
ticularly vegetable  and  other  easily  penetrable 
substances,  are  infused  by  being  drenched 
with  boiling  water,  and  then,  left  to  cool.  The 
liquor  which  contains  the  soluble  portions  of 
the  matter  acted  upon  is  called  an  infusion. 
This  process  of  exhaustion  applies  to  all  sub- 
stances which  contain  volatile  or  other  princi- 
ples that  would  be  altered  by  prolonged  heat. 
The  vessel  in  which  the  operation  is  performed 
should  be  covered. 

INK.  The  black  or  colored  medium  through 
which  thoughts  and  words  are  permanently 
expressed  upon  paper  and  other  plane  surfaces. 
Inks  differ  in  consistence  and  composition  ac- 
cording to  mode  of  application. 

Writing  Inks.  Under  this  head  are  com- 
prised all  those  fluids  which  are  used  with  the 
pen,  for  writing  upon  paper.  They  are  of 
various  colors. 

Black  Ink.  The  desiderata  in  this  article 
are  fluidity,  intensity,  and  durability  of  color, 
and  freedom  from  corrosive  action.  These 
are  to  be  accomplished  by  a  proper  apportion- 
ment of  materials  and  intelligent  and  careful 
manipulation.  The  basis  of  black  ink  are 
galls  and  iron  salt,  and  their  efficacy  depends 


upon  their  chemical  state, 
should  be  a  mixture  of  a  proto  and  peroxy 
base,  because  if  it  is  wholly  the  former,  the 
tannin  of  the  galls  has  no  colorizing  effect; — 
if  entirely  of  the  latter,  the  presence  of  much 
gallic  acid  generates  a  compound  which,  ow- 
ing to  the  decomposition  of  the  acid,  is  gradu- 
ally decolorized  by  the  reduction  of  the  iron 
to  a  protoxide.  The  solution  of  galls  should 
be  perfectly  clear  and  free  from  sediment,  and 
that  as  little  gallic  acid  may  be  present  as 
possible,  the  decoction  should  be  used  soon 
after  it  has  been  made.  The  suspension  of 
the  impalpable  precipitate  is  effected  by  gum. 
The  ink  should  be  allowed  to  ripen  for  some 
time,  so  that  the  insoluble  precipitate  which 
is  thrown  down  at  first  by  the  small  portion 
of  gallic  acid,  may  be  redissolved  in  the  ex- 
cess formed  from  the  tannin  by  exposure. 
Logwood,  sumach,  oak  bark,  and  similar 
astringents  are  not  good  substitutes,  for,  be- 
sides being  comparatively  poor  in  gallotannic 
acid,  they  contain  other  tannic  acids  and  color- 
ing matters  which  debase  the  rich  blue-black 
given  by  galls  alone.  The  suspension  of  the 
precipitate  depends  on  a  state  of  semi-solution, 
which  requires  investigation. 

Ink  stains  are  tanno-gallates  of  iron,  readily 
removable  by  oxalic  and  citric  acids,  or  chlo- 
ride of  lime,  which  effects  their  decomposition 
and  the  solubility  of  the  iron  basis;  after- 
rinsing  in  water,  removes  all  traces  of  spots. 
Faded  ink  or  iron-mould  can  be  restored  to 
its  former  black  color  either  by  an  infusion 
of  galls  or  a  muriatic  acidulated  solution  of 
prussiate  of  potash. 

Below  are  several  valuable  recipes: — 

Aleppo  Cop- 
Galls,  peras. 
Lbs.  Lbs. 
12  4 
40  9 
alls  should  be  bruised  end  exhausted 
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Superior  Black  Ink. 
Exchequer 
The 


Lbs. 

H 

10 


Galls. 
18 
45 


INK. 

by  three  consecutive  boilings,  each  time  di- 
minishing the  quantity  of  water,  and  supply- 
ing, by  fresh  addition,  any  loss  by  evaporation. 
The  copperas  and  gum  in  solution  are  added 
to  the  strained  decoction  of  galls  whilst  both 
are  yet  warm,  and  the  whole  allowed  to  settle 
for  weeks,  and  then  drawn  off  from  the  sedi- 
ment. A  few  cloves,  or  some  drops  of  crea- 
sote  prevent  any  tendency  to  mouldiness. 

Japan  Ink.  Made  as  the  above,  but  with 
the  copperas  highly  peroxidized  by  roasting. 
This  ink  is  intensely  black  when  written  with, 
but  the  color  does  not  retain  its  depth  or  lustre. 
The  addition  of  sugar  to  this  or  the  before- 
mentioned  writing  inks,  renders  them  Copying 
inks. 

Blue  Ink.  Prepared  by  thoroughly  triturat- 
ing perfectly  pure  Prussian  blue  (6  pts.)  and 
oxalic  acid"(l  pt.)  with  soft  water.  A  little 
gum  is  added  to  prevent  its  spreading  upon 
the  paper.  A  most  brilliant,  permanent,  and 
uncorrosive  blue  fluid  is  also  made  by  dissolv- 
ing basic  Prussian  blue  in  slightly  mucilagi- 
nous water.  Written  with  upon  cloth,  satu- 
rated with  alum  solution  and  then  dried,  it 
gives  an  indelible  mark. 

Red  Ink.  Hensler's  recipe  is:— 2  oz.  best 
Brazil  wood,  £  oz.  pulverized  alum,  and  ^oz. 
crystals  tartar,  are  boiled  with  16  oz.  distilled 
water  to  one  half.  Half  an  ounce  of  gum 
Arabic  is  dissolved  in  the  strained  liquor,  and 
finally  a  tincture  made  of  1^  drachms  of  co- 
chineal and  1£  oz.  alcohol  of  spec.  grav.  0-839, 
mixed  with  it. 

A  very  brilliant  red  can  be  made  with  the 
following  proportions: — 

Brazil  wood 2  oz. 

Muriate  of  Tin i  drachm. 

Gum  Arabic 1  drachm. 

Water  (boiled  down  one  half)  .  32  oz. 

A  solution  of  carmine  in  an  excess  of  am- 
monia makes  a  beautiful  but  fugitive  red  ink. 
Indelible  Inks.  Used  for  marking  on  linen, 
but  improperly  so  called,  because  they  can 
readily  be  discharged  by  ether,  chlorine,  or 
ammonia,  and  without  injury  to  the  fabric, 
provided  it  is  rinsed  in  water  immediately 
after  the  application. 

The  usual  preparation  is  a  solution  of  1  oz. 
nitrate  of  silver  in  4  oz.  water,  which  when 
cold  is  thickened  with  a  little  mucilage.  The 
part  to  be  written  on  is  first  moistened  with 
carbonate  of  soda  liquor,  and  then  dried. 

The  marking  ink  used  without  a  soda  pre- 
paration is  an  ammoniated  solution  of  nitrate 
of  silver  thickened  with  a  little  mucilage. 

A  true,  black,  indelible  ink  can  be  made  by 
suspending  10  grs.  best  lamp  black  and  2  grs. 
of  indigo  in  4  oz.  of  acetic  solution  of  pure 
gluten,  of  the  strength  of  wine  vinegar.  1  his 
ink  is  inappropriate  for  marking  on  linen,  as 
it  does  not  resist  mechanical  force  or  rubbing. 
Indian  Ink.  Purified  lamp  black  of  the 
finest  quality  made  into  a  paste  with  glue,  and 
then  moulded  into  sticks. 

Sympathetic  Inks.  These  have  no  practical 
use.  They  are  made  of  metallic  solutions 
and  mixtures,  which  when  written  with  give 
no  apparent  mark  until  after  the  paper  is 
heated. 
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Printing  Ink*.  There  also  arc  the  ordinary 
printing  ink,  copper-plate,  and  lithographic 
ink.  The  desirable  properties  of  the  first 
named  are  depth  and  brilliancy  of  color,  plia- 
bility in  working,  freedom  from  clamm 
and  facility  of  removal  from  the  types  without 
the  use  of  ley.  Below  are  the  ingredients  and 
their  proportions  for  good  book  ink: — 

Best  clear  linseed  oil  (old; 1 J  palls. 

Rosin  (powdered) 6    lbs. 

Dry  brown  soap,  in  shavings. . .    1 J  lbs. 

Indigo  and  Paris  blue,  each 2|  oz. 

Best  lamp  black 6    lbs. 

The  oil  must  first  be  boiled  and  burned  to 
the  consistence  of  a  thick  varnish  ;  whilst  still 
hot,  and  during  constant  stirring,  it  sh 
receive  gradually  both  the  rosin  and  soap  in 
consecutive  order.  The  coloring  mailers 
thoroughly  mixed  are  then  to  be  intimately 
incorporated  with  a  crutch.  When  the  ink  lias 
ripened  for  a  week  it  should  then  be  ground 
in  "  Bogardus  eccentric  mills."  By  boiling  the 
oil  less  thick  and  adding  more  rosin  and  con- 
sequently soap  to  counteract  the  binding  effects 
of  the  latter,  a  cheaper  ink  is  obtained. 

For  a  very  superior  black  ink,  Savage  has 
proposed  as  follows  : — 

Balsam  copaiva 9    oz. 

Lamp  black  of  the  finest  quality  .  3    oz. 

Paris  blue U  oz. 

Indian  red _  I  °2, 

Dry  rosin  soap 3    oz- 

The  colored  inks  are  made  with  the  above 
varnish,  by  substituting  white  soap  for  the 
yellow,  and  a  pigment  of  the  desired  shade 
for  the  black  coloring  mixture. 

Lithographic  Ink.  An  encaustic  with  which 
lineaments  or  traces  are  marked  upon  litho- 
graphic stone,  and  are  again  transferred  to 
paper  by  means  of  a  printers'  ink  with  which 
it  may  be  covered.  Lasteyrie's  approved  com- 
position is  as  follows; — 

Dried  tallow  soap 30  Pts- 

Mastic  in  tears,  and  soda,  each  .  30  pts. 

Shellac ,••  ]50P1S' 

Lampblack 12  Pts' 

When  the  ink  is  to  be  used,  it  must  be  rubbed 
down  with  water  to  the  required  consistency 
and  depth  of  shade. 

Copper-plate  Ink.  Prepared  solely  with  thickly 
boiled  nut  or  linseed  oil,  and  finely  powdered 
Frankfort  black. 

INOLITE.     See  Calc  Spar. 
INSTRUMENTS,  CHEMICAL.   See  Labo- 
ratory, and  Morfit's  "  Chemical  and  Pharma- 
ceutic Manipulations." 

INTESTINAL  CONCRETIONS.  Consist 
mostly  of  earthy  phosphates  and  fatty  matters. 
See  Bf.zoar.  „. 

INULIN.  Syn.  Alantin,  Menyanthen,  ive- 
campin,  Dahlin,  Datescin.  A  variety  of  starch 
existing  also  in  the  tubercles  or  bulbs  of  seve- 
ral of  the  synantherous  plants  which  do  noi 
yield  starch.  It  is  extracted  by  boiling  water, 
and  is  deposited  by  the  concentrated  decoction, 
either  in  minutely  spheroidal  grains,  or  as  a 
I  brittle,  crystalline,  white  mass.     It  is  insolunie 


IODIC  SILVER. 


IODINE. 


in  alcohol  and  cold  water,  but  with  hot  water 
forms  a  liquid,  non-gelatinous  solution  ;  spec, 
grav.  1-336;  iodine  colors  it  slightly  brown; 
dilute  sulphuric  acid  aided  by  heat  converts 
it  into  grape  sugar  more  readily  than  starch; 
nitric  acid  transforms  it  into  malic  and  oxalic 
acids  without  a  trace  of  mucic  acid.  Heated 
a  little  above  212°,  it  fuses  with  the  loss  of 
water  into  a  gummy  mass,  soluble  in  water, 
and  yielding  to  alcohol  a  brown  matter.  Ac- 
cording to  Parnell,  when  dried  at  212°  it  con- 
sists of  C21H2102|,  and  two  of  its  compounds 
of  oxide  of  lead  are  thus  constituted  C2 ,H2.0 
-f  5  PbO  and  C24HJ80,8  +  3  PbO. 

Inulin  has  been  the  subject  of  analysis  by 
several  chemists,  the  difference  in  whose  re- 
sults are  attributed  by  Wosskressensky  to  its 
impurities  as  usually  prepared,  and  not,  as 
Crookenit  announced,  to  the  variety  of  plant 
from  which  it  was  obtained.  Mulder  advances 
the  formula  C12H,nO)0,  but  according  to  Woss- 
kressensky inulin  may  be  prepared  of  constant 
composition,  and  after  many  analyses  an- 
nounced its  composition  to  be  C24H190,4. 
(Bull,  de  VJcail.  St.  Pet.  v.,  No.  iii.,  p.  36.)  Tins 
chemist  places  the  deficiency  of  carbon  in 
other  analyses  to  the  rapid  oxidation  of  the 
inulin  during  the  process. 

IODIC  SILVER.  Min.  Foliated,  soft,  flexi- 
ble plates,  white,  yellowish  green,  resinous, 
translucent,  streak  submetallic.  It  fuses  rea- 
dily, colors  the  flame  purplish,  and  leaves  a 
globule  of  silver.  Soluble  in  strongest  nitric 
acid.  It  contains  silver,  lead,  iron,  iodine,  and 
sulphur.    It  occurs  at  Abarradon,  Mexico. 

IODINE.  Chem.  The  name  from  «sv,  the 
violet,  in  allusion  to  the  color  of  its  vapor. 
Discovered  in  1812,  by  Courtois.  It  occurs  in 
a  few  minerals,  iodic  silver  and  mercury;  in 
most  salines,  and  in  minute  quantity  in  sea- 
water,  as  alkaline  iodides;  in  animals  and 
plants  living  in  the  sea,  or  growing  on  the 
sea  coast;  in  minute  quantity  in  turf  and 
coals. 

Prep.  It  is  best  obtained  from  the  mother 
liquor  of  salines  or  sea-water  after  the  sepa- 
ration of  salt,  &c,  by  several  methods.  1.  By 
heating  this  liquor  with  binoxide  of  manga- 
nese and  oil  of  vitriol,  and  subliming  the 
iodine.  (Wollaston.")  2.  By  evaporation  with 
■j1,,  of  manganese  to  dryness,  heating  it  to  be- 
low ignition,  dissolving  in  water  till  it  shows 
36°  Beaume,  and  passing  chlorine  through 
the  solution  until  iodine  ceases  to  precipitate. 
(Barruel.)  3.  Precip.  the  mother  liquor  by 
blue  vitriol,  draw  oft'  the  liquor  from  the 
subiodide  of  copper,  precip.  it  again  with 
blue  vitriol  and  iron  filings,  wash  over  the 
precip.  from  the  filings,  and  separate  it  quickly 
from  the  solution.  The  two  portions  of  sub- 
iodide  are  then  mixed  with  2  or  3  times  as 
much  manganese  and  enough  oil  of  vitriol  to 
make  a  stiff  paste,  and  heated  to  sublime  the 
iodine ;  or  the  mixture,  without  oil  of  vitriol,  is 
heated  highly.  (Soubeiran.")  4.  From  the  mo- 
ther liquors  of  kelp-soda.  The  liquors  are 
concentrated  to  crystallize  out  foreign  salts; 
the  residue  acidulated  with  sulphuric  acid 
until  it  reddens  litmus,  and  a  very  slow  cur- 
rent of  chlorine  passed  through  the  clear 
liquor,  which  is  agitated.     When  the   liquor 


loses  its  red  color,  a  portion  of  it  is  tested  by 
a  strong  solution  of  chlorine;  and  when  it 
ceases  to  thicken  by  this  addition,  the  whole 
is  left  to  settle,  when  the  iodine  collects  at  the 
bottom  in  brown  flakes.  Bromine  is  extracted 
from  the  residuary  liquor  by  distilling  it  with 
manganese  and  sulphuric  acid.  (Couturier.) 
The  iodine  obtained  by  any  of  these  processes 
may  be  purified  by  grinding  it  with  a  little 
water,  drying  between  paper-folds,  and  resub- 
liming;  or  by  solution  in  alcohol,  filtration 
and  precipitation  by  water. 

Prop.  At  ordinary  temperatures  it  is  a  black- 
ish gray,  crystalline  solid,  with  a  metallic 
lustre,  transmitting  red  light  in  thin  flakes, 
very  soft  and  pulverizable,  spec.  grav.  =  4-95  ; 
fusible  at  225°,  congealing  again  to  a  crystal- 
line mass;  rising  in  a  deep  violet  vapor  at 
about  350°;  spec.  grav.  of  vapor  8716.  Its 
odor  resembles  that  of  chlorine;  its  taste  is 
pungent  and  styptic ;  it  is  poisonous;  soluble 
in  7000  pts.  water  (in  500  water  at  68°),  in 
much  smaller  quantities  of  alcohol  and  ether, 
with  a  brown  color;  dissolves  in  naphtha  and 
bisulphuret  of  carbon  with  a  violet  color. 

Tests.  A  boiled  and  cooled  solution  of  starch 
is  the  best  test  for  free  iodine;  and  to  set  it 
free  a  little  nitric  acid  is  added  to  the  liquid; 
1  pt.  iodine  is  recognised  in  450,000  pts.  water; 
in  larger  quantities,  its  violet  vapor  is  suffi- 
ciently characteristic.  Dr.  Cantu's  process 
detects  both  iodine  and  bromine  in  exceedingly 
minute  quantities.  The  water  is  evaporated 
to  half  its  bulk,  a  slight  excess  of  pure  car- 
bonate of  potassa  added,  the  liquid  boiled, 
cooled,  filtered,  and  evaporated  to  dryness, 
avoiding  too  high  a  heat.  It  is  then  powdered 
and  extracted  by  alcohol  of  0-953,  the  clear 
liquid  evaporated,  the  residue  heated  to  low 
redness,  treated  with  a  slight  excess  of  acetic 
acid,  and  again  evaporated  to  dryness.  It  is 
then  dissolved  in  the  smallest  quantity  of 
water  with  a  few  drops  of  a  weak  solution  of 
starch,  and  a  little  of  the  test-liquor  poured 
over  it  (test-liquor  =  10  pts.  oil  of  vitriol  and 
1  pt.  nitric  acid  of  25°  B.).  Two  zones  ap- 
pear in  the  liquid,  one  of  yellow  (bromine) 
below  one  of  blue  (iodine).  Cantu  in  Chew. 
Gaz.,  vi.  395. 

Sym.  I.    Eq.  126,  (789-75,  Ecrz.). 

Sulphate  of  Iodine.  A  small  quantity  of  an- 
hydrous sulphuric  acid  forms  with  iodine  a 
brown  liquid,  a  larger  amount  a  blue,  and  still 
more  acid  a  green  liquid. 

lodohydric  acid,  Syn.  Hydriodic  acid.  Iodine 
will  directly  combine  with  hydrogen  at  a  high 
temperature;  it  will  extract  hydrogen  from 
most  of  its  compounds;  it  will  even  decompose 
water  in  presence  of  zinc,  iron,  phosphorus, 
sulphurous  and  arsenious  acids,  and  protosalts 
of  tin,  these  bodies  being  oxidized. 

Prep.  1.  Decompose  iodide  of  barium  by  the 
equiv.  of  sulphuric  acid.  2.  Distil  phospho- 
rus, iodine,  and  water.  3.  Pass  sulphuretted 
hydrogen  through  a  solution  of  iodine  in  water 
or  alcohol.  4.  The  gas  is  obtained  by  distil- 
ling 1  pt.  phosphorus,  20  pts.  iodine,  14  pts. 
iodide  of  potassium,  and  a  little  water,  at  a 
gentle  warmth. 

Prop.  Form.  HI,  containing  99-21  pr.  ct. 
iodine.     A  colorless  gas,  resembling  muriatic 
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acid  in  odor  and  tasle ;  spec.  grav.  =  4402-4 ; 
reddens  litmus.  It  dissolves  largely  in  water, 
fumes  when  concentrated,  boils  at  2G0°,  de- 
composes by  exposure  to  the  air,  losing  hy- 
drogen and  depositing  crystals  of  iodine.  It 
dissolves  iodine,  possibly  forming  hydriodous 
acid  =  HI2. 

Iodides.  Are  formed  directly  by  iodine  and 
metal;  by  metallic  oxide  and  iodohydric  acid; 
by  precipitation  with  a  soluble  iodide.  They 
are  colorless,  and  of  various  shades  of  red 
and  yellow,  generally  soluble  in  water;  bear 
heat  unchanged  (except  gold,  platinum,  and 
palladium),  but  exposed  to  the  air  at  the  same 
lime  change  into  oxides;  their  solution  is 
generally  decomposed  by  evaporation  (except 
the  alkaline);  decomposed  by  chlorine;  oil  of 
vitriol  and  strong  nitric  acid  color  the  solu- 
tions yellow  and  brown  ;  they  dissolve  iodine, 
forming  dark  reddish  brown  solutions.  In 
some,  a  portion  of  iodine  may  be  replaced  by 
oxygen,  forming  oxyiodides. 

Iodic  acid.  Form.  10..  It  is  formed  by  alkali, 
iodine,  and  water,  6  KO  -f-  6  1=  5  KI  -f 
KO,  I05;  by  the  action  of  strong  nitric  acid 
on  iodine;  by  the  action  of  chlorine  on  iodine 
and  water,  with  or  without  alkali;  by  the  ox- 
ides of  gold,  silver,  and  mercury.  It  is  pre- 
pared by  digesting  iodine  with  nitric  acid  of 
1-55  spec,  grav.,  until  all  the  iodine  disappears; 
or  by  decomposing  iodate  of  soda  or  baryta  by 
sulphuric  acid,  and  crystallizing. 

Prop.  It  forms  white,  hexagonal  plates,  is 
very  acid;  dissolves  readily  in  water,  less  so 
in  acid  water,  partly  precipitable  by  alcohol ; 
it  is  decomposed  by  heat  into  iodine  and  oxy- 
gen, and  explosively  by  charcoal,  sulphur, 
rosin,  sugar,  and  finely  powdered  metals. 

Iodatcs.  Are  formed  by  the  direct  union  of 
the  liquid  acid  and  oxides;  or  by  the  alkalies 
and  iodine.  They  are  generally  crystallizable, 
with  1,  2,  or  3  equivs.  acid;  the  alkaline  rea- 
dily soluble,  the  others  little  or  not  at  all  solu- 
ble; some  of  them  are  somewhat  explosive 
when  heated  with  combustibles,  but  less  so 
than  the  chlorates  or  nitrates. 

Periodic  and.  Form.  IO?.  Prep.  From  per- 
iodate  of  soda  dissolved  in  dilute  nitric  acid,  by 
precipitating  with  nitrate  of  silver,  dissolving 
the  precip.  in  hot  dilute  nitric  acid,  and  evapo- 
rating to  crystallize  the  periodate  of  silver.  By 
treating  this  with  water,  one  half  of  the  acid 
is  dissolved  out.  It  is  similarly  procured  from 
the  soda  salt  by  a  little  warm,  dilute  nitric 
acid,  precipitating  with  nitrate  of  lead,  and 
decomposing  this  precip.  by  an  exact  quantity 
of  sulphuric  acid  (better  a  little  less).  The 
solution  of  periodic  acid,  by  careful  evapora- 
tion, yields  the  crystallized  hydrated  acid. 

Prop.  Colorless  crystals,  fusing  without 
decomposition  at  266°;  easily  decomposed  by 
o.udable  substances  and  many  organic  bodies. 
pu-mdaUs  are  neutral  and  basic,  insoluble  or 
difficultly  soluble  in  water,  more  soluble  in  di- 
lute nitric  acid,  readily  in  alcohol  and  ether; 
easily  decomposed  by  heat. 

IOLITE.     See  Coiuuerite. 

IOLITE,  HYDROUS.     See  Fahlunite. 

IPECACUANHA.     The  root  of  the  CephceUs 
Ipecacuanha.    Pclletier's  analysis  of  the  brown, 
annulated  variety,  gave — 
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Cortex.   Mrditullium. 

Emetin IG  1-15 

Odorous  fatty  matter 2  trace 

Wax 6  — 

Gum 10  .r)00 

Starch 42  20-00 

Ligneous  matter 20  66-00 

Non-emetic  extractive 0  B-48 

Loss 4  4-80 

Bucholz's  analysis  of  the  same  is  to  be 
found  in  Gmelin,  ii.  1281. 

The  fatty  matter  is  extracted  by  ether,  being 
soluble  in  it  and  alcohol,  to  both  of  which  it 
imparts  a  yellow  color.  It  consists,  1st,  of  the 
fugacious,  volatile,  odorant  principle  of  the 
root,  and  2dly,  a  fixed,  inodorous,  fatty  matter. 

Emetin.  C3.H21NOq  (?).  Exists  also  in  the 
Psychotria  emetica  and  Richardia  scabra.  A 
whitish,  inodorous,  slightly  bitte?  powder,  un- 
alterable in  the  air,  fusing  at  122°,  and  de- 
composing a  few  degrees  beyond  that  point 
Slightly  soluble  in  cold  water,  more  so  in  boil- 
ing water,  readily  in  alcohol,  and  scarcely  in 
ether  and  the  essential  oils  and  caustic  alka- 
lies. Nitric  acid  converts  it  into  oxalic  acid. 
Its  combinations  with  the  other  acids  are 
slightly  acid,  and  difficultly  crystallizable. 

IPOMyEA  ORIZABENSIS.  The  fusiform, 
or  male  Jalap.  The  resin  of  this  root  differs; 
from  that  of  the  J.  lpomaa,  is  simple  and  entire- 
ly soluble  in  ether.  Kayser  calls  it  Pnrarhodeo- 
retiu=  C42H340)8;  and  it  is  distinguished,  as  is 
the  jalap  resin,  by  the  characteristic  carmine 
color  of  its  solution  in  oil  of  vitriol,  which  after 
some  hours  deposits  a  brown  smeary  resin. 

IRIDIUM.  Mm.  Metallic  particles  found 
in  the  platinum  sand.  Svanberg  found  some 
containing  76-8  iridium  and  19-64  platinum. 
G.  22-65.  (G.  Rose.)  The  heaviest  body  known. 
Local.  Nische-Tagilsk,  Siberia. 

IRIDIUM.  Chcm.  (ign,  rainbow,  in  allusion 
to  its  colored  compounds.)  Discovered  in 
platinum  sand,  together  with  osmium,  by 
Tennant,  in  1804,  although  their  existence 
was  previously  surmised  by  Descotils,  Four- 
croy,  and  Vauquelin.  Some  pieces  of  native 
iridium  have  been  found  in  the  sand,  but  it  is 
also  associated  with  osmium,  platinum,  &c, 
and  as  an  oxide  in  Iiut.  Iridium  is  obtained 
from  the  platinum  sand  in  the  same  aeries  of 
operations  employed  for  the  other  platinoid 
metals.  See  Platinum.  The  metal  may  be 
obtained  in  powder  or  as  sponge,  by  igniting 
most  of  its  compounds.  The  powder  is  gray, 
becoming  silver-white  by  friction;  or  may 
be  obtained  in  brighter  spangles  by  ignition 
of  KC1,  IrCl2.  It  is  uncertain  whether  the 
pure  metal  is  fusible,  although  Children  with 
a  galvanic  battery,  and  Bunsen  with  the  hy- 
droxygen  blowpipe,  fused  it  to  a  porous  metal. 
Dr.  Hare  fused  a  small  quantity  which  I  had 
prepared,  into  a  somewhat  rounded  mass,  ex- 
hibiting projecting  points,  as  if  an  infusible 
substance  were  contained  in  it,  unless  as  Bun- 
sen  asserts,  it  is  crystalline.  (J.  C.  B.)  Sym. 
Ir.    Eq.  99,  — (1233-5(7?e/-2.), O  =  100). 

Oxides  of  Iridium.  I.  Oxide  of  Ir.  IrO.  Formed 
by  boiling  dry  protochloride  of  iridium  with 
concentrated  potassa,  is  a  black  powder.  Its 
hydrate,  formed  by  precipitatiug    the   double 


IRIDIUM. 


IRIDOSMIN. 


protochloride  of  iridium  and  potassium  or 
sodium  by  carbonate  of  potassa  or  soda,  is 
greenish  gray,  soluble  in  alkali  with  a  green- 
ish yellow  color,  in  acids  with  a  greenish  gray 
color.     It  does  not  lose  its  oxygen  at  a  red  heat. 

2.  Sesyuioxide  of  Ir.  Ir203.  Obtained  by 
fusing  bisulphate  of  potassa  with  the  metal, 
or  by  heating  bichloride  of  iridium  and  potas- 
sium with  twice  as  much  carbonate  of  potassa 
or  soda,  at  not  too  high  a  heat.  A  blue  black 
powder,  losing  its  oxygen  only  below  the  fus- 
ing point  of  silver.  The  hydrate  is  obtained 
similarly  to  the  hydrate,  (1.)  from  the  sesqui- 
chloride  alone,  or  its  combination  with  alkaline 
chloride.  The  hydrate  dissolves  in  acids  with 
a  dark  brown  or  purplish  color;  it  also  unites 
with  alkalies.  There  is  a  blue  oxide,  probably 
a  combination  of  the  two  preceding  oxides. 

3.  Binoxide  of  Ir.  Ir02.  Known  only  in  its 
salts,  which  dissolve  with  a  brownish  red  color, 
and  are  formed  from  the  salts  of  the  lower 
oxides  by  boiling  them  in  the  air  or  with  nitric 
acid.  4.  A  tritoxide,  Ir03,  is  also  formed  from 
the  terchloride  by  alkali,  but  is  only  known  in 
union  with  alkali  or  muriatic  acid. 

Sulphurets.  1,  Sulphuret  of  Ir.  Formed  by 
precipitating  an  oxide  (1.)  salt  with  sulphu- 
retted hydrogen,  or  by  igniting  a  higher  sul- 
phuret in  a  close  crucible.  It  is  easily  soluble 
(if  precipitated)  in  nitric  or  nitro-muriatic 
acid,  as  sulphate,  and  readily  in  sulphuret  of 
potassium.  2.  The  sesquisulphurel,  formed  from 
a  sesqui-salt  by  sulphuretted  hydrogen;  be- 
haves similarly  to  1.  3.  Bisulphuret,  formed  by- 
igniting  iridium  with  sulphur  and  carbonated 
alkali,  or  by  precip.  bichloride  with  sulphu- 
retted hydrogen ;  behaves  similarly  to  the  pre- 
ceding. 4.  The  ler&ulphuret,  formed  from  terchlo- 
ride double  salts,  is  similar  to  the  preceding. 

Carburet.  Carbon  unites  with  iridium  to  a 
compound,  consisting  of  IrC4.  A  phosphuret 
also  exists,  which  by  ignition  in  the  air  be- 
comes phosphate  of  the  oxide. 

Haloid  salts.  I.  Chloride  of  Ir.  IrCl.  Formed 
by  passing  chlorine  over  finely-powdered  iri- 
dium, at  a  low  red  heat,  as  a  dark  olive-green 
powder;  it  is  insoluble.  By  decomposing  it 
with  potassa,  dissolving  the  oxide  in  muriatic 
acid,  and  evaporating,  the  same  salt  is  ob- 
tained of  a  yellow  color,  soluble  in  water. 
2.  Sesquichloride.  Obtained  by  igniting  iridium 
with  saltpeter,  extracting  the  alkali  by  nitric 
acid  and  then  by  water,  dissolving  in  muriatic 
acid,  and  evaporating,  is  a  black  mass,  soluble 
in  water  with  a  color  from  dark  brown  to  yel- 
low, according  to  the  concentration.  3.  Bi- 
chioride  of  In  IrCl2.  Formed  by  digesting  the 
preceding  with  nitromuriatic  acid,  gives  a 
similarly  colored  solution,  which  tends  to  form 
sesquichloride  by  boiling,  and  is  wholly  so 
converted  by  evaporating  its  alcoholic  solu- 
tion. 4.  Chloride  of  Ir.  and  Potassium,  KC1, 
IrCl,  made  by  directly  mixing  the  salts,  gives, 
by  careful  evaporation,  a  dark  green,  crystal- 
line mass,  insoluble  in  alcohol.  5.  The  sesqui- 
chloride salt,  2  KC1,  Ir2Cl3,  formed  by  adding 
to  the  sesquichloride  less  chloride  of  potassium 
than  is  requisite  to  make  the  whole  iridium 
into  the  double  salt,  and  by  gentle  evaporation, 
is  brownish  black,  amorphous,  permanent  in 
the  air,  soluble  in  water,  not  in  alcohol.  6.  The 
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double  bichloride,  KC1,  IrCI2,  obtained  by 
passing  chlorine  over  a  mixture  of  fine  iri- 
dium and  chloride  of  potassium  at  a  low  red 
heat,  extracting  chloride  of  potassium  from 
the  mass  by  small  quantities  of  cold  water, 
then  the  chloride  salt  by  boiling  water,  filter- 
ing, and  evaporating  with  the  addition  of  a 
little  aqua  regia;  forms  dark  red,  regular  octa-' 
hedral  crystals,  which  by  ignition  change  into 
sesquichloride,  and  by  a  higher  heat  yield 
scales  of  iridium,  with  a  metallic  lustre, 
( Wohler) ;  slowly  soluble  in  cold,  readily  in 
boiling  water ;  insoluble  in  saturated  solutions 
of  chloride  of  potassium  and  various  salts, 
and  in  alcohol,  which  last  wholly  precipitates 
it.  Being  isomorphic  with  the  correspond- 
ing salt  of  platinum,  it  crystallizes  with  it. 
The  reaction  of  nitrate  of  silver  upon  this 
double  salt  is  recommended  as  a  test  for  iri- 
dium, by  Claus.  At  the  beginning  of  the  ac- 
tion, an  indigo-blue  precipitate  appears,  which 
soon  loses  its  color;  the  precip.  is  3  AgCl,  lr203. 
7.  The  trichloride,  3  KC1,  IrCI3,  is  obtained  by 
treating  iridosmin  with  saltpeter,  distilling  it 
with  aqua-regia,  dissolving  the  residue  in  the 
retort  with  water,  evaporating  the  filtrate  to 
dryness,  and  extracting  with  successive  por- 
tions of  water;  the  first  solutions,  slightly 
colored,  contain  chloride  of  potassium;  the 
following  are  rose-red,  and  the  last  yellow, 
from  the  double  bichloride.  The  rose-red  so- 
lutions are  evaporated  to  dryness,  powdered, 
treated  with  alcohol  of  0-84,  and  the  brown 
residue  dissolved  in  water  and  evaporated  to 
crystallize.  By  transmitted  light,  they  appear 
as  ruby-red,  rhombic  prisms,  whose  solution 
by  repeated  evaporation  leaves  green  chloride 
of  iridium.  8.  The  proto,  sesqui,  and  bichlo- 
ride of  iridium  and  sodium  are  similar  salts, 
similarly  made,  and  more  soluble  in  water 
and  alcohol;  the  bichloride  double  salt  crys- 
tallizes with  6  HO.  9.  Chloride  of  iridium  and 
ammonia  precipitates  as  a  greenish  powder 
from  solutions  of  the  protochloride  double 
alkaline  salts,  by  adding  ammonia;  form. 
NH3,  IrCl.  The  chloride  with  ammonium, 
NtLCl,  IrCl,  formed  from  the  sesquichloride 
of  iridium  and  salammoniac,  gives  a  green 
solution  of  this  salt,  while  the  bichloride 
double  salt  precipitates.  The  sesquichloride 
is  formed  like  that  of  potassium,  5.  The  bi- 
chloride, NH4C1,  IrCI2,  precipitates  as  a  dark 
red  powder,  by  adding  salammoniac  to  a  strong 
solution  of  sesqui  or  bichloride,  or  of  the  bi- 
chloride with  sodium.  It  forms  very  dark-red 
octahedra,  soluble  in  20  pts.  cold  water,  colors 
40,000  pts.  water  yellow. 

Oxysalts.  Iridium  has  a  feeble  affinity  for 
acids.  The  sulphates  are  formed  by  the  ac- 
tion of  nitric  acid  on  the  sulphurets.  Nitric 
acid  dissolves  the  oxide  with  a  greenish  color, 
which  passes  into  a  purple. 

Alloys.  Iridium  unites  with  tin  and  lead  to 
white,  slightly  malleable  alloys,  at  a  bright  red 
heat ;  with  copper  to  a  reddish  white,  malleable 
alloy ;  with  sodium-amalgam,  to  a  pasty  amal- 
gam ;  with  gold  to  a  yellow,  ductile  alloy; 
with  an  equal  weight  of  platinum  to  a  brittle, 
but  weldable  alloy;  with  10  pts.  platinum  a 
malleable  alloy. 

IRIDOSMIN.  Min.  Hexagonal  plates,  cleav 
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ing  parallel  to  end-plane.  Generally  irregular, 
flattened,  metallic  grains,  of  a  tin-white  or  light 
steel-gray  color,  of  extreme  hardness.  G  = 
19  to  21-118.  Some  varieties  with  much 
osmium,  give  off  the  chlorine  odor  of  osmic 
acid,  by  the  blowpipe  alone;  others  when 
ignited  with  saltpeter;  best  decomposed  by 
mixing  with  salt  and  passing  chlorine  over  it, 
to  form  the  soluble,  double  chloride.  Form, 
of  3  varieties,  IrOs,  IrOss,  IrOs4.  Local.  Mi- 
ll as  Geraes,  Brazil;  Newlansk,  Katharinen- 
burg,  Nischne-Tagil,  Siberia. 

It  is  employed  to  point  the  gold  pens  now 
in  general  use. 

IRIT.  Mm.  Found  coating  pieces  of  pla- 
tinum, in  the  Ural,  as  black,  shining  scales; 
magnetic ;  spec.  grav.  =  6-056 ;  evolves  osmic 
acid  by  ignition  with  saltpeter.  Probable  form. 
FeO,  3  lr203  +  FeO,  Os02  -f  3  (FeO,  Cr203). 

IRON.  Teh.  Client.  Ger.  Eisen.  Fr.  Fer. 
Known  from  the  earliest  times,  for  bars  of  iron 
were  used  to  hold  together  masses  of  stone  in 
the  Egyptian  Pyramids.  Iron  and  steel  (natu- 
ral steel)  were  employed  by  the  Greeks  and 
Romans.  The  iron  works  of  Styria  com- 
menced about  the  8th  Cent.  The  low  fur- 
naces at  first  used  were  made  higher  about 
the  12th  Cent.,  and  the  present  blast  furnaces 
probably  introduced  in  the  15th  Cent.  The 
leathern  bellows  were  replaced  about  the  end 
of  the  16th  Cent,  by  wooden  ones,  which  were 
afterwards  made  of  square  boxes.  Towards 
the  close  of  the  17th  Cent.,  blistered  steel  was 
first  made.  Coke  was  used  about  1720  in  the 
blast  furnace,  and  the  raw  coal  in  1784,  for 
puddling  iron.  Within  the  present  century  the 
iron  cylinder  blast,  huge  furnaces,  the  use  of 
the  hot  blast  (1830),  and  of  anthracite  (1837), 
&c,  have  entirely  renovated  the  production  of 
iron,  causing  the  production  and  consumption 
of  tons  instead  of  pounds  of  the  metal. 
Metallurgy  of  Iron. 

Iron  is  obtained  exclusively  from  its  oxides, 
in  various  states  of  combination,  called  ores ; 
as  oxides,  simple  or  hydrated,  carbonates,  and 
silicates.  The  ores  are  thrown  into  the  fur- 
nace with  limestone  or  flux,  and  fuel ;  and  when 
a  sufficient  quantity  of  metal  has  collected  on 
the  hearth,  it  is  run  oft'  into  moulds,  as  cast- 
iron.  The  cast  metal  is  then  partially  oxi- 
dized and  reduced  to  the  state  of  wrought  or 
bar  iron,  which  again,  by  being  heated  in  char- 
coal, is  converted  into  steel. 

I.  Ores.  a..  Magnetic.  Occurs  almost  always 
crystalline  (see  Magnetic  iron),  and  is  usu- 
ally associated  either  with  silex;  or  with  talcose 
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Protoxide  of  iron 17"9 

Peroxide  of  iron 81-8 

Oxide  of  manganese — 

Magnesia — 

Lime — 

Alumina ^0-3 

Silica 5 

Carbonic  acid — 

Water — 

Metallic  iron 70-5 
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rock,  as  its  gangue.  It  often  occurs  of  a  fri- 
able character  and  easily  extracted,  0T  it  ap- 
pears as  a  very  solid  mass,  more  difficult  to 
obtain  in  smaller  pieces.  In  general  it  does 
not  work  as  easily  as  other  lands  of  ore.  The 
purest  ore  contains  less  than  72  pr.  ct.  of  iron, 
and  some  of  it  of  superior  quality  avei 
50  to  55  pr.  ct. 

b.  Specular.  (See  Spf.cui.ati  mow.)  The 
specular  ore  is  more  abundant  than  the  mag- 
netic. It  is,  in  its  purest  state,  sesquioxide 
of  iron,  containing  69^-  pr.  ct.  iron.  It  pre- 
sents several  varieties,  the  more  perfectly 
crystalline  specular  ore  (Ger.  Eisenglanz;  Fr. 
Fer  oligiste) ;  the  micaceous  ore  (Ger.  Eisen-  ' 
glimmer),  in  shining  scales;  the  red  hematite 
(Ger.  Rotheisenstein,  Rother  glaskopf,  Blut- 
stein),  usually  fibrous,  rather  more  earthy  and 
less  pure  than  the  preceding,  and  frequently 
containing  manganese  ;  and  the  red  earthy  ore, 
mixed  with  clay  (red  ochre),  carbonate  of  lime, 
and  more  or  less  with  the  brown  hematites. 

c.  Brown  hematite.  (See  this  Art.)  This  is 
the  most  abundant  ore  of  iron,  and  most  ex- 
tensively diffused.  It  is  essentially  a  hydrated 
sesquioxide  of  iron,  with  definite,  quantities  of 
water.  In  its  purest  form  it  contains  from  56 
to  62  pr.  ct.  iron.  Its  varieties  are  the  fibrous, 
which  is  very  pure ;  the  compact,  more  or  less 
mixed  with  clay,  and  constituting  pipe-ore, 
massive  and  porous;  the  bog  ore  (often  con- 
taining phosphoric  acid,  from  ^  to  6  pr.  ct.); 
yellow  ochre,  mingled  with  clay. 

d.  Sparry  ore.  (See  Sparry  iron.)  It  is 
essentially  carbonate  of  the  protoxide  of  iron. 
The  crystalline  variety,  or  sparry  ore,  is  less 
abundant,  and  usually  contains  manganese. 
The  earthy  variety,  clay  iron  stone,  is  a  very 
abundant  ore,  usually  accompanying  coal,  and 
contains  more  or  less  alumina,  lime,  and  mag- 
nesia. The  purest  form  of  sparry  iron  con- 
tains 47-37  pr.  ct.  iron,  but  its  average  yield  is 
below  40  pr.  ct.,  and  yet  it  affords  a  large  pro- 
portion of  the  iron  employed  in  the  arts,  at 
least  in  England. 

Foreign  ingredients.  Silicate,  of  iron  is  always 
found  accompanying  the  ores  of  iron.  Oxide 
of  manganese  is  rarely  wanting,  and  is  often 
present  in  inconvenient  quantity.  Phosphate 
of  iron  is  by  no  means  a  rare  ingredient,  and 
may  be  said  to  be  characteristic  of  bog-ore. 
Pyrites,  or  sulphuret  of  iron,  is  very  frequent 
in  all  ores  of  iron,  and  is  often  an  annoyance 
to  the  smelter. 

The  following  table  conveys  a  general  idea 
of  the  different  ores  of  iron,  in  per  centages  :— 
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1.  From  Lake  Champlain.  2.  From  S.  Caro- 
lina, (/.  C.  B.)  3.  Specular  oxide  from  La 
Voulte,  France;  the  lime  and  magnesia  are 
carbonates.  4.  Micaceous  oxide  from  Cher- 
bourg, France.  5.  Dark  brown,  compact  hema- 
tite from  Potter  Co.,  Pennsylvania.  6.  Light 
brown,  compact  hematite  from  the  Delaware, 
below  Easton,  (/.  C.  U.)  7.  Sparry  iron  from 
Stahlberg  in  Siegen,  where  a  celebrated  steel 
is  made.  8.  Clay  iron  stone  from  the  coai 
measures.  The  content  of  iron  in  each  is 
placed  at  the  bottom  of  the  column. 

2.  Preparation  of  ores.  In  the  reduction  of 
such  a  cheap  metal  as  iron,  but  little  cost  is 
allowed  to  their  preparation.  The  softer  ores 
are  often  thrown  directly  into  the  furnace. 
The  harder,  sulphurous  and  other  ores,  are 
generally  subjected  to  a  gentle  roasting  or 
calcination,  the  object  of  which  is,  I.  to  throw 
off  volatile  matter,  or  crack  them,  to  allow  the 
reducing  gases  to  penetrate  more  freely  through 
the  mass;  2.  to  roast  off  as  much  of  the  sul- 
phur from  the  pyrites  as  possible.  It  is  a 
mistake  to  suppose  that  the  throwing  off  vola- 
tile matter,  as  carbonic  acid  or  water,  in  the 
furnace  itself,  tends  to  diminish  its  heat,  for 
the  ore  thrown  in  at  the  tunnel  head  descends 
too  slowly  to  produce  any  injurious  effect  in 
this  way.  Calcination  is  performed  in  heaps 
in  the  open  air,  a  little  charcoal  or  coal  being 
thrown  upon  the  heap  to  keep  up  a  slow  com- 
bustion, or  in  calciners  constructed  for  the 
purpose.  A  moderate  heat  only  is  required; 
and  rather  than  apply  too  high  a  heat,  it  would 
be  better  not  to  roast  at  all ;  for,  beyond  a  cer- 
tain point,  the  earthy  matters  of  the  ore  and 
the  oxide  of  iron  begin  to  cement  together, 
entering  upon  incipient  infusion  ;  in  which 
case  reduction  follows  with  much  greater 
difficulty. 

Ores  are  mingled  together  for  several  pur- 
poses,— either  to  get  a  better  admixture  of  the 
earthy  ingredients,  suitable  for  forming  a  slag, 
or  to  get  the  best  working  richness  of  metal, 
or  to  produce  a  different  quality  of  iron.  It 
is  rarely  the  case,  that  an  ore  contains  exactly 
the  quantity  of  silex  and  alumina  to  flux  freely 
with  lime,  most  being  very  siliceous ;  but  by 
adding  a  soft,  or  argillaceous,  to  a  hard,  or 
siliceous  ore,  fluxion  is  facilitated.  It  is  a 
mistake  to  suppose  that  the  richest  ores  of 
iron  are  the  best.  Long  experience  has  shown 
that  the  best  average  content  of  metal  should 
be  50  to  55  pr.  ct.,  so  that  a  sufficient  quantity 
of  slag  may  be  produced.  Another  effect 
produced  by  mixing  ores  cannot  as  yet  be 
readily  explained.  The  quality  of  metal  is 
altered,  and  almost  always  improved;  so  that 
it  has  become  a  settled  principle  with  iron- 
masters, that  the  mixture  will  in  all  cases  im- 
prove the  metal.  If  an  ore  yielding  a  cold- 
short metal  be  mixed  in  some  proportions  with 
one  yielding  a  hot-short  iron,  the  resulting 
metal  is  intermediate  in  its  properties.  Doubt- 
less this  fact  has  its  influence,  that  the  greater 
number  of  bases  forms  the  best  slag,  and  re- 
moves a  larger  proportion  of  foreign  matter 
from  the  metal. 

3.  Flux.  Limestone  is  the  usual  flux  for 
iron  ores,  its  object  being  to  unite  with  the 
silex  and  alumina,  forming  silicates  of  lime 


and  alumina,  and  thus  excluding  oxide  of  iron 
from  such  a  combination.  But  where  an  ore 
is  more  or  less  destitute  of  silex,  and  contains 
lime  and  alumina,  silex  becomes  the  flux  to 
be  added.  A  majority  of  ores  have  a  super- 
fluity of  silex,  and  are  frequently  wanting  in 
alumina.  To  such,  limestone  and  clay,  or 
argillaceous  limestone,  or  an  argillaceous  ore 
should  be  added.  (See  Principles  of  Glass 
and  Flux.)  A  study  of  these  principles  is 
decidedly  important  for  the  l eduction  of!  iron, 
especially  in  the  U.  S.  See  Berthier's  "Essais 
par  la  voie  seche,"  for  a  more  extended  view. 

4.  Blast.  Although  wooden  cylinders  with 
a  well-fitting  piston  are  occasionally  em- 
ployed to  drive  the  requisite  air  or  blast  into 
the  furnace,  yet  the  double-acting  iron  cylin- 
der is  generally  used.  Water  power,  formerly 
used  to  drive  the  bellows,  is  now  generally 
superseded  by  steam  power,  a  single  engine 
being  used  to  work  two  or  more  furnaces,  if 
necessary.  The  cold  blast  is  also  more  gene- 
rally replaced  by  the  hot  blast;  the  air  being 
heated,  after  leaving  the  cylinders,  by  passing 
through  iron  tubes  which  are  either  heated  Dy 
the  waste  heat  of  the  furnace,  over  the  mouth, 
or  by  a  separate  fire;  even  the  latter  arrange- 
ment being  more  economical  than  the  use  of 
the  cold  blast. 

5.  Furnace.  PL  VII.  figs.  4,  5,  and  6  repre- 
sent a  blast  furnace.  It  consists  of  a  truncated 
pyramidal  mass  of  stone,  from  30  to  50  ft.  high, 
with  a  double-coned,  hollow  centre,  in  which 
the  ore,  flux,  and  fuel  descend,  and  arches  be- 
low for  admitting  the  blast  and  for  running  off 
slag  and  metal.  At  a  is  the  mouth  from  2  to 
4  ft.  diameter ;  b  the  double  lining  of  fire-brick, 
with  a  layer  of  rammed  sand  on  the  outside; 
c,  d  the  boshes,  the  width  of  which,  estimated 
at  its  widest  part,  is  from  10  to  18  ft.,  and  the 
angle  formed  by  the  sloping  sides  varies  from 
50°  to  60°;  d,  e  is  the  hearth  or  crucible  part, 
where  the  reduction  takes  place,  slightly  slop- 
ing, 4  to  7  ft.  deep,  3  to  5  ft.  wide.  The  hearth 
is  constructed  of  coarse  and  pure  sandstone 
(any  highly  siliceous  rock),  with  the  hearth- 
stone, /,  reposing  on  sand,  and  this  again  on 
a  solid  foundation  of  stone.  The  two  oppo- 
site arches  are  the  twyer  arches,  through 
which  the  blast  enters  by  the  pipe  g,g,g,  and 
is  thrown  into  the  furnace  through  the  nozzle  h. 
The  twyer  lining  consists  of  two  concentric 
cones  of  iron,  with  a  stream  of  water  passing 
between  them  to  protect  them,  while  the  blast 
enters  through  the  inner  cone.  At  iis  the  work- 
ing or  tymp  arch  ;  k  the  lymp-stone,  secured  by 
an  iron  plate  on  the  outside,  which  is  fastened 
into  the  opposite  sides  of  the  arch;  I  the  dam- 
stone,  also  secured  by  an  iron  plate,  and  fitting 
the  whole  breadth  of  the  hearth,  except  a  few 
inches,  through  which  the  metal  flows.  While 
the  furnace  is  in  blast,  the  space  on  the  side 
of  the  dam-stone  is  stopped  by  a  good  bind- 
ing sand,  and  the  space  between  the  tymp 
and  dam  kept  covered  with  heaped  coals  or 
sand. 

6.  Reduction.  The  fuel,  ore,  and  flux  are 
thrown  into  the  mouth,  a,  and  gradually  de- 
scend towards  the  hearth  in  proportion  as  the 
charges  below  are  thrown  off  as  slag  and  me- 
tal.   The  fuel  employed  is  either  charcoal  for 
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the  best  iron,  or  coke  or  anthracite.  Raw  bi- 
tuminous coal  and  half-charred  wood  have 
been  employed,  but  are  not  in  general  use. 
Carbonic  acid  is  no  doubt  generated  by  the 
blast  entering  the  twyers,  but  as  it  rises  is 
soon  converted  into  carbonic  oxide,  which  is 
the  immediate  reducing  agent;  for  if  the  fuel 
contained  carburetted  hydrogen,  it  must  have 
been  dissipated  before  it  reaches  that  part  of 
the  furnace  where  reduction  takes  place.  The 
gas  entering  into  Ihe  pores  of  the  ore  reduces 
a  portion  of  oxide  of  iron  to  the  metallic  state, 
while  the  flux  seizing  the  earthy  matters  forms 
a  slag,  and  sets  free  another  portion  of  oxide 
to  be  reduced.  The  iron  and  slag  drop  down 
together  to  the  bottom  of  the  hearth,  where 
they  separate  by  their  specific  gravities,  the 
metal  belcw  and  the  slag  above.  The  fused 
slag  flows  in  a  constant  and  slow  stream  over 
the  dam,  on  the  opposite  side  from  that  where 
the  metal  is  to  flow.  From  the  flowing  and 
appearance  of  the  slag,  the  state  of  the  fur- 
nace may  be  imagined.  When  the  melted 
metal  is  observed  near  the  top  of  the  dam  the 
blast  is  stopped,  an  opening  is  driven  in  the 
sand-plug  at  the  side  of  the  dam,  and  the  metal 
flows  in  a  torrent  through  a  gutter  into  moulds, 
where  it  solidifies  into  pigs.  When  it  has  so 
far  run  out  that  slag  appears  in  quantity,  the 
opening  is  again  plugged  up,  and  the  blast  re- 
admitted. The  yield  of  metal  varies  with  the 
size  of  the  furnace,  the  nature  of  the  ore,  the 
manner  of  its  working;  being  from  30  to  120 
tons  of  metal  per  week. 

7.  Refilling.  A  finery  furnace,  or  run  out 
fire,  is  a  low  furnace,  a  few  feet  square,  in 
which  the  pigs  are  melted  by  a  blast,  entering 
by  one  or  more  twyers  on  one  side,  and  the 
metal  run  out  over  a  broad  surface,  forming  a 
layer  two  or  three  inches  thick,  on  which  a 
quantity  of  cinder  collects,  and  water  is  thrown. 
By  the  high  heat  of  the  blast  furnace  in  pre- 
sence of  carbonic  oxide  and  metallic  iron, 
portions  of  the  earths,  phosphoric  acid,  &c, 
are  reduced,  and  together  with  sulphur  from 
pyrites,  enter  into  the  metal.  By  the  run-out 
fire  a  large  quantity  of  these  substances  sepa- 
rate, together  with  iron,  constituting  the  cin- 
der. When  the  metal  has  just  flown  out,  the 
odor  of  sulphurous  acid  is  very  perceptible ; 
and  when  the  water  is  thrown  on,  sulphuretted 
hydrogen  is  developed.  Berthier  also  found 
phosphoric  acid  in  this  cinder.  These  advan- 
tages of  a  run-out  fire,  therefore,  prior  to  mak- 
ing bar-iron,  are  clearly  seen.  The  gray  metal 
thrown  into  the  finery  fire  is  converted  into  a 
fine-grained,  white  iron. 

8.  Forging.  Cast  iron  is  converted  into  bar- 
iron  by  a  forge-hearth,  or  in  a  puddling  fur- 
nace. The  former  is  used  with  charcoal  as 
fuel,  for  the  better  qualities  of  metal,  and  the 
latter  with  bituminous  coal.  a.  The  forge- 
hearth  resembles  a  blacksmith's  forge,  with  a 
shallow  receptacle  for  the  fused  metal,  and  a 
blast  entering  at  the  back  part.  The  charcoal 
is  heaped  upon  the  hearth  and  finery  metal 
thrown  on,  together  with  rich  cinder  and  slag; 
when  in  fusion,  the  slag  is  removed  (contain- 
ing the  earthy  impurities  of  the  metal),  a  rod 
thrust  into  the  metal,  to  turn  it  up,  and  expose 
it  to  the  action  of  the  blast,  whereby  carbon 
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is  burned  off";  and  when   the   iroi 

and  is  only  soft,  but  no  longer  in  a  fusel 

it  is  collected  on   the  end  of  a  bar,  removed 

from  the  fire,  and  hammered  into  a  bl 

little  limestone  may  be  added  in  the  hearth,  if 
the  iron  contain  phosphorus,  to  dimini 
cold-short  character.  (!) 

b.  Puddling  is  performed  in  a  reverberatory, 
heated  with  bituminous  coal.  PI.  VIII.  G 
8,  and  9  represent  a  puddling  furnace,  and  fig, 
10  the  top  of  the  chimney.  -  It  is  bound  gene- 
rally with  iron,  as  represented  in  the  side 
view,  fig.  7,  by  means  of  horizontal  and 
cal  bars,  which  are  joined  together  and  fixed 
by  wedges,  to  prevent  them  from  starting 
asunder.  Very  frequently,  indeed,  the  reverbe- 
ratory furnaces  are  armed  with  cast-iron  plates 
over  their  whole  surface.  These  are  retained 
by  upright  bars  of  cast  iron  applied  to  the 
side  walls,  and  by  horizontal  bars  of  iron 
placed  across  the  arch  or  roof.  The  furnace 
itself  is  divided  interiorly  into  three  parts,  the 
fire-place,  the  hearth,  and  the  flue.  The  fire- 
place varies  from  3£  to  4£  ft.  long,  by  from 
2  ft.  8  in.  to  3  ft.  4  in.  wide.  The  door-way  by 
which  the  coke  is  charged,  is  8  in.  square, 
and  is  bevelled  off  towards  the  outside  of  the 
furnace.  This  opening  consists  entirely  of 
cast  iron,  and  has  a  quantity  of  coal  gathered 
round  it.  The  bars  of  the  fire-grate  are 
movable,  to  admit  of  more  readily  clearing 
them  from  ashes.  Fig.  8  is  a  longitudinal 
section  referring  to  the  elevation,  fig.  7,  and 
fig.  9  is  a  ground  plan.  When  the  furnace  is 
a  single  one,  a  square  hole  is  left  in  the  side 
of  the  fire-place,  opposite  to  the  door,  through 
which  the  rakes  are  introduced,  in  order  to  be 
heated,  a  is  the  fire-door;  b  the  grate;  c  the 
fire-bridge;  d,  d  cast  iron  hearth-plates,  resting 
upon  cast  iron  beams,  e,e,  which  are  bolted 
upon  both  sides  to  the  cast  iron  binding-plates 
of  the  furnace;  /is  the  hearth,  covered  with 
cinders  or  sand ;  g  is  the  main  working  door, 
which  may  be  opened  and  shut  by  means  of  a 
lever,  gf,  and  chain  to  move  it  up  and  down. 
In  this  large  door  there  is  a  hole  5  inches 
square,  through  which  the  iron  may  be  worked 
with  paddles  or  rakes ;  it  may  also  be  closed 
air-tight.  There  is  a  second  working-door,  h, 
near  the  flue,  for  introducing  the  cast  iron,  so 
that  it  may  soften  slowly,  till  it  be  ready  for 
drawing  towards  the  bridge,  i  is  the  chimney, 
from  30  to  50  ft.  high,  which  receives  com- 
monly the  flues  of  two  furnaces,  each  provided 
with  a  damper-plate  or  register,  k,  fig.  8,  is  the 
tap  or  floss-hole,  for  running  off  the  slag  or 
cinder.  Fig.  10  shows  the  main  damper  for 
the  top  of  the  common  chimney,  which  may 
be  opened  or  shut  to  any  degree  by  means  of 
the  lever  and  chain. 

"The  length  of  the  hearth  is  usually  6  ft.,  and 
its  breadth  varies  from  one  part  to  another. 
Its  greatest  breadth,  which  is  opposite  the  door, 
is  4  ft.  In  the  furnace  whose  horizontal  plan 
is  given  above,  the  sole  exhibits,  in  this  pari, 
a  species  of  ear,  which  enters  into  the  mouth 
of  the  door;  at  its  origin  towards  the  (ire- 
place  it  is  2  ft.  10  in.  wide;  from  the  fire  it  is 
separated,  moreover,  by  a  low  wall  of  bricks 
(the  fire-bridge;  10  in.  thick,  and  from  3  to 
5  in.  high.     At  ihe  other  extremity  its  breadth 
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is  2  ft.  The  curvature  presented  by  the  sides 
of  the  sole  or  hearth  is  not  symmetrical ;  for 
sometimes  it  makes  an  advancement,  as  is 
observable  in  the  plan.  At  the  extremity  of 
the  sole  farthest  from  the  fire,  there  is  a  low 
rising  in  the  bricks  of  2^  in.,  called  the  altar, 
for  preventing  the  metal  from  running  out  at 
the  flosf-hole,  when  it  begins  to  fuse.  Beyond 
this  shelf  the  sole  terminates  in  an  inclined 
plane,  which  leads  to  the  floss  or  outlet  of  the 
slag  from  the  furnace.  This  floss  is  a  little 
below  the  level  of  the  sole,  and  is  hollowed 
out  of  the  basement  of  the  chimney.  The 
slag  is  prevented  from  concreting  here,  by  the 
flame  being  made  to  pass  over  it,  in  its  way 
to  the  sunk  entry  of  the  chimney;  and  there 
is  also  a  plate  of  cast  iron  near  this  opening, 
on  which  a  moderate  fire  is  kept  up,  to  pre- 
serve the  fluidity  of  the  scoria?,  and  to  burn 
the  gases  that  escape  from  the  furnace,  as 
also  to  quicken  the  draught,  and  to  keep  the 
remote  end  of  the  furnace  warm.  On  the  top 
of  this  iron  plate,  at  the  bottom  of  the  inclined 
plane,  the  cinder  accumulates  in  a  small 
cavity,  whence  it  afterwards  flows  away ; 
whenever  it  tends  to  congeal,  the  workman 
must  clear  it  out  with  his  rake. 

"The  door  is  a  cast  iron  frame,  filled  up  in- 
side with  fire-bricks;  through  a  small  hole  in 
its  bottom  the  workmen  can  observe  the  state 
of  the  furnace.  This  hole  is  at  other  times 
shut  with  a  stopper.  The  chimney  has  an 
area  of  from  li  to  16  inches.  The  hearth 
stands  3  ft.  above  the  ground  ;  its  arched  roof, 
only  one  brick  thick,  is  raised  2  ft.  above  the 
fire-bridge  and  above  the  level  of  the  sole, 
taken  at  the  middle  of  the  furnace.  At  its 
extreme  point  near  the  chimney,  its  elevation 
is  only  8  inches ;  and  the  same  height  is  given 
to  the  opening  of  the  chimney. 

"  In  most  iron- works  the  sole  is  covered  with 
a  layer  of  refractory  sand,  from  2|  to  3  inches 
thick,  which  is  lightly  beat  down  with  a 
shovel.  At  each  operation  a  portion  of  the 
sand  is  carried  away,  and  is  replaced  before 
another.  Within  these  few  years,  there  has 
been  substituted  for  the  sand  a  body  of  pounded 
slags;  a  substitution  which  has  occasioned,  it 
is  said,  a  great  economy  of  iron  and  fuel. 

"The  fine  metal  obtained  by  the  coke  is  pud- 
dled by  a  continuous  operation,  which  calls  for 
much  care  and  skill  on  the  part  of  the  work- 
men. To  charge  the  puddling  furnace,  pieces 
of  fine  rnetul  are  successively  introduced  with 
a  shovel,  and  laid  one  over  another  on  the 
sides  of  the  hearth,  in  the  form  of  piles  rising 
to  the  roof;  the  middle  being  left  open  for 
puddling  the  metal,  as  it  is  successively  fused. 
Indeed,  the  whole  are  kept  as  far  separate  as 
possible,  to  give  free  circulation  to  the  air 
round  the  piles.  The  working-door  of  the 
furnace  is  now  closed,  fuel  is  laid  on  the  grate, 
and  the  mouth  of  the  fireplace,  as  well  as  the 
side  opening  of  the  grate  are  both  filled  up 
with  coal,  at  the  same  time  that  the  damper  is 
entirely  opened.  The  fine  metal,  in  about 
twenty  minutes,  comes  to  a  white-red  heat, 
and  its  thin-edge  fragments  begin  to  melt  and 
fall  in  drops  on  the  sole  of  the  furnace.  At 
this  period  the  workman  opens  the  small  hole 


of  the  furnace  door,  detaches  with  a  rake  the 
pieces  of  fine  metal  that  begin  to  melt,  tries 
to  expose  new  surfaces  to  the  action  of  the 
heat,  and  in  order  to  prevent  the  metal  from 
running  together  as  it  softens,  he  removes  it 
from  the  vicinity  of  the  fire-bridge.  When 
the  whole  of  the  fine  metal  has  thus  got  re- 
duced to  a  pasty  condition,  he  must  lower  the 
temperature  of  the  furnace,  to  prevent  it  from 
becoming  more  fluid.  He  closes  the  damper, 
takes  out  a  portion  of  the  fire  and  the  ribs  of 
the  grate,  and  also  throws  a  little  water  some- 
times on  the  semi-fused  mass;  he  then  works 
about  with  his  paddle  the  clotty  metal,  which 
swells  up  with  the  discharge  of  gaseous  oxide 
of  carbon,  burning  with  a  blue  flame,  as  if  the 
bath  were  on  fire.  The  metal  becomes  finer  by 
degrees,  and  less  fusible;  or,  in  the  language 
of  the  workmen,  it  begins  to  get  dry.  The  dis- 
engagement of  the  oxide  of  carbon  diminishes, 
and  soon  stops.  The  workmen  continue, 
meanwhile,  to  puddle  the  metal,  till  the  whole 
charge  be  reduced  to  the  state  of  incoherent 
sand;  and  at  that  time  the  ribs  of  the  grate 
are  replaced,  the  fire  is  restored,  and  the 
register  is  progressively  opened  up.  With 
the  return  of  the  heat,  the  particles  of  metal 
begin  to  agglutinate,  the  charge  becomes  more 
difficult  to  raise,  or,  in  the  labourers'  language, 
it  works  heavy.  The  refining  is  now  finished, 
and  nothing  remains  but  to  gather  the  iron 
into  balls.  The  founder  with  his  paddle  takes 
now  a  little  lump  of  metal  as  a  nucleus,  and 
makes  it  roll  about  on  the  surface  of  the  fur- 
nace, so  as  to  collect  more  metal,  and  form  a 
ball  of  about  60  or  70  pounds  weight.  With 
a  kind  of  rake,  called  in  England  a  dolly,  and 
which  he  heats  beforehand,  the  workman  sets 
this  ball  on  that  side  of  the  furnace  most  ex- 
posed to  the  action  of  the  heat,  in  order  to 
unite  its  different  particles,  which  he  then 
squeezes  together,  to  force  out  the  scoriae. 
When  all  the  balls  are  fashioned  (they  take 
about  20  minules  work),  the  small  opening  of 
the  working-door  is  closed  with  a  brick,  to 
cause  the  heat  to  rise,  and  to  facilitate  the 
welding.  Each  ball  is  then  lifted  out,  either 
with  tongs,  if  roughing  rollers  are  to  be  used, 
as  in  Wales,  or  with  an  iron  rod  welded  to  the 
lump  as  a  handle,  if  the  hammer  is  to  be  em- 
ployed, as  in  Staffordshire. 

"  The  charge  for  each  operation  is  from  3^ 
to  4  cwt.;  and  sometimes  the  cuttings  of  bar- 
ends  are  introduced,  which  are  puddled  apart. 
In  good  working,  the  loss  is  from  8  to  10  pr.  ct. 
In  Wales,  the  consumption  of  coal  is  estimated 
at  one  ton  for  every  ton  of  fine  metal.  About 
five  puddling  furnaces  are  required  for  the 
service  of  one  smelting  furnace  and  one 
finery."      Ure's  Die.  701— 703. 

The  theory  of  reducing  cast  to  bar-iron  is, 
that  the  carbon  is  more  or  less  burned  off  bv 
the  air  admitted.  As  a  large  quantity  of  iron 
is  lost  by  oxidation  at  the  same  time,  the  rich 
slags  may  be  used  in  the  blast  furnace,  or,  to 
make  an  inferior  iron,  in  a  forge  fire;  but  if* 
the  metal  contained  phosphorus,  it  is  perhaps 
better  to  submit  to  the  loss  of  iron.  While 
the  carbon  is  oxidizing,  silicon,  aluminum, 
phosphorus,  sulphur,  iron,  &c,  are  oxidized  at 
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the  same  time,  and  pass  off  in  the  cinder,  so 
that  the  operation  of  puddling  is  al  the  same 
time  a  purifying  or  refining  process.  Im- 
provements of  this  process  will  doubtless  be 
introduced,  by  which  a  greater  purity  of  metal 
will  be  attained,  attended  with  less  loss  of  iron. 

9.  S'eel  Wrought,  or  bar-iron  is  converted 
into  steel  by  imbedding  the  bars  in  layers  of 
charcoal  dust,  in  a  long  crucible  furnace,  in 
which  are  many  alternate  layers  of  bars  and 
charcoal,  and  the  whole  is  covered  with  sand, 
to  exclude  the  air.  The  fire  built  below  plays 
around  the  whole  crucible,  which  is  main- 
tained at  a  high  heat  for  several  days  (4  to  10), 
according  to  its  size,  &c.  When  the  bars 
are  taken  out,  they  are  covered  with  blisters 
(whence  blistered  steel),  and  are  somewhat 
brittle,  while  their  fracture  shows  a  white  and 
crystalline  metal,  totally  different  from  the 
bar-iron  introduced  into  the  furnace.  The 
carbon  in  which  the  bars  were  imbedded 
gradually  progresses  from  the  exterior  to  the 
centre,  as  shown  by  analysis  at  different  depths 
in  a  bar,  and  by  the  streak  of  wrought  iron 
in  the  centre  when  they  are  not  perfectly 
converted. 

Cast-steel.  As  the  steel  in  the  blistered  bars 
is  not  very  uniform  in  character,  it  may  be 
rendered  so  by  fusion.  The  bars  are  broken 
up,  put  in  small  crucibles,  well  covered,  and 
heated  by  a  wind  furnace  until  fusion  has 
taken  place,  when  the  crucible  is  removed, 
and  its  contents  poured  into  moulds. 

Shear  s'eel  is  made  by  breaking  the  blistered 
bars  inlo  pieces  of  some  18  inches  length,  4 
of  which  are  bound  together  by  a  thin  steel 
rod,  heated,  tilted,  again  heated,  and  drawn 
out  to  the  dimensions  of  a  single  bar. 

Various  Processes. 

1.  Catalan-forges.  In  which  bar-iron  may  be 
made  directly  from  the  ore,  without  passing 
through  the  intermediate  state  of  cast-iron.  The 
furnaces  are  very  low,  resembling  a  simple 
forge-hearth,  and  in  fact  a  blacksmith's  hearth 
may  be  used  for  the  purpose.  The  blast  is  usual- 
ly produced  by  a  stream  of  water  descending  a 
vertical  pipe,  from  lateral  openings  in  which 
it  catches  air,  and  discharges  it  in  a  basin, 
from  which  the  water  passes  out  below,  and 
the  air  through  an  opening  above.  Only  rich 
ores  can  be  worked  by  this  method,  for  a  large 
proportion  of  the  oxide  of  iron  itself  is  the 
flux  for  slagging  the  silex  in  the  ore,  and 
hence  they  rarely  obtain  more  than  33  pr.  ct. 
metal.  A  little  lime  is  sometimes  used,  to 
prevent  loss  of  iron;  but  if  the  ore  contains 
manganese,  the  greater  part  of  it  passes  into 
the  slag  with  little  iron,  and  the  metal  pro- 
duced is  like  natural  steel.     When  the  slags 


have  formed,  they  are    run  off,  and  the  metal, 
disseminated    in    grains,    is    worked    ti 
into  a  Iohji  (wolf),  which  is  bloomed  under 
the  hammer.    Similar  forges  are  worked  in 
Delaware,  New  Jersey,  &c.     Another  pi 
consists  in  making  cast-iron  in  a  low  fui 
and  then  working  it  into  bar-iron  on  the  hearth 
of  the  same  furnace. 

2.  Cemented  bur-iron.  In  this  process  winch 
has  been  latterly  attempted,  but,  I  believe,  m  | 
yet  perfected,  a  pure  ore,  in  powder,  is  im- 
bedded in  charcoal  powder,  and  heated  for 
several  days,  in  a  closed  crucible. 

3.  Natural  steel.  This  is  probably  the  most 
ancient  process,  and  consisted  in  making  cast- 
iron  in  a  low  furnace,  and  partly  burning  of 
the  carbon  on  the  hearth  of  the  same;  it  is 
now,  however,  practised  on  cast-iron  made  in 
an  ordinary  blast  furnace.  White  iron  is 
used,  and  mostly  such  as  contains  manganese. 
This  is  thrown  by  a  blast  on  a  shallow  hearth, 
and  when  fused  the  blast  is  slackened,  and 
little  hammer-slack  or  fine  ore  thrown  on  and 
stirred  in,  which  renders  the  mass  pasty.  An- 
other piece  of  casting  added  renders  it  fluid 
again;  when  this  has  become  stiller,  another 
piece  is  added  with  slack,  which  causes  ebul- 
lition upon  stirring.  A  4lh  and  5th  piece  is 
added,  and  the  whole  well  stirred.  When  all 
has  been  added,  the  mass  is  taken  out  of  the 
fire,  and  divided  into  several  pieces.  The 
mass  is  very  unequally  steeled  in  different 
parts,  and  in  order  to  render  it  more  homo- 
geneous, it  is  made  into  strips,  which  are  laid 
together,  soft  and  hard  alternating,  welded, 
and  rolled  into  a  bar.  To  produce  still  better 
qualities,  the  same  operation  is  repeated,  con- 
stituting steel,  twice,  thrice  marked,  &c. 

Composition  of  Iron  and  Steel. 
Cast  iron.  There  are  two  well-marked  va- 
rieties of  cast-iron,  the  gray  and  the  while. 
Both  are  essentially  composed  of  carbon  and 
iron,  together  with  small  quantities  of  silicon, 
manganese,  phosphorus,  &c,  as  accidental 
impurities.  The  white  contains  all  the  carbon 
combined  with  the  iron  ;  the  gray  may  contain 
the  same  amount  of  carbon,  but  a  portion  of 
it  has  been  precipitated  by  slower  cooling,  in 
the  form  of  black  scales  of  graphite,  which 
contrast  with  the  whiter  iron,  and  give  a  gray 
color.  Sometimes  this  separation  of  graphite 
takes  place  in  spots,  and  produces  what  is 
termed  mottled  iron.  When  the  graphite  sepa- 
rates in  quantity  and  in  large  laminae,  the  re- 
sult is  blade  iron.  A  variety  of  brilliant,  white 
iron  is  also  produced  in  the  blast  furnace,  from 
ores  containing  manganese.  The  following 
analysis  may  serve  to  show  the  composition 
of  cast-iron: — 


Gray  Cast-iron. 


With  Charcoal 

With  Coke. 

r 
1. 

..  95-97 

2. 

95-67 

2-26 
1-03 
1-04 

3. 
96-4 

2-4 
1-2 

4. 
96-2 

3-5 
0-3 

5. 
91-1 

2-6 
0-4 
31 

6. 
91-4 

1-9 
0-2 
5-6 

7. 
95-0 

30 

r 
8. 

92-1 

3-0 
4-5 
0-2 

9. 
92-2 

4-3 
3-5 

10. 
94-2 

2-3 
3-5 

11. 
95-3 

2-2 
2-5 

12. 
95-r)7 

..    2-10 

2-32 

..     1-06 

1-92 

Phosphorus  .. 
734 

..    0-87 

0-19 
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1 — 7  were  made  with  charcoal,  8 — 11  with 
coke,  and  12  with  both  coke  and  charcoal; 
hence  coke-made  iron  contains  more  silicon. 
1  from  Champagne;  2,  Nivernais;  3,  Ancy-le- 
Franc ;  4,  Autrey;  5,  Torgelow,  in  Pome- 
rania;   6,  Pertz  (the  two  last  from  bog-ore); 

7,  Alevard,  from  sparry  iron  (it  makes  a  good 
natural   steel,  and  contains   0-2   of   copper): 

8,  Finny;  it  inclines  to  mottled  iron,  and  con- 
tains 0-2  sulphur;  9,  Janon,  near  St.  Etienne, 


inferior  quality;  10,  Charleroi,  Belgium,  said 
by  Berthier  to  make  the  best  castings  on  the 
Continent ;  it  is  very  dark  gray,  and  is  derived 
from  a  more  modern  calcareous  formation  ;  11, 
an  English  dark  gray,  almost  black,  excellent 
for  castings;  although  both  10  and  1 1  are  excel- 
lent for  castings,  they  contain  less  carbon  than 
usual,  and  although  coke  is  used,  they  enclose 
less  silicon;  12,  Berry,  gray  iron  made  by 
coke  and  charcoal  mixed. 


White  Cast-iron. 


1. 

Iron 91-16 

Manganese 4-57 

Carbon 3-90 

Silicon 0-25 

Phosphorus — 

1,  Leke,  Sweden  (it  also  contains  0-12  mag- 
nesium); 2,  St.  Dizier,  with  large  laminae; 
3,  Tredion,  very  brittle;  4,  Champagne;  5, 
Isere,  6,  Siegen ;  7,  Coblenz;  8,  Bendorf,  on 
the  Rhine  ;  9,  Lohe  in  Siegen  (Rhine) ;  10  and 
11  from  Ham  (Lamark);  10  is  lamellar  and 
white,  11  is  gray,  although  containing  more 
manganese;  12,  Firmy,  the  same  as  No.  8  of 
gray  metal,  but  refused  in  a  finery  fire,  which 
evidently  burns  off  a  portion  of  carbon  and 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

96-0 

95-2 

9613 

94-68 

94-33 

95-65 

— 

90-8 

89-8 

869 

— 

— 

— 

2-14 

2-59 

2-49 

6-3 

5-2 

4-5 

7-4 

3-6 

3-6 

2-33 

2-64 

269 

2-44 

— 

3-5 

5-1 

4-4 

1-7 

0-4 

0-5 

0-84 

0-26 

0-23 

0-23 

0-5 

0-5 

0-6 

1-3 

0-5 

— 

0-7 

0-70 

0-28 

0-16 

0-19 

— 

— 

— 

— 

silicon.  Nos.  6 — 11  are  obtained  from  sparry 
ores.  1  was  analyzed  by  Berzelius,  4 — 7  by 
Gay-Lussac  and  Wilson,  the  rest  by  Berthier. 
The  brittleness  of  white  iron  does  not  depend 
on  the  quantity  of  carbon,  for  the  fine  metal, 
12,  can  be  pulverized  in  a  mortar. 

The  following  analyses  of  the  amount  of 
combined  and  free  carbon  (graphite),  seem  to 
prove  that  the  gray  has  more  of  the  latter,  while 
the  total  amount  of  carbon  is  the  same: — 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

0-89 

1-03 

0-75 

0-58 

0-95 

0-93 

1-51 

252 

291 

310 

3-71 

3-62 

315 

2-57 

2-70 

2-34 

1-04 

0-50 

0-55 

0-72 

Combined  carbon 0-89 

Free  " 

Total,  carbon 4-60     4-65     3-90     3-15     3-65     3-27         2-55     3-02     3-46     3-82 


1 — 6  are  gray  irons;  2,  3  are  from  sparry 
ares;  4,  5,  by  coke,  from  an  ochrey  ore. 
7 — 10,  white  iron,  from  Bernburg;  10  is  a 
brilliant  white,  with  7  pr.  ct.  manganese. 

The  following  analyses  are  of  cast-iron, 
made  by  cold  and  hot  blast: — 


1. 

Iron 93-29 

Combined  carbon  2-78 

Free  carbon 1-99 

Silicon 0-71 

Phosphorus 1-23 


2. 
91-42 
1-44 
2-71 
3-21 
1-22 


3. 

93-66 
0-48 
3-85 
0-79 

1-22 


4. 
91-98 
0-95 
3-48 
1-91 
1-68 


Spec,  grav 7-166     7-166     7-081     7-077 

1,  mottled  iron,  from  Konigshiltte,  on  the  Harz, 
with  cold  blast.  2,  the  same,  with  the  blast 
at  470°.  3,  gray  iron,  from  Leerbach,  on  the 
Harz,  with  cold  blast;  and  4  the  same,  with 
blast  heated  to  230°.     llodemunn. 

Silicon  and  manganese  disappear  readily 
by  finery  or  forge-fires,  and  seem  lo  exert  no 
important  influence  on  the  metal,  unless  con- 
tained in  it  in  large  quantity.  Phosphorus 
(and  probably  arsenic)  makes  iron  cold-short, 
flow  more  freely  and  congeal  more  slowly, 
and  hence  adapts  it  to  fine  mouldings;  but 
wilh  1-5  pr.  ct.  it  becomes  rather  brittle.  Sul- 
phur makes  the  metal  thick-flowing,  and 
adapts  it  less  lo  fine  castings;  it  produces  a 
hot-short  metal,  and  with  0-37  pr.  ct.  it  makes 
a  useless  bar-iron.  Smaller  quantities  can  be 
readily  worked  off'  by  run-out  fires. 

Malleable   castings   are    made    by   heating 


them  imbedded  in  chalk,  ashes,  charcoal,  ox- 
ide of  iron,  in  which  it  would  appear  that  little 
more  than  a  molecular  change  is  produced.  By 
rapid  cooling  white  iron  is  produced  from 
gray,  and  by  slow  cooling,  gray  from  white. 
In  the  blast-furnace  gray  results  when  the 
furnace  is  working  to  the  greatest  advantage; 
with  too  large  a  proportion  of  fuel  it  becomes 
almost  black,  and  with  too  much  ore  in  pro- 
portion lo  fuel  it  becomes  white. 

By  healing  cast-iron  in  the  air  to  redness  it 
loses  its  carbon,  and  becomes  oxidized  the 
deeper,  the  longer  the  heat  is  continued;  but 
if  not  continued  too  long,  the  interior  has  be- 
come soft  and  malleable.  A  similar  change 
takes  place,  by  long  exposure  to  the  air,  of 
cast  iron  which  has  been  frequently  heated 
(as  in  broken  gas-retorts),  when  the  iron  be- 
comes nearly  as  soft  as  bar-iron.  By  the  ac- 
tion of  somewhat  dilute  nitric  acid  in  the  cold, 
metallic  iron  is  dissolved,  and  there  remains 
a  brown  mould,  soluble  in  alkali  and  repre- 
cipitable  by  acid,  and  distilling  with  the  odor 
of  an  empyreumatic  oil  and  ammonia.  By 
solution  in  dilute  sulphuric  acid,  hydrogen  is 
evolved  of  a  disagreeable  odor,  containing  a 
volatile  oil  together  with  sulphuretted  and 
phosphuretted  hydrogen.  When  a  large  quan- 
tity of  a  sulphuretted  hydrogen  solution,  made 
from  artificial  sulphuret  of  iron,  his  become 
stale  by  standing,  there  is  evolved  an  odor 
that  resembles  oil  of  mustard,  and  attacks  the 
eyes  most  painfully;  probably  due  to  the  for- 
mation of  a  sulphuretted  oil,  from  the  carbon 
in  the  iron,  with  the  hydrogen  and  sulphur. 
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(J.  C.  Booth.)  Cannon-balls  left  under  sea- 
water  for  42  years,  were  partly  corroded, 
leaving  a  coating  of  greater  or  less  thickness, 
of  a  substance  resembling  graphite,  probably 
composed   of  FeC3.    Some  of   the    graphite 


precipitated  in  gray  metal  is  almost  pure  car- 
bon, and  the  iron  can  be  extracted  from  it  by 
dilute  acid,  just  as  from  mineral  graphite. 

Bur-iron.     The  following  analyses  show  the 
composition  of  bar-iron: — 


L 


4. 


293 


Combined  carbon. 
Free  » 

Silicon 

Phosphorus 0-077 


l" 


0-240 
0-025 


0-193     0-144 


0-015 
0-210 


0-070 
0-510 


5. 
<;  0-238 
I  0-080 


6. 

0-38 
0-02 


7. 
0-104 
0-220 


0-237 
0-260 


9. 
0-66 


1  and  2  are  best  bar-iron,  from  Sweden;  3 
from  Champagne,  (see  1,  gray  cast)  ;  4,  cold- 
short, from  the  Mosel,  (Go y-Lussac  and  Wilson)', 
5 — 10  from  Bernburg,  analyzed  by  Bromeis, 
(see  6 — 10,  carbon  in  cast  iron). 

Slcel.  The  following  analyses  show  the 
composition  of  steel : — 


Carbon. 

Silicon. 

Blistered,  softest, 

K. 

0-9 



« 

harder, 

K. 

1-3 

— 

u 

" 

K. 

1-7 

— 

u 

English, 

Be. 

1-87 

0-1 

« 

Elberfeld, 

Br. 

0-496 

— 

Cast, 

Be. 

1-65 

0-1 

« 

Engl,  soft, 

M. 

0-83 

— 

" 

"      common, 

M. 

1-00 

— 

« 

"      harder, 

M. 

1-11 

— 

«• 

"      hardest, 

M. 

1-67 

— 

u 

"      best, 

Br. 

1-17 

— 

" 

Rhenish, 

Br. 

1-267 

— 

" 

K.      2-8- 

-3-00 

— 

" 

B.E. 

1-758 

— 

u 

remelted, 

B.E. 

1-578 

— 

" 

Engl,  best, 

G.  W. 

0-625 

0-03 

ii 

French, 

G.  W. 

0-936 

0-08 

Wootz, 

Be. 

1-50 

0-60 

u 

Far. 

— 

0-316 

K.  analyzed  by  Karsten ;  Be.  by  Berthier; 
Br.  by  Bromeis ;  M.  by  Mushet ;  B.  E.  by  Butt- 
ger  and  Eisner;  G.  W.  by  Gay-Lussac  and 
Wilson  ;  Far.  by  Faraday. 

Wootz  contains  also  aluminum,  about  twice 
as  much  as  of  silicon,  and  according  to  Fara- 
day and  Stoddart  it  may  be  imitated  by  fusing 
the  compound  Fe4C  with  alumina,  and  then 
fusing  1  pt.  of  this  alloy  with  from  8  to  17pts. 
blistered  steel. 

Steel  will  oxidize  less  easily  than  bar-iron, 
and  more  easily  than  cast-iron.  It  may  be 
heated  to  low  ignition  in  the  air  with  losing 
its  properties,  but  by  repeated  ignition,  a  little 
carbon  being  burned  off  each  time,  it  finally 
becomes  bar-iron.  Nitric  acid  makes  a  black 
spot  on  steel,  by  dissolving  iron  and  leaving 
graphite,  which  is  changed  by  long-continued 
action  of  the  acid  into  a  brown  mould.  Dilute 
sulphuric  or  muriatic  acid  dissolves  steel, 
evolving  hydrogen  of  a  disagreeable  odor 
(from  a  hydrocarbon  oil),  and  leaving  gra- 
phite. The  acids  act  on  steel  less  violently 
than  on  bar-iron,  and  leave  more  graphitoid, 
(FeC3).  If  fused  with  minute  quantities  of 
other  metals,  the  solution  is  much  more  rapid; 
thus,  platinum-steel  evolves  100  times  as  much 
hydrogen  in  a  given  time  as  pure  steel. 

Steel  holds  a  medium  position  between  bar 
and  cast-iron,  in  composition  and  in  most  of 
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its  properties;  but  it  seems  to  have  all  the 
valuable  properties  of  each.  It  has  a  rather 
whiter  color  than  iron. 

Properties  or  Iron  and  Steel. 

Bar-iron  exhibits  a  tendency  to  crystallize 
in  octahedra,  with  cubical  cleavage,  but  it 
usually  exhibits  a  fibrous  structure,  due  to 
working  it.  It  is  the  hardest  and  toughest  of 
ductile  metals;  it  is  the  most  tenacious  of  all 
metals,  and  can  be  drawn  out  to  very  fine  wire, 
but  cannot  be  rolled  into  thin  sheets;  its  spec, 
grav.  =  7-79,  when  almost  pure ;  it  is  attracted 
by  the  magnet,  but  loses  its  magnetism  almost 
immediately  after  contact,  if  pure.  It  fuses  at 
about  2850°,  but  far  below  this  point  it  burns 
in  the  air,  forming  oxide — sesquioxide;  its  com- 
bustion in  oxygen  is  much  more  vivid.  In 
dry  air  it  remains  unchanged,  but  in  moist  air 
oxidizes,  especially  if  its  surface  be  smooth 
and  polished.  Under  water  it  rusts  (oxidizes), 
but  not  in  alkaline  solutions  of  potassa,  soda, 
ammonia,  lime,  &c.  The  purer  the  iron,  the 
more  easily  does  it  rust.  Contact  of  zinc  pro- 
tects it  as  long  as  the  zinc  is  bright;  tin 
hastens  its  oxidation.  It  is  sometimes  coated 
externally  with  zinc,  and  then  termed  galvan- 
ized iron.  The  presence  of  free  acid  ha 
the  oxidation  of  iron.  Heated  to  whiteness  it 
decomposes  water,  evolving  hydrogen,  and 
becoming  magnetic  oxide.  When  acted  upon 
by  cold,  dilute  nitric  acid,  it  sometimes  occurs 
that  no  hydrogen  is  evolved,  but  the  latter 
unites  with  nitrogen  and  forms  ammonia 
(8  Fe  -f  10  N05  -f  3  HO  =  8  (FeO,  N06)  -f 
NH3,  NO.).  In  strong  fuming,  nitric  acid,  or 
in  nitro-sulphuric,  especially  by  contact  with 
platinum,  it  is  rendered  pasture. 

Steel.  It  is  more  easily  oxidized  by  heat  and 
acids  than  cast-iron,  and  less  easily  than  bar- 
iron.  Nitric  acid,  dilute,  produces  a  black 
spot  on  its  surface,  from  the  separation  "i 
carbonaceous  matter,  which  becomes  mould, 
soluble  in  alkali,  by  the  farther  action  ol 
acid.  Hardened  steel  is  less  easily  ar ted  upon 
by  acid  than  soft  steel.  Soft  blistered  steel 
dissolves  slowly  in  dilute  nitric  acid,  forming 
mould  without  graphite;  east-steei  dissolves 
still  more  slowly.  Nitric  acid  acting  only  on 
the  surface,  developes  the  internal  structure 
of  steel,  showing  whether  different  kinds  have 
been  welded  together;  this  action  character- 
izes wootz,  which  shows  an  interweaving  of 
different  kinds,  more  or  less  silvery,  some 
containing  more  carbon  or  aluminum,  and 
being  more  crystalline.  Dilute  sulphuric  and 
muriatic  acids  acton  steel  with  the  evolution  of 
a  disagreeably-smelling  hydrogen;  the  harder 
the  steel,  the  less  intense  the  action. 
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Composition  of  Slags  and  Scorije. 

Blast-furnace  slags.     The  following  analyses, 
by  Berthier,  exhibit  not  only  the  composition 


of  slags,  but  also  the  differences  resulting 
from  the  employment  of  different  ores,  diffe- 
rent fuel,  and  when  the  furnace  is  working 
differently . — 


1. 

Silica 444 

Lime 28-4 

Magnesia 1-6 

Protox.  iron 4-4 

"       manganese.   2-0 

Alumina 17-0 

Titanic  oxide — 

97-8 

14. 

Silica 52-8 

Lime 5-6 

Magnesia 9-0 

Protox.  iron 1-4 

"       manganese.  26-2 

Alumina 3-4 

Sulphur — 

98-4 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

50-2 

55-2 

39-0 

60-0 

63-6 

62-8 

59-8 

31-1 

53-0 

71-0 

47-0 

40-4 

35-4 

19-2 

19-6 

20-6 

24-0 

19-4 

19-9 

14-1 

15-0 

7-2 

20-6 

27-2 

0-6 

1-4 

2-4 

7-2 

1-2 

1-2 

11-9 

34-2 

8-0 

5-2 

— 

1-2 

0-8 

3-4 

5-0 

3-0 

1-7 

6-2 

2-0 

1-0 

10-0 

5-0 

4-6 

21-0 

— 

1-4 

— 

3-6 

3-9 

— 

— 

4-4 

10-0 

6-5 

3-0 

0-8 

12-6 

19-2 

26-0 

7-4 

3-8 

8-4 

5-7 

8-9 
9-0 

1-0 

2-5 

23-9 

16-8 

99-6 

99-8 

98-0 

101-8 

98-2 

98-0 

99-3 

102-7 

97-0 

97-4 

99-1 

97-4 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

57-0 

45-4 

49-6 

48-4 

37-8 

40-6 

43-2 

35-4 

36-6 

38-8 

46-6 

33-5 

5-6 

4-2 

— 

— 

— 

32-2 

35-2 

38-4 

35-8 

37-0 

28-3 

43-0 

13-8 

8-6 

15-2 

10-2 

8-6 

— 

4-0 

1-2 

4-8 

3-2 

— 

1-0 

6-8 

1-8 

0-4 

0-1 

21-5 

10-4 

4-2 

1-2 

2-0 

4.4 

18 

1-0 

5-4 

33-4 

25-8 

34-0 

29-2 

— 

— 

2-6 

— 

— 

2-6 

1-0 

10-6 

4-6 

9-0 

6-6 

2-1 

16-8 

12-0 

16-2 

18-4 

15-2 

18-8 

19-0 

— 

0-7 

0-1 

0-1 

— 

— 

98-6 

1-4 
96-7 

1-0 
98-6 

0-8 
99-4 

1-2 
99-3 

1-0 

99-2 

98-7 

100-1 

99-4 

99-2 

100-0 

99-5 

Nos.  1  to  19  were  from  furnaces  using  char- 
coal ;  20  to  26,  coke.  Nos.  1  to  9  were  from 
ores  of  peroxide;  10  to  19  from  sparry  ores; 
the  rest  from  coal  ores.  No.  1.  France  ;  from 
a  granular  ore ;  slag  compact,  vitreous,  green- 
ish gray,  very  fusible.  2.  Ancy-le-Franc ; 
like  the  preceding ;  very  fusible,  although  con- 
taining much  lime.  3.  France ;  gray  and 
stony;  the  furnace  working  badly,  and  slag 
not  fusible  enough,  from  too  little  lime.  4. 
France;  granular  ore;  slag  sufficiently  fusible, 
but  sluggish ;  more  silex  required.  5.  France ; 
Requires  more  flux.  6.  from  Torgelow,  in 
Pomerania,  from  bog-ores,  containing  much 
phosphate;  slag  a  bluish  white  enamel.  7. 
France;  is  greenish  blue,  the  furnace  working 
well,  and  producing  gray  metal.  8.  Gesberg, 
Sweden ;  magnetic  ore ;  slag  vitreous,  trans- 
parent, very  fusible.  9.  Taberg,  Sweden ; 
magnetic  ore;  slag  porous,  yellow  on  the  sur- 
face, iron-gray  in  the  interior,  little  fusible ; 
contains  9  pr.  ct.  titanic  oxide.  The  following 
are  from  sparry  ores: — 10  and  11.  Savoy;  10 
is  black,  porous,  and  very  light;  runs  when 
the  furnace  begins  to  work  badly  ;  1 1  grayish 
yellow,  porous,  scarcely  fused,  full  of  quartz, 
coal,  and  iron ;  the  furnace  working  very 
badly.  12.  France ;  partly  glassy,  partly  stony, 
greenish  gray;  very  fusible;  containing  much 
sulphuret  of  calcium.  13.  Normandy;  fur- 
nace working  badly;  slag  both  glassy  and 
stony,  crystalline,  puffed.  14,  15,  16.  Musen, 
Siegen  on  Rhine ;  sparry  ores  of  Stahlberg ; 
14  glassy  and  stony,  very  fusible ;  furnace 
producing  lamellar  white  metal;  15  glassy 
and  stony,  blebby,  bottle-green;  furnace  yield- 
ing mottled  iron;  16  a  blebby,  sulphurous 
slag,  olive-green.  17,  18,  19.  Hamm,  La- 
marck; mixed  sparry  ore  and  brown  hema- 
tite, without  flux;  17,  when  the  metal  is  gray; 
18,  metal  white,  lamellar;  19,  metal  white, 
cavernous,  furnace  overcharged  with  ore. 
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The  following  are  from  coal  ores  chiefly,  and 
worked  with  coke  : — 20.  Dudley,  Birmingham ; 
furnace  working  well;  slag  compact,  greenish 
gray.  21,  22.  Dowlais,  MerlhyrTydvil,"  Wales; 
stony,  bottle-green,  cavities  coated  with  ido- 
crase;  22,  black,  opake,  furnace  working 
badly.  23,  24.  St.  Etienne,  France  ;  23,  vitre- 
ous, semi-transparent,  very  hard,  bluish  gray; 
furnace  yielding  gray  metal;  24,  grayish 
brown;  furnace  yielding  white  metal.  25,26. 
France;  25  translucent,  vitreous:  26  stony, 
opake  ;  obtained  by  adding  more  flux,  whereby 
the  quality  of  the  metal  was  improved. 

A  study  of  the  above  will  exhibit  many  facts 
of  interest: — That  protoxide  of  iron  or  man- 
ganese may  replace  lime  in  a  slag,  is  shown 
by  comparing  14  to  18,  with  all  the  rest.  That 
a  large  amount  of  magnesia  may  enter  into  a 
slag  without  injury  to  its  fusibility.  That  a 
small  amount  of  alumina  will  be  replaced  by 
a  larger  amount  of  oxides  of  manganese  and 
iron.  A  furnace  in  general  works  best,  when 
the  slags  contain 

40  to  55  pr.  ct.  silica. 
20  "  35   "    "    lime. 
10  "  20   "    "    alumina. 
The  lime  includes  magnesia  and  protoxides 
of  manganese  and  iron.     When  a  furnace  is 
running  white  metal,  the  slag  usually  contains 
a  little  iron,  unless  the  ore  be  manganesian. 
By  increasing  the  quantity  of  lime,  sulphur, 
and  perhaps  phosphorus  tend  to  pass  into  the 
slag. 

Percy  and  Forbes  have  made  a  minute  ex- 
amination of  some  crystalline  slags,  which 
show  a  greater  admixture  of  foreign  substances 
than  the  above.  Some  of  their  results  follow. 
Nos.  1,  2,  3,  4,  6,  7,  and  10,  from  hot  blast  fur- 
naces ;  5,  from  cold  blast.  1,  2,  3,  4,  from  near 
Dudley;  5,  Tipton;  7,  Oldbury,  Engl.;  6  and 
10,  Belgium;  8  and  9,  Olsberger  furnaces,  on 
the  Rhine.     Chem.  Gaz.  v.  293. 
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1.         2.         3.         4.         5.         6.         7.  8.  9.  10.  11. 

Silica 38-05  38-76  37-63  37-91   39  52  42-06  28-32  53-37  53-76  55-77  45-59 

Alumina 14-11  14-48   12-78  13-01    15-11  12-93  24-24  5-12  4-76  13-90  11-88 

Lime 35-70  35-68  33-46  31-43  32-52  32-53  40-12  30-71  29-48  22-22  38-20 

Magnesia 7-61  6-84     6-64     7-24     3-49     1-06     2-79  9-50  9-82  2-10  — 

Protoxide  manganese  0-40  0-23     2-64     2-79     2-89     2-26     0-07  1-41  1-30  2-52  0-91 

iron 1-27  1-18     3-91     0-93     2-02     4-94     0-27  0-95  1-48  2-12  1-11 

Potassa 1-85     1-11     1-92     2-60     1-06     2-69     0-64  —  —  1-78  — 

Sulphuret  of  calcium  0-82  0-98     0-68     3-65     2-15     1-03     3-38  —  —  —  1-76 

99-81  99-26  99-66  99-56  98-76  99-50  99-83  101-06  100-60  100-41  99-45 


Hardness 6-0       6-0       6-0       5-5       5-7        —      5-7 

Spec,  grav 2-905  2-915  2-924  2-919  —     (0-31     0-26) 
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In  No.  6  the  0-31  is  phosphate  of  alumina; 
in  7  the  0-26  is  sulphate  of  lime.  Slags  from 
No.  1  to  6  are  composed  according  to  the 
formula  2  (3  RO,  Si03)  -f  A1203,  Si03,  in  which 
RO  =  GaO,  MgO,  FeO,  MnO;  it  is  probably 
either  Vesuvian,  with  1  equiv.  of  3  RO,  Si03 
in  excess,  or  it  is  Gehlenite,  with  a  deficiency 
of  alumina;  it  agrees  exactly  with  both  in 
crystalline  form,  and  with  massive  gehlenite 


in  composition.  No.  7  has  the  formula 
3  (3  CaO,  Si03)  -f-  3  A!203Si03,  which,  accord- 
ing to  Percy,  more  closely  agrees  with  the 
analyses  of  gehlenite  than  the  formula  usually 
given,  which  has  only  2  Al203.  8  and  9  ap- 
proach augite  in  composition.  11  approaches 
the  formula  of  humboltilite. 

Scoria.     The  following  are  from  Berlhicr : — 


1. 

Silica 22-5 

2. 

31-1 

31-4 

27-4 

3-2 

2-4 

3-6 

3. 

230 

45-0 

29-0 

2-0 

1-0 

1-0 

4. 

190 
51-5 
10-5 

17-0 
1-0 
1-0 

5. 
8-0 
80.0 
3-5 
7-0 
0-5 
0-5 

6. 

19-0 

64-8 

12-6 

1-8 

0-4 

7. 

7-6 

82- L 

6-8 

2-8 
1-1 

8. 

17-2 
61-3 
0-5 
2-7 
0-1 
0-2 

9. 
27-6 
61-2 

4-0 

10. 

36-8 

61-0 

0-9 

11. 
42-4 
52-0 

3-3 

12. 
22-76 

Protox.  manganese    2-0 

61-28 
3-58 
3-41 

0-76 

7-30 

100-0 

99-1 

101-0 

100-0 

99-5 

98-6 

100-4 

82-0 

92-8 

98-7 

97-7 

99-09 

1  and  2  are  scoriae  from  Catalan  forges. 
3 — 6  are  from  refineries  of  manganesian  ore; 
3 — 5,  from  Allevard,  France;  6,  from  Musen, 
Rhine.     7,8,  from  refining  common  cast-iron; 

8,  from  the  cold-short,  phosphoric  iron  of 
Torgelow,  in  Pomerania,  containing,  in  addi- 
tion to  the  above,  16-5  pr.  ct.  phosphoric  acid. 

9,  refinery  with  coal,  Dudley,  Engl.;  has  in 
addition  7-2  pr.  ct.  phosphoric  acid.  10,  pud- 
dling furnace  of  Dowlais,  Wales;  has  1-7  phos- 
phoric acid  in  addition.  11,  from  reheating 
furnace,  Dowlais.  12,  refinery  cinder,  (Perry); 
it  has  0-46  sulphur  in  addition. 

Of  the  two  following,  given  by  Percy,  1  was 
from  the  flue  of  a  puddling  furnace,  and  2 
from  tap-cinder. 

1. 


Silica 29-60 

Protox.  iron 48-43 

Perox.     "    I7-11 

Protox.  manganese 1*13 

Alumina 1-28 

Lime 0<47 

Magnesia ^'35 

Phosphoric  acid 1*34 

Sulphuret  iron 1*61 


2. 

23-86 

39-83 

23-75 

6-17 

0-91 

0-28 

0-24 

6-42 

0-62 


101-32       102-08 

The  number  of  various  oxides  in  these  cin- 
ders shows  how  refining  operations,  &c,  tend 
to  oxide  the  foreign  matters  in  cast-iron,  to- 
gether with  a  portion  of  iron.  It  will  be  ob- 
served that  phosphorus  is  carried  off  in  large 
quantity;  hence  it  would  not  be  proper  to 
throw  such  scoriae  into  the  furnace,  as  it 
would  increase  the  cold-short  character  of  the 
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metal.  That  sulphur  is  thrown  off  largely  in 
the  run-out  fires,  I  have  often  observed,  from 
the  odor  of  sulphurous  acid,  when  the  metal 
is  first  run  off,  and  that  of  sulphuretted  hydro- 
gen, when  water  is  sprinkled  over  the  hot 
mass.     /.  C,  B. 

Products  of  Combustion  in  the  Blast 

Fuhn  ace. 
The  labors  of  Bunsen  and  others  have 
enabled  us  to  form  a  correct  view  of  what  is 
taking  place  within  the  furnace;  and  (he  mas- 
terly investigations  of  Bunsen  and  Playfair, 
contained  in  the  Rep.  of  the  British  Associa- 
tion for  1845,  leave  little  to  be  desired  on  this 
head,  excepting  a  similar  series  of  experi- 
ments with  anthracite.  The  following  results 
of  Bunsen,  in  1841,  were  obtained  from 
smelting  Mansfield  copper-slate.  The  gases 
are  N,  nitrogen,  Co2  carbonic  acid,  Co  car- 
bonic oxide,  CH  carburetted  hydrogen,  H  hy- 
drogen, So2  sulphurous  acid;  the  last  partly 
from  the  ore  and  partly  from  the  coke. 

1.  2.  3.  4. 

68-31     66-94     67-97 


N 68-45 

Coa 11-81 

Co 13-62 

CH 2-63 

H 1-94 

So„ 1-55 


10-62 

17-19 

2-81 

0-00 

1-07 


10-67 

18-03 

3.49 

0-00 

0-87 


7-41 
19-07 
3-77 
0-02 
0-86 


N 70-52     68-99     66-74     64-66 


Co2 21-03 

Co 2-79 

CH 1-47 

H 317 

So„ 104 


23-42 
0-61 
5-86 
0-00 
1-12 


18-30 
5-52 
2-07 
6-89 
0-48 


20-11 

11-05 

0-53 

3-44 

0-21 
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The  upper  division  contains  the  gases  col- 
lected from  the  upper  part,  and  the  lower  from 
the  lower  part  of  the  furnace.  No.  1  was 
from  coke  with  hot  blast;  No.  2,  coke  and  ^ 
charcoal,  with  hot  blast;  3,  charcoal  with  hot 
blast;  4,  charcoal  with  cold  blast.  He  cal- 
culated that  the  amount  of  heat  realized  and 
lost  was 

Realized.  Lost. 

From  1 60-8 39-2  pr.  ct. 

"      2 58-8 41-2   "    « 

"      3 56-2 43-8    "    « 

"      4 50-4 49-6    "    " 


Height  above  twyer 17f  ft. 

Nitrogen 62-34 

Carbonic  acid 8-77 

"         oxide 24-20 

Light  carb.  hydrogen 3-36 

Hydrogen 1-33 

Height  above  twyer 23  ft. 

Nitrogen 64-43 

Carbonic  acid 22-20 

"         oxide 8-04 

Light  carb.  hydrogen 3-87 

Hydrogen 1-46 


The  gas  at  Sf  ft.  height  was  anomalous  in 
composition.  In  both  cases  the  carbonic  acid 
diminishes  in  descending,  and  again  some- 
what increases  lower  down;  the  carbonic 
oxide  attains  a  maximum  about  the  middle 
of  the  furnace,  and  diminishes  in  a  greater 
ratio  upward  than  downward;  the  carburetted 
hydrogen  remains  constant  in  the  upper  part, 
and  diminishes  in  the  lower  part.  The  results 
of  Ebelmen,  in  France,  are  shown  by  Bunsen 
and  Playfair  to  be  erroneous,  as  he  gives  no 
carburetted  hydrogen,  while  they  prove  that 
well-made  charcoal  from  beech,  fir,  and  oak, 
still  give  off  a  large  proportion  of  carburetted 
hydrogen. 

Since  a  dry  distillation  of  the  fuel  takes 
place  in  the  furnace,  B.  and  P.  determined, 
separately,  the  products  of  such  a  distillation 
of  the  fuel  (bituminous  coal),  used  at  the 
Alfreton  iron  works.  The  following  table  con- 
tains these  results  by  weight: 

1. 

Carbon 68-925 

Tar 12-230 

Water 7-569 

Light  carb.  hydrogen  .   7-021 

Carbonic  oxide 1-135 

acid 1-073 

Cond'nsd  hydrocarbon  0-753 
Sulphuretted  hydrogen  0-549 

Hydrogen 0-499 

Ammonia 0-211 

Nitrogen 0-035 


Hence  one-half  of  the  heat  is  lost  with  the 
cold  blast. 

The  following  tables  contain  the  results  of 
Bunsen's  experiments  on  the  iron  blast  furnace 
at  Veckerhagen,  in  Hessia  (Electoral),  and  of 
Scheerer  and  Langberg  at  Baerum,  near  Chris- 
tiania,  Norway,  in  both  of  which  charcoal  was 
the  fuel.  The  gases  are  expressed  in  per- 
centage volumes  or  measured  bulk,  and  the 
numbers  at  the  top  refer  to  the  height  in  feet 
above  the  twyer.  The  1st  table  contains  the 
results  of  Bunsen,  the  2d  those  of  Scheerer 
and  Langberg. 


16*. 

14f. 

13£. 

llf. 

8}. 

5*. 

62-25       66-29 

62-47 

63-89 

61-45 

64-58 

11-14 

3-32 

3-44 

3-60 

7-57 

5-97 

22-24       25-77 

30-08 

2927 

26-99 

26-51 

3-10 

4-04 

2-24 

1-07 

3-84 

1-88 

1-27 

0-58 

1-77 

2-17 

0-15 

0-16 

20£. 

18. 

15^. 

13. 

10. 

62-65 

63-20 

64-28 

66-12 

64-97 

18-21 

12-45 

4-27 

8-50 

5-69 

15-33 

18-57 

29-17 

20-28 

26-38 

1-28 

1-27 

1-23 

1-18 

0-00 

2-53 

4-51 

1-05 

3-92 

2-96 

2. 

3. 

67-228 

65-123 

9-697  ( 
12-397  < 

-16-594 

6-638 

6-233 

1-602 

6-328 

1-139 

2-289 

0-513 

1-559 

0-253 

0-172 

0-370 

1-421 

0-163 

0-281 

100-000   100-000   100-000 

The  condensed  hydrocarbon,  in  1,  includes 
olefiant  gas,  and  in  the  3  it  is  wholly  this  gas. 
No.  1  was  obtained  by  beginning  to  heat  the 
closed  end  of  the  tube  in  which  the  distillation 
took  place,  so  that  the  liquids  would  first  con- 
dense in  another  part  of  the  tube,  and  be  vola- 


tilized again  when  the  heat  reached  that  point; 
No.  2,  by  mixing  with  the  coal  the  proportional 
quantity  of  ore  and  limestone,  as  used  in  the 
furnace;  and  No.  3,  by  beginning  to  heat  from 
the  opposite  or  open  end,  so  that  the  gaseous 
products  had  to  traverse  a  bed  of  ignited 
coals. 

They  further  determined  the  composition 
of  the  coal,  limestone,  and  ore,  and  deter- 
mined what  influence  the  two  last  would 
exert  in  increasing  the  quantity  of  carbonic 
acid.     The  coal  was  composed  of 

Carbon 74-83 

Hydrogen 5-iO 

Oxygen 9-71 

Nitrogen 0-18 

Water 7-50 

Ash 2-08 


100-00 


By  calculating  the  quantity  of  heat  pro- 
duced by  each  combustible  substance,  deter- 
mined in  the  above  analyses,  it  was  ascertained 
that  81-54  pr.  ct.  of  the  fuel  used  at  the  Alfreton 
works  was  lost,  and  only  18-46  pr.  ct.  realized. 
From  the  third  analysis,  where  the  gaseous 
matters  traversed  ignited  coke,  it  is  shown 
that  83-45  pr.  ct.  of  the  heat  is  lost. 

The  size  of  the  furnace  at  Alfreton,  in  which 
the  experiments  were  performed,  was  40  ft. 
high  and  11  ft.  wide  in  the  boshes.  The  air 
was  blown  in  at  626°,  under  a  pressure  of 
6-75  inches  mercury,  and  through  a  nozzle 
2-75  in.  diameter.  The  furnace  receives  80 
charges  in  24  hours,  each  of  which  consists 
of  calcined  clay  ironstone  420  lbs.,  coal 
390  lbs.,  limestone  170  lbs.,  and  the  product 
of  this  amount  is  140  lbs.  pig-metal.  The 
following  table  contains  the  analyses  of  the 
gases  collected  at  different  depths,  during  the 
working  of  the  furnace: — 
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Depth  in  ft.  below  the  top...   5ft.  8.  11.  H.  17.  20. 

Nitrogen 55-35  54-77  52-57  50-95  55-49  60-46 

Carbonic  acid 7-77  9-42  9-41  9-10  12-43  10-83 

"          oxide 25-97  20-24  23-16  19-32  18-77  19-43 

Light  carburetted  hydrogen  .   3-75  8-23  4-57  6-64  4-31  4-40 

Hydrogen 6-73  6-49  9-33  12-42  7-62  4-83 

Olefiant  gas 0-43  0-85  0-95  1-57  1-38  — 

Cyanogen —  —  —  —  —  — 


23. 

58-28 
8-19 

29-97 
1-64 
4-92 


24. 

56-75 

10-08 

25-19 

2-33 

5-65 


34. 

58-05 

37-43 

3-18 


trace     trace       1-34 


Bunsen  had  previously  shown  that  carbu- 
retted hydrogen  is  not  formed  by  direct  union 
of  carbon  and  hydrogen,  nor  by  the  decompo- 
sition of  water  at  the  expense  of  coals;  hence 
the  carb.  hydrogen  developed  at  24  ft.,  indi- 
cates that  the  coking  goes  on  to  that  depth. 
This  is  explained  by  the  size  of  the  coal 
thrown  in,  often  in  20  lb.  pieces.  The  carbu- 
retted hydrogens  and  hydrogen  are  at  a  maxi- 
mum at  14  ft.  depth,  where  the  coking  is  at  a 
maximum.  The  gases  could  not  be  collected 
below  24  ft.,  because  the  iron  tube  entering 
the  zone  of  fusion,  was  melted  oft'.  To  collect 
the  gas  in  the  last  column  at  34  ft.  depth,  a 
hole  was  bored  through  the  wall,  2|  ft.  above 
the  twyer,  and  the  gas  collected.  Since  there 
is  no  carbonic  acid  and  no  free  oxygen  found 
in  the  lowest  part  of  the  furnace,  it  is  evident 
that  all  the  oxygen  of  the  blast  is  consumed 
near  the  twyer,  and  that  carbonic  oxide  alone 
is  there  formed.  The  carbonic  acid,  therefore, 
found  at  24  ft.  depth,  is  due  to  the  oxygen  of 
the  ore,  and  carbonic  acid  of  the  limestone. 
By  estimating  the  varying  quantity  of  oxygen 
in  the  gases  compared  with  a  given  quantity 
of  nitrogen,  as  that  contained  in  the  air,  it  was 
found  that,  while  the  proportion  in  the  air  is 
79-2  :  20-8,  in  the  furnace  at  the  top  of  the 
bosh  it  was  79-2  :  27,  and  2|  ft.  above  the 
twyer  it  was  79-2  :  22-8 ;  whence  their  conclu- 
sion, that  "In  hot-blastfurnaces  fed  with  coal, 
the  reduction  of  the  iron  ore  and  expulsion  of 
carbonic  acid  from  the  limestone,  takes  place 
in  the  boshes  of  the  furnace."  Since  large 
masses  of  ore  could  not  enter  the  crucible  or 
hearth  in  the  solid  form,  it  is  probable  that  the 
fusion  of  metal  and  slag  takes  place  at  or  above 
the  top  of  the  hearth. 

Application  of  Furnace  gases.  For  purposes 
of  heating,  the  gas  should  not  be  drawn  from 
too  great  a  depth,  which  would  draw  oft'  the 
heat  necessary  for  coking  the  coal;  but  when 
taken  from  the  upper  part,  it  is  charged  with 
the  combustible  products  of  distillation.  The 
temperature  attained  by  burning  the  escaping 
gases  is  3083°,  which,  by  a  hot  blast,  may  be 
raised  to  3632°,  while  cast  iron  melts  at  2192°; 
so  that  any  required  temperature  is  attainable, 
by  burning  these  gases  with  hot  air.  Although 
these  gases  are  used  as  the  waste  heat  of  the 
furnace,  yet  there  can  be  no  doubt  that  they 
are  employed  to  a  limited  extent,  as  compared 
to  what  they  are  capable  of  being  applied  to; 
and  there  is  every  reason  to  believe  that,  with 
the  best  arrangements  hitherto  made,  one  half 
of  the  heat  derivable  from  the  fuel  of  a  fur- 
nace is  lost. 

The  ammonia  evolved  in  the  gases  might 
easily  be  saved,  by  conducting  the  gases 
through  a  chamber  containing  muriatic  acid, 
and  evaporating  the  solution  by  a  portion  of 
the  inflamed  gases ;  or  a  portion  of  it  may  be 
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collected  in  a  liquid  state  with  water,  as  car- 
bonate of  ammonia.  From  the  last  co 
of  the  analyses  it  will  be  observed  lhat 
cyanogen  is  contained  in  quantity  in  the 
taken  from  the  boring  a  short  distance  a 
the  twyer.  The  gases  issuing  from  an  iron 
tube  inserted  in  the  bore  were  richly  charged 
with  cyanide  of  potassium.  It  was  ascertained 
experimentally,  that  at  least  from  every  100 
pts.  of  coa.  there  was  obtained  0-778  cyanide 
of  potassium,  which  would  make  224-7  lbs. 
daily  generated  in  the  furnace.  Upon  exami- 
nation it  was  found  that  the  iron  ore  contained 
0-743,  or  |  of  1  pr.  cl.,  and  the  coal  0-07  pr.  ct. 
potassa.  It  is  well  known  that  ammonia  passed 
over  carbon  at  a  high  temperature  forms 
cyanogen,  but  every  trace  of  ammonia  must 
have  been  removed  from  the  coal  before  it 
reaches  this  part  of  the  furnace.  They  proved 
by  direct  experiment,  that  pure  nitrogen  passed 
over  pure  potash  and  pure  charcoal  at  a  high 
heat,  yielded  abundance  of  cyanide  of  potas- 
sium, while  carbonic  acid  passed  over  the 
same  yielded  none.  Hence  the  conclusion, 
"that  a  considerable  quantity  of  cyanide  of 
potassium  is  formed  in  iron  furnaces  imme- 
diately above  the  point  where  the  blast  comes 
in  contact  with  the  glowing  fuel,  and  that  its 
formation  is  owing  to  a  direct  union  of  carbon 
with  potassium,  and  with  nitrogen  of  the  air." 
Cyanide  of  potassium  is  volatile  at  high  tem- 
peratures, and  lends  its  influence  to  reduce 
the  ores  of  the  furnace.  It  is  probable  that 
the  excess  of  oxygen  at  the  boring,  22-8,  over 
that  in  the  air,  20-8,  is  due  to  the  reduction  of 
potassa  in  the  zone  of  high  heat  above  the 
twyer.     See  Rep.  British  Assoc.  1845. 

InOJT    AND    ITS    NOX-SALINE    COMPOUNDS. 

1.  Iron.  The  metal  is  best  obtained  in  a 
perfectly  pure  state  by  the  reduction  of  pure 
oxide  of  iron  by  hydrogen ;  in  which  but  a 
low  temperature  is  required,  if  the  iron  is  to 
be  obtained  pulverulent.  Reduced  at  too  low 
a  temperature,  and  even  cooled  in  hydrogen, 
it  takes  fire  upon  exposure  to  the  air.  (Ma 

It  is  employed  to  a  limited  extent  in  medicine. 
The  general  properties  of  pure  iron  have  been 
given  under  bar  iron. 

Sym.  Fe  (Ferrum)  Eq.  28.  Berzelius'  last 
determination  is  350-527. 

2.  Oxides,  a.  Protoxide  of  Iron.  Ger.  Ei  - 
oxydul.  Unknown  in  a  dry  state.  Form.  FeO, 
containing  77-78  pr.  ct.  iron.  The  h] 
precipitates,  by  adding  potassa  to  a  sol 
free  from  peroxide,  as  white  floccula:,  which 
it  is  exceedingly  difficult  to  dry  without  oxida- 
tion. It  has  a  powerful  affinity  for  oxygen, 
passing  into  oxide-peroxide,  and  then  to  hy- 
drous peroxide  in  the  air.  It  is  a  very  strong 
base. 

Its  salts  are  light  green  when  hydrous,  white 
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when  dry ;  those  insoluble  in  water  are  soluble 
in  muriatic  acid;  when  heated  they  give  off 
their  acid,  if  volatile,  leaving  peroxide,  or 
oxide-peroxide,  or  with  organic  acids  metallic 
iron.  From  the  neutral  salts  in  a  closed  ves- 
sel, zinc  throws  down  oxide  and  metallic  iron. 
Sulphuretted  hydrogen  will  throw  down  sul- 
phuret  of  iron,  only  from  a  salt  containing 
organic  acid,  and  not  in  excess ;  the  alkaline 
sulphuret  precip.  sulphuret  of  iron,  insoluble 
in  an  excess  of  the  precipitant,  but  a  persul- 
phuret  of  ammonium  dissolves  a  little.  The 
caustic,  carbonated,  and  bicarbonated  alkalies 
precipitate  hydrated  or  carbonated  oxide,  which 
becomes  greenish  and  brown  from  oxidation. 
Carbonated  alkaline  earths  do  not  precipitate 
oxide  salts,  except  by  continued  exposure  to 
the  air,  or  by  heat.  (J.  C.  B.)  Phosphate  and 
arseniate  of  soda  give  white  precipitates,  the 
former  becoming  bluish,  the  latter  greenish  in 
the  air.  Yellow  prussiate  of  potash  gives  in 
pure  solutions  a  white  precipitate,  changing  to 
green  and  blue,  or,  if  they  contain  peroxide,  a 
blue  at  once;  the  red  prussiate  gives  a  blue  at 
once,  even  if  exceedingly  minute  quantities  of 
oxide  be  present.  Oxalic  acid  or  binoxalates 
color  the  solutions  yellow,  and  deposit  after 
some  time  a  yellow  oxalate,  which  is  thrown 
down  at  once  by  neutral  oxalate.  A  solution  of 
galls  does  not  change  the  color  of  the  solutions, 
if  free  from  peroxide ;  but  exposure  to  the  air 
produces  a  violet-black.  The  presence  of  pro- 
toxide of  iron  in  mineral  silicates,  may  often 
be  inferred  from  their  green  color. 

b.  Peroxide.  Sesquioxide.  Ger.  Eisenoxyd. 
Form.  Fe2Os,  containing  70  pr.  ct.  iron.  It 
occurs  native  as  Specular  Ihox.  See  also 
the  ores  of  iron,  at  the  beginning  of  this 
article.  It  is  formed  by  dissolving  iron  in  ni- 
tric acid,  evaporating,  and  igniting ;  by  roast- 
ing the  metal  or  its  oxides  in  the  air;  by  heat- 
ing the  hydrate;  by  strongly  calcining  the 
sulphate.  It  has  a  red  or  brownish  red  color, 
and  after  strong  ignition  is  almost  black.  In 
contact  with  carbon  at  a  high  heat,  it  is  re- 
duced when  in  lump  to  the  metallic  state, 
both  by  carbonic  oxide  and  probably  by  ce- 
mentation. It  is  also  reduced  by  hydrogen 
and  carbonic  oxide,  and  is  changed  by  sulphur 
into  sulphuret. 

Hydrate  of  the  peroxide  is  formed  by  expos- 
ing the  metal  to  a  moist  air ;  of  a  russet  color, 
rust,  with  the  form.  2  Fe203,  3  HO ;  or  by  pre- 
cipitating a  soluble  salt  by  carbonated  or 
caustic  alkali,  of  a  brown  color,  which  when 
dried  at  212°  has  the  formula  Fe203,  2  HO. 
Its  water  is  easily  expelled  by  heat.  The 
Salts  are  formed  by  dissolving  the  hydrate  in 
an  acid  (the  ignited  oxide  dissolves  with  diffi- 
culty); or  by  the  joint  action  of  another  acid 
with  nitric  acid  or  chlorine  on  the  metal  or  a 
lower  oxide.  The  anhydrous  salts  are  gene- 
rally white,  the  solutions  yellow  or  brown.  A 
characteristic  of  the  neutral  soluble  salts 
(1  equiv.  oxide  -j-  3  equivs.  acid)  is,  either  by 
heating  them  to  boiling,  especially  when  di- 
lute, or  by  a  portion  of  alkali,  or  by  the  action 
of  alkalino-earthy  carbonates,  to  be  reduced 
to  basic  salts  of  a  darker  color,  which  are 
either  less  soluble,  or  wholly  insoluble  in  water. 
Sulphurous  acid,  copper  and  other  metals,  and 


sulphuretted  hydrogen  reduce  the  sesqui  to  the 
protoxide;  the  last  precipitates  sulphuret  of 
iron  from  a  weak  acid,  until  the  acid  greatly 
preponderates.  Sulphuretted  alkalies  precipi- 
tate black  sulphuret,  even  to  a  dilution  of 
100,000  pts.  water;  and  exhibit  a  grayish 
green  color  in  a  dilution  of  400,000  pts.  water. 
Brown,  hydrated  sesquioxide  is  wholly  pre- 
cipitated from  the  solutions  by  caustic  and 
carbonated  alkali,  and  by  carbonates  of  lime, 
baryta,  strontia,  magnesia,  zinc,  manganese, 
and  copper  in  the  cold.  Phosphates  and  ar- 
senates throw  down  white  salts;  yellow  prus- 
siate of  potash  precipitates  Prussian  blue; 
red  prussiate  does  not  affect  them,  but  pre- 
cipitates the  blue,  if  the  least  trace  of  protox- 
ide be  present.  Sulpho-cyanhydric  acid  and 
its  salts  (rhodanides)  color  iron  salts  blood-red 
or  orange,  according  to  the  concentration ; 
when  diluted  to  800,000  pts.  water,  pale  orange. 
Meconic  and  indigotic  acids  and  their  salts 
color  the  per-salts  of  iron  red.  Tincture  of 
galls  gives  a  blue  black  coloring  and  precipi- 
tate, the  former  appearing  in  300,000  pts. 
water.  Succinic  acid  and  salts  give  a  light 
brown,  voluminous  precipitate,  in  neutral  so- 
lutions. 

3.  Magnetic  oxide.  It  occurs  as  a  mineral. 
It  is  also  formed  by  passing  vapor  of  water 
over  ignited  iron  or  slag;  by  burning  iron  in 
oxygen  ;  fusing  chloride  of  iron  and  carbonate 
of  soda  at  a  low  red  heat,  and  extracting  the 
soluble  salts  with  water.  Its  formula  is  Fe304 
=  FeO-f-  Fe203,  containing  72-41  pr.  ct.  metal. 
Hydrated  magnetic  oxide  is  precipitated  from 
a  solution  of  the  same  oxide  in  muriatic  acid, 
by  ammonia,  and  may  be  washed  without 
higher  oxidation.  Both  the  hydrated  and  an- 
hydrous oxides  are  magnetic. 

4.  Ferric  acid  is  known  only  in  combination 
with  alkalies.  It  is  formed  by  igniting  to  full 
redness  1  pt.  powdered  peroxide  or  metal  with 
4  pts.  saltpeter,  or  the  peroxide  with  potassa, 
powdering  and  dissolving  in  water.  The  solu- 
tion is  also  made  by  passing  chlorine  through 
a  strong  solution  of  potassa,  containing  oxide 
of  iron,  until  the  latter  dissolves  with  a  red 
color.  Its  solutions  are  purplish  red,  and 
easily  decomposed,  either  by  standing,  boil- 
ing, and  by  all  deoxidizing  substances. 

Sulphureis.  1.  Protosulphuret.  Formed  by 
mixing  iron  filings  or  turnings  with  %  its 
weight  of  sulphur,  and  projecting  them  into  an 
ignited  earthen  crucible;  by  heating  the  mixture 
in  a  covered  crucible ;  by  holding  a  piece  of 
sulphur  against  a  bar  of  iron  heated  to  white- 
ness; by  strongly  igniting  pyrites  mixed  with 
a  due  proportion  of  iron.  It  should  be  heated 
to  fusion.  It  is  dull  yellow,  with  a  metallic 
lustre,  generally  magnetic,  and  its  formula  is 
FeS,  containing  63-64  pr.  ct.  metal.  By  roast- 
ing in  the  air  at  a  gentle  heat,  it  is  converted 
into  a  mixture  of  protosulphate  and  peroxide 
of  iron, by  a  higher  heat  into  peroxide;  it  dis- 
solves readily  in  dilute  muriatic  or  sulphuric 
acid,  evolving  sulphuretted  hydrogen;  when 
heated  in  chlorine,  it  forms  chloride  of  iron 
and  of  sulphur;  it  fuses  to  a  perfect  liquid  at 
a  high  temperature,  a  bright  red  heat,  but 
mixed  with  alkali  forms  a  much  more  fusible 
mixture,  at  a  low  red  heat.     The  same  sub- 
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stance  is  prepared  in  the  dry  way,  probably 
combined  with  water,  by  precipitating  a  proto- 
salt  of  iron  with  sulphydrate  of  ammonium. 
It  is  black,  and  very  subject  to  oxidation,  yield- 
ing sulphuretted  hydrogen  abundantly  by 
feeble  acids. 

2.  Sesquisulphuret.  Fe2S3.  Formed  by  heat- 
ing iron,  with  excess  of  sulphur,  to  a  low  red 
heat;  by  passing  sulphuretted  hydrogen  over 
peroxide  of  iron  until  water  ceases  to  be 
formed.  It  is  grayish  yellow,  oxidable  in  the 
air  by  roasting,  leaving  peroxide ;  spontane- 
ously, when  formed  by  the  second  method, 
leaving  peroxide  and  sulphur;  evolves  sul- 
phuretted hydrogen  by  sulphuric  or  muriatic 
acid,  forming  a  solution  of  a  protosalt,  and 
leaving  bisulphuret  of  iron.  The  hydrate  is 
precipitated  black  from  a  persalt  of  iron,  by 
alkaline  sulphuret. 

3.  Bisulphuret.  Exists  in  nature  as  Iron 
Ptiutes.  Form.  FeS2,  containing  46-67  pr.  ct. 
iron.  It  is  formed  by  heating  iron  or  a  lower 
sulphuret,  with  an  excess  of  sulphur,  to  a  heat 
much  below  redness;  bypassing  sulphuretted 
hydrogen  over  oxide,  hydrate,  carbonate,  or  a 
lower  sulphuret  of  iron,  below  redness,  until 
it  ceases  to  increase  in  weight.  By  heating 
in  a  close  vessel  or  in  the  air,  it  behaves  like 
the  preceding.  By  slow  oxidation  in  presence 
of  moisture,  free  sulphuric  acid  is  formed  be- 
side protosulphate  of  iron,  and  hence  the  cor- 
rosive action  on  steam-boilers  of  waters  flow- 
ing from  the  coal  mines  of  Pottsville,  &c,  in 
which  there  is  often  a  considerable  quantity 
of  free  sulphuric  acid.  White  or  spar  pyrites 
is  very  liable  to  this  disintegration,  and  this 
result  is  usually  ascribed  to  the  presence  of 
protosulpburet;  but  from  the  presence  of  free 
sulphuric  acid,  it  appears  that  a  higher  sul- 
phuret also  disintegrates.  (J.C.B.  and  C.Mor- 
fit.)  This  agrees  with  an  observation  of  H. 
Rose,  that  an  effloresced  vitriol  gave  him  a 
solution,  which  did  not  cloud  by  a  little  po- 
tassa  or  by  long  exposure  to  the  air  (from  free 
sulphuric  acid  ?),  and  a  residue  containing 
free  sulphur.  There  is  no  doubt  that  a  lower 
sulphuret  oxidizes  more  readily,  and  hence  the 
heating  or  roasting  of  pyritous  slates  in  the 
manufacture  of  Alum. 

Phosphurels.  Phosphuret  is  formed  by  throw- 
ing phosphorus  on  ignited  iron  filings;  by  ig- 
niting iron  with  dry  phosphoric  acid  and  a 
little  charcoal;  by  igniting  phosphate  of  iron 
with  i  as  much  lampblack;  by  igniting  8  pts. 
iron  filings,  10  pts.  bone-ash,  5  pts.  quartz-sand, 
and  1  pt.  charcoal  powder,  until  silicate  of  lime 
fuses.  (WdhUr.)  It  is  white,  metallic,  granu- 
lar, brittle,  more  fusible  than  cast  iron.  It 
oxidizes  with  difficulty  to  phosphate,  is  not 
attacked  by  cold  acids,  even  nitromuriatic,  and 
slowly  by  heated  aqua-regia.  Form.  Fe4P. 
Another  phosphuret  is  formed  by  passing 
phosphuretted  hydrogen  over  pyrites  slightly 
heated.  There  are  several  unimportant  sul- 
phocarbonates  and  sulphophosphates  of  iron, 
with  the  formulae  FeS,  CS2;  Fe2S3,  CS2;  FeS, 
PS ;  2  FeS,  PS ;  2  FeS,  PS3. 

Carburets.    Steel  and  cast  iron  are  carburets, 

but  not  of  uniform  composition;  they  contain, 

however,  definite  carburets.     Fe4C  appears  to 

be  a  saturated  cast  iron,  and  is  obtained  by 
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repeatedly  fusing  iron  and  charcoal  together, 
or  iron  with  prussiate  of  potash.  FeC2  is  ob- 
tained by  heating  cyanide  of  iron  apart  from 
the  air.  FeC3  is  supposed  to  remain  together 
with  graphite,  upon  dissolving  cast  iron  or 
steel  in  acid. 

Alloys.  By  igniting  iron  with  the  earihs  and 
charcoal,  several  alloys  have  been  formed, 
whiter,  less  ductile,  and  more  oxidable  than 
iron;  the  alloy  of  potassium,  as  accidental 
product  in  preparing  potassium,  is  malleable, 
and  so  soft  as  to  receive  an  impression  from 
the  nail.  With  columbium  iron  forms  an 
alloy  harder  than  glass,  and  difficult  to  break. 
With  molybdenum,  bluish  gray,  hard,  brittle, 
granular,  magnetic.  With  manganese,  whiter, 
more  brittle,  less  magnetic  than  iron ;  the 
compound  with'  steel  is  brittle  in  the  cold, 
malleable  when  hot.  Iron  unites  with  some 
difficulty  with  zinc,  lead,  tin,  copper,  mercury, 
silver.  With  most  metals  its  alloys  are  brittle. 
With  nickel  it  unites  readily  in  many  pro- 
portions, forming  a  less  malleable,  magnetic 
metal,  and  less  liable  to  rust.  11  pts.  gold 
and  1  pt.  iron  give  a  yellow,  malleable,  hard 
alloy;  1  gold -f- 4  iron  is  silver-white.  An 
alloy  of  99  iron  -|-  1  platinum  is  not  attacked 
by  common  nitric  acid.  Iron  also  unites  with 
palladium  and  rhodium.  Sheet  tin  is  sheet-iron 
dipped  into  melted  tin,  a  portion  of  which  ad- 
heres to  the  surface  as  tin,  and  anolher  enters 
into  the  iron  and  alloys  with  it.  Iron  coated 
with  zinc  constitutes  galvanized  iron  ;  the  zinc 
and  tin  protects  the  iron  more  or  less  from  rust. 

Salts. 

Haloid  Salts.  1.  Chloride  of  Iron.  By  dis- 
solving an  excess  of  iron  in  muriatic  acid, 
and  evaporating  apart  from  the  air,  this  salt 
crystallizes  in  light  bluish  rhombs,  which  may 
be  dried  at  110° — 120°,  and  preserved  in  bot- 
tles. They  become  green  by  exposure  to  the 
air,  deliquesce,  dissolve  in  alcohol  and  in 
0-68  pts.  water,  and  absorb  nitric  oxide,  be- 
coming dark  brown;  their  formula  is  FeCl-f- 
4  HO.  By  evaporating  the  solution  to  dryness 
apart  from  the  air,  dry  chloride  is  formed, 
fusible  and  volatile  at  a  strong  red  heat.  It 
may  also  be  formed  in  white,  pearly  scales, 
by  passing  dry  muriatic  gas  over  ignited  iron 
filings. 

2.  Perchloride.  Is  obtained  by  dissolving  iron 
in  nitro-muriatic  acid,  or  the  peroxide  in  muri- 
atic acid,  and  evaporating  to  a  syrupy  liquid. 
It  crystallizes  in  two  forms,  one  with  the  form. 
Fe2CI3  -}-  12  HO,  which  by  fusion  and  evapo- 
ration, with  the  addition  of  a  little  muriatic 
acid,  forms  Fe2CI3  -f-  5  HO.  The  former  is 
orange-yellow,  the  latter  dark  reddish  yellow. 
The  anhydrous  perchloride,  formed  bypassing 
chlorine  over  heated  iron,  sublimes  in  metallic, 
black  plates.  The  perchloride  is  soluble  in 
alcohol  and  ether,  which  tend  to  reduce  it  to 
the  chloride.  By  evaporation  and  heating  in 
the  air,  a  basic  perchloride  or  oxy-chloride  is 
formed,  which  is  either  soluble,  as  when  hy- 
drated  peroxide  is  added  to  perchloride,  or  in- 
soluble, as  when  the  simple  chloride  solution 
oxidizes  in  the  air. 

3.  The  two  chlorides,  with  chloride  of  po- 
tassium, yield  double  salts,  the  latter  of  which 
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has  the  form.  2  KCl,  Fe2Cl3  +  2  HO.  The 
chloride  of  iron  and  ammonium  is  formed  by 
mixing  hot  and  strong  solutions  of  1  pt.  simple 
chloride  and  4  pts.  salammoniac,  and  keeping 
them  in  a  closed  vessel  to  crystallize;  by  boil- 
ing a  saturated  solution  of  salammoniac  with 
iron  filings,  and  evaporating  apart  from  the 
air,  to  crystallize.  It  is  colorless,  greenish  or 
yellowish,  very  soluble  in  water. 

4.  Bromide.  The  dry  bromide,  made  by  pass- 
ing bromine  vapor  over  gently-ignited  iron 
wire,  fuses  with  violent  ignition  to  a  yellowish 
crystalline  mass.  The  aqueous  salt  is  made 
by  dissolving  the  preceding  in  water,  or  by  the 
action  of  an  aqueous  solution  of  bromine  or 
of  bromohydric  acid  on  iron.  By  evaporation 
it  leaves  the  dry  salt ;  and  by  heating  the  latter, 
perbromide  sublimes  and  leaves  peroxide. 
The  crystals  are  FeBr-f  6  HO. 

5.  Perbromide.  Formed  by  dissolving  per- 
hydrate  of  iron  in  bromohydric  acid;  gives  a 
dark  brownish  solution,  and  by  evaporation 
forms  an  insoluble  oxybromide.  By  evapo- 
rating a  solution  of  iron  in  an  excess  of  bro- 
mine water,  to  dryness,  it  forms  a  brownish 
red  mass,  fusible  and  partly  volatile,  without 
decomposition. 

6.  Iodide  is  formed  by  heating  iron  and 
iodine  together;  or  by  digesting  1  pt.  iron  with 
4  pts.  iodine  and  some  water,  and  evaporating 
in  a  flask  containing  iron  wire.  (The  evapo- 
ration may  be  conducted  in  a  porcelain  cap- 
sule, with  clean  wire  or  turnings,  until  a  drop 
of  the  solution  taken  out,  solidifies;  it  is  then 
poured  out  on  a  plate  of  glass  or  porcelain, 
broken  up,  and  kept  in  vials.)  The  former, 
by  heat,  is  brown,  fusible  and  volatile  at  a 
high  heat;  the  latter  is  steel-gray,  and  fuses 
at  350°.  By  evaporating  the  aqueous  solution 
in  a  water-bath,  it  yields  dark,  olive-brown 
crystals,  with  the  form.  Fel  +  5  HO.  The 
solution  is  also  made  by  a  cold  digestion  of 
1  pt.  iron  with  2  pts.  iodine,  and  water.  The 
tendency  of  this  salt  to  oxidize  is  prevented, 
by  evaporating  its  solution  with  2  pts.  sugar 
(to  I  iodine),  to  a  syrup. 

7.  Fluoride.  Formed  by  dissolving  iron  in 
fluohydric  acid ;  yields  white,  rectangular 
tables,  not  very  soluble  in  water.  The  per- 
fluonde,  formed  from  peroxide  and  the  same 
acid,  yields  flesh-red  crystals.  Both  salts 
yield  double  salts  with  alkaline  fluorides,  diffi- 
cultly soluble  in  water. 

Oxy salts.  1.  Protosulphate  of  Iron.  Syn.  Cop- 
peras, Green  vitriol.  Prep.  1.  By  dissolving 
iron,  bar  or  cast  iron,  in  dilute  sulphuric  acid, 
and  evaporating  to  crystallization.  Fe  -f  SO,, 
HO  =  FeO,  S03  +  H.  2.  By  partially  roast- 
ing iron  pyrites,  exposing  to  moist  air,  ex- 
tracting with  water,  and  crystallizing.  3.  As 
a  secondary  product  in  the  manufacture  of 
Alum. 

Prop.  It  forms  light  bluish  green  or  green- 
ish blue  crystals,  with  the  formula  FeO,  SO, 
+  7  HO,  containing  27-27  FeO,+  30-30  SO.+ 
42-43  HO.  Therefore  100  pts.  of  strong  oil  of 
vitriol  require  71  pts.  iron,  or  100  pts.  iron 
require  175  pts.  oil  of  vitriol,  to  make  cop- 
peras ;  but  if  the  iron  be  partially  rusted,  or 
the  oil  of  vitriol  be  not  concentrated,  more  of 
that  substance  is  required.     The  commercial 


article  is  usually  yellowish,  from  the  presence 
of  a  persalt  of  iron.  The  presence  of  copper 
is  easily  detected,  by  holding  a  bright  piece 
of  iron  for  a  moment  in  the  solution,  when 
the  copper  coats  it  with  its  characteristic  red 
color.  To  free  copperas  solution  from  both 
these,  acidulate  it  with  a  little  sulphuric  acid, 
and  put  in  metallic  iron,  which  removes  the 
copper,  and  deoxidizes  or  precipitates  perox- 
ide. To  free  it  from  copper,  arsenic,  lead,  cop- 
per and  tin,  and  to  reduce  the  iron  to  protox- 
ide, pass  sulphuretted  hydrogen  through  the 
solution,  and  let  it  stand  for  a  day,  to  let  these 
impurities  settle.  Zinc,  manganese,  and  alu- 
mina cannot  be  readily  removed.  If  crystal- 
lized from  an  acid  solution,  it  keeps  well,  even 
if  not  well  dried;  but  if  from  a  nearly  neutral 
solution,  the  crystals  must  be  well  dried,  to 
keep. 

It  is  soluble  in  1-6  cold,  and  in  0-3  boiling 
water.  The  solution  is  precipitated  by  oil  of 
vitriol  or  alcohol ;  by  exposure  to  air,  it  gradu- 
ally deposits  basic  persulphate,  while  neutral 
persulphate  remains  in  solution.  The  solu- 
tion absorbs  nitric  oxide,  becoming  dark  olive, 
and  if  then  heated,  persulphate  is  formed.  By 
heating  the  crystals  slowly,  apart  from  the  air, 
the  white  anhydrous  salt  is  obtained;  by  heat- 
ing rapidly  in  the  air,  a  basic  persulphate  is 
formed,  in  quantity  proportioned  to  the  length 
of  roasting;  by  heating  the  dried  salt  highly  in 
a  retort,  peroxide  remains  (colcothar),  while 
fuming  sulphuric  acid  passes  over. 

By  evap.  the  solution  of  copperas  at  176°, 
a  salt  crystallizes,  containing  4  HO;  by  mix- 
ing muriatic  acid  with  the  solution,  copperas 
first  crystallizes  out,  and  then  a  salt  with  3  HO ; 
by  adding  oil  of  vitriol,  and  evaporating  over 
oil  of  vitriol,  copperas  first  separates,  followed 
by  the  salt  with  4  HO,  then  a  salt  of  2  FeO, 
3  S03  +  7  HO,  and  lastly  FeO,  S034-  2  HO  ; 
by  heating  copperas  to  280°  in  vacuo,  FeO, 
S03  -(-  HO  remains,  and  this  last  equiv.  water 
requires  a  heat  of  530°,  for  expulsion. 

Sulphate  of  iron  forms  double  salts  with 
sulphates  of  potassa  and  ammonia,  the  former 
by  dissolving  iron  in  bisulphate  of  potassa, 
the  latter  by  a  direct  mixture  of  the  salts; 
each  contains  6  HO. 

2.  Persulphate  of  iron.  Sesquisulphate.  Fe203, 
3  S03.  It  is  conveniently  made  by  acting  on 
peroxide  of  iron  in  powder  (colcothar  or  red 
hematite),  by  oil  of  vitriol,  12  pts.  of  the  for- 
mer to  7  of  the  latter;  by  dissolving  14  pts. 
copperas  in  water,  adding  5  pts.  oil  of  vitriol, 
and  while  heating  to  boiling,  adding  nitric 
acid  portionwise,  until  a  drop  of  the  liquid 
ceases  to  form  Prussian  blue  with  red  prus- 
siate  of  potassa.  A  dark  brown  solution, 
which  may  be  evaporated  to  a  brown,  resinous 
mass,  which  may  be  further  dried  to  a  dirty 
white  powder,  the  anhydrous  sulphate.  The 
latter  is  very  slowly  deliquescent,  dissolves 
slowly  in  water,  and  when  diluted  and  boiled, 
deposits  the  V  neutral  salt;  it  is  soluble  in  alco- 
hol. The  |  neutral  salt,  Fe203,  2  S03,  is  ob- 
tained by  adding  lime  or  chalk  to  the  neutral 
salt  in  strong  solution,  as  long  as  the  precipitate 
(j.  neutral)  redissolves,  and  filtering  rapidly. 
The  £  neutral  salt,  Fe203,  S03 -f  3  HO,  ob- 
tained by  adding  carbonated  alkali  until  it  be- 
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gins  to  precipilate,  and  then  boiling,  is  light 
reddish  yellow  powder.  The  ^  neutral  salt, 
~Fe203-  s03"f  6  HO,  of  a  yellowish  brown 
color,  is  obtained  by  precipitating  the  neutral 
wiih  insufficient  alkali,  or  by  exposing  a  solu- 
tion of  copperas  to  the  air.  The  A  salt, 
3  Fe203,  S03  -f-  4  HO,  precipitates  on  boiling 
a  dilute  neutral  solution.  Beside  these  there 
are  several  mineral  persulphates,  given  under 
CoauiMuiTE. 

The  persulphate  forms  double  salts  with 
sulphate  of  potassa  and  ammonia.  The  for- 
mer, potassa-iron-alum,  is  made  by  dissolving 
80  pts.  peroxide  of  iron  in  147  pis.  of  oil  of 
vitriol,  to  make  the  neutral  persulphate  of 
iron  as  above  directed;  or  by  oxidizing  278 
pts.  copperas  with  49  oil  of  vitriol,  by  nitric 
acid  or  chlorine ;  and  to  each  of  these  add 
87  pts.  sulphate  of  potassa.  It  is  also  obtained 
by  warming  together  14  pts.  powdered  cop- 
peras, and  5  pts.  saltpeter  (or  4£  pts.  soda- 
saltpeter),  with  7^  pts.  oil  of  vitriol,  dissolving 
in  4  pts.  water  below  boiling,  and  filtering.  It 
crystallizes  in  pale  violet,  or  colorless  8-hedra, 
which  are  apt  to  be  tarnished  brownish  exter- 
nally ;  soluble  in  5  pts.  cold  water.  Form, 
see  under  Alums.  It  has  a  tendency,  when 
heated,  to  pass  into  basic  double  salts.  The 
ammonia-iron-alum,  obtained  by  direct  mix- 
ture, crystallizes  in  the  same  form,  and  has 
the  general  formula  of  alum. 

3.  Prolophosphute.  Made  by  precipitating 
copperas  with  common  phosphate  of  soda;  is 
white,  changing  to  a  dirty  bluish  green  in  the 
air;  fusible,  and  congeals  lo  a  crystalline 
mass.  There  is  also  an  acid  and  a  basic  salt ; 
the  latter  is  Vivianite.  The  hypophosphite 
is  made  by  the  action  of  the  acid  on  iron, 
apart  from  the  air.  The  phosphite  is  precipi- 
tated from  copperas  solution,  apart  from  air, 
by  a  solution  of  trichloride  of  phosphorus, 
neutralized  by  ammonia. 

4.  Perplwsphale  is  precipitated  from  perchlo- 
ride  by  phosphate  of  soda,  white,  soluble  in 
1500  pts.  water,  readily  in  mineral  acids,  be- 
coming brownish  by  heat,  fusible,  and  re- 
ducible to  phosphuret  by  coal.  Caustic  po- 
tassa or  soda  extracts  most  of  the  phosphoric 
acid,  and  all  of  it,  when  joined  with  sulph- 
ammonium;  ammonia  acts  similarly,  but  if 
an  excess  of  phosphate  of  soda  be  present, 
the  precip.  gradually  dissolves  with  a  brown 
color.  The  phosphate,  dissolved  in  muriatic 
acid,  is  boiled  with  a  little  sulphite  of  soda, 
neutralized  by  carbonate  of  soda,  and  boiled 
with  caustic  potassa  or  soda  until  the  precipi- 
tate is  black  and  granular;  the  filtrate  will  now 
contain  all  the  phosphoric  acid.  (Fresenius.) 
It  is  insoluble  in  acetic  acid  in  the  cold,  unless 
a  large  proportion  of  iron  be  present.  Phos- 
phate,  and  probably  several  phosphates,  occur 
frequently  in  iron  ores;  see  Metallurgy  of 
Iron-. 

5.  Pemitrate.  Iron  dissolves  readily  in  some- 
what diluted  nitric  acid,  forming  partly  a  proto- 
salt,  which,  however,  readily  passes  into  the 
persalt.  The  latter  may  be  evaporated  to  a 
syrup,  but  after  drying  loses  acid  by  heat, 
becoming  basic,  and  then  oxide.  If  this  con- 
centrated solution  be  mixed  with  5  vols,  water, 
healed  gradually  to  boiling,  and   allowed  to 
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cool,  upon  the  addition  of  nitric  acid  an  ochrey- 
yellow  basiQ  salt  si  parates,  winch  is  soluble 
in  water.  If  tins  be  rapidly  filtered  ml,  the 
filtrate  evaporated  and  left  to  itself  in  a 
vessel,  it  forms  colorless  or  yellowish  cubes. 
A  brown  basic  salt  separates  on  boiling  the 
neutral,  dilute  solution. 

6.  Perchloralc,  fyc.  A  perrhloratc  of  protoxide 
in  colorless  needles,  is  obtained  by  double  de- 
composition with  copperas  and  perchlora'.e  of 
baryta,  and  evaporation.  Bromate  of  peroxide 
is  formed  by  solution  of  the  hydrate  in  the 
acid.  IoJale  of  peroxide  precipitates  as  a 
brownish  basic  salt,  on  adding  iodated  alkali 
to  copperas;  a  yellowish  while  acid  sail  is 
formed  by  adding  iodated  alkali  to  perchloride 
of  iron,  or  to  ammonia-iron-alum. 

7.  Carbonate  of  protoxide  occurs  in  nature 
as  Sparry  Iron.  The  artificial  salt  is  a  mixed 
carbonate  and  hydrate.  To  make  it,  thi 
peras  should  be  free  from  peroxide,  and  the 
water  used  for  dissolving  it  and  the  carbonated 
alkali,  should  be  freed  from  air  by  bo 

the  precipitation  should  take  place  in  a  flask 
or  bottle,  be  suffered  to  settle,  and  be  washed 
in  the  same  vessel,  and  be  filtered  as  much 
apart  from  the  air  as  practicable.  The  pre- 
cipitation is  generally  made  in  the  cold  with 
an  excess  of  carbonate  of  soda;  but  Wittstein 
and  Wilkens  perform  it  hot,  and  boil  for  |-  hour. 
In  the  latter  case  there  should  not  be  much  ex- 
cess of  alkali.  Bicarbonated  alkali  is  thought 
to  give  a  closer  precipitate.  The  filtration  is 
sometimes  performed  in  an  atmosphere  of 
carbonic  acid  or  of  ether-vapor.  When  well 
prepared,  it  is  greenish  white  or  dark  green. 
it  has  a  strong  tendency,  even  when  dry,  to 
lose  its  carbonic  acid,  and  to  oxidize;  but  if 
mingled,  while  fresh  and  moist,  with  sugar  to 
a  syrup,  it  may  be  kept  unchanged.  The  bi- 
carbonate (contained  in  natural  chalybeates) 
may  be  imitated  by  dissolving  the  fresh  car- 
bonate in  carbonated  (soda)  water.  The  car- 
bonate is  one  of  the  useful  salts  of  iron  used 
in  medicine. 

8.  Borate  of  protoxide,  made  by  double  de- 
composition from  copperas  and  borax,  is  light 
greenish.  Borate  of  peroxide  is  a  yellowish, 
insoluble  powder.     Both  are  fusible  by  heat. 

9.  Silicate.  Silicates  of  iron  almost  invari- 
ably accompany  iron  ores,  and  many  of  them 
have  a  defiuite  composition.  Protoxide  of  una 
colors  glass  green  ;  peroxide,  orange  or  yellow ; 
and  these  colors  in  minerals  frequently  indi- 
cate the  degree  of  oxidation.  A  silicate  formed 
in  making  bar  iron  has  the  formula  6FeO, 
Si03.  Other  slags  have  the  form.  3  FeO,  Si03 
and  3  FeO,  2  Si03.  Among  minerals  there 
are  silicates  of  protoxide,  anhydrous,  Uhloro- 
phjeite  and  Faialite;  hydrated,  Sidkho- 
schisolite  ;  silicates  of  peroxide,  hydrous,  are 
Nontronite  and  Hisingerite.  Many  others 
contain  either  or  both  silicates,  replacing 
magnesian    bases   or   alumina;    as   Gabsst, 

AuiilTE,  &c. 

IRON.     Min.     See  Aerolite. 

IRON  ALUM.  Min.  Yellowish  white  fibres, 
or  efflorescence  of  a  silky  lustre  and  a  sweet- 
ish, astringent  taste;  with  a  form,  similar  to 
the  Alums. 

IRON  FOAM.     See  Specular  Iron. 
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IRON  PYRITES.  There  are  three  varieties 
of  this  pyrites :  the  common,  spear,  and  mag- 
netic pyrites. 

1.  Iron  Pyrites,  Syn.  Marcasite,  Mundic.  (?) 
Ger.  Eisenkies,  Schwefelkies. 

Deacrip.  Cryst.  Regular.  PI.  VIII.,  figs.  1,  4, 
8,  and  their  combinations.  Of  the  hemiforms, 
figs.  12,  13,  17,  and  their  combinations.  Fig. 
17  is  a  very  frequent  form  alone,  and  with 
cubic  and  8-hedral  faces.  Cleavage  imperfect 
parallel  to  6  and  8-hedron.  It  also  occurs 
fibrous,  granular.  H.  =  6  —  6-5.  G.  =  4-9  — 
5-1.  Color  various  shades  of  bronze-yellow, 
often  externally  chestnut-brown  ;  lustre  metal- 
lic, usually  splendent ;  opake;  streak  brown- 
ish; brittle  with  conchoidal,  uneven  fracture; 
strikes  fire  with  steel,  whence  its  name,  from 
;to|,  fire. 

Cliem.  Rel.  In  a  closed  tube  it  gives  sulphur 
and  sulphurous  acid ;  in  an  open  tube  more 
sulphurous  acid,  and  fuses  on  coal  to  a  black, 
magnetic  bead.  Scarcely  attacked  by  muriatic 
acid,  soluble  in  nitric,  with  separation  of  sul- 
phur.   Formula  FeS2. 

Local.  &,r.  Its  localities  are  exceedingly  nu- 
merous, in  every  kind  of  rock,  and  is  even  of 
modern  origin.  It  is  used  for  the  manufacture 
of  sulphate  of  iron  and  oil  of  vitriol,  alum,  &c. 
See  Alum  and  Sulphur.  It  is  also  of  import- 
ance in  concentrating  copper  ores,  some  gold 
ores,  silver  ores,  &c. 

2.  Spear  Pyrites.  Syn.  White  P.,  Hepatic  P., 
Radiated  P.,  Cockscomb  P.  Ger.  Kammkies, 
Leberkies,  Sparkies. 

Descrip.  Cryst.  Right  Rhombic,  presenting 
a  vert,  prism,  parallel  to  which  it  cleaves,  and 
many  horizontal  prisms ;  compounded  on  the 
vert,  prism,  5  individuals  often  uniting  into  a 
flat  pentagon.  H.=  6  —  6-5.  G.  =  4-7  —  4-9. 
Pale  bronze-yellow,  sometimes  nearly  white ; 
metallic;  brittle  with  uneven  fracture,  and 
grayish  or  brownish  black  streak.  Behavior 
and  formula  the  same  as  common  pyrites.  It 
may  be  a  compound  of  magnetic  and  common 
pyrites,  or  a  hydrate,  as  Glocker  found  water 
in  the  so  called  Wasserkies.  It  is  less  abund- 
ant than  common  pyrites,  and  is  more  subject 
to  disintegration. 

3.  Magnetic  Pyrites.  Magnetkies.  Cryst. 
Hexagonal,  cleaving  parallel  to  the  end-plane; 
usually  amorphous.  H.  =  3-5 —  4-5.  G.  =  4-63. 
Color  reddish-bronze;  metallic;  brittle,  with 
a  grayish  black  streak;  slightly  magnetic, 
more  easily  disintegrated.  Yields  no  sulphur 
in  a  closed  tube,  and  is  soluble  in  muriatic 
acid,  with  evolution  of  sulphuretted  hydrogen  ; 
otherwise  behaves  like  the  preceding.  Form. 
9  FeS  +  Fe2S3  to  FeS  -f  Fe2S3. 

IRON  SINTER.  Min.  Ger.  Eisensinter, 
Eisenpecherz.  Reniform  and  massive.  H.=  2. 
G.  =  2-2  —  2-4.  Yellowish  brown,  blood-red, 
white;  vitreous,  translucent,  opake;  streak 
yellow,  white.  It  yields  water,  sulphuric  acid, 
and  arsenic,  and  after  removing  the  last  with 
mic.  salt  and  tin,  it  shows  copper.  Probable 
form.  2  Fe203,  AsO. -f  12  HO,  in  which  the 
SO,  is  omitted.     From  Freiberg. 

ISATIN.     ISATIC  ACID.     See  lymoo. 

ISATIS  TINCTORIA.     See  Woad. 

ISERINE.     See  Titanic  Iron. 

ISINGLASS.     See  Gklatin. 
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ISOMERISM.  Chem.  Two  bodies  may  each 
be  composed  of  the  same  number  of  equiva- 
lents of  the  same  elements,  and  yet  possess 
different  properties.  Thus  we  have  red  and 
black  sulphuret  of  mercury,  composed  of  ex- 
actly the  same  amounts  of  sulphur  and  mer- 
cury. We  have  also  a  red  iodide  of  mercury, 
formed  by  triturating  iodine  and  mercury  with 
a  little  water;  when  heated  it  sublimes  of  a 
yellow  color,  and  by  touching  the  latter  with 
a  needle,  it  rapidly  changes  again  to  the  red. 
In  like  manner  phosphoric  acid  exhibits  three 
different  properties,  and  seems  to  be  capable 
of  uniting  either  with  1,  2,  or  3  equivs.  of  base. 
Among  organic  bodies,  we  have  tartaric  and 
racemic  acids,  having  the  same  formula, 
C4H20.;  oil  of  terpentine,  lemon,  &c,  C4H. ; 
which  are  composed  of  the  elements  equal  in 
nature  and  proportion,  but  yet  the  compounds 
show  different  properties. 

One  cause  of  isomerism  is  doubtless  a  dif- 
ferent arrangement  of  the  elements.  Thus, 
acetic  mether  and  formic  ether  have  the  ulti- 
mate composition  C6H604,  but  it  can  be  proved 
that  the  former  has  the  formula  C2H30  -f- 
C4H303,  and  the  latter  C4H.O  4-  C2H03;  and 
we  know  of  no  method  by  which  one  can  be 
converted  into  the  other.  Cyanate  of  am- 
monia, NH40,  C2NO,  has  the  same  ultimate 
formula  as  urea,  C2N2H402,  but  they  are  com- 
bined in  a  different  manner.  This  mode  of 
combination  has  been  termed  metamevic. 

Another  apparent  cause  of  isomerism  is  the 
absolute  number  of  equivalents  of  each  ele- 
ment present  in  a  compound.  Thus,  olefiant 
gas  is  by  ultimate  analysis  CH,  but  from  spe- 
cific gravity  and  for  other  reasons,  its  formula 
should  be  either  C2H2  or  C4H4 ;  amylen  CJ0H,0; 
camphen  is  written  C20H|6,  and  copaiven 
C30H24.  In  like  manner  some  would  write 
phosphoric  acid  PO.,  P2O10,  P30,.,  although 
this  view  is  doubtful.  Such  bodies  are  termed 
polymeric,  but  they  are  only  isomeric  in  refer- 
ence to  ultimate  analysis. 

A  third  source  of  isomerism  is  the  property 
possessed  by  some  elements  of  exhibiting 
different  properties,  which  they  sometimes 
carry  through  their  compounds.  The  diamond 
and  plumbago  are  familiar  instances.  There 
is  a  more  soluble  and  less  soluble  tellurous, 
and  a  corresponding  more  and  less  soluble 
telluric  acid.  Oxide  of  tin  precipitated,  and 
made  by  nitric  acid  from  the  metal,  exhibit 
different  properties.  Such  bodies  are  said  to 
be  in  a  different  allotropic  condition. 

ISOMORPHISM.  Chem.  Crystallized  bo- 
dies assume  forms  referable  to  one  of  the  6 
systems  (see  Crystallography),  and  many 
different  bodies  must  therefore  belong  to  the 
same  system.  But  it  has  been  found  that  cer- 
tain elements  and  certain  compounds,  when 
combined  with  the  same  body  and  in  the  same 
proportion,  assume  the  same  form.  These 
elements  or  compounds  may  replace  each 
other  in  equivalents  in  compounds  without 
an  alteration  of  their  crystalline  form,  apart 
from  slight  variations  in  the  angles.  In  some 
cases  the  elements  are  isomorphous,  and  show 
their  corresponding  compounds  isomorphous. 
In  others  only  certain  corresponding  com- 
pounds appear  to  be  isomorphous,  and  replace 
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each  other  in  equal  equivalents;  or  in  some 
cases  in  unequal  equivalents.  In  illustration 
of  the  first  case,  antimony  and  arsenic  both 
crystallize  in  the  hexagonal  system,  with  the 
same  acute  rhombs;  arsenious  acid,  As03. 
and  antimonic  oxide,  Sb03,  both  crystallize  in 
the  regular  system,  and  Milscherlich  has  shown 
that  some  of  their  salts  with  the  same  base 
are  isomorphous.  In  the  second  case,  mag- 
nesia, oxides  of  iron,  manganese,  copper,  &c, 
may  and  do  replace  each  other  in  their  car- 
bonates, silicates,  sulphates  (with  the  same 
amount  of  water),  &c.  In  the  third  case,  the 
corresponding  salts  of  ammonia  with  1  equiv. 
water,  and  potassa,  have  the  same  form ;  so 
also  KO,  C107  and  KO,  Mn207  are  isomor- 
phous. 

The  following  table  groups  together  many 
simple  and  compound  bodies,  which  have  been 
shown  to  be  isomorphous.  They  are  arranged 
according  to  the  system  in  which  they  crys- 
tallize. 

Regular  system. 

C,  P,  Ti,  Au,  Ag,  Cu,  Bi,  Pb,  Cd,  Fe,  K. 

CoAs,  CoS,  ZnS,  PbS,  AgS,  KC1,  NaCl,  LCI, 
NH.C1,  AgCl,  KBr,  NaBr,  KI,  Nal,  KF, 
NaF,  CaF. 

Cu20,  Cu2S,  Cu2Cl,  Hg  Ag, 

FeS2,  CoAs-f-  CoS2  (cobalt  glance),  or  (CoAs2 
+  CoSu.    Eerz.) 

As03,  Sb03. 

MgO,  AI203  and  MgO,  Fe203  (spinell);  ZnO, 
Al203  (gahnite)  ;  FeO,  Fe203+  ZnO,  Mn203 
(franklinite  and  dysluite);  FeO,Fe203  (mag- 
netic iron);  FeO,  Cr203  (chromic  iron). 

BaO,  NO.;  SrO,  N05;  PbO,  NOfi. 

]\H4C1,  P\CI2;  NH4C1,  IrCl2;  KC1,  PtCl2; 
KC1,  IrCl2;  KC1,  OsCl2. 

The  alums  RO,  S03  -f  R203,  3  S03  +  24  HO. 

Quadratic  system. 
Ti02  (rutile);  Sn02  (tin  ore). 
NiO,  S03,   7  HO;    NiO,  Se03,  7  HO;    ZnO, 

SeO,  7  HO. 
2NH3,AgO,S03;  2  NH3,  AgO,  Se03 ;  2  NH3, 

AgO,  Cr03. 
NH40,  P05,  2  HO ;   NH40,  As05,  2  HO  ;  KO, 

PO  ,  2  HO;  KO,  As05,  2 HO. 
PbO,Cr03;  PbO,M03;  PbO,W03;  CaO,W03. 

Bight  Rhombic. 

S;  I.     As03;  Sb03. 

FeS2  (radiated  pyrites);  FeAs-J-  FeS2  (arseni- 
cal pyrites),  or  (FeAs,  +  FeS2.    Berz.) 

BaO,  C02;  SrO,  C02;  PbO,  C02;  CaO,  C02 
(arragonite). 

BaO,  S03;  SrO,  S03;  PbO,  S03. 

NH40  and  KO,  each  with  01 07  and  Mn207. 

NaO  and  Ag;0,  each  with  S03  and  Se03. 

KO.  S03 ;  KO,  Se03 ;  KO,  Cr03 ;  KO,  MnO,. 

ZnO,SO„,  7  HO;  NiO,S03,7HO;  MgO,  S03, 
7  HO  ;  M-0,  Se03,  7  HO. 

NaO,  P05,  4  HO ;  NaO,  As05,  4  HO. 

Oblique  Bhombic. 
FeO,   Ta03    (columbite) ;    FeO,   W03  (wol- 
fram).    S. 
CaO,   S03,   2  HO;    FeO,   S03>   2  HO;    CaO, 
Se03,  2  HO. 
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FeO,  SOj,  7  HO;  CoO,  SO.,  7  HO;  CoO,  SeO, 

7  HO;  MnO,  S03.  7  HO. 
ZnO,  SO.,  (>  110  ;  MgO,  SO.,  6  HO ;  CoO,  SO,, 

6  HO.  3 

Trirliunli . 
MnO,  S03,  4  HO  ;  ZnO,  SeO.,  4  HO. 
CuO,  SOa,  5  HO ;  MnO,  S03,  5  HO. 

Hexagonal. 

As,  Sb,  Te,  C  ?. 

3  AgS,  AsSs;  3  AgS,  SbS  . 

A1203;  Fe203;  Cr203 ;  FeTi03. 

CaO,  C02;  MgO,  C02;  FeO,  CO,;  MnO,  CO,; 

ZnO,  C02. 
CaCl,  3  (3  CaO,  P06)  ;  PbCl,  3  (3  PbO,  PO.) ; 

PbCl,  3  (3  PbO,  As05). 

It  appears  from  the  above  that  a  majority 
of  the  elements  which  have  been  observed 
crystallized,  take  the  regular  form.  But  many 
of  the  bodies  assume  two  forms, — are  dimor- 
phous, as  sulphur,  carbon,  iron  pyrites,  sul- 
phate of  nickel,  &c.  Antimonic  oxide  and 
arsenious  acid  are  both  dimorphous  ami  iso- 
morphous. We  can  determine  the  following 
seven  groups  of  isomorphous  bodies: — 


MgO 

K      0 

A1203 

CrO 

CaO 

Na   0 

Fe203 

W  0. 

MnO 

NH40 

Mn203 

MoO, 
Ta03 

Fe  0 

L      0 

o2  o3 

Co  0 

Ni  0 

Ba    0 

s    o3 

P    0. 

CuO 

Sr     0 

Se    03 

AsO° 

ZnO 

Ca   0 

Cr   03 

CdO 

Pb    0 

MnO, 

There  is  much  to  be  done  in  accumulating 
facts  on  isomorphism,  before  it  can  be  made 
as  fully  available  and  valuable  in  chemistry 
as  it  promises  to  be.  It  throws  some  light 
upon  the  manner  in  which  bodies  unite  to- 
gether; it  brings  together  compounds  that 
would  otherwise  not  have  been  classed  to- 
gether; it  has  strengthened  the  atomic  theory, 
and  lent  its  aid  in  establishing  combining 
weights.  An  interesting  question  arises, 
whether  from  the  isomorphism  of  bodies, 
similarly  combined,  we  can  deduce  their  iso- 
morphism, when  separated,  or  in  other  com- 
binations 1  From  the  same  form  of  the  alums, 
containing  the  sesquioxide  of  iron,  aluminum, 
chrome,  and  manganese,  we  might  then  infer 
their  similar  forms,  in  a  separate  state;  which 
agrees  with  observation  for  the  first  three. 
Tersulphurets  of  arsenic,  antimony,  and  bis- 
muth are  right  rhombic;  the  tritoxides  of  anti- 
mony and  arsenic  are  isomorphous  both  in 
the  right  rhombic  and  regular  systems.  The 
sulphates  of  baryta,  strontia,  lime,  and  lead 
are  right  rhombic  of  one  form,  their  carbon- 
ates  right  rhombic   of   another  form.     See 

DlMORPHTSV. 

ISOPYRE.  Min.  Compact.  H.=  6  —  6-5. 
G.  =  2-9  —  3.  Velvet-black;  vitreous;  sub- 
translucent,  opake;  brittle,  with  flat,  conchoi- 
dal  fracture,  and  light  greenish  gray  streak; 
slightly  magnetic.  Fuses  readily  to  a  mae- 
neled  globule,  and  leaves  silica  in  mic.  salt; 
scarcely  attacked  by  acids,  but  readily  after 
ignition  with  alkaline  carbonates.     Probable 
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form.  2  FeO  (CaO),  Si03  +  A1203,  Si03.  From 
Cornwall,  Eng. 

ITACONIC  ACID.  Chem.  Syn.  Pyrocitric 
acid,  Citricic  acid.  C.H203,  HO.  A  solid 
product  of  the  distillation  of  Aconitic  and 
Citric  acids.  Its  crystals  are  colorless,  melt 
at  320°,  and  give  Citraconic  acid.  Heated 
further  it  volatilizes.  It  is  more  soluble  in 
boiling  than  in  cold  alcohol.  Alcohol  and 
ether  both  dissolve  it.  The  itaconates  of 
baryta  and  silica  are  soluble  in  water;  the 
lead  salt  is  insoluble. 

ITTNERITE.     See  Hauyne. 

IVORY.  The  tusk  of  the  male  elephant. 
Is  more  brittle,  compact,  finer-grained,  and 
susceptible  of  a  higher  polish  than  Bone,  from 
which  it  differs  only  in  proportional  constitu- 
tion. 

For  Vegetable  ivory,  see  Taq.ua  nut. 

IVORY  BLACK.  A  term  usually  applied 
to  Bone  black,  but  more  strictly  belonging  to 
the  rich,  black  pigment  prepared  by  calcining 
ivory  scraps  in  closed  vessels. 

IXOLYTE.  Min.  A  red,  bituminous  mat- 
ter, allied  to  Hartite,  from  Oberhart.  It 
softens  at  169°,  and  is  still  tenacious  at  212°. 

J. 

JADE.     See  Nephrite. 
JALAP.     Chem.     The    root   of    the    Julapa 
Ipomcea  contains 

Resin 11-0 

Acrid  extractive 17-9 

Gum  and  gummy  extractive 33-2 

Coloring  matter 8-2 

Saccharine  matter 1-9 

Albumen 3-9 

Starch 6-0 

Water 4-8 

Salts  of  lime,  potash,  and  magnesia  .   8*5 

Resin.  Prepared  by  repeatedly  digesting  the 
sliced  root  in  hot  water,  submitting  it  to  pres- 
sure, and  treating  the  residue  in  a  water  bath, 
three  times  consecutively,  with  alcohol  of 
0-898.  The  tinctures  thus  obtained,  after  be- 
ing decolorized  by  animal  charcoal,  yield  on 
distillation  or  evaporation,  nearly  colorless 
resin. 

Jalap  resin  is  frequently  adulterated  with 
guiac  resin,  from  which  it  is  distinguishable 
by  its  insolubility  in  ether.  Kayser  has  recom- 
mended as  a  test  of  its  purity,  the  character- 
istic behavior  of  sulphuric  acid,  which  in  a 
few  moments  forms  with  it  a  beautiful  car- 
mine solution,  soon  passing  to  a  brown 
shade. 

Prop.  When  perfectly  pure  is  insoluble  in 
water  and  ether,  but  very  soluble  in  alcohol, 
and  consists  of  two  resins, — 

Alpha  resin.  Syn.  Rhodeoretin,  Jalapin. 
Formula  C42H35O20.  Insoluble  in  water  and 
ether,  but  soluble  in  alcohol.  When  boiled 
with  potassa  and  ammonia,  it  is  dissolved  and 
transformed,  by  the  absorption  of  1  equiv.  of 
water,  into  Rhodeoretic  acid  =  C42H3g02|,  which 
is  soluble  in  alcohol  and  water,  but  not  in 
ether;  and  gives,  as  does  rhodeoretin,  the  cha- 
racteristic carmine  solution  with  oil  of  vitriol. 
Rhodeoretin,  when   decomposed   by   concen- 


trated acids,  gives  grape  sugar  and  Rhodeoreti- 
nol  =  C42H350,fl. 

Beta  resin.  Obtained  by  distilling  the  ethe- 
rial  extract  of  the  resin.  Has  the  strong,  dis- 
agreeable smell  of  the  root,  and  is  probably 
the  so-called  jalappic  acid.  Soluble  in  ether, 
alcohol,  and  in  aqueous  solutions  of  potash 
or  soda,  from  which  latter  it  is  separated,  un- 
altered, by  muriatic  acid.  Insoluble  in  water 
and  the  mineral  acids.  Left  in  contact  with 
water  for  some  months,  acicular  crystals  are 
produced,  and  eventually  form  a  smeary  mass. 
B.  R.  1846,  p.  665. 

JAMISONITE.  Min.  Ger.  Bleischimmer. 
Cryst.  Right  Rhombic,  with  perfect  basal  cleav- 
age; also  columnar;  H.  =  2  —  2-5.  G.  =  5-5 
—  5-8.  Color  and  streak  steel-gray;  metallic  ; 
opake,  sectile.  Decrepitates  and  fuses,  giving 
off  antimonial  vapors;  gives  in  an  open  tube 
volatile  vapors  of  oxide  of  antimony,  and  fixed 
antimonite  of  lead.  Decomposed  by  muriatic 
acid.  Form.  2  (PbS  +  SbS3)  +  PbS.  From 
Cornwall. 

JAPONIC  ACID.     See  Catechu. 

JARGON.     See  Zihcon. 

JASPER.     See  Quartz. 

JATROPHIC  ACID.     See  Croton  On. 

JEFFERSONITE.     See  Augite. 

JELLY.  Strictly  speaking,  the  cooled  solu- 
tion of  gelatin  in  boiling  water.  From  their 
tremulous,  jelly-like  appearance  and  consist- 
ence, the  cold  solutions  of  starchy  matters 
have  also  received  this  title. 

JERVIN.     See  Hellebore.    , 

JET.     See  Coal. 

JOHANNITE.  Min.  Cryst.  Oblique  Rhom- 
bic; emerald-green;  vitreous;  transparent, 
opake;  streak  yellowish  green.  Soluble  in 
water  with  a  bitter,  styptic  taste.  Behaves  to 
fluxes  like  oxide  of  uranium,  and  gives  with 
soda  a  hepar.  It  is  sulphate  of  oxide  of  ura- 
nium, probably  basic,  with  water.  From  Joa- 
chimsthal,  Bohemia. 

JOHNITE.     See  Calaitk. 

JUNCKERITE.     See  Sparry  Iron. 

JUNIPER  OIL.  The  volatile  essence  of 
the  Juniperus  communis.  Consists  of  two  oils 
identical  in  composition,  C5H4,  but  differing 
in  spec.  grav.  and  boiling  points.  They  are 
separable  by  distillation;  that  which  passes 
over  first,  has  a  spec.  grav.  0-847,  and  its  point 
of  ebullition  is  311  to  325.  The  denser  oil 
has  a  spec.  grav.  of  0-868,  and  does  not  boil 
below  536°.  The  pure  oil  polarizes  to  the 
left.  Stenhouse  found  that  after  some  months 
action  of  nitric  acid,  it  forms  a  crystallized 
compound,  C5H50,  which  may  be  regarded  as 
the  hydrate  of  C°SH4.  The  light  oil  gives,  with 
hydrochloric  acid  a  liquid  camphor  =C,5H12, 
C1H. 

JURINITE.     See  Brookite. 


K. 


KAKODYL.  Chem.  A  permanent  com- 
pound radical,  of  strong  affinities,  acting  in 
all  its  chemical  relations  as  a  metal.  Form. 
C4H6As.  (Bunsen.)  It  is  an  oily  liquid,  which 
at  21°  crystallizes  in  square  prisms;  boils  at 
338°,  and  on  exposure  to  air  immediately  in- 
flames. 
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Prep.  By  heating  the  chloride  of  kakodyl 
with  zinc,  decomposition  ensues,  and  the  re- 
sultant chloride  of  zinc  may  be  removed  by 
water. 

Protoxide  of  Kakodyl.  Syn.  Alkarsin,  C4H6AsO 
=  KdO.  Prepared  by  slowly  heating  equal 
weights  of  acetate  of  potassa  and  of  arsenious 
acid  to  redness  in  a  glass  retort,  over  a  sand- 
bath.  In  the  recipient,  which  must  be  sur- 
rounded with  ice,  will  be  found  two  liquids 
besides  the  metal,  the  heavier  of  which  con- 
tains the  oxide  of  kakodyl.  To  purify  it, 
agitate  the  heavy  liquid  with  water,  to  remove 
acetone  or  acetic  acid,  and  rectify  with  caustic 
potassa  in  an  atmosphere  of  carbonic  acid 
gas.  A  final  rectification  over  lime  or  baryta 
renders  it  anhydrous. 

Prop.  A  colorless,  ethereal  liquid,  boiling 
at  300°,  and  congealing  into  white,  silky  scales, 
at  — 10°;  miscible  with  alcohol  and  ether, 
sparingly  soluble  in  water.  Is  a  powerful 
poison,  and  emits  garlicky,  irritant  fumes.  It 
is  a  feeble  base,  but  has  a  strong  affinity  for 
oxygen ;  and  when  acted  upon  by  hydrogen 
acids  in  the  manner  of  a  metallic  oxide,  pro- 
duces water  and  the  compound  of  kakodyl 
with  the  radical  of  the  acid,  KdO  -f-  HR  = 
KdR  -f  HO. 

The  formula  of  the  dentoxide  of  kakodyl  is 
C4H6As02. 

Kakodylic  acid.  Syn.  Alkargen.  Formula 
C4HgAs03  =  Kd03.  Results  from  the  oxida- 
tion of  the  oxide  of  kakodyl,  by  the  slow  re- 
action of  peroxide  of  mercury  under  water. 

Prop.  Colorless  prisms,  inodorous,  and  taste- 
less; deliquescent  in  moist  air,  insoluble  in 
ether,  but  soluble  in  water,  alcohol,  and  sul- 
phuric acid,  from  which  latter  it  crystallizes 
unaltered.  Melts  at  390°,  partially  decomposes, 
and  at  195°  solidifies  again.  Phosphorus  acid, 
protochloride  of  tin,  and  metallic  zinc  deoxidize 
it.    Forms  salts  soluble  in  water  and  alcohol. 

Chloride  of  Kakodyl.  C4H6As,  CI  =  Kd  CI. 
Prepared  by  mixing  a  dilute  solution  of  bichlo- 
ride of  mercury  with  an  alcoholic  solution  of 
oxide  of  kakodyl,  recrystallizing  the  white  pre- 
cipitate thus  formed  from  solution  in  boiling 
water.  These  crystals,  when  distilled  with 
very  strong  hydrochloric  acid,  yields  a  clear 
ethereal  liquid,  which  gives  off  offensive,  irri- 
tant, very  poisonous  fumes;  for  these  reasons 
great  care  is  requisite  in  its  preparation. 
Soluble  in  alcohol,  but  insoluble  in  ether  and 
water,  though  it  imparts  its  odor  to  the  latter. 
On  exposure  to  air  it  deposits  crystals  of  oxy- 
chloride  of  kakodyl. 

Sulphurct.  C4H6AsS.  A  clear,  disagreeably- 
smelling  liquid,  heavier  than,  and  insoluble  in 
water. 

Cyanide.  C4H6As,  Cy.  Forms  brilliant,  fu- 
sible, and  volatile  crystals,  of  an  offensive  odor, 
and  highly  poisonous. 

The  admirable  researches  of  Bunsen  have 
established  kakodyl  as  an  organic  radical, 
which  can  be  isolated,  and  in  connection  with 
cyanogen  lends  great  strength  to  the  theory  of 
compound  radicals.  If  we  examine  its  com- 
position and  the  behaviour  of  its  compounds, 
it  may  be  regarded  as  a  conjugate  body,  com- 
posed of  C4H2-f  AsH4,  which  last  corresponds 
to  ammonium,  NH4,  with  arsenic  in  place  of 
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nitrogen.    Hence  the  oxide  of  kakodyl  n 
bles  oxide  of  ammonium  in  combining  with 
acids,  and  hence,  too,  its  odor,  reminding 
of  arseniuretted  hydrogen,  which  corresponds 
to  ammonia,  so  that  it  may  either  be  C41I,-|- 
AsH40,  or  C4H2-f-  AsH3,'HO. 

Kakoi-i  atyl.  A  compound  radical  not  yet 
isolated.  A  compound,  according  to  Bun- 
sen,  is  formed,  when  the  alcoholic  solutions 
of  bichloride  of  platinum  and  chlorid 
kakodyl  are  mixed  together.  Its  oxide  is  basic, 
and  forms  crystalline  salts  with  acids. 

KALIPHITE.  Min.  Fibrous.  H.  =  1. 
G.  =  2-8.  Brown,  vitreous,  opake;  fusible  to 
a  brown  globule,  giving  the  reaction  of  iron 
and  manganese,  and  water  in  a  tube.  It  is 
a  hydrate  of  iron  and  manganese,  with  sili- 
cate of  zinc,  &c,  but  it  appears  to  be  a 
mixture. 

KALIUM.  The  Latin  name  for  potassium, 
and  hence  its  symbol,  K. 

KAMMERERITE.  Mm.  6-sided  prisms, 
with  perfect  basal  cleavage  into  flexible  foliae. 
H.  =  2.  G.  =  2-76.  Violet-red;  transparent, 
translucent;  unctuous.  Infusible,  yields  wa- 
ter, gives  a  green  glass  with  borax  and  mic. 
salt,  leaving  silica  in  the  latter;  fuses  with 
much  soda  to  a  slag.  Its  formula  is  nearly 
2  (MgO,  Si  03)  -f  A1203  -f  2  HO.  From  Perm, 
Siberia. 

KAOLIN.  Brogniart  and  Malaguti  have 
made  many  examinations  of  kaolin,  from 
which  the  formula  of  some  is  3  A1203,  4  8i  03 
4-  6HO,  of  others  Al203,  Si  03-|-  2  HO,  which 
last  they  assume  to  be  the  true  formula.  See 
Ann.  d.  Mines,  iv.  Ser.  11.465,  also  in  Pogg.Jbnn* 
Ix.  89,  and  Erd.  Journ.  xxxi.  129.  Wolff's 
analysis  gives  the  former  formula  for  one  kao- 
lin, and  for  another  2  (A1203,  Si03)-f-  3  HO. 
See  Erd.  Journ.  xxiv.  221.  See  also  several 
analyses  under  Clay. 

It  is  generally  believed  to  be  derived  from 
the  decomposition  of  feldspar,  by  the  loss  of 
the  larger  portion  of  silicate  of  potassa,  of 
which  it  retains  a  small  amount.  It  is  gene- 
rally free  from  iron,  and  this  constitutes  its 
value  in  the  manufacture  of  fine  earthenware 
and  porcelain.  It  occurs,  among  other  locali- 
ties, in  the  N.  E.  part  of  Delaware;  in  York 
and  Chester  Cos.,  Penn. 

KARPHOLITE.  Min.  H.  =  5.  G.  =  2935. 
Columnar,  radiated;  yellow;  silky,  glistening; 
opake;  very  brittle.  It  yields  a  little  fluoric 
acid  in  a  tube;  on  charcoal  it  swells,  fuses  to 
a  brownish  glass,  and  gives  a  manganese  re- 
action with  the  fluxes;  insoluble  in  acids. 
Form.  3MnO(FeO),Si03+  3  (A1203,  SiO,) 
-(-  6  HO.     Lucid.  Schlackenwald,  Bohemia. 

KARPHOSIDERITE.  Min.  H.  =  4.  G.  = 
2-5.  Yellow,  resinous,  greasy.  Fusible  on 
coal  to  a  black,  magnetic  globule.  It  is  pro- 
bably a  hydrous,  basic  phosphate  of  peroxide 
of  iron. 

KARSTENITE.     See  Anhydrite. 

KEILHAUITE.  Min.  Yttrotitanite.  Crys- 
talline, lamellar.  H.=  6-5.  G.  =  3-69.  Dark 
brown,  with  a  redish  streak;  vitreous  on  the 
cleavage  surface;  otherwise  resinous;  trans- 
lucent on  the  edges;  conchoidal  fracture. 
Fuses  with  effervescence  to  a  shining  black 
slag;   gives  iron  reaction  in  borax,  and  be- 
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comes  blood-red  in  the  reducing  flame;  gives 
a  skeleton  of  silica  in  mic.  salt;  with  soda  it 
shows  manganese.  Form.  3  (3  CaO,  2  SiO,) 
+  R203,  Si03  +  YO,  3  Zi02.  Arendal, 
Sweden. 

KELP.     See  Soda. 

KERASITE.     See  Mendiffite. 

KERMES.  An  insect  (Coccus  ilicis)  found 
in  Asia  and  the  southern  part  of  Europe. 
From  their  similarity  to  seeds  they  were  for- 
merly called  grains  of  kermes.  Like  cochineal, 
they  give  a  scarlet  and  crimson  dye,  but  of 
less  brilliancy  and  more  durability. 

KERMES'  MINERAL.     See  Antoiont. 

REROUTE.  Min.  Hydrosilicite.  H.=  2. 
G.=  2  —  2-2.  White,  green;  reniform  masses, 
with  lamellar  structure;  vitreous,  resinous; 
transparent,  translucent;  greasy;  conchoidal 
fracture.  In  a  tube  it  becomes  black,  and 
gives  off  water;  infusible.  Form.  2  (3  MgO, 
2  Si  0„  4-  2  HO)  -f-  MgHO.  It  occurs  at  Fran- 
kenstein, Silesia;  Hoboken,  N.  Jersey,  &c. 

KIDNEYS.  The  animal  organs  in  which 
urine  is  secreted.  The  separation  of  the  water 
is  due  to  the  peculiar  internal  structure  of  the 
organ,  and  the  Urea,  Uhic  acid,  and  salts, 
partially  to  the  chemical  constitution  of  the 
renal  cells,  and  the  appropriately  directed  co- 
operation of  the  nerves  of  these  organs,  and 
partially  to  the  composition  of  the  blood  itself, 
which  di tiers  from  that  which  supplies  the 
liver.  Whether,  however,  its  saline  compo- 
nents are,  so  to  speak,  mechanically  carried 
away  in  the  water  which  holds  them  in  solu- 
tion, and  which  permeates  the  textures  of  the 
kidneys,  or  whether  their  separation  is  a  true 
secretion  of  the  renal  cells,  due  to  their  organ- 
ized development,  is  yet  unknown. 

KILBRICKENITE.     See  Geokronite. 

KILLINITE.     See  Sfodumen. 

KINIC  ACID.     See  Qcinic   Acid. 

KINO.  The  Indian  name  of  an  astringent, 
extractive  matter,  coming  in  two  varieties; 
one  from  Africa,  and  the  other  from  the  East 
and  West  Indies.  They  are  the  products  of 
different  plants.  Both  species  consist  mostly 
of  tannin,  extractive,  red  gum,  insoluble  mat- 
ter, and,  according  to  Buchner,  Catechin.  (See 
Catechu.)  To  this  latter  ingredient  is  due 
the  power  of  giving  a  green  color  to  the  salts 
of  iron.  The  African  kind,  according  to  Sten- 
house,  is  converted  wholly  into  oxalic  acid  by 
digestion  with  nitric  acid.  Kino,  from  the 
Coccoloba  uvifcra,  when  treated  consecutively 
by  cold  water,  sulphuric  acid,  hot  water,  and 
harytes,  yields  Kinoic  or  Cocotannic  acid,  a  crim- 
son mass,  soluble  in  alcohol  and  water,  in- 
soluble in  ether,  and  forming  salts  of  which 
little  is  yet  known.  It  does  not  precipitate  the 
solution  of  tartar  emetic. 

The  kino  described  in  Pereira's  work  is 
from  the  Pterocarpus  rinareus. 

KINOIC  ACID.     See  Kino. 

KINOVIC  ACID.  Exists  in  the  Cinchona 
■nova.  Brilliant  white,  soluble  in  alcohol  and 
ether,  but  very  slightly  in  water.  With  the 
bases  it  forms  kinovates.  It  has  been  but 
little  studied. 

KIRWANITE.  Min.  H.  =  2.  G.==  2-941. 
Dark    olive-green,    opake,    radiated    fibrous. 


Form.  3  [2  CaO(FeO),  Si03]  -f-:Al203,  Si03 
-f  2  HO.  From  Basalt,  on  N.E.  coast  of  Ire- 
land. 

KLINOCLASE.  Damour  and  Rammels- 
berg  give  for  the  formula  of  aphanesite  (kli- 
noclase),  3  CuO,  AsO.  4-  3  (CuO,  HO).  See 
Aphanksitk. 

KNEBELITE.  Min.  Massive  and  hard. 
G.  =  3-71.  Gray,  red,  brown,  green;  glisten- 
ing; opake;  brittle  with  subconchoidal  frac- 
ture. Unalterable  by  heat ;  gives  the  reactions 
of  iron  and  manganese.  Form.  3  FeO,  Si03 
4-  3  MnO,  Si03,  or  3  RO,  Si03. 

KOBELLITE.  Min.  G.  =  6-29  — 6-32.  Re- 
sembles gray  antimony,  but  has  a  higher 
lustre.  Behaves  like  the  same  mineral,  but 
leaves  a  globule  of  lead.  Form.  3  FeS,  2  SbS3 
4-  3PbS,  BiS3. 

KOLLYRITE.  Min.  H.  =  2  —  3.  White; 
vitreous,  translucent,  opake;  adheres  to  the 
tongue.  Yields  water  in  a  tube,  and  is  infu- 
sible.    Form.  3  A1203,  Si03  4-  15  HO. 

KOMENIC  ACID.     See  Mecoxic  Acid. 

KONIGIN.     See  Brociiajvtite. 

KOREITE.     See  Agalmatolite. 

KOUMISS.  Syn.  Kumiss.  A  rectified  brandy 
distilled  from  sour  mare's  milk.  Its  prepara- 
tion depends  on  the  fermentation  of  lactin  or 
milk  sugar. 

KOUPHOLITEi     See  Prehnite. 

KRAHLITE.     Obsidian,  from  Iceland. 

KRAMERIC  ACID.     See  Crameria. 

KREATIN.  Chem.  Syn.  Creatin.  A  neu- 
tral substance,  C8N3Hn06,  discovered  by 
Chevreul  in  the  juice  of  flesh,  the  proportion 
varying  in  different  animals  from  0-607  to  3-21 
per  1000.  It  has  also  been  found  in  the  nor- 
mal urine  of  man,  by  Heintz.  For  modes  of 
preparation  see  Liebig's  Turner,  8th  ed.  p. 
1218,  and  Chem.  Gaz.  v.  157. 

Prop.  Forms  brilliant,  transparent  crystals, 
which  become  opake  at  212°,  by  loss  of  water 
of  crystallization.  Is  sparingly  soluble  in 
alcohol,  readily  so  in  water,  imparting  a  bitter 
taste.  Strong  mineral  acids  transform  it  into 
Krea/inin,  and  long  continued  boiling  with 
concentrated  barytic  water  changes  it  into 
Sarcosin  and  urea. 

Kreatinin.  CgN3H702.  Formed  as  above, 
and  exists  also  naturally  in  the  juice  of  flesh 
and  in  urine.  (Pettcnkofer  and  Liebig.~)  It  is  a 
strong  base,  exactly  analogous  to  ammonia  in 
its  chemical  characters.  Is  soluble  in  water 
and  alcohol.  The  hydrochlorate  of  kreatinin 
forms  colorless  prisms,  soluble  in  water  and 
alcohol.  The  sulphate  forms  a  white,  saline 
mass,  soluble  in  hot  alcohol. 

Sarcosin.  C8NH704.  Crystallizes  in  right 
rhombs  which  are  colorless,  insoluble  in  ether, 
and  difficultly  so  in  alcohol,  but  very  soluble 
in  water.  Sublimes  unaltered  at  212°,  and 
forms  salts  with  the  acids.  Is  isomeric  with 
lactamide  and  urethrani,  but  is  distinguished 
from  them  by  its  basic  character  and  by  other 
properties. 

KRISUVIGITE.     Sec  Brociiaxtit*;. 

KROKIDOLITE.    Mm.  Go:  Blaueisenstein. 

Fibrous  and   massive.     H.  =  4.    G.  =  3-2  — 

3-265.     Lavender-blue  or  leek-green;  opake; 

fibres  somewhat  elastic.     Fusible  to  a  brown 
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slag,  giving  fron  and  silica  in  borax  and  mic. 
salt.  .3  NaO(3MgO),  4SiO,  4-  3  f3  FeO, 
2  8iO  4-XHO.  3 

KRYPTOLITE.     Mn.    Hexagonal  prisms; 

wine-yellow,  transparent.  G.  =  4-6.  Soluble 
in  oil  of  vitriol.  Probable  form.  3  CeO,  PO.. 
From  a  reddish  apatite  from  Arendal,  Sweden. 
Wohler. 
KUPAPHRITE.  See  Copper  Froth. 
KUTEERA.  A  tasteless,  inodorous  gum, 
mostly  transparent;  the  product  of  the  Ster- 
wlio  urens,  a  tree  growing  in  Hindostan.  In 
cold  water  it  forms  a  pulp  or  jelly-like  traga- 
canth,  but  when  pulverized  and  well  boiled 
therewith,  is  completely  dissolved.  It  is  used 
by  the  calico  printers,  and  in  India  as  an  in- 
gredient of  certain  kinds  of  varnish. 

KYANITE.  Min.  Cyanite,  Disthen,  Fibro- 
lite,  Rhastizite.  Cryst.  Triclinate;  usually  in 
long,  flat  prisms.  H.  =  5  —  7,  depending  on 
the  surface;  G.  =  3-56 —  3-68.  Color  blue, 
white,  greenish  black;  lustre  pearly  on  cleav- 
age surface,  otherwise  vitreous;  transparent, 
subtranslucent;  brittle,  with  uneven  fracture. 
Ghent.  Rel.  Unaltered  by  ignition,  becoming 
white  at  a  high  heat;  slowly  soluble  in  borax; 
leaves  a  skeleton  of  silica  in  mic.  salt;  par- 
tially fusible,  with  a  little  soda,  to  a  semi- 
transparent  mass,  rose-red  in  exterior,  color- 
less in  interior  flame,  infusible  with  more 
soda;  with  cobalt  becomes  blue.  Decom- 
posed by  ignition  with  potassa.  Formula 
2AlgOs.  SiO     (?). 

KYANOlA     See  Indigo. 
KYROSITE.     Is    probably    Radiated    Iron 
PruiTiis. 
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LABDANUM.  A  brown,  odorant  resin, 
from  the  (.istus  rrelicus. 

LABORATORY.  The  place  or  locality  in 
which  chemical  operations  are  performed. 
The  experimental  laboratory  differs  from  that 
for  manufacturing  purposes,  in  requiring  less 
extent  of  room  and  more  delicate  apparatus. 
For  particulars  as  to  a  proper  arrangement 
and  the  modes  of  performing  the  mechanical 
operations,  see  Faraday's  "Chemical  Manipula- 
tions," and  Morfit's  "  Chemical  and  Pharmaceutic 
Manipulations." 

LABRADORITE.  Min.  Labrador  feldspar. 
Anhydrous  scolezite,  glaukolite,  silicite  (?). 
Cryst.  Triclinate,  with  two  distinct  cleavages. 
H.  =  6.  G.  =  2-69  —  2-76.  Gray, brown, green; 
in  different  positions  it  generally  shows  beau- 
tiful colors,  blue  and  green  predominating; 
lustre  vitreous;  translucent,  subtranslucent; 
in  general  features  resembles  feldspar.  In  its 
behavior  it  resembles  feldspar,  but  fuses  rather 
more  readily;  partially  decomposed  by  acids. 
Form.  CaO,"Si03  4-  A1203,  Si03,  in  which  the 
CaO  contains  usually  soda  and  magnesia. 
Local.  Coast  of  Labrador;  Essex  Co.,  N.  Y., 
and  other  counties,  in  boulders.  See  Feld- 
spvtiuc   Minerals. 

LAC.  Tech.  Ger.  Gummilack.  A  resinous 
substance  derived  from  the  twigs  of  ficus  and 
other  plants,  when  punctured  by  a  coccus  in- 
sect. The  twigs  broken  off  with  the  adhering 
resin  constitute  stick-lac;  the  resin  broken  off 
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from  these  is  seed-lac  ;  and  \\h<  n  melted  by 
warmth  in  a  canvas  bag,  and  pressed  out  so 
as  to  spread  into  thin  plates,  il  Ci  DStitDtea 
shell-lac.  According  to  Hatchett,  stick-lac 
contains  68  pr.  ct.  resin  and  10  pr.  Ct.  color; 
and  shell-lac  90  resin  and  0*5  color;  from 
which  it  appears  that  the  greater  part  ol  tin- 
color  has  been  removed. 

John's  analysis  of  seed-lac  gives — 

Resin,  part  insoluble  in  ether 66-67 

Lactin  (Lackstoff) 16-67 

Coloring  matter 3-75 

Extractive 2-92 

Laccic  acid 0-63 

Coats  of  insects 2-08 

Waxv  fat 1-67 

Salts 1-04 

Sand  and  loss 4-57 

100-00 

Resin  and  the  coloring  matter  are  the  two 
principal  ingredients  of  lac.  The  resin  is 
soluble  in  strong  alcohol,  aided  by  heat.  It 
has,  like  most  resins,  a  strong  affinity  for 
bases,  but  it  also  dissolves  in  dilute  muriatic 
and  acetic  acids.  Boiled  with  carbonate  of 
potassa  or  soda,  or  covered  with  ammonia  for 
12  hours,  it  does  not  dissolve  in  the  fixed  alka- 
line solution,  but  readily  in  hot  water.  It  also 
dissolves  in  borax  solution.  The  solution  in 
ammonia  may  be  used  as  a  varnish,  where  the 
articles  coated  with  it  are  not  exposed  more 
than  an  hour  or  two  to  water.  If  the  dark 
alkaline  solutions  be  treated  with  chlorine 
until  the  solution  is  saturated,  the  resin,  in 
separating  from  the  liquid,  becomes  white. 
It  keeps  white  on  drying,  and  dissolves  in 
alcohol  with  a  light  yellow  color.  Unvcrdor- 
ben's  analysis  gives  several  resins,  alpha, 
beta,  &c. 

u  Resin.  The  lac  contains  about  50  pr.  ct. 
It  is  soluble  in  67  pr.  ct.  alcohol,  and  in  ether; 
brown,  fusible,  giving  a  violet  solution  with 
potassa,  precipitable  by  salts  of  lead  and 
copper. 

0  Resin.  (0-7  pr.  ct.)  Brown,  hard,  soluble 
in  alcohol,  not  in  ether;  precipitates  acetate 
of  copper,  and  decomposes  carbonate  of  mag- 
nesia. Unverdorben  states  that  these  two  re- 
sins, in  solution  in  potassa,  partly  change  into 
oleic  and  margaric  acids. 

y  Resin  separates  from  its  alcoholic  or  ethe- 
rial  solution  in  crystalline  needles.  It  may  be 
obtained  by  boiling  a  solution  of  lac  in  alco- 
hol, with  carbonate  of  magnesia,  when  its 
salt  with  magnesia  separates.  This  salt  is 
insoluble  in  potassa. 

J  Resin  is  soluble  in  alcohol  and  ether,  but 
not  in  petroleum;  it  is  soft,  and  fuses  at  212°. 

i  Resin  is  soluble  in  alcohol,  ether,  volatile 
oils,  and  potassa,  by  the  latter  of  which  it  is 
decomposed.  This  resinous  body  and  the  lack- 
stoff  resemble  each  other,  and  are  changed  by 
alkalies  into  true  resin. 

The  whole  resin  is  generally  employed  in 
the  state  of  shell-lac,  the  red  coloring  principle 
having  been  previously  separated  from  it. 
Shell-lac  constitutes  the  basis  of  sealing  wax 
and  of  many  varnishes. 

Sealing  wax.     The  lac  being  brittle,  is  ren- 
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dered  tougher  by  fusing  it  with  Venice  or  other 
terpentine.  A  good  composition  for  red  seal- 
ing wax  is  4  pts.  lac,  1  or  1^  Venice  terpen- 
tine, and  3  pts.  vermilion;  the  lac  is  fused  by 
a  slow  heat,  the  terpentine  stirred  in,  and 
finally  the  vermilion.  The  mass  is  then 
rolled  on  a  warm  slab  into  rounded  sticks,  or 
may  be  pressed  in  moulds.  Black  is  made 
by  fine  bone  or  lamp-black;  yellow  by  chro- 
mate  of  lead;  blue  and  green,  cobalt  glass 
alone  or  with  chrome  yellow.  A  small  pro- 
portion of  balsam  of  Peru  imparts  an  agree- 
able odor  to  the  burning  wax.  Several  colored 
waxes  mixed  in  their  semi-fluid  state  form  a 
marbled  wax.  To  give  light  tones  of  color, 
a  decolorized  lac  is  required,  to  which  is  added 
a  white  ground,  together  with  the  desired  color. 
An  inferior  quality  of  wax  is  made  by  adding 
rosin  and  bees-wax  to  the  lac,  and  coloring 
with  brick-dust,  red-lead,  &c.  Such  a  wax  has 
an  inferior  color  (if  red),  is  more  brittle,  fuses 
and  drops  rapidly  in  a  flame.     See  Varnish. 

LACCIC  ACID.     See  Lac. 

LACQUER.  An  alcoholic  solution  of  shel- 
lac, tinted  with  the  coloring  matter  of  saffron 
or  annato,  and  used  as  a  golden  varnish  for 
wooden  and  metallic  vessels. 

LACTIC  ACID.  Chcm.  Syn.  Nanceic 
Acid.  (Iraconuot.)  Formula  C6H6Og.  Dis- 
covered by  Scheele.  Exists  in  urine,  milk, 
gastric  juice,  the  yellow  of  egg,  and  in  almost 
all  the  animal  fluids.  It  is  generated  during 
the  ladic  fkrmentation  in  the  juices  of  beet- 
root, turnips,  carrots,  sour-krout,  rice-water, 
nux  vomica,  oak  bark ;  in  the  solution  of  sugar 
when  casein  is  present,  and  in  the  putrefaction 
of  certain  animal  matters. 

Prep.  6  lbs.  of  cane  sugar  and  £  oz.  of  tar- 
taric acid  are  dissolved  in  26  lbs.  of  boiling 
water,  and  set  aside  for  some  days;  8  oz.  of 
old,  stinking  cheese,  well  diffused  in  8  lbs.  of 
curdled  acid  milk,  from  which  the  cream  has 
been  removed,  are  added  to  the  above  mixture, 
along  with  3  lbs.  of  finely-powdered  chalk,  the 
whole  located  in  a  warm  place,  so  that  the 
temperature  of  the  liquid  is  from  86°  to  95°. 
It  is  well  stirred  every  day  for  several  times; 
in  the  course  of  8  to  10  days  the  entire  mass 
solidifies  to  a  stiff  paste  of  lactate  of  lime; 
20  lbs.  of  boiling  water  and  £  oz.  of  caustic 
lime  are  added  to  this  paste,  boiled  for  half  an 
hour,  and  filtered  through  a  linen  bag.  The 
liquid  is  evaporated  to  the  consistency  of  a 
syrup,  set  aside  for  four  days,  in  which  time 
the  lactate  of  lime  has  separated  in  a  granular, 
crystalline  form;  it  is  expressed,  then  agitated 
with  one-tenth  its  weight  of  cold  water,  again 
submitted  to  pressure,  and  this  operation  re- 
peated two  or  three  times. 

The  lactate  of  lime,  after  being  expressed 
as  well  as  possible,  is  dissolved  in  twice  its 
weight  of  boiling  water;  and  for  every  pound 
of  expressed  lactate  of  lime,  3^  oz.  of  sul- 
phuric acid,  previously  diluted  with  its  weight 
of  water,  added  to  the  solution.  The  hot  liquid 
is  immediately  filtered  through  a  conical  bag, 
from  the  gypsum,  and  boiled  with  lg  lbs.  of 
carbonate  of  zinc  for  every  1  lb.  of  sulphuric 
acid  used  for  a  quarter  of  an  hour;  if  boiled 
longer,  a  very  insoluble  basic  salt  is  formed. 
The  solution,  filtered  boiling  hot,  soon  deposits 


perfectly  colorless  lactate  of  zinc  in  crystalline 
crusts,  which  may  be  obtained  perfectly  free 
from  sulphuric  acid  by  rinsing  with  cold  water. 
The  mother-ley  is  again  boiled  with  any  of  the 
salt  which  may  have  remained  on  the  strainer, 
or  concentrated  by  evaporation.  It  yields, 
nearly  to  the  last  drop,  perfectly  white  zinc 
salt. 

To  separate  the  lactic  acid  from  this  salt, 
dissolve  it  in  7£  pts.  of  boiling  water,  pass  a 
current  of  sulphuretted  hydrogen  into  the  hot 
liquid  until  it  has  become  cold,  and  no  further 
separation  of  sulphuret  of  zinc  is  perceptible. 
The  liquid  filtered  from  the  sulphuret  of  zinc 
is  boiled,  to  expel  the  excess  of  sulphuretted 
hydrogen,  and  then  evaporated  in  a  water-bath 
to  the  consistence  of  a  syrup.  8  pts.  of  lac- 
tate of  zinc  yield  in  this  manner  5  pts.  of  per- 
fectly pure,  syrupy  lactic  acid.  Chem.  Gaz. 
v.  20G. 

Prop.  A  colorless,  syrupy  liquid,  of  spec, 
grav.  1-215  at  68°.  Soluble  in  water,  alcohol, 
and  ether.  Is  a  solvent  of  oxalate  of  lime 
(Lehman),  and  of  phosphate  of  lime,  and  co- 
agulates albumen.  It  dissolves  in  cold  milk 
without  change  until  heat  is  applied,  when  co- 
agulation ensues.  It  forms  salts  with  the 
acids,  and  is  said  to  be  bibasic.  (Maddrell 
and  Englehart,  Chem.  Gaz.  v.  484,  vi.  298.) 

Lactic  acid,  when  heated  at  212°,  becomes 
anhydrous,  C6H505.  Solid  and  almost  insolu- 
ble in  water,  but  gradually  resumes  its  original 
properties  by  exposure  to  moist  air.  The 
compound  of  this  anhydrous  acid  with  am- 
monia, is  termed  by  Laurent  a  lactainminate. 
By  increasing  the  heat  to  480°,  it  sublimes 
into  crystalline  luctide.  The  latter  is  accom- 
panied with  lactone,  C)0HgO6,  HO,  a  light,  co- 
lorless, aromatic  liquid,  soluble  in  water,  and 
becoming  yellow  on  exposure. 

Laciide.  CgH404.  Forms  white,  rhombic 
tables  of  acid  taste,  soluble  in  alcohol  and 
water.  Its  ammoniacal  compound,  lactamide, 
has  the  composition  C6H4N4  -f-  NH3. 

Salts.  All  the  lactates  part  with  water  of 
crystallization  in  vacuo.  The  lactates  of  fixed 
bases  are  changed  at  a  red  heat  into  carbon- 
ates. 

Lactate  of  Silver.  AgO,  CgH506.  Silky  nee- 
dles, soluble  in  hot  water  and  alcohol,  and 
precipttable  from  the  solution  by  ether. 

Lactate  of  Protoxide  of  Iron.  FeO,  C6H505  -j- 
3  HO.  Yellow  needles,  sparingly  soluble  in 
cold,  but  soluble  in  boiling  water  and  in  alco- 
hol.    The  per-salt  is  not  crystallizable. 

Lactate  of  Zinc.  ZnO,  C6H505-f  3  HO.  Solu- 
ble in  cold,  more  so  in  hot  water,  but  almost 
insoluble  in  alcohol.  Crystallizes  in  prisms. 
Precipitated  from  its  aqueous  solution  by  wa- 
ter, as  a  basic,  crystallizable  salt. 

Lactate  of  Lime.  CgH605,  CaO,  6  HO.  Exists 
in  nux  vomica,  and  is  generally  obtained  as  a 
chalky,  crystalline  mass,  soluble  in  water  and 
boiling  alcohol,  and  crystallizes  from  the  latter 
on  cooling.  Ether  does  not  dissolve  it.  Like 
the  zinc  salt,  it  falls  in  a  crystalline  state  when 
a  solution  of  acetate  is  added  to  lactate  of  lime 
dissolved  in  four  parts  of  water.  Archiv.  der 
Pharm.  xlviii.  258. 

Lactates  of  ammonia,  potassa,  and  soda  are 
deliquescent  and  uncrystallizable. 
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Lactic  Ether,  according  to  Lepage,  is  a  trans- 
parent, colorless  liquid,  of  spec.  grav.  0-866  at 
48°  F.  It  boils  at  170-6°,  is  soluble  in  water, 
alcohol,  and  ether,  and  is  decomposed  by  the 
alkalies. 

LACTIN.     See  Sugar  of  Milk. 

LACTUCARIUM.  Syn.  Thrydace,  Lettuce 
Opium.  The  inspissated,  milky  juice  of  the 
lacluca  sativa,  I.  virosa,  I.  scarwla,  I.  akissima. 
Aubergier  pronounces  a  difference  between 
that  prepared  by  extraction  and  that  obtained 
by  incision.  The  lactucarium  of  the  L.  aliis- 
sima,  which  yields  it  most  abundantly,  con- 
tains mannite,  asparamide,  an  indifferent  and 
a  negative  resin,  wax,  pectin,  albumen,  oxalate, 
rnalate,  nitrate  and  sulphate  of  potassa,  and 
chloride  of  potassium,  and  a  crystalline  sub- 
stance which  is  colored  red  by  alkalies  and 
green  by  the  salts  of  sesquioxide  of  iron.  By 
heat  or  the  action  of  alkalies,  it  is  easily  trans- 
formed into  alinic  acid.  Moreover,  this  lactu- 
carium contains  a  neutral,  non-volatile,  and 
probably  active  principle,  insoluble  in  cold 
water  and  ether,  soluble  in  alcohol,  and  depo- 
sits, on  cooling  from  its  hot  aqueous  solution, 
in  pearly  scales.  The  bitterness  of  the  solu- 
tion, which  alkalies  destroy,  is  not  restored  by 
acids. 

Composition.  Schlessinger  found  in  that  from 
the  L.  virosa ;  wax,  resin,  extract  and  gum, 
albumen,  lime  salt,  fibre,  water. 

Waltz  obtained  a  pulverizable  fat,  of  the 
odor  of  lettuce,  and  soluble  in  ether;  another 
fat  of  the  odor  of  lactucarium,  and  difficultly 
soluble  in  ether;  a  reddish  yellow  and  green- 
ish yellow  resin;  a  body  resembling  humic 
acid;  a  similar  basic  body,  and  oxalic  acid. 
The  lactucarium,  from  the  L.  saliva,  gave  to 
Aubergier  mannite,  asparagin,  and  pectin,  m 
addition  to  the  components  (except  caout- 
chouc) found  by  other  chemists.  Besides  lac- 
tucin  it  contains,  says  Pagenstecher,  a  soft, 
crystalline,  bitter,  neutral  substance,  white 
when  pure,  soluble  in  water  and  alcohol,  de- 
composable by  the  sulphuric  and  nitric  acids, 
and  differing  from  the  lactucin  by  its  color 
and  insolubility  in  ether.  The  acid  substance 
which  exists  in  Thridace,  and  called  lactucir. 
acid  by  Pfaff,  is,  say  Kohuke  and  Waltz,  the 
oxalic.  The  acid  properties  of  the  fresh  plant 
are  due  to  the  presence  of  citric,  malic,  and 
succinic  acids,  but  not  oxalic. 

Lactucin.  Prepared  pure  by  treating  lactu- 
carium with  alcohol  containing  ^'nth  of  acetic 
acid,  diluting  the  solution  with  water,  precipi- 
tating by  acetate  of  lead,  filtering,  passing 
sulphuretted  hydrogen,  evaporating  between 
120°  and  140°,  extract  with  alcohol,  distilling, 
and  repeatedly  treating  the  residue  with  ether, 
which  on  evaporation  leaves  the  lactucin. 

Prop.  Yellow,  neutral,  crystallizable  in  con- 
fused needles,  inodorous,  fusible  but  with  de- 
composition, soluble  in  water,  alcohol,  acetic 
acid  and  ether.  Dilute  hydrochloric  and  nitric 
acids  are  without  action,  but  concentrated 
sulphuric  acid  colors  it  brown.  Strong  nitric 
acid  transforms  it  into  a  brown,  resinous 
mass. 

Lenoir  (Liebig's  Jinn.  1846),  in  some  late 
investigations  of  the  lactucarium  from  the  L. 
virosa,  attempts  to  show  that  Waltz  and  Auber- 
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ger's  active  organic  principle  (lactucin),  is  a 
peculiar,  indifferent  body,  hitherto  unknown 
in  its  pure  state.     He  calls   it  Lactucoi 
thus  describes  it: — 

Prep.    Lactucone,  C40H32O3,  separates   in 
warty  aggregations  from  a  filtered,  hoi 
holic    solution  of  lactucarium.     By   repi 
crystallization   from    alcohol,    it    is    freed   of 
coloring  matter  and  bitter  subs  tan 

Prop.       Crystallizes     in     minute,    i  i 
prisms,  in  radiate  or  warty  masses,  but  when 
impure    separates    in    amorphous    \n, 
masses.     Tasteless,  inodorous,  nearly  ii 
ble  in  water,  readily  soluble  in  air 
essential   and   fatty  oils,  and    naphtha, 
which  latter  it  best  crystallizes.     Fuses  with- 
out   decomposition    between    302°   and 
Is  not  volatile  except  in  a  current  of  carbonic, 
acid  gas,  and  then  sublimes  mostly  undecom- 
posed,  emitting  at  the  same  time  the  od 
melted  caoutchouc;  is  apparently  without  ac- 
tion upon  the  organism,  and  is  a  highly  in- 
different body,  neither   chlorine   nor  potassa 
having  acted  upon  its   aqueous  or  alcoholic 
solution. 

Though  similar  in  properties  to  belutin,  it 
differs  essentially  in  several  particulars,  though 
in  composition  it  varies  only  by  one  equiv.  of 
hydrogen. 

Ludwig  (jirchiv.  der  Pharm.  i.  pp.  1  and  129), 
who  more  recently  analyzed  lactucarium,  gives 
as  its  constituents, — 

Lactucerin  or  lactucone  . . .  42-64^ 

Fusible  waxy  matter 3-99         48-63  of 

Fibre    and  a  substance  in-  I  matter  in- 

soluble in  water,  alcohol,  f  soluble  in 

and     ether,     but     which  water, 

swells  in  ammonia 2-OOJ 

Albumen  (grayish) 6-98~ 

Extract  soluble  in  alcohol 
and  water,  (containing 
lactucic  acid  and  the  lac- 
tucin of  Aubergier,) 27-68 

Extract,  insoluble  in  alcohol 
of  0-830 14-96 

Lactucerin  held  in  solution 
in  water,  by  the  other  sub- 
stances      1-75  j 

LAKES.  The  precipitated  coloring  matters 
of  vegetable  solutions,  formed  by  the  addition 
of  alum,  tin,  or  iron  salts.  They  are  soluble 
compounds  of  the  coloring  matter,  and  the 
base  of  the  salt  used.  See  Cochi.\eal,  I.ndiuo, 
and  Madder. 

LAMP  BLACK.  Tech.  The  condensed  car- 
bon arising  from  the  smoke  of  highly  carbo- 
naceous bodies,  undergoing  combustion  with 
imperfect  access  of  air.  Terpentine,  pitch, 
&c,  are  usually  thus  burned,  and  the  smoky 
products  of  combustion  passed  into  chambers 
in  which  the  black  condenses.  It  is  a  very 
pure  carbon,  and  may  be  further  purified  by 
digestion  with  alcohol,  potassa,  and  water. 

LAMPIC  ACID.     See  Auetcle. 

LANARKITE.     See  Dioxylite. 

LANTHANIUM.  Chem.  Sym.  Ln.  Eq.40-8 
(!).  A  metal  originally  found  by  Mosander 
in  cerite.  It  exists  also  in  gadolinite,  orthite, 
allanite,  &c,  accompanied  by  cerium  and  di- 
didymium,  and  derives  its  name  from  xav6«»*», 


51-37  pr. 
.  ct.  of  mat- 
'  ter  soluble 


LANTHANIUM. 


LAUMONITE. 


to  lie  hid,  from  its  having  been  concealed  in 
ceritic  minerals.  Hermann  obtained  it  from 
cerite,  by  dissolving  the  finely  powdered  mine- 
ral in  boiling  hydrochloric  acid,  separating  the 
silica  by  the  usual  method,  neutralizing  the 
solution  with  ammonia,  and  precipitating  the 
peroxide  of  iron  with  succinate  of  ammonia. 
An  excess  of  ammonia  is  then  added  to  the 
filtered  liquid,  and  the  bulky  precipitate  of 
protoxide  of  cerium  and  oxide  of  lanthanium 
contaminated  with  lime,  magnesia,  alumina, 
and  oxide  of  manganese,  is  collected  in  a 
filter.  This  precipitate  is  dissolved  in  nitric 
acid,  evaporated  to  dryness,  and  the  salt  ig- 
nited, then  finely  powdered  and  digested  with 
nitric  acid  (diluted  with  50  pts.  water  to  one 
of  acid),  and  filtered.  Ammonia  being  added 
in  such  excess  as  not  to  produce  any  perma- 
nent precipitate,  the  solution  is  then  treated 
with  phosphoric  acid,  and  warmed. 

A  white,  pulverulent  precipitate  of  phos- 
phate of  lanthanium  is  formed,  while  alumina, 
lime,  magnesia,  and  oxide  of  manganese,  in 
combination  with  phosphoric  acid,  remain 
dissolved  in  the  acid  liquid,  and  may  be 
separated  on  the  addition  of  ammonia  as 
phosphates.  The  phosphate  of  lanthanium  is 
now  free  from  any  mixture  of  earth,  but  it 
still  contains  oxide  of  cerium.  To  separate 
it,  the  dried  phosphate  of  lanthanium  is  mixed 
with  double  its  weight  of  carbonate  of  soda, 
and  heated  to  redness.  On  digesting  the  ig- 
nited mass  with  water,  ceriferous  oxide  of 
lanthanium  remains  undissolved.  It  is  dis- 
solved in  nitric  acid  diluted  100  times,  when 
the  oxide  of  cerium  remains  undissolved.  The 
filtered  solution  is  evaporated  to  dryness,  the 
nitrate  ignited,  the  oxide  again  dissolved  in 
dilute  nitric  acid,  and  these  operations  repeated 
as  long  as  oxide  of  cerium  remains  behind 
on  dissolving  the  oxide  of  lanthanium.  In 
this  manner  an  oxide  of  lanthanium  is  ob- 
tained, in  which  not  a  trace  of  cerium  can  be 
detected  by  reagents.  This  oxide  of  lantha- 
nium is  dissolved  in  sulphuric  acid  and  crys- 
tallized, when  a  bright  rose-red,  prismatic  salt, 
in  radiant  groups,  is  formed  of  perfectly  pure 
sulphate  of  lanthanium. 

As  the  salts  of  lanthanium  are  colorless, 
this  rose  tint  must  be  owing  to  the  presence 
of  traces  of  didymium.  The  metal  is  reduced 
from  the  chloride  by  heating  with  potassium. 
When  washed  with  alcohol,  it  appears  as  a 
powder  of  metallic  lustre,  and  soft  to  the  touch. 
In  contact  with  water,  or  when  heated,  it  be- 
comes oxidized.      Chem.  Gaz.  ii.  91. 

Oxide.  Formula  LaO.  Obtained  by  igni- 
tion of  the  nitrate  or  calcination  of  the  carbo- 
nate. Is  a  dirty  white  powder,  forming  salts 
with  the  acids.  When  reprecipitated  from  a 
salt  by  caustic  alkali,  it  becomes  hydrated,  and 
on  exposure  absorbs  carbonic  acid,  at  the  same 
time  changing  in  color  to  snowy  whiteness. 

Chloride.  Amethystine  crystals,  which  deli- 
quesce on  exposure.  It  forms  also  a  basic 
chloride  as  a  white  powder,  difficultly  soluble 
in  water. 

Sulphwret.  A  yellow  powder  which,  in  con- 
tact with  water,  disengages  sulphuretted  hy- 
drogen, and  becomes  hydrated  oxide  of  lan- 
thanium. 
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Sulphate.  LaO,  S03,  3  HO.  Colorless,  cir- 
cular lanthanium  crystals,  sparingly  soluble  in 
water,  and  which  lose  water  at  a  faint  red  heat, 
and  become  opake  without  melting.  A  greater 
heat  reduces  it  to  3  LnO,  S03. 

Nitrate.  Crystallizes  in  colorless  prisms, 
deliquescent  and  soluble  in  alcohol.  Loses 
water  by  heat,  becomes  subnitrate,  and  ulti- 
mately pure  oxide. 

Carbonates.  There  are  two  carbonates,  one 
with  five  equivs.  of  acid  to  six  of  base,  and 
crystalline;  the  other  neutral,  and  chalk-like 
in  appearance. 

LAPIS  LAZULI.     See  Hauyne. 

LARDITE.     See  Agalmatolite. 

LASIONITE.     See  Wavellite. 

LATENT  HEAT.     See  Heat. 

LATROBITE.     See  Aimphodelite. 

LAUREL  WATER.  Prepared  by  distilling 
water  over  .the  leaves  of  the  cherry  laurel 
(Cerasus  laurocerasus),  and  thus  charging  it 
with  the  essential  oil  of  the  plant. 

LAURUS  INOBILIS.  Syn.  Sweet  Bay.  Bo- 
nastre  found  in  the  berries, — 

Volatile  oil 0-8 

Laurin 1-0 

Fixed  oil 12-8 

Wax  (stearin  ?) 7-1 

Resin 1-6 

Uncrystallizable  sugar 0-4 

Gummy  extractive 17-2 

Bassorin 6-4 

Starch  25-9 

Woody  fibre 18-8 

Soluble  albumen trace 

Acid 0-1 

Water 64 

Carbonates  of  potassa  and  lime,  and 

phosphate  of  lime 1-5 

Volatile  Oil.  Obtained  by  distillation  from 
the  leaves  and  berries.  Viscid  and  dirty 
white,  soluble  in  alcohol  and  ether,  and  con- 
geals above  0°.  Spec.  grav.  0-914,  and  when 
rectified  yields  two  isomeric  oils,  one  of  spec, 
grav.  0-857,  and  another  of  0-885,  and  a  brown, 
resinous  residuum,  containing  73  pr.  ct.  of  car- 
bon. Recently  distilled  oil  has  the  formula 
C2nHJ60.    Brandes. 

Laurin.  According  to  Mason  does  not  exist 
in  this  plant,  it  being  substituted  by  a  princi- 
ple termed  by  that  chemist  laurostearin.  Ricord 
Madiana,  however,  found  it  in  La  Persica. 

Lauro-stearine  (C27H2-04)  drops  from  a  cool- 
ing alcoholic  decoction  of  the  berries  in  bril- 
liant, white,  crystalline  grains.  Soluble  in 
ether  and  hot  alcohol,  fusible  at  1 10°  to  115°. 
By  saponification  it  yields  laurostearic  acid  and 
glycerin. 

Laurostearic  Acid.  C24H2303  4-  HO.  Fuses 
between  108°  and  110°;  is  insoluble  in  water, 
but  drops  from  its  alcoholic  or  ethereal  solu- 
tion in  amorphous  particles.  With  the  bases 
it  forms  salts. 

LAUMONITE.  Mm.  Efflorescing  Zeolite. 
Cryst.  Oblique  Rhombic.  H.  =  3-5  —  4. 
G.  =  2-3.  White;  vitreous;  transparent,  be- 
comes opake  by  exposure;  brittle.  Behaves 
like  the  zeolites,  frothing  and  fusing  to  a  po- 
rous mass ;  perfectly  decomposed  by  muriatic 
acid,  the  silica  gelatinizing.     Form.   3  CaO, 
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2  Si03  +  4  (A1203,  2  SiOs)  +.  18  HO,  in  which 

it  bears  analogy  to  phillipsile  and  harmotome. 
Local.    Faroe  Islands;    Disco,   Greenland; 

Fassathal,  St.  Gothard;  Peter's-point,  Nova 
Scotia;  Phippsburg,  Maine;  Charlestown, 
Mass.;  Bradleysville,  Southbury,  Conn.;  Ber- 
gen Hill,  opposite  N.  Y. ;  Columbia  Bridge, 
near  Philadelphia,  Penn.,  in  well  defined 
crystals. 

LAVA.  GW.  Cellular  rocks  in  the  vi- 
cinity of  volcanoes,  from  which  they  have 
issued.  They  are  fused  masses,  composed  of 
mixtures  of  various  minerals,  such  as  labra- 
dorite,  augite,  &c.  One  part  is  decomposed 
by  muriatic  acid,  its  silex  being  removed  by 
caustic  potassa,  and  another  part  requires  ig- 
nition with  carbonate  of  soda  for  analysis. 
Volcanic  ashes  are  of  a  similar  nature. 

LAVENDULAN.  Min.  A  blue,  translu- 
cent, amorphous  arseniate  of  cobalt,  nickel, 
and  copper,  with  water,  from  Annaberg. 
Saxony.  H.  =  2-5  —  3.  G.  =  3-014.  It  fuses 
easily,  and  colors  the  outer  flame  blue;  it 
readily  yields  water,  arsenic,  and  cobalt  to  the 
tesls. 

LAZULITE.  Min.  Azurite,  Azurestone, 
Blue  Spar,  Voraulite.  Cryst.  Right  Rhombic; 
also  granular,  coherent.  H.  =  5  —  6.  G.  = 
3-057.  Various  shades  of  azure-blue,  with  a 
while  streak;  vitreous;  subtranslucent,  opake; 
brittle,  with  uneven  fracture. 

It  yields  water  in  a  closed  tube,  and  becomes 
white;  it  swells  on  coal,  and  puffs  without 
fusing;  gives  a  fine  blue  with  cobalt  solution; 
almost  wholly  soluble  in  acid  after  ignition. 
Ft  1  m.  2  (3  RO,  P05)  +  4  Al203,  3  PO.  -f-  6  HO, 
in  which  the  first  member  is  contained  in 
Vivianite,  and  the  second  in  Wavellite. 
Ramnu  I 

LEAD.  Min.  Cryst.  Regular.  Found  na- 
tive in  minute  quantity  in  galena,  in  the  lava 
of  Madeira,  and  in  an  argillaceous  rock  at 
Carthage  n  a. 

LEAD.  (J hem.  Lot.  Plumbum,  Saturnus. 
Ger.  Blei.  Fr.  Plomb.  Known  from  the  earli- 
est times,  and  even  among  uncivilized  nations, 
from  the  ease  with  which  it  may  be  obtained 
from  its  ores.  Lead  occurs  almost  always 
in  the  slate  of  sulphuret,  or  galena,  which 
when  pure  contains  86-66  pr.  ct.  metal.  A 
small  quantity  of  carbonate  of  lead  is  often 
mixed  with  galena,  and  has  some  influence  on 
its  metallurgic  treatment;  it  contains  83-58 
pr.  ct.  metal. 

Metallurgy  of  Lead. 
Although  lead  may  be  readily  run  out  from 
the  ores  by  a  moderate  heat,  and  with  crude 
furnace  arrangements,  yet  to  obtain  as  much 
lead  as  possible  at  the  least  cost,  has  given 
rise  to  a  variety  of  furnaces  and  processes, 
none  of  which  are  to  be  regarded  as  perfected. 
Galena  is  reduced  in  low  blast  furnaces  or  in 
reverberatories.  It  is  first  completely  roasted, 
and  then  reduced;  or  it  is  partially  roasted 
and  reduced;  or  it  is  reduced  by  metallic  and 
oxide  of  iron  with  or  without  roasting.  Low 
blast  furnaces  are  less  generally  employed  for 
reducing  galena,  as  experience  has  shown  the 
loss  of  lead  to  be  too  great.  Thus  an  ore 
containing  about  80  pr.  ct.  may  yield  from  40 
754 


to  50  pts.  of  metal.  But  such  furnaces  are 
convenient  for  smelting  carbonate  of  lead, 
litharge,  or  rich  slags. 

1.  Roasting  and  Reduction   t>i   a    fi 

is  employed  in  England  and  at  several  places 
on  the  Continent,  of  which  that  at  Ble 
Carinthia,  seems  to  be  well  conducted.  The 
furnace  is  a  reverberatory  about  10  ft  long  by 
6  broad,  and  has  a  hearth  sloping  towards  the 
chimney-flue.  a.  Roasting.  The  stamped  ore, 
concentrated  by  washing,  is  spread  evenly 
over  the  hearth,  the  heat  raised  to  a  low  red- 
ness (a  great  part  of  the  heat  being  due  to  the 
burning  off  of  the  sulphur  in  the  galena),  and 
rabbled  every  half  hour  during  3  horns,  whicli 
completes  the  1st  operation  or  roasting.  Dur- 
ing this  operation  the  oxygen  of  the  air  burns 
off  a  portion  of  sulphur  as  sulphurous  acid, 
some  of  which  escapes;  but  the  metal  itself 
oxidizing  at  the  same  time,  produces  the  for- 
mation of  sulphuric  acid,  and  consequently 
of  sulphate  of  lead.  The  mixture  therefore 
consists  of  unaltered  galena,  oxide,  and  sul- 
phate of  lead. 

b.  Sweating.  The  temperature  of  the  fur- 
nace is  now  gradually  raised,  when  lead  be- 
gins to  flow  out  at  the  lower  end  into  an  iron 
pot.  After  ceasing  to  flow,  the  dross  and  cin- 
der are  raked  together  into  a  heap,  and  a  fresh 
charge  passed  through  the  same  processes. 
The  reaction  of  galena  upon  oxide  is  to  form 
sulphurous  acid,  and  metallic  lead,  and  a  por- 
tion of  subsulphuret;  the  reaction  of  oxide 
on  sulphate  is  to  form  a  subsulphate. 

r.  Reduction.  The  rich  cinder  and  dross  are 
spread  out  upon  the  hearth,  and  line  coal 
thrown  over  it,  mixed  with  the  ore,  and  the 
mixture  pushed  to  a  heap,  and  a  higher  heat 
given,  whereby  a  new  portion  of  lead  flows 
out.  The  metal  arises  partly  from  the  same 
reactions  as  the  preceding,  and  partly  from  the 
reduction  of  the  subsulphate  to  a  subsulphuret, 
which  is  resolved  into  metal  and  sulphuret. 
It  is  again  spread  out,  roasted,  covered  with 
coal  and  a  portion  of  lime,  again  heated,  and 
thus  several  times  roasted  and  reduced,  until 
the  cinder  is  too  poor  to  yield  more  metal. 
By  the  addition  of  lime,  a  portion  of  it  takes 
up  sulphur  to  form  sulphuret  of  calcium,  and 
frees  some  lead;  another  portion  takes  up  sul- 
phuric acid,  setting  oxide  of  lead  free,  which 
is  reduced  to  metal  by  the  coal;  and  another 
portion  uniting  with  the  silica  and  earthy 
matters  of  the  ore,  exclude  oxide  of  lead  from 
the  combination.  The  richer  the  ores  are,  the 
less  is  the  loss  by  this  smelting  operation,  be- 
ing often  as  low  as  2  pr.  ct.  metal. 

This  furnace  has  been  latterly  improved  by 
having  two  hearths,  one  above  the  other,  on 
the  upper  of  which  the  roasting  and  partly 
the  sweating  is  conducted,  while  on  the  lower 
reduction  is  effected. 

The  reverberatories  used  in  the  reduction 
of  lead  ores  vary  but  little  from  the  above, 
some  having  the  hearth  of  a  basin-shape,  and 
allowing  the  melted  lead  to  collect  in  the  basin. 
The  operation  is  divided  into  several  stages, 
in  each  of  which  the  heat  is  increased  suc- 
cessively; but  lime  is  used  towards  the 
to  dry  up  the  slags.  The  amount  of  roasting 
depends  on  the  quantity  of  carbonate  of  lead 
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in  the  ore  ;  for  the  more  oxide  there  is  present, 
the  less  need  for  roasting.  Where  there  is  a 
sufficient  amount  of  fluor-spar,  this  is  em- 
ployed, with  a  portion  of  lime,  in  the  latter 
stages  of  the  operation,  whereby  a  very  liquid 
and  poor  slag  is  produced,  which  is  run  off, 
together  with  richer  slags,  which  are  dried  up 
with  lime.  The  rich  slags  from  these  opera- 
tions are  reduced  in  a  low  blast  furnace. 

2.  Reduction  of  Roasted  ore  is  performed  in 
low  blast  furnaces,  as  the  Scotch  hearth,  2 — 3 
ft.  high ;  the  slag  hearth,  3 — 4  ft.  high,  and 
similar  to  the  Scotch  hearth;  the  Krummofen 
used  in  Germany  for  reducing  the  ore  direct, 
4—5  ft.  high;  and  the  Halbhohofen,  6—12  ft. 
high.  These  furnaces  are  better  adapted  to 
smelting  poorer  ores  than  the  preceding,  as 
well  as  for  reducing  the  native  carbonate  of 
lead.  The  sulphuretted  ore  is  roasted  in 
heaps,  or  better  in  reverberatories,  and  then 
reduced  in  the  blast  furnace  by  the  use  of 
lime  and  oxide  of  iron  as  a  flux.  As  the  cin- 
der from  the  higher  furnaces  is  apt  to  contain 
oxide  of  lead,  the  use  of  oxide  of  iron  is  im- 
portant, to  exclude  the  former;  but  it  is  also 
important  to  form  a  fusible  slag,  which  would 
not  otherwise  occur,  from  the  tendency  to  form 
infusible  sulphuret  of  calcium.  It  is  evident, 
that  in  the  low  blast  furnace  the  ore,  &c.  being 
merely  piled  up  on  a  hearth  exposed  to  the  air, 
a  mode  of  reduction  must  take  place  similar 
to  that  described  under  I.,  consisting  of  alter- 
nate oxidation  and  reduction. 

3.  Reduction  with  Iron  is  performed  in  blast 
furnaces  from  6  to  16  ft.  high,  or  in  reverbe- 
ratories. It  is  usually  performed  on  the  un- 
roasted  galena,  by  mixing  it  with  metallic  iron 
and  oxide  of  iron,  either  in  the  form  of  slack 
or  iron  ore.  It  would  seem  as  if  the  process 
with  iron  were  more  economical  than  by  the 
usual  methods,  but  its  use  is  as  yet  very 
limited.  At  Tarnowitz,  in  Upper  Silesia,  the 
ore  is  divided  into  ore  and  shlich,  or  fine-washed 
ore  (Schlieche),  which  are  separately  reduced. 
The  former  is  worked  in  a  Krummofen,  5  ft. 
high  ;  100  cwt.  ore,  36  poor  lead  slags,  12 — 14 
iron  granules,  and  12  puddling  slags  are  run 
through  in  16  hours.  The  shlich  is  smelted 
in  a  blast  furnace  16  ft.  high  ;  the  charge  for 
40  hours  being  100  cwt.  shlich,  32  lead-stone 
(mixed  sulphurets),  12 — 15  furnace  scrapings, 
10  iron  granules,  24  puddling  slags,  and  100 — 
120  lead  slags  of  a  previous  operation.  The 
lead-stone  and  scrapings  are  from  the  ore- 
smehing.  At  Poullaouen  a  reverberatory  is 
employed,  in  which  the  ore  is  first  roasted,  and 
a  portion  of  lead  sweated  out,  then  mixed  with 
iron  (iron  and  iron  ore  in  some  places),  and 
subjected  to  a  higher  heat,  to  reduce  and  sepa- 
rate the  balance  of  the  lead.  The  theory  of 
this  reduction  is  very  simple.  Metallic  iron 
readily  abstracts  sulphur  from  galena  to  form 
fusible  sulphuret  of  iron,  while  lead  is  set  free. 
Oxide  of  iron,  in  the  ore  or  puddling  slag,  is 
also  reduced  by  the  heat  and  fuel,  and  ope- 
rates similarly. 

The  lead  obtained  by  these  processes  varies 
in  quality,  in  consequence  of  various  metals 
associated  with  the  ore,  such  as  copper,  zinc, 
antimony,  arsenic,  &c,  whereby  it  assumes  a 
greater  degree  of  hardness  and  sonorousness. 


The  purest  metal  is  obtained  from  a  purer  ore, 
and  at  the  lowest  temperature,  such  as  that 
which  flows  out  during  the  earlier  stages  of 
the  reverberatory  smelting,  Virgin-lead,  Jung- 
fernblei ;  and  as  the  heat  is  increased,  the 
other  metals  reduce  with  the  lead.  The  most 
important  foreign  ingredient  in  lead  is  silver, 
which  is  frequently  present  in  such  quantity 
as  to  repay  the  cost  of  its  separation.    See 

SILVER. 

Lead  is  employed  rolled  into  sheets,  drawn 
or  pressed  into  tubes,  or  put  into  form  by  fu- 
sion and  casting.  By  a  late  process,  tubes 
are  ingeniously  formed  by  forcing  lead,  just 
about  the  point  of  congelation  through  a  col- 
lar with  a  solid  cylinder  in  the  centre. 

The  total  annual  production  of  lead  in  Eu- 
rope is  probably  as  follows : — 

Tons. 

Great  Britain 39,000 

Spain 3 1,000 

Hartz  mountains 5,000 

Austria 5,000 

Prussia 1 ,600 

Rest  of  Germany 1,600 

France 800 

Russia 700 

Rest  of  Europe 300 

85,000 

United  States 7,000 

Rest  of  the  world 8,000 

Total 1 00,000 

Lead  and  its  Non-saline  Compounds. 

1.  Lead.  Sym.  Pb.  Eq.  104  (1294-5,0.= 
100,  or  103-76."  H.  =  1,  Jier;.).  To  purify  lead 
its  oxide  may  be  treated  with  ammonia  to  re- 
move copper,  and  its  nitric  solution,  after 
separating  silver  by  nitrate  of  silver,  repeat- 
edly crystallized;  the  nitrate  is  heated  to  expel 
the  acid,  and  then  reduced  by  black  flux.  The 
pure  oxalate,  by  ignition,  yields  the  metal  free 
from  carbon. 

Prop.  It  is  bluish  gray,  with  a  high  lustre, 
soft,  verv  tough;  cryst.  in  regular  8-hedra; 
spec.  grav.  11-33  —  1 1-445;  fusible  at  617°  — 
633° ;  boils  at  a  white  heat,  burning  in  the  air 
with  a  white  light  into  litharge;  kept  fused  in 
the  air,  it  becomes  covered  with  dross,  into 
which  it  is  wholly  converted,  if  removed  as 
fast  as  formed;  it  is  a  mixture  of  oxide,  me- 
tallic lead,  and  sub-oxide  ?  It  oxidizes  slowly 
in  moist,  not  in  dry  air.  Under  water  exposed 
to  air  free  from  carbonic  acid,  it  forms  hydra  ted 
oxide,  which  dissolves  in  the  water;  in  com- 
mon air  containing  carbonic  acid,  the  hy- 
drate at  first  formed  is  changed  into  a  hy- 
drate-carbonate. If  the  water  contain  salts, 
the  oxidation  is  less  rapid;  and  if  these  salts 
be  sulphates  or  phosphates,  a  hard,  white 
coating  is  formed  on  the  surface,  which  pro- 
tects the  lead  from  farther  oxidation.  (Bous- 
dm-Jf,  <  hristison,  &c.)  Hence  the  necessity  of 
charging  lead-pipe,  for  conducting  water  for 
household  use,  with  such  solutions,  previous 
to  employing  the  water;  where  it  has  been 
found  that  the  water  takes  up  an  appreciable 
quantity  of  lead. 

A  spring  water  conducted  through  3,000  ft 
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of  lead  pipe  into  a  leaden  cistern,  bee;, 
charged  with  lead  as  to  affect  the  health  of  a 
family,  and  upon  testing  it,  I  found  in  it  a 
notable  quantity  of  lead.  After  charging  the 
pipe  with  a  solution  of  Glauber's  salt,  and  then 
passing  water  through  it,  the  latter  yielded, 
after  concentration  of  200  to  1,  scarcely  a 
trace  of  a  dark  precipitate,  which  was  only 
sufficient  to  prove  by  the  blow-pipe  that  it  was 
copper  and  lead,  or  tin.  As  it  is  usually  ne- 
cessary to  concentrate  water  to  test  for  the 
presence  of  lead,  an  error  must  be  guarded 
against,  which  has  been  too  often  neglected, 
viz.,  the  loss  of  the  greater  part  of  the  lead- 
salt  in  solution,  carried  off  in  the  vapor  of 
water.  Some  preliminary  experiments  on 
this  point,  by  Mr.  C.  Hartshorne  and  myself, 
proved,  that  if  a  salt  of  lead  dissolved  in  a 
very  large  amount  of  water,  and  then  evapo- 
rated, be  compared  with  another,  in  which  so 
much  of  the  salt  was  dissolved  as  ought  to  be 
contained  in  the  former  concentrated  liquid, 
the  difference  in  the  effect  of  sulphuretted  hy- 
drogen is  very  striking;  for  while  it  gives  a 
decided  precipitate  in  the  latter,  it  either  pro- 
duces none  in  the  concentrated  liquid,  or  at 
most  an  indistinct,  yellowish  coloring.  We 
found  that  the  nature  of  the  salt  had  an  influ- 
ence on  its  volatility.    J.  C.  B. 

2.  Oxides,  a.  Suboxide.  Oxalate  of  lead  heated 
in  a  retort  apart  from  the  air,  to  570°,  forms 
the  suboxide  as  a  black  powder,  from  which 
mercury  extracts  no  lead,  and  sugar  no  oxide 
of  lead. 

b.  Oxide  of  Lead.  Protoxide,  Massicot,  Li- 
tharge, Bleiglitte.  It  may  be  obtained  pure 
by  igniting  nitrate  of  lead.  On  a  large  scale 
it  is  made  by  calcining  lead,  dross,  tailings  of 
white  lead,  &c,  in  a  reverberatory  at  a  low 
heat  (nearly  600°),  with  the  free  admission  of 
air;  and  as  an  incidental  product  in  the  cu- 
pellation  of  lead  for  silver.  It  may  be  ob- 
tained crystallized  by  the  slow  cooling  of  fused 
litharge;  by  solution  in,  and  crystallization 
from  caustic  alkali;  by  boiling  the  hydrate 
with  a  small  quantity  of  potassa.  It  presents 
various  shades  of  color  from  a  light  yellow  to 
a  red  and  brownish  yellow,  but  its  streak  has 
the  peculiar  color  of  litharge,  and  contains  no 
red-lead. 

Prop.  It  is  usually  a  yellowish  powder,  with 
an  orange  tone ;  fusible  at  a  red  heat,  and 
congealing  to  a  crystalline  mass  on  cooling; 
volatile  at  a  higher  temperature.  It  is  reduced 
to  metal  at  a  low  temperature  by  hydrogen, 
carbonic  oxide,  and  carbon;  decomposed  by 
Chlorine,  sulphur,  and  several  sulphurets. 
The  hydrated  oxide,  prepared  by  precipitation 
with  ammonia,  potassa,  or  soda,  is  a  white 
crystalline  powder,  browning  turmeric  paper, 
slightly  soluble  in  water  (1  in  70,000),  less 
soluble  in  water  containing  carbonic  or  sul- 
phuric acid. 

Salts.  They  are  formed  by  direct  action  of 
the  acid  upon  litharge,  the  nitrate  and  sulphate 
may  be  made  from  the  metal  and  acid,  the  in- 
soluble by  double  decomposition;  silicate,  bo- 
rate, and  phosphate  may  be  made  by  fusion. 
The  salts  of  lead  are  colorless,  unless  the  acid 
he  colored;  the  greater  part  of  them  insoluble 
in  water,  and  these  are  generally  soluble  in 
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nitric  acid;  the  soluble  have  a  sweetish,  astrin- 
gent taste.  Metallic  lead  in  a  brilliant  branch- 
ing form,  lead  tree,  is  precipitated  from  them 
by  zinc  and  several  other  metals.  Sulphu- 
retted hydrogen,  sulphuretted  alkali,  and  some 
metallic  sulphurets  throw  down  black  sulpha- 
ret  of  lead  (brown  if  very  dilute);  a  distinct 
yellowish  tint  is  produced  by  sulphuretted 
hydrogen,  with  1  pt.  lead  in  100,000  water. 
Caustic  alkali,  carbonate  and  phosphate  of 
alkali  throw  down  white  hydrate,  carbonate 
or  phosphate,  soluble  in  caustic  potassa;  with 
carbonate  of  soda  a  milkiness  is  produced 
with  1  lead  to  50,000  water.  Muriatic  acid 
and  soluble  chlorides  precip.  white  chloride 
from  a  strong,  not  from  a  dilute  solution  ;  sul- 
phuric acid  and  sulphates  give  a  white  in- 
soluble powder;  iodides  give  a  yellow  precip. 
soluble  in  great  excess  of  the  iodide;  chro- 
mate  of  potassa  throws  down  from  neutral 
salts  yellow  chromate  of  lead,  insoluble  in 
dilute  nitric  acid,  from  basic  lead-salts  the  red 
chromate;  infusion  of  galls  gives  a  yellow 
precipitate;  yellow  prussiate  of  potassa  gives 
a  white  precip.;  red  prussiate  none;  oxalates 
give  the  white  oxalate  in  a  dilution  of  100,000 
water. 

c.  Red  Lead.  Minium,  Plumbate  of  oxide 
of  lead.  Form.  PbO  +  Pb02  ==  Pb203;  or, 
if  digested  with  neutral  acetate  of  lead,  it  is 
2  PbO  -f-  Pb02  =  Pb304.  (Dumas.)  Prepared 
by  heating  metallic  lead,  carbonate,  and  dross 
in  a  reverberatory,  to  form  litharge,  grinding 
this  between  stones,  and  subjecting  it  again 
to  heat,  nearly  600°,  in  a  reverberatory,  with 
frequent  rabbling,  during  which  it  absorbs  oxy- 
gen from  the  air,  and  becomes  red  lead.  Orange 
mineral  is  usually  prepared  by  calcining  white 
lead.  The  great  difference  in  the  color  of  red- 
lead,  from  a  brownish  to  a  brilliant  vermilion 
red,  is  partly  due  to  the  mode  of  preparation, 
but  chiefly  to  impurities,  copper,  antimony, 
iron,  &c,  in  the  materials  employed.  To 
make  a  good  quality,  the  lead  should  be  of 
good  quality.  Instead  of  heating  it  on  the 
reverberatory  hearth,  it  may  be  placed  on  iron 
trays,  which  are  piled  up  in  a  reverberatory, 
and  now  and  then  rabbled.  A  hydrate  is  ob- 
tained by  precipitating  a  solution  of  litharge 
in  potassa,  by  a  solution  of  plumbate  of  po- 
tassa; it  is  yellow,  and  easily  changed  into 
red-lead  by  gentle  drying. 

d.  Peroxide  of  Lead.  Binoxide,  Plumbic  acid. 
Form.  Pb02.  Formed  by  boiling  red-lead  with 
dilute  nitric  acid,  which  extracts  oxide  of  lead; 
by  fusing  litharge  with  chlorate  of  potassa 
and  saltpeter;  by  treating  oxide  of  lead  with 
chlorine,  or  hot  solutions  of  lead-salts  with 
chloride  of  soda,  and  removing  chloi  i 
lead  by  boiling  with  water  or  nitric  acid.  Jt 
is  dark  brown,  insoluble,  easily  decomposed 
by  heat  alone  or  with  combustibles,  into 
litharge  and  oxygen.  It  acts  as  an  acid, 
forming  soluble  alkaline  salts,  which  precipi- 
tate insoluble  plumbates. 

Uses  of  the  oxides.  Litharge  is  extensively 
employed  in  the  manufacture  of  flint  and 
crystal-glasses;  but  minium  is  usually  pre- 
ferred, on  account  of  its  greater  purity.  (See 
Principles  of  Glass  making.)  It  is  further 
employed  with  drying  oils  and  oil  varnishes, 
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to  render  them  drying  in  their  character,  its 
action  in  this  case  depending  upon  its  forming 
compounds  (plasters  or  lead-soaps)  with  the 
fat  acids.  Binoxide  is  used  in  organic  chem- 
istry for  oxidizing,  and  in  the  arts  for  render- 
ing phosphorus  matches  more  inflammable. 

Sulphuret.  Found  native  at  Galena.  It  is 
easily  formed  by  heating  the  metal  or  oxide 
with  sulphur;  or  by  precipitating  lead  solu- 
tions with  sulphuretted  hydrogen  or  sulphuret- 
ted alkali.  By  fusion  it  is  lead-gray,  metallic; 
by  precipitation,  black  or  brownish,  according 
to  the  concentration.  Its  formula  is  PbS,  con- 
taining 86-64  pr.  ct.  metal  -)-  13-34  pr.  ct.  sul- 
phur. It  fuses  by  heat,  and  at  a  high  heat 
vaporizes;  by  calcination  in  the  air  part  of  its 
sulphur  is  burned  off  as  sulphurous  acid,  and 
there  remains  a  mixture  of  lead  and  sulphate 
of  lead.  Heated  to  whiteness  in  a  crucible 
with  charcoal,  it  becomes  a  subsulphuret, 
which  is  resolved  by  heat  into  galena  and  me- 
tal. It  is  partly  decomposed  by  vapor  of 
water  into  sulphuretted  hydrogen  and  lead. 
Moderately  dilute  nitric  acid  dissolves  it,  leav- 
ing sulphur;  strong  acid  forms  partly  sulphate 
of  lead,  and  fuming  acid  converts  it  wholly 
into  sulphate.  Chlorine  does  not  act  on  it  in 
the  cold,  and  only  partly  by  heat;  strong  mu- 
riatic acid  forms  chloride  of  lead.  Metallic 
iron  ignited  with  galena  yields  lead  and  fusible 
sulphuret  of  iron.  Galena  ignited  with  2  or  3 
pts.  dry  carbonate  of  soda  yields  metallic  lead. 
As  galena  is  usually  associated  with  silex,  the 
use  of  alkali  with  iron  in  the  dry  assay  is  ad- 
visable. But  by  the  most  careful  assay  the 
loss  of  lead  varies  from  5  to  10  pr.  ct.,  which 
renders  the  wet  assay  superior  in  accuracy, 
although  demanding  much  more  time. 

Pkosphuret.  Formed  by  throwing  phosphorus 
on  melted  lead,  resembles  the  metal  in  appear- 
ance, but  is  not  malleable. 

JLlloys.  They  are  usually  harder  and  less 
tough  than  lead.  A  small  amount  of  arsenic 
is  employed  to  make  lead  shot.  1  pt.  antimony 
to  4  or  5  lead  is  type  metal ;  129  antimony  to 
416  lead,  =  Pb4Sb,  is  foliated,  brittle,  but  loses 
no  antimony  by  heating  in  a  crucible.  A 
small  amount  of  bismuth  renders  lead  tougher; 
in  equal  parts,  the  alloy  is  brittle;  312  lead  with 
21-3  bismuth,  =  Pb3Bi,  fuses  at  about  333°; 
Pb3Bi2  has  a  single  congealing  point,  264°  ; 
but  Pb2Bi  has  besides  this  another  point,  295°, 
and  PbBi  289°.  Tin  and  lead  readily  unite  by 
fusion  in  all  proportions,  giving  a  harder, 
tougher,  and  more  fusible  metal  than  either 
constituent.  5  pts.  tin  to  1  lead  is  the  common 
legal  proportion  for  tin  vessels  used  in  Ger- 
many; soft  solder  varies  from  2  tin  with  1  lead 
to  1  tin  with  2  lead.  PbSn3  has  a  single  point 
of  congelation  at  368-6°  ;  the  other  alloys  have 
a  second  point;  PbSn12  has  it  at  410°,  PbSn„ 
at  392°,  PbSn4  at  374°,  PbSn2  at  392°,  PbSn  at 
464°,  Pb2Sn  at  518°,  Pb3Sn  at  536°,  (Rudberg.) 
Fusible  metal. — Rose's,  2  pts.  Bi  -|-  1  pt.  Pb 
-f  1  pt.  Sn  fuses  at  200°;  PbBiSn2  (Regmmlt) 
fuses  at  203°.  Lead  unites  with  some  difficulty 
with  iron,  copper  and  nickel,  to  brittle  alloys, 
and  from  copper  it  can  be  eliquated  by  heat 
alone.  A  good  type  alloy  is  said  by  Lassaigne 
to  be  2  pts.  lead,  1  pt.  copper  and  1  pt.  anti- 
mony.    A  small  proportion  of  lead  :'b  'some- 


times added  to  brass  to  adapt  it  to  the  lathe, 
and  is  not  rarely  used  in  bell-metal.  Lead 
unites  readily  with  mercury  to  a  solid,  crystal- 
line amalgam,  which  floats  in  the  liquid  mer- 
cury, and  may  be  separated  by  pressing 
through  buckskin.  A  lead  rod  bent  into  a 
syphon  form  will  transfer  mercury  from  one 
vessel  to  another.  The  rod  is  penetrated 
through  with  mercury  and  is  still  malleable; 
a  portion  of  mercury  remaining  becomes  the 
crystalline  amalgam,  which  also  floats  in  the 
mercury  carried  over.  (/.  Henry.)  A  small 
quantity  of  mercury  added  to  Rose's  fusible 
metal  lowers  its  fusing  point.  Silver  unites 
readily  with  lead.  See  Cupellation.  Lead 
readily  unites  with  gold,  and  the  platinoid 
metals  to  mostly  brittle  alloys.  See  these  me- 
tals and  Allots. 

Haloid  Salts. 

1.  Chlorine.  Chloride  of  Lead.  Form  PbCI. 
Found  native  as  Cotunnite.  Prepared  by  the 
action  of  muriatic  acid  on  oxide  or  carbonate 
of  lead,  or  by  heat  on  the  metal,  or  by  precipi- 
tation from  strong  solutions  of  the  salts.  It  is 
a  white  crystalline  powder,  soluble  in  135  pts. 
water  at  54-5°,  in  much  less  hot  water;  still 
less  soluble  in  water  acidulated  with  muriatic, 
and  quite  soluble  in  strong  muriatic  acid;  it 
is  also  soluble  in  alkaline  hyposulphites  and 
acetates;  scarcely  soluble  in  alcohol  of  76  pr. 
ct. ;  not  at  all  in  94  pr.  ct.  alcohol.  Fusible 
and  not  volatile  at  a  red  heat,  apart  from  the 
air,  but  volatile  with  access  of  air,  leaving 
oxychloride  of  lead,  PbO,  PbCI.  Another  oxy- 
chloride  is  formed  by  precip.  subacetate  by 
common  salt,  or  by  the  action  of  oxide  of  lead 
on  common  salt;  in  the  latter  case,  caustic 
soda  is  set  free,  containing  a  portion  of  lead- 
salt  ;  form.  PbCI,  3  PbO  +  HO ;  the  water  is 
expelled  by  heat,  leaving  a  white  mass.  Tur- 
ner's patent  yellow  is  an  oxychloride  made 
in  this  manner,  which  by  fusion  becomes  yel- 
low. Chloride  of  lead  combines  in  a  remark- 
able manner  with  other  salts,  with  carbonic 
acid  in  Corxeotjs  Lead,  with  phosphoric  and 
arsenic  acids  in  Nussierite,  PruoMORpmTE, 
&c. 

2.  Bromide  of  Lead.  PbBr.  Formed  by  the 
action  of  bromohydric  acid  on  oxide  of  lead, 
or  by  precipitation  with  an  alkaline  bromide, 
is  a  white  crystalline  powder,  fusible  to  a  red 
liquid,  forming  an  oxybromide  when  heated  in 
the  air,  slightly  soluble  in  cold,  much  more  in 
hot  water  and  in  acidulated  water.  The  oxy- 
bromide, PbO,  PbBr  is  yellow. 

3.  Iodide  of  Lead.  Pbl.  Obtained  by  precipi- 
tating a  salt  of  lead  by  iodide  of  potassium. 
According  to  Boudet,  when  acetate  of  lead  is 
used,  the  decomposition  is  imperfect,  and  the 
nitrate  is  superior  to  it.  The  crystals  are  finer 
if  the  solutions  be  dilute ;  and  to  obtain  the 
finest  crystals,  according  to  Hoppf,  1  pt.  iodide 
of  potassium  is  dissolved  in  10  pts.  water, 
iodine  added  to  the  solution  until  it  appears 
yellowish  brown,  and  a  dilute  solution  of  the 
lead-salt  gradually  added.  It  forms  gold  or 
orange-yellow  crystalline  laminae,  which  be- 
come dark  reddish  brown  by  heat,  and  fuse  to 
a  liquid  of  the  same  color,  giving  off  iodine 

I  when  heated  in  the  air,  and  forming  oxiodidr 
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of  lead.  It  is  soluble  in  1235 pts.  cold,  in  190 
pts.  boiling  water,  in  cold  and  hot  solution  of 
aalaminoniac,  in  concentrated  solutions  of  alka- 
line iodides.  Basic  iodides  or  oziodides  are 
obtained  by  precip.  iodide  of  potassium  with 
basic  acetates  of  lead.  Form,  from  PbO,  Pbl 
to  5  PbO,  Pbl.  By  the  action  of  hydriodic  acid 
on  lead  or  the  iodide  of  lead,  a  combination  is 
formed  in  white,  silky  needles,  easily  decom- 
posed by  heat  or  water. 

4.  Fluoride.  Formed  by  the  action  of  fluo- 
bydric  acid  on  oxide,  carbonate  or  acetate  of 
lead,  is  a  white,  amorphous  powder,  fusible, 
almost  insoluble  in  water.  Caustic  ammonia 
extracts  so  much  acid  that  a  basic  salt  remains. 
A  white  fiuochloride  is  formed  by  the  action  of 
fluoride  of  sodium  and  chloride  of  lead  in  hot 
solution. 

O.XYSALTS. 

1.  Carbonate  of  Lead.  Syn.  White  lead.  Ger. 
Bleiweiss.  Fr.  Ceruse.  The  neutral  carbon- 
ate occurs  native  as  White  lead.  The  arti- 
ficial compound,  a  hydrocarbonate,  is  largely 
manufactured  according  to  one  of  three  prin- 
ciples, by  the  air,  water,  and  carbonic  acid 
acting  oi:  metallic  lead;  by  decomposing  a  salt 
of  lead  with  carbonic  acid ;  or  by  decomposi- 
tion with  alkaline  carbonates. 

a.  Triturating  Processes.  Several  processes 
have  been  employed  for  preparing  white  lead, 
in  which  the  finely-divided  metal  is  moistened 
and  exposed  to  air  alone,  or  to  air  and  car- 
bonic acid,  with  constant  agitation.  A  little 
vinegar  lias  also  been  used  to  acidulate  the 
water,  attended  with  somewhat  better  results. 
But  the  white  lead  produced  by  these  methods 
is  mostly  a  simple  hydrocarbonate  of  lead, 
PbO,  HO  -(-  PbO,  C02,  of  inferior  whiteness, 
with  very  little  body  or  power  of  covering  a 
surface,  and  very  liable  to  become  yellow  by 
exposure.  The  little  body  it  possesses  must 
be  ascribed  to  its  more  crystalline  character, 
and  greater  transparency.  From  all  experi- 
ments made  with  white  leads,  it  appears  that 
the  more  highly  carbonated  they  are,  the  less 
easily  are  they  decomposed  or  liable  to  tarnish; 
and  hence  this  kind,  which  is  the  most  hydrated, 
is  most  liable  to  change  in  the  atmosphere. 

b.  Precipitation  by  Carbonic  acid.  Carbonic 
acid,  passed  through  a  solution  of  neutral  ace- 
late  "i  load,  precipitates  a  small  quantity  of 
white  lead,  but  soon  ceases  from  the  increasing 
amount  of  free  acetic  acid.  The  same  gas 
passed  through  a  solution  of  basic  acetate 
throws  down  a  larger  quantity,  until  there  is 
an  excess  of  free  acetic  acid.  Thenard's  pro- 
cess is  based  on  this  fact,  which  also  explains 
all  the  ordinary  methods  by  which  white  lead 
is  made.  A  solution  of  neutral  acetate  of  lead 
is  digested  with  litharge,  which  it  dissolves, 
forming  a  basic  acetate.  This  is  precipitated 
by  carbonic  acid  until  the  solution  becomes 
acid,  when  it  is  again  digested  with  litharge, 
and  again  precipitated;  so  that  the  acetate  at 
first  used  continues  constantly  in  use,  except 
the  ordinary  manufacturing  waste,  and  merely 
acts  as  a  medium  for  transferring  carbonic  acid 
to  the  oxide  of  lead.  This  process  is  carried 
out  practically  in  France  and  Sweden. 

Clark's  and  Richard"s  Patents  (Journ.  Frank- 
lin Inst.  xxv.  232)  consist  in  hanging  up  sheets 
of  lead  in  an  apartment,  into  which  carbonic 
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acid,  air,  and  steam  are  intr  I  vine- 

gar is  put  in  a   trough   at   the   bottom   of  the 
apartment.     The  heat  of  the  apartment  vapor- 
izes  the  vinegar,  which   attacking  the 
of  the  metal,  disposes  it  to  oxidize  more  ra- 
pidly, and  form   a  basic  salt  of  lead.       ! 
moment  of  its  formation,  it  is  partly  >'■ 
posed  by  carbonic  acid,  as  in  Thenard's  pro 
cess,  and  the  acetic  acid  set  free  acts  upon 
another  portion  of  the  metal.     The  ste 
moisture    present    enables    the    partich 
matter  to  move  freely  and  undergo  chemical 
changes. 

The  Kremser  white  is  prepared  at  Klagen- 
furth,  Carinthia,  by  hanging  up  sheets  of  lead 
in  wooden  troughs,  in  the  bottom  of  which  arc 
put  various  mixtures,  such  as  wine-lees  and 
vinegar,  all  capable  of  forming  carbonic  acid 
by  fermentation.  The  troughs  are  closed  up. 
and  placed  in  a  chamber  which  is  heated  to 
about  100°.  The  sheets  of  lead  become  cor- 
roded and  converted  into  white  lead,  which  is 
ground,  washed  over,  and  dried  for  the  market. 

The  old  Dutch  method,  which  is  still  most 
extensively  pursued  of  all  others,  is  based  on 
the  same  principle.  The  lead  is  cast  into  thin 
sheets  or  thicker  rings,  and  placed  in  earthen 
pots,  so  as  to  rest  on  3  projecting  points,  about 
3  lbs.  of  lead  being  put  in  every  pot.  A  pint 
of  tolerably  strong  vinegar  is  poured  into  the 
bottom  of  the  pot,  and  does  not  reach  the  pro- 
jecting points  nor  touch  the  metal.  The  pots 
are  placed  in  rows,  forming  a  layer  upon  a  bed 
of  tan  or  dung,  and  from  G  to  10  such  layers 
are  piled  up  in  the  fermenting  shed,  and  sur- 
rounded with  tan  or  dung.  By  the  fermenta- 
tion of  the  latter,  heat  and  carbonic  acid  arc 
produced,  the  former  of  which  slowly  vapor- 
izing the  vinegar  at  the  bottom  of  the  pots, 
induces  the  formation  of  oxide  and  simultane- 
ously of  carbonate  of  lead.  The  time  required 
for  the  process  is,  according  to  the  season,  fi 
weeks  more  or  less.  When  the  beds  are  broken 
up,  the  sheets  of  lead  are  more  or  less  corroded, 
within  a  small  fraction  of  the  amount  employed, 
and  the  vinegar  has  generally  disappeared  from 
the  pots.  We  have  seen  the  corrosion  of  a  solid 
pig  of  lead,  laid  in  a  bed,  to  the  depth  of  half 
an  inch. 

Several  other  variations  of  this  process  have 
been  proposed  and  carried  out,  but  generally 
with  very  partial  success.  One  of  the  best  of 
these  is  that  of  Benson,  in  which  litharge  was 
moistened  with  3JS  its  weight  of  vinegar,  intro- 
duced into  stone  troughs,  end  heated  carbonic 
acid,  derived  from  the  combustion  of  coke, 
passed  over  it,  while  the  contents  were  vio- 
lently agitated.  Another  process  uses  nitrate 
instead  of  acetate  of  lead. 

It  is  evident,  upon  a  moment's  reflection,  that 
the  above  processes  all  depend  on  the  same 
principle  as  Thenard's,  viz.,  the  forma! 
a  basic  salt  and  its  decomposition  by  en 
acid,  until  a  neutral  salt  is  formed,  which  aga  n 
reacts  upon  the  metal  or  litharge  to  produce  a 
basic  salt,  and  so  on.  But  there  should  be 
finally  a  neutral  salt  remaining.  It  is  true 
that  acetate  is  always  washed  off  in  grinding 
and  washing  the  crude  white  lead,  but  the 
amount  is  very  small ;  and  the  reason  is.  that 
while  acetic  acid  is  set  free  by  decomposition 
with  carbonic  acid,  a  portion  of  it  escapes,  so 
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that  towards  the  close  of  the  operation  there  is 
but  little  remaining.  That  air  is  necessary  to 
the  formation  of  oxide,  may  be  shown  from 
Richard's  patent,  by  which  a  fair  article  of 
white  lead  was  made,  and  from  the  necessity 
of  having  the  pots  porous,  for  if  well  glazed 
the  corrosion  is  imperfect.  That  the  acetic 
acid  does  not  furnish  carbonic  acid  or  oxygen 
by  its  decomposition,  is  shown  from  the  fact 
that  in  each  pot,  by  the  Dutch  method,  there 
are  about  3  lbs.  lead  and  a  pint  of  vinegar, 
containing  about  1  oz.  anhydrous  acetic  acid ; 
or,  in  a  large  bed  of  10  layers  and  600  in  a 
layer,  18,000  lbs.  lead  and  6000  oz.  dry  acetic 
acid.  The  whole  of  the  carbon  of  this  acid 
could  only  form  carbonate  with  3000  lbs.  lead 
(t';  of  the  whole),  or  the  whole  oxygen  of  the 
acid  could  only  oxidize  2270  lbs.  lead  (|  of  the 
whole).  But  during  the  whole  process  of 
weeks'  duration,  vapor  of  vinegar  is  constantly 
escaping  (and  probably  acetone),  so  that  this 
acid  could  not  possibly  contribute  much  to- 
wards the  oxidation  or  carbonation  of  the  lead. 

c.  Precipitation  by  Carbonates.  Several  pro- 
cesses on  this  principle  have  been  proposed, 
but  not  successfully  carried  out,  owing  to  a 
complicated  combination  of  them  with  other 
branches  of  manufacture.  In  one  of  them, 
nitrate  of  soda  is  decomposed  by  sulphuric 
acid  forming  nitric  acid  and  sulphate  of  soda ; 
the  last  is  decomposed  to  form  carbonate  of 
soda,  and  the  nitric  used  to  make  nitrate  of 
lead  from  the  metal  or  litharge.  The  carbon- 
ate of  soda  is  then  added  to  the  nitrate  of  lead, 
precipitating  carbonate  of  lead,  while  nitrate 
of  soda  enters  the  solution  and  is  obtained  by 
evaporation,  to  be  again  treated  as  before. 

Prop.  By  whatever  process  made,  white  lead 
should  have  a  very  soft,  velvety  feeling,  when 
rubbed  between  the  fingers.  According  to 
Hochstetter,  it  consists  of  small  globules  from 

TiJffVtiff  to  TofiWo  °^  an  *ncn  diameter,  those 
produced  by  Thenard's  process  being  larger 
and  more  translucent  than  the  others.  It 
has  the  greatest  body  of  all  white  pigments, 
and  is  used  both  as  a  vehicle  to  convey,  and  as 
a  diluent  to  other  colors.  Thenard's  has  less 
body,  but  when  a  surface  has  had  several  coats 
of  it,  it  appears  whiter  than  the  common  white 
lead.  According  to  Berzelius,  Mulder  and 
others,  the  carbonate  precipitated  by  an  excess 
of  carbonated  alkali,  is  the  neutral  salt.  The 
following  is  a  tabular  view  of  the  various 
white  leads: — 

PbO,  C02 
3  (PbO,  C02)  -f  PbO,  HO 
2  (PbO,  C02)  4-  PbO,  HO 
PbO,  C02   -f  PbO,  HO 

The  first  is  the  neutral  salt,  made  by  pre- 
cipitation with  carbonated  alkali ;  the  last  by 
the  triturating  processes.  The  3d  is  about  the 
composition  of  the  white  leads  of  commerce, 
containing  86-J  pr.  ct.  oxide  of  lead,  114_  pr.  ct. 
carbonic  acid,  and  2J  pr.  ct.  water.  The  2d  is 
very  highly  carbonated  for  a  white  lead  made 
in  the  usual  way.  For  a  fuller  view  of  the 
manufacture  of  white  lead,  see  an  essay  by  J. 
C.  B.,  in  the  Journal  Franklin  Inst,  3d  Series, 
Vol.  iii. 

2.  Nitrate  of  Lead.  Formed  by  the  action 
of  nitric  acid  on  the  metal  or  oxide,  crystal- 


lizes in  the  regular  form,  permanent  in  air, 
soluble  in  1-989  pts.  water  at  63|°,  with  a  spec, 
gray.  ==  1  -3978,  in  1  -585  pts.  at  76 £°,  less  solu- 
ble in  nitric  acid,  insoluble  in  alcohol ;  by  heat 
it  yields  oxygen  and  red  oxide  of  nitrogen,  de- 
flagrates on  burning  coals.  When  other  salts 
are  precipitated  from  it,  it  tends  to  mix  with 
them,  as  nitrate-fluoride  of  lead.  Its  form,  is 
PbO,  NO.,  containing  67-4  pr.  ct.  PbO.  A 
basic  salt,  PbO,  N05  -f  PbO,  HO,  is  obtained 
in  crystals  by  digesting  the  neutral  salt  with 
litharge  or  white  lead.  Two  other  more  basic 
salts  are  formed  by  precipitating  with  ammonia. 
A  nitrate-nitrite  is  formed  by  digesting  with 
increasing  heat  100  pts.  nitrate  in  solution  with 
70  pts.  lead-shavings,  and  crystallizing;  yellow 
crystals  of  the  form.  2  PbO,  N03  -f  2  PbO,  N05 
-f-  4  HO.  A  neutral  nitrate-nitrite  is  obtained 
by  passing  carbonic  acid  through  the  preced- 
ing, in  warm  water ;  and  a  still  more  basic  ni- 
trite by  digesting  with  more  lead. 

3.  Chlorate  and  Perchlorate,  formed  by  direct 
solution  of  oxide  in  the  acid,  are  soluble  and 
crystallizable.  The  chlorite  is  formed  by  pre- 
cipitating nitrate  of  lead  by  chlorite  of  baryta, 
containing  free  chlorous  acid.  Bromate  crys- 
tallizes from  solution  of  white  lead  in  the  acid; 
PbO,  Br()5,  HO.  Iodate  is  precipitated  from 
nitrate  of  lead  by  iodic  acid  or  an  alkaline 
iodate. 

4.  Sulphate,  PbO,  S03,  formed  by  the  action 
of  sulphuric  acid  on  lead  or  oxide  of  lead,  or 
by  precipitation  with  the  acid  or  a  sulphate. 
A  white  powder,  fusible  without  decomposition, 
but  easily  decomposed  by  ignition  with  char- 
coal, silica,  or  clay ;  scarcely  soluble  in  water, 
more  so  in  water  containing  sulphuric  acid, 
and  still  more  in  oil  of  vitriol ;  somewhat  solu- 
ble in  muriatic  and  nitric  acids,  with  partial 
decomposition;  soluble  in  ammoniacal  salts, 
in  47  pts.  acetate,  and  largely  in  the  tartrate ; 
very  soluble  in  hot  sulphate  of  ammonia,  and 
crystallizing  out  as  a  double  salt.  It  fuses 
readily  with  chloride  of  lead  and  fluor  spar,  in 
different  proportions.  The  sulphite  formed  by 
double  decomposition  is  insoluble  in  water. 
Dithionate  (hyposulphate),  formed  direct, 
crystallizes  with  the  form.  PbO,  S205,  4  HO. 
Dithionite  (hyposulphite)  is  formed  by  slowly 
adding  a  lead  salt  to  an  alkaline  dithionite ;  it 
forms  double  salts  with  alkaline  and  earthy 
dithionites.  There  is  also  a  trithionate  and 
tetrathionate  of  lead. 

5.  Phosphate,  2  PbO,  P05,  is  precipitated  by 
adding  common  phosphate  of  soda  slowly  to  a 
solution  of  chloride  of  lead ;  fusible,  insoluble 
in  water  and  acetic  acid,  soluble  in  nitric  acid, 
and  caustic  fixed  alkali,  decomposed  by  muri- 
atic and  sulphuric  acids.  An  acid  phosphate 
is  similarly  obtained  from  the  acid  phosphate 
of  soda ;  and  a  basic  salt  by  digesting  the  neu- 
tral with  ammonia.  Hypophosphite  is  formed 
by  solution  of  freshly-precipitated  carbonate 
in  the  acid.  Phosphite  is  obtained  by  neutral- 
izing terchloride  of  phosphorus  by  ammonia, 
adding  a  hot  solution  of  chloride  of  lead, 
washing  out  the  excess  of  chloride,  and  drying 
in  vacuo. 

6.  Borate,  PbO,  2  B03,  is  fusible,  slightly 
soluble  in  water,  not  in  water  containing  a  soda 
salt;  112  pts.  oxide  of  lead  fuse  with  24  pts 
boracic  acid  to  a  very  soft,  yellow  glass,  of 
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spec.  grav.  6-4,  which  softens  under  boiling 
Oil;  with  48  pts.  acid  to  a  harder  and  less 
colored  glass;  with  72  pts.  acid  to  an  almost 
colorless  glass,  as  hard  as  flint-glass,  and  much 
more  refractive. 

7.  Silicate.  Silex  fuses  with  oxide  of  lead  to 
a  yellow  glass.  This  is  the  basis  of  flint  and 
crystal  Glass,  and  of  artificial  gems  or  sc.-ass, 
the  last  of  which  has  the  form.  KO,  Si03  + 
3  (PbO,  Si03).  See  Acetate  of  Lead,  under 
Acetates, 

LEADHILLITE.  Min.  Sulphatotricarbonate 
of  lead.  Cryst.  Oblique  Rhombic,  prismatic, 
with  perfect  basal  cleavage.  H.  =  2-5.  G.  = 
6-2 —  6-5.  Color  white,  yellowish,  and  green- 
ish ;  lustre  on  cleavage  pearly,  otherwise  resin- 
ous; transparent,  translucent;  sectile.  It  fuses 
readily,  and  easily  reduces  ;  effervesces  in  ni- 
tric acid,  and  leaves  white  sulphate  of  lead. 
Form.  PbO,  S03  -f  3  (PbO,  C02).  It  occurs 
at  Leadhills,  Scotland. 

LEAD  VITRIOL.  Min.  Anglesite.  Cryst. 
Right  Rhombic,  vertical  and  horizontal  prisms, 
and  end-planes ;  also  granular.  H.  =  3.  G. 
=  G-259  —  6-298.  White,  sometimes  tinted; 
lustre  adamantine  ;  transparent,  opake  ;  very 
brittle,  with  conchoidal  fracture. 

Decrepitates  by  heat ;  fuses  in  the  outer 
flame  to  a  clear  glass,  becoming  milk-white  on 
cooling;  reduces  in  the  inner  flame;  reduces 
with  soda  and  silex  to  a  hepar.  Its  powder  is 
wholly  soluble  in  caustic  potassa.  Form.  PbO, 
S03.  It  is  usually  contained  in  cavities  in  ga- 
lena, and  is  distinguished  from  white  lead  by 
not  effervescing  with  nitric  acid.  It  occurs  at 
Leadhills,  Wanlockhead,  Scotland ;  in  Corn- 
wall, on  the  Hartz,  &c.  In  U.  S.,  Southamp- 
ton, Mass. ;  St.  Lawrence  Co.,  N.  Y. ;  Perkio- 
men,  near  Phila.,  Penn. ;  lead  mines  of  Illinois, 
Wisconsin,  and  Missouri. 

LARD.  The  adipose  matter  of  the  omentum 
and  mesentery  of  the  hog.  It  is  rendered 
either  in  the  open  pan  or  in  steam  tanks.  The 
latt°r  method  furnishes  a  purer  and  whiter 
article,  which  being  thus  partially  granulated, 
is  ready  to  be  pressed  for  its  oil,  without  the 
necessity  of  resteaming.  Lard  rendered  in  the 
open  pan  is  liable  to  be  scorched,  and  yields  a 
larger  proportion  of  cracklings.  For  the  me- 
thod of  refining  these,  and  also  for  the  most 
approved  plans  of  rendering  lard,  see  Morfit's 
' '  Applied  Chem  ixtry. ' ' 

Prop.  Corn-fed  lard  is  more  consistent  and 
of  better  quality  than  either  the  mast  or  slop 
fed.  Fuses  at  81°,  spec.  grav.  0-938.  Anhy- 
drous boiling  alcohol  dissolves  2-80  pr.  ct. 
Becomes  yellow  and  rancid  on  exposure,  and 
by  saponification  yields  9-0  glycerin  and  94-G5 
pr.  ct.  of  oleic,  margaric,  and  stearic  acids. 

LECANORIN.     See  Lichens. 

LEDERER1TE.     See  Chabazite. 

LEDERITE.     See  Sphene. 

LE ELITE.     See  Feldspar. 

LEGUMIN.  Syn.  Vegetable  Casein.  Found 
by  Braconnot  in  the  fleshy  cotyledons  of  the 
seeds  of  leguminous  plants.  It  may  be  ex- 
tracted from  ripe  peas,  beans,  or  lentils,  by 
softening  and  braying  them  in  water,  decanting 
the  liquid  from  the  subsident  starch,  and  eva- 
porating it  until  transparent  mucous  pellicles 
appear  on  the  surface.  These  diaphanous  pel- 
licles when  washed,  while  still  moist,  with  boil- 
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ing  alcohol,  acquire  a  white  color,  and  do  not 
affect  litmus  paper. 

insoluble  in   alcohol   and   ether.      In 
aqueous  solution  is  not  coagulable  by  heat,  but 

I'V    exposure    acquires    (lactic)    acid    and    then 

coagulates.  From  its  solutions  in  the  vegetable 
acids  it  is  precipitated  by  the  mineral  acids  ; 
an  excess  of  the  latter,  however,  redissolves 
the  coagula,  which  are  compounds  of  casein 
with  the  acid.  It  also  dissolves  in  alkalies, 
and  the  compounds  which  it  then  gives  with 
the  earthy  and  metallic  salts  are  insoluble  in 
water. 

In  its  apparent  tartaric  solution,  the  nitrates 
of  baryta  and  lead,  chloride  of  calcium,  sul- 
phates of  iron  and  copper  produce  precipitates, 
in  which  the  salt  is  almost  always  taken  up  as 
such. 

According  to  Liebig  it  is  identical  with  ani- 
mal casein.  Its  composition,  as  determined  by 
Dumas,  Cahours,  and  other  chemists,  probably 
from  impure  materials,  is  shown  to  be  Lncorreol 
by  the  recent  investigations  of  Noad,  who  also 
declares  it  to  be  a  protein  compound,  identical 
in  composition  with  fibrin  and  albumen.  Chem. 
Gaz.  v.  357. 

LEHUNTITE.     See  Natbolite. 

LEMANITE.     See  Saussurite. 

LEMONS,  SALT  OF.  Binoxalate  of  potassa. 
See  Oxalic  Acid. 

LEMONS,  OIL  OF.  The  oil  obtained  by  dis- 
tillation of  the  peel  of  Citrus  limonum,  tl gh 

less  odorant  is  purer,  and  not  so  liable  to  de- 
composition as  that  procured  by  expi < 

Formula  C10Hg,  spec.  grav.  0-847.  The  spec, 
grav.  of  the  vapor  is  4-80  to  4-87.  Boils  at 
343-4°,  but  when  distilled  its  point  of  ebulli- 
tion and  the  spec.  grav.  of  the  distillate  in- 
creases to  .877.  The  ordinary  oil,  unlike  the 
rectified,  at  — 4°  deposits  white  crystals,  pro- 
bably hydrated. 

Oil  of  lemons  acted  upon  by  chlorine  gas,  is 
transformed  into  a  solid  and  liquid  compound. 
The  first  is  the  Camphor  of  the  lemon,  and  is 
separable  by  lessening  the  solvent  power  of  tin' 
liquid  camphor,  by  a  diminution  of  tempera- 
ture. It  melts  at  113°,  sublimes  at  122°,  and 
at  a  higher  temperature  is  partly  decoin; 
The  formula,  C10II8HC1,  expresses  the  compo- 
sition of  both  of  these  compounds.  They  are 
decomposable  by  the  alkalies,  and  furnish  two 
isomeric  oils,  Citrine  and  Ciirylcnc. 

Citrine.  Syn.  Citronyl.  Spec.  grav.  0-847. 
Boils  at  329°.     Spec.  grav.  of  vapor  4-73. 

Cilryhne.  Syn.  Citryl.  Spec.  grav.  0-88. 
Boils  from  334°  —  347°. 

LENZINITE.     See  Halloysite. 

LEONHARDITE.     Probably  Laumonite. 

LEPIDOKROKITE.     See  Brown  Hematite. 

LEPIDOLITE.     See  Lithia  Mica. 

LEPIDOMELAN.  Min.  A  hexagonal  mica. 
H.  =  3.  G.  =  3.  Black,  with  green  streak ; 
lustre  adamantine;  translucent  in  thin  li 
By  heat  it  becomes  pinchbeck-brown,  and  fuses 
to  a  black,  magnetic  enamel;  soluble  in  muri- 
atic and  nitric  acids.  Form.  8  RO,  SiOg-f- 
3  (R203,  Si03)  RO  =  12  FeO  +  9  KO ;  K2<>3 
=  27  Fe203  -j-  11  A1203.  Found  at  Persberg, 
W'armcland. 

LETHEON.  Med.  From  A»'6»,  to  forget,  be- 
cause its  inhalation,  by  patients,  renders  them 
unsusceptible  of  pain  whilst  undergoing  surgical 
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operations.  Highly  rectified  sulphuric  ether 
(see  Ether  as  Letheon)  was  first  proposed  for 
this  purpose,  but  more  latterly  Dr.  Simpson, 
of  Edinburgh,  [London  Athenceum,  Nov.  1847,) 
recommended  Chloroform  (see  also  Perchlo- 
7  iilo  of  Formyl)  as  a  much  better  substitute, 
being  of  more  ready  application,  and  freer  from 
the  injurious  effects  which  ether  is  liable  to 
produce  upon  certain  temperaments.  See 
recent  works  on  "Ancesthesia,"  by  Simpson  and 
Warren. 

LEUCHTENBERGITE.  Min.  Foliated.  H. 
=  2-5.  G.  =  2-71.  White  or  yellowish  ;  trans- 
parent, pearly.  It  gives  with  borax  and  mic. 
salt  the  reaction  of  iron  and  silica,  and  fuses 
to  a  slag  with  soda.  Form.  3  MgO,  Si03  + 
A1203,  Si03  -f  3  (MgO,  HO)  (?).  It  may  be 
altered  Chlorite. 

LEUCIN.  C12H13N04.  See  Protein  and 
<\si,i\.  Ujenko's  and  Cahour's  recent  re- 
searches (Lictrig's  Annal.  lxiii.  p.  264;  Comptes 
Rendus,  1848)  confirms  the  opinion  of  Mulder, 
that  it  is  identical  with  aposepedin. 

LEUCITE.  Min.  White  Garnet.  Cryst. 
Regular ;  usually  as  PL  VIII.  fig.  4,  cleaving 
imperfectly  into  fig.  2,  and  also  into  the  cube. 
II.  =  5-5  —  6.  G.  =  2-48  —  2-49.  White  and 
grayish ;  vitreous,  translucent ;  brittle  with 
conchoidal  fracture.  Infusible  and  unalter- 
able, giving  a  blue  with  cobalt-solution ;  in 
fine  powder,  perfectly  soluble  in  muriatic  acid. 
Form.  3  KO,  2  Si03  -f  3  (A1203,  2  Si03) ;  there 
is  a  trace  of  soda  in  the  potassa. 

Local,  §c.  In  ancient  lavas  on  the  Rhine, 
and  in  modern  lavas  of  Vesuvius.  It  was  the 
first  mineral  substance  in  which  potassa  was 
proved  to  exist;   and  b**  Klaproth. 

LEUCftLE.  Formula  C1SHSN  (Hoffman),  or 
C1SH7N  (Laurent,  Gerhardt).  A  colorless  oil 
of  a  bitter  almond  taste,  forming  one  of  the 
products  of  the  destructive  distillation  of  Coal. 
Congeals  at  — 4°,  boils  at  462°,  and  resinifies 
on  exposure;  spec.  grav.  1-081.  Is  more  solu- 
ble in  hot  than  cold  water,  and  mixes  in  all 
proportions  with  alcohol,  ether  and  wood-spirit, 
acetone,  and  the  oils  generally.  Its  refractive 
power  is  1-645;  with  the  acids  it  forms  salts, 
of  which  the  nitrate  crystallizes  with  most 
facility. 

The  double  chloride  of  platinum  and  leucole, 
Ci8H8N+C1H+  cl4Pt>  is  a  light  orange,  crys- 
talline powder,  slightly  soluble  in  water,  alco- 
hol, and  ether. 

A  distinctive  property  of  leucole  is  its  power 
of  resisting  a  high  heat.  According  to  Hoff- 
man, it  is  positively  identical  with  Quinolin, 
and  gives,  when  pure,  with  chromic  acid,  the 
yellow  crystalline  precipitate  which  Gerhardt 
describes  as  characteristic  of  the  latter  sub- 
stance. 

LEUCOPHANE.  Min.  Imperfectly  crystal- 
lized ;  4-sided  prism.  H.  =  3-5.  G.  =  2-974. 
Pale  green  to  wine-yellow,  with  white  streak; 
vitreous:  thin  fragments  transparent;  phos- 
phorescent by  heat ;  electric.  Fuses  alone  or 
with  borax  to  an  amethyst  glass,  and  leaves 
silica  in  mic.  salt;  heated  with  fused  mic.  salt 
in  an  open  tube,  it  vields  fluoric  acid.  Form. 
NaFl  +  3  CaO,  2  Si03  -f  3  GO,  Si03  (?).  It 
occurs  in  a  rock  off  the  coast  of  Norway. 

LEUCOPYRITE.      Min.      Glanzarsenikkies, 
Arsenikeisen.      Cryst.    Right  Rhombic ;    pris- 
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matic,  also  massive.  H.  =  5  —  5-5.  G.  = 
7-228  —  7-337.  Color  between  silver-white  and 
steel-gray ;  metallic ;  brittle  with  grayish  black 
streak. 

On  charcoal  it  yields  a  strong  arsenical  odor, 
leaving  a  black  magnetic  mass,  and  gives  in  a 
closed  tube  sublimed  arsenic,  soluble  in  nitric 
acid  with  separation  of  arsenious  acid.  Form, 
nearly  FeAs,  sometimes  containing  cobalt  and 
nickel.  Local.  Schladming,  Styria ;  Reichen- 
stein,  Silesia;  Bedford  Co.,  Pennsylvania. 

LEUCOTURIC  ACID.  Formed  by  the  meta- 
morphosis of  alloxanic  acid  in  solution,  by 
boiling. 

LEVIGATION.     The  process  by  which  the 
more  impalpable  portions  of  a  powder  may  be 
separated.      It  is   practised  by  grinding  the 
substance,  previously  made  into  a  paste  with 
water,    under    a    muller    or    between    stones, 
throwing  the  levigated  matter  into  water,  stir- 
ring the  mixture,  and  after  partial  subsidence 
decanting  the    supernatant  liquid.      This,   on 
settling,  deposits  the  finely-levigated  powder. 
LEVYNE.     See  Chabazite. 
LEYDEN  JAR.     See  Electricity. 
LIBAVIUS'  FUMING  LIQUOR.     The  chlo- 
ride of  Tin. 

LIBETHENITE.  Min.  Prismatic  Olivenite. 
Cryst.  Right  Rhombic.  H.  =  4.  G.  =  3-6  — 
3-8.  Dark  olive-green ;  resinous;  subtranslu- 
cent ;  brittle  with  conchoidal  and  uneven  frac- 
ture. Moistened  with  muriatic  acid,  it  colors 
the  blowpipe  flame  blue ;  fuses  and  reduces 
partly  alone,  entirely  by  fusion  with  lead; 
soluble  in  nitric  acid  and  in  ammonia.  Form. 
4  CuO,  P05  +  HO,  or  better  3  CuO,  P05  -f- 
CuO,  HO.  See  Olivenite  and  Phosphuuo- 
Chalcite.     It  occurs  at  Libethen,  Hungary. 

LICHENS.  Chem.  An  order  of  perennial 
plants,  the  foliaceous  species  of  which  are  used 
in  medicine,  their  nutritive,  demulcent,  and 
emollient  properties  being  due  to  the  amyla- 
ceous matter  (Lichenin)  Avhich  they  contain, 
and  their  tonic  virtues  to  a  bitter  principle, 
Cetrarin.  In  some  countries  they  are  used 
by  the  poor  as  food.  In  composition  they  are 
very  analogous,  but  certain  ones  differ  from 
others  in  yielding,  by  treatment  with  ammonia, 
brilliant  color  stuffs,  and  hence  their  value  as 
dyes.  In  this  way  the  orchil  or  litmus,  much 
used  as  a  delicate  test  for  the  presence  of  acids, 
which  immediately  changes  its  blue  color  into 
red,  is  prepared  from  an  aqueous  decoction 
of  the  Rocella  tinctoria  and  Leconora  lartarea. 
Schunck  (Lond.  Chem.  Society's  Memoirs,  vol.  i. 
p.  72)  found  in  the  Genera  Lecanora,  Urceolaria, 
Variolaria,  &c,  1.  a  white,  crystalline  sub- 
stance, insoluble  in  water,  but  soluble  in  alcohol 
and  ether,  which  he  called  Ijecanorin,  C,8H,()8, 
very  similar  to  the  Erythrin  of  Heeren  and  AV7- 
thrilin  of  Kane,  but  of  different  composition ; 
its  solution  in  alkalies  is  converted  by  exposure 
into  orcin,  C]GHn07,  and  carbonic  acid,  and 
ultimately  acquires  a  deep  purple  color,  from 
which  acids  precipitate  a  red  coloring  matter. 
The  orcin  thus  formed,  first  discovered  by 
Robiquet  in  lichens,  is  crystallizable  and  in 
itself  capable  of  being  transformed  by  the  ac- 
tion of  ammonia  and  oxygen  into  a  true  color- 
ing matter,  in  which  reaction  all  the  original 
combinations  are  altered.  It  is  also  obtained 
pure  by  boiling  orsellesic  acid  in  water  for  an 
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hour,  carbonic  acid  being  expelled.  2.  Pkk- 
dorythrvn  (erythrin),  C20H12O„;  and  8.  a  fatty 

substance,  dropping  in  pearly  white  scales 
from  an  alcoholic  solution,  which  form  Boap 
with  alkali,  and  are  insoluble  in  water  and 
ether. 

Rochleder  and  Heldt  found  Usnin  or  Umic 
acid  in  the  Lichen  ranffijtrimts,  Ramalma  nili- 
caris,  Umeabarbata,  and  Knapp  obtained  it  from 
the  Umeaflorida,  and  (Ckem.  Gaz.  ii.  160,  180) 
almost  all  the  species  of  Cladonia.  It  is  also 
yielded  by  many  other  species  of  Lichen,  in  large 
quantity  by  the  ParmeUa  sarmentosa  and  Leaded 
Geographical. 

Usnic  acid,  C3gH17Ou.  forms  lemon-yellow 
crystals  which  fuse  at  o(J'2°,  and  by  their  pro- 
perty in  common  with  the  yellow  and  green 
resins  accompanying  it  in  the  plant,  of  becom- 
ing red  by  ammonia  and  exposure  to  air,  acts 
an  important  part  in  the  alterations  of  color 
of  many  lichens.  Is  insoluble  in  water,  spar- 
ingly soluble  in  alcohol,  and  readily  in  boiling 
ether  and  oil  of  terpentine.  It  forms  salts 
with  the  bases,  of  which  those  with  the  alkalies 
are  crystallizable. 

Herberger  has  also  separated  from  the  Lichen 
parietinus  a  crystallizable,  yellow,  coloring  mat- 
ter, Chri/sophanic  acid,  C10H4O3,  soluble  in  cold 
ether  and  alcohol  with  a  yellow  color,  and  in 
alkalies  with  a  red  color,  from  which  latter  it 
is  precipitated  yellow  by  acids.  There  is  an 
additional  coloring  substance  in  the  lichen,  but 
it  is  viscid,  uncrystallizable,  and  insoluble  in 
alcohol.  The  body  which  imparts  the  green 
color  to  the  spherical  cells  of  the  Cetraria  Is- 
landica,  has  been  named  by  Knapp  and  Schni- 
derman  [Ann.  der  Chem.  lv.  p.  144)  Thallochlor, 
and  by  Francis  Chlorothnllc. 

In  a  recent  examination  of  the  proximate 
principles  of  lichens,  Stenhouse  discovered  that 
the  coloring  matter  could  be  extracted  without 
the  aid  of  ammonia.  By  the  process  adopted, 
(Chem.  Gaz.  vi.  125),  he  obtained  from  Rocella 
tinctoria  white  crystals  of  Orsellecic  acid, 
C32H13013  -f-  HO,  and  an  indifferent  crystal- 
lizable substance,  Rocellinin,  C38H17015 ;  from 
the  Rocella  Montagnei,  Erythric  acid,  C20H,0O9 
-|-  HO,  and  Pseudo-orcine,  C10H]3O10;  and  from 
the  Evernia  Prunaslri,  Evernic  acid,  C34H15013 
-f-  HO.  From  these  researches,  Stenhouse 
proposes  to  extract  the  coloring  principle  of 
lichens,  and  render  it  portable  for  commer- 
cial purposes,  by  cutting  them  into  small 
pieces,  macerating  in  milk  of  lime,  neutral- 
izing with  muriatic  or  acetic  acid,  collecting 
the  gelatinous  precipitate  on  cloths,  and  drying 
it  at  a  gentle  heat. 

LIEVRITE.  Mm.  Yenite,  Ilvaite.  Cryst. 
Right  Rhombic ;  also  massive,  columnar,  gran- 
ular. H.  =  5-5  —  6.  G.  =  3-82  —  4-06.  Iron- 
black  ;  submetallic ;  opake ;  brittle.  Fusible 
to  a  black,  magnetic  globule ;  gives  the  reac- 
tion of  iron  with  the  fluxes ;  soluble  in  warm 
muriatic  acid.  Form.  3  (3  FeO,  Si03)  + 
2  (Fe203,  Si03)  (?).  Local.  Elba,  Norway, 
&c. ;  Cumberland,  R.  Island;  Essex  Co.,  N.  Y. 

LIGAMENTS.  The  elastic  membranes  con- 
necting the  extremities  of  the  movable  bones, 
are  formed  of  cellular  and  elastic  tissue,  and 
may  be  classified  among  those  that  yield  Gela- 
tin, when  boiled  in  water. 

LIGHT.  Phys.  Chem.  A  highly  elastic, 
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imponderable  fluid,  or  the  undu]  i 

eether.      The    sun's   raya    produce   luminous, 

heating,  electric,  magnetic,  and 

fects;    hence  some  hare   supposed  that  there 

are   several  different   kinds  of  rays.       I  I  I 
of    heat    are    differently   and    less    refrangible 
than  thoBe  of  light ;  thus  with  a  prism  of  flint- 
glass,  the  greatest  heal  is  observed  outside  of 

the   red   ray,   with  one  of  crown-glass   in   the 
red,  and  with  one  of  water  in  the  yellow. 

Chlorine  unites  with  hydrogen  by  the 
of  light,  under  white  and  Id  in-,  bul  not  under  red 
glass:  lime-water  precipitates  chloride  of  pla- 
tinum in  colorless  or  violet  light,  not  in  yellow 
or  red.     Peroxalate  of  manganese  is  ch 
to  protoxalate  in  sun-light,  slowly  in   bit 
violet  light;  peroxalate  of  iron  is  similarly  re- 
duced in  white,   violet,    and   blue,   but    d 
yellow  or  red,  even  at  a  boiling  heat.     In  like 
manner    numerous   decompositions   have   been 
observed,  which  are  stronger  in  violet  and  blue 
than  in  red  or  yellow  light;   but  a  solution  of 
blue  iodide  of  starch  is  wholly  decolorized  in 
the  yellow  and  green  rays  of   the  spectrum, 
slightly  in  the  red  and  blue,  and  not   at  all  in 
the  violet.     The  action  of  the  colored  spectrum 
on  sensitive  paper,  containing  chloride 
ver,  is  strongest  in  the  violet,  but  it  e 
beyond  the  violet  and  red,  differing  according 
to  the  nature  of  the  prism.     Dagucrre's  bro- 
mide of  silver  paper  is  not  altered  by  heat,  hut 
very  sensitive  to  light. 

It  appears,  then,  that  there  are  three  kinds 
of  rays  in  sun-light,  calorific,  luminous,  and 
chemical  rays,  of  which  the  first  are  least,  the 
last  are  most  refrangible,  and  the  luminous 
intermediate  in  this  respect.  The  chemical 
action  of  light  has  been  made  use  of  especially 
in  the  Daguerreotype  processes,  and  in  uniting 
chlorine  with  organic  bodies.  Phosgen  (pro- 
duced by  light)  gas  was  produced  by  the  action 
of  light  on  carbonic  oxide.  The  polarization 
of  light  has  been  elegantly  applied,  by  liiot,  to 
the  analysis  of  sugars,  which  would  otherwise 
be  very  difficult  of  accomplishment.  For  a 
description  of  the  method,  see  " MorfiCx  Mani- 
pulations," p.  398. 

LIGNIN.  Syn.  AVoody  fibre.  Cellulose.  The 
solid  frame-work  of  plants,  varying  in  physical 
properties  with  the  vegetable  whence  derived) 
being  hard  and  compact  in  wood,  and  fibrous 
and  flexible  in  flax,  cotton  and  the  like.  It  is 
insoluble  in  the  usual  solvents,  and  remains 
after  plants  have  been  successively  treated 
with  ether,  alcohol,  water,  dilute  acids,  and 
alkalies. 

Prop.  When  dried  at  300°  — 350°,  its  formula 
is  C12H8Og,  (Prout.)  According  to  Payen, 
however,  woody  fibre  consists  of  two  portions, 
viz.,  Cellulose,  C,2HI0O10,  constituting  the  tis- 
sue of  the  cells,  and  lignin  proper,  filling  the 
cavities,  C35H24O20,  of  the  former. 

There  are  some  properties  peculiar  to  each, 
but  their  general  behavior  is  the  same.  Thus, 
for  example,  cellulose  is  insoluble  in  nitric 
acid,  while  lignin  dissolves  in  that  reagent.  It 
moreover  is  isomeric  with  starch,  ami  is  dis- 
solved by  sulphuric  acid  without  being  black- 
ened, and  transformed  into  dextrin.  Another 
distinctive  characteristic  is,  that  the  cell-walls 
which  are  colored  brown  by  the  mere  action  of 
the  iodine,  appear  blue  under  the  microscope, 
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after  the  addition  of  sulphuric  acid,  while  the 
contents  of  the  cell  remain  brown.  Woody 
fibre  doubtless  differs  from  starch  mainly  by 
its  state  of  aggregation,  by  which  it  resists  the 
action  of  reagents;  for  as  soon  as  its  physical 
organization  is  destroyed,  it  then  yields  to 
energetic  agents. 

Cold  water  is  inert,  but  by  boiling  disaggre- 
gation ensues.  Air  and  moisture  transform  it 
into  carbonic  acid  and  Humus.  By  dry  distil- 
lation it  yields  the  same  products  as  Woon. 
Torrefaction  destroys  its  physical  properties, 
and  renders  it  analogous  to  gum,  soluble  in 
water.  Weak  nitric  acid  transforms  it  into 
oxalic  acid,  but  that  which  is  concentrated 
produces  xyloidin.  See  Gun  Cotton.  Sulphuric 
acid  varies  in  its  action  according  to  time, 
quantity,  and  state  of  dilution.  When  con- 
centrated it  carbonizes  and  generates  sulphur- 
ous, acetic,  formic  acids,  and  water.  By  heat- 
ing in  a  closed  vessel,  and  under  certain  cir- 
cumstances in  an  open  vessel,  with  sulphuric 
acid,  fibre  is  converted  into  dextrin  and  grape 
sugar  and  Ugno-sulphuric  acid.  This  acid, 
forming  soluble,  uncrystallizable  salts  with  the 
oxides  of  lead  and  barium,  varies  in  composi- 
tion with  the  duration  of  the  reaction ;  for 
example,  that  formed  by  short  contact  is — 

C18H180I8,  2S03,  PbO +  2  HO, 
becoming,  after  12  hours'  contact, 

C)0H10O10,  2SO3,  PbO,  2  HO, 
and  ultimately,  after  24  hours, 

C4  II4  Ov    2  S03,    PbO,      2  HO. 

Blondeau. 

Woody  fibre  resists  the  action  of  diastase. 
With  corrosive  sublimate,  deutosulphate  of 
copper,  and  acetate  of  iron  it  unites,  partially 
decomposing  them.  It  also  combines  with 
hydrate  of  alumina,  peroxide  of  iron,  and 
many  coloring  matters.  Fungin  and  Medullin 
are  doubtless  only  physical  modifications  of 
lignin. 

LIGNITE.  Geol.  See  Coal.  A  late  investi- 
gation of  brown  coal  with  the  woody  structure, 
by  Schrotter,  gives  its  G.  =  1-28,  H.  =  2 ;  it 
yields  \  its  weight  of  coke  by  dry  distillation, 
while  water,  acetic  acid,  and  a  tough  pyroil 
pass  over.  Ashes  =  2-57  pr.  ct.  The  com- 
bustible matter  has  the  composition  C12H703. 
Extracted  by  ether,  the  residue  is  CuH706, 
and  the  ether  extract  contains  Hartin. 

LIGURITE.  Mm.  Cryst.  Oblique  Rhombic. 
H.=  above5.  G.  =  3-49.  Apple-green;  trans- 
parent, translucent.  It  is  a  silicate  of  lime 
and  alumina,  from  the  Apennines  of  Liguria. 

LIMBELITE.     See  Chrysolite. 

LIME.     Oxide  of  Calcium. 

LIMESTONE.  Geol.  Extensive  and  wide- 
spread formations  of  carbonate  of  lime  occur 
from  the  oldest  to  the  latest  geological  periods 
of  deposited  rocks,  which  are  all  termed  lime- 
stone. When  sufficiently  compact  and  capable 
of  receiving  a  polish,  they  are  termed  marbles. 
The  white  pulverulent  formation  of  the  upper 
secondary  period  is  chalk.  Those  solid,  stony 
formations,  which  are  neither  marble  nor  chalk, 
are  more  especially  called  limestones.  The 
prevailing  color  is  bluish  gray,  due  to  the  car- 
bonaceous matter  disseminated  through  them. 


Magnesia  is  an  almost  constant,  and  often 
abundant  constituent  of  limestone.  All,  ex- 
cept those  of  a  highly  crystalline  structure, 
abound  in  animal  organic  remains ;  and  the 
crystalline  have  contained  them,  but  have, 
subsequent  to  their  formation,  suffered  altera- 
tion. They  are  therefore  included  with  meta- 
morphic  rocks.     See  Calcareous  Si'ar. 

L1MONE.  Syn.  Limonin.  Found  by  Ber- 
nays  in  orange  and  lemon  pips,  and  exists 
probably  in  the  seeds  of  all  the  Aurantiacece. 

Prep.  Treat  the  powdered  seeds  with  cold 
alcohol,  evaporate  the  tincture,  and  filter 
while  hot. 

Prop.  A  white,  crystalline,  bitter  powder, 
sparingly  soluble  in  water,  ether,  and  am- 
monia, very  soluble  in  alcohol  and  the  hydrated 
salts,  and  less  so  in  the  mineral  acids.  From 
its  potash  solution  the  acids  precipitate  it  un- 
altered. It  is  apparently  not  a  base,  but  con- 
centrated sulphuric  acid  dissolves  it  with  a 
blood-red  color.  From  this,  as  well  as  its  alco- 
holic and  acetic  solutions,  it  is  thrown  down  un- 
altered by  water.  From  acetic  acid  it  crystal- 
lizes readily.  The  alcoholic  solution  has  a  neu- 
tral reaction.  Heated  to  302°  it  undergoes  no 
change,  but  at  471°  melts.  The  indifference 
of  limone  to  deoxidizing  agents  is  a  remarkable 
property,  it  being  precipitated  in  its  natural 
state,  by  water,  from  its  solution  in  hot,  con- 
centrated nitric  acid.     Schmidt. 

Formula  C42H250]2,  which  is  that  of  phlorid- 
zin  +   2  equivs    oxygen ;    but   direct  experi- 
ments with  reducing  agents  have  proved  that 
it  does  not  belong  to  the  latter  series 
LINARITE.     See  Cupreous  Anglesite. 
LINCOLNITE.     See  Heulandite. 
LINEA  VULGARIS.     Used  as  a  yellow  dye- 
stuff.     Riegel's  analysis  of  the  flowers  gave 

Water 748-0 

Fibre 135-5 

Mucus 49-5 

Sugar,  with  lime  salt 32-0 

Albumen 2-25 

Tannin  (greening  iron) 5-5 

Fatty  chlorophyll 8-0 

Anthroxantin ll-5 

JEthokirrin — 

yEthokirrin.  The  coloring  matter  of  the  plant 
is  obtained  by  precipitating  the  hot  aqueous 
solution  of  the  alcoholic  extract  by  lime-water, 
and  treating  the  red  deposit  with  acetic  acid. 
The  solution  thus  obtained  is  evaporated,  the 
residue  exhausted  with  alcohol,  the  extract 
precipitated  with  sugar  of  lead,  the  red  pre- 
cipitate decomposed  by  sulphuretted  hydrogen, 
filtered,  the  solution  evaporated,  and  the  resi- 
due treated  with  ether.  Purified  with  alcohol, 
it  is  then  a  pale  yellow,  verucose  mass. 

Prop.  Tasteless,  inodorous,  sublimes  unal- 
tered. Dissolves  with  difficulty  in  water,  more 
easily  in  alcohol  and  ether  and  the  essential 
oils,  less  so  in  fat  oils,  forming  yellow  solutions. 
Soluble  in  caustic  alkalies  with  a  red  color, 
except  in  ammonia,  which  with  the  carbonated 
alkalies  gives  a  dark  yellow.  The  addition  of 
acids  to  these  solutions  produces  a  yellow  pre- 
cipitate. Neither  iodide  of  potassium  nor  chro- 
mate  of  potassa  precipitate  the  aqueous  solu- 
tion.    Chem.  Gaz.  i.  509. 

LININ.     A  light  yellow,   transparent   sub- 
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stance,  found  by  Paggenstechter  in  the  Lmum 
catharticum,  or  purging  flax.  Fuses  between 
289°  and  240°.  Soluble  in  alkalies,  but  decom- 
posed thereby. 

Prep,  Exhaust  the  powdered  plant  with 
alcohol,  precipitate  by  sugar  of  lead,  add  am- 
monia to  the  liquid,  evaporate  to  dryness,  and 
extract  with  rectified  ether.  The  linin  is  left 
upon  evaporation. 

LINSEED.  The  seeds  of  the  common  flax, 
(Linvm  usilatissimum),  consist  of 

Fat  oil 11-265 

Acrid  soft  resin 2-488 

Wax 0146 

Resinous  coloring  matter 0-550 

Yellow  astringent  extractive 1-917 

Sweet   extractive,  with  malic  acid  and 

salts 10-884 

Gum 6154 

Nitrogenous  mucilage,  with  acetic  acid 

and  salts 15-120 

Starch,  with  salts 1-480 

Albumen 2-782 

Gluten 2-932 

Husk 44-382 

The  ashes  contain  oxide  of  copper.  (Gmelin.) 
Of  the  mucilage  there  is  a  soluble  and  insoluble 
portion.  The  former  yields  mucic  and  oxalic 
acids  when  treated  with  nitric  acid. 

Linseed  Oil.  Composition,  1  equiv.  of  niarga- 
rate  of  glycerin  and  10  equivs.  linolein.  (Sacc.) 
Is  yellow,  soluble  in  ether,  and  more  readily  in 
hot  than  cold  alcohol.     Spec.  grav.   0-9347. 

Prep.  Obtained  by  pressure  from  the  ground 
seeds  either  in  the  cold,  or  at  a  steam  heat  of 
200°.  Berzelius  has  styled  the  oleic  acid  of 
this  oil,  linoleic  acid.  It  has  the  characteristic 
of  being  readily  decomposable,  and  hence  the 
necessity  of  excluding  the  access  of  air,  and 
of  using  air-free  ether,  and  an  atmosphere 
of  carbonic  acid  in  its  distillation.  AVhen  ex- 
posed to  a  high  heat  it  yields  a  viscous  residue, 
which,  when  boiled  in  water,  acidulated  with 
nitric  acid,  becomes  plastic  and  analogous  in 
physical  properties  to  caoutchouc.  This  com- 
pound swells  and  partially  dissolves  in  ether, 
but  is  reprecipitated  therefrom  by  alcohol.  In 
pure  spirits  of  terpentine  it  is  wholly  soluble. 
In  general  properties  it  resembles  the  ordinary 
oleic  acid,  but  differs  in  composition,  its  for- 
mula being  C46H3305  +  HO  (?).  As  it  forms 
the  foundation  of  the  extensive  use  of  linseed 
oil  in  pigments  and  varnishes,  further  exami- 
nations might  lead  to  important  results. 

Uses  and  Purifications.  As  the  menstruum 
of  pigments,  the  basis  of  varnishes  and  prin- 
ters' inks.  For  the  finer  purposes  of  art  it  is 
purified  and  bleached  by  adding  a  solution  of 
2  lbs.  of  green  vitriol  in  3  quarts  of  pure  water 
to  2  lbs.  of  raw  linseed  oil,  and  exposing  the 
mixture  to  the  sun  for  a  month  or  more,  until 
it  has  perfectly  whitened  and  deposited  all  its 
mucilage.  Frequent  shaking  during  the  inter- 
val facilitates  the  result.  The  vitriol  solution 
by  being  filtered  and  evaporated  to  crystalliza- 
tion, is  again  fit  for  use.  In  the  white  lead 
works  linseed  oil  is  bleached  by  sulphuric  acid. 
The  residual  portions  left  in  by  imperfect  mani- 
pulation, have  the  good  effect  of  neutralizing 
any  hydrate  which  may  be  contained  in  the 
white  lead  with  which  it  is  ground,  and  thus 
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of  preventing,    in   a    measure.   B   yellowing  by 
exposure  or  oxidation. 

Another   method  of  purification,  especially 

for  varnish  use.  is   to   rub   up   linseed   oil  with 

drj   sulphate  of  lead  iu  BufficienJ  quantity  to 
form   a  milky  mixture.     After  a  week's  clo- 
sure to  the  light    and   frequent    shahin 
mucus   deposits   with   the   lead,  and    le:i\ 
oil  perfectly  clear.      The  oil,  in  time,  »ili  then 
become  perfectly  white.     The  precipitated  tan 
cus  forms  a  compact  membrane  above  the  lead, 
and  becomes   so   hard    that    the   supernatant 
clarified  oil  maybe  poured  off.     The  lead  sedi- 
ment freed  of  mucus  is  again  fit  for  use.     The 
varnish    thus    made    is    recommended   tor    lie 
colors,  as  being  cheap  and  preferable  to 
which  contain  either  acetate  or  carbonate  of 
lead. 

LIPIC  ACID.     See  Oleic  Acid. 

LIPYL.  A  new  radical,  C3II20,  considered 
by  Berzelius  as  the  basic  constituent  of  fats, 
and,  like  the  base  in  the  compound  ethers,  when 
set  free  from  the  fat  acids  as  entering  into  a 
new  combination  with  the  elements  of  water, 
and  forming  Glycerin. 

LIQUEFACTION.  That  abstraction  of  the 
heat  of  vapors  and  gases,  which  causes  a  reduc- 
tion of  their  elasticity,  and  their  condensation 
into  a  liquid  state.  A  slight  increase  of  pres- 
sure beyond  the  force  of  their  own  elasticity 
produces  the  same  effect,  provided  there  is  no 
corresponding  and  simultaneous  increase  of 
heat  to  sustain  it.  All  elastic  bodies  are  not 
equally  susceptible  of  liquefaction,  for  in  some, 
air  for  instance,  the  repulsive  force  of  the 
particles  is  so  energetic,  and  the  cohesive  at- 
traction so  entirely  overcome,  that  it  has  as  yet 
been  impossible,  by  any  pressure,  to  condense 
them  to  liquids.  The  loss  of  sensible  beat 
attendant  upon  liquefaction  seems  essential  to 
the  change,  and  suggested  to  Dr.  Black  his 
theory  of  latent  Heat.  The  term  liquefaction 
is  sometimes  applied  to  the  fusion  of  a  solid. 

LIROCONITE.  Mm.  Prismatic  Olivenite, 
Linsenerz.  Cryst.  Rhombic,  prismatic.  H.= 
2  —  2-5.  G.  =  2-88  —  2-98.  Sky-blue,  verdi- 
gris-green ;  vitreous.  It  does  not  decrepitate, 
yields  water,  and  becomes  dark  olive-green, 
yields  on  coal  arsenical  vapors  and  globules  of 
copper  in  a  semi-fused  mass.  Form.  (8  CuO, 
As05  +  23  HO)  -J-  (2  A1?03,  As05  +  HO),  in 
which  the  first  member  is  Copper  Mica.  It 
occurs  in  Cornwall. 

LIRIODENDRIN.  Obtained  by  Emmet  from 
the  American  poplar  (Z.  tulipifcru),  or  tulip  tree. 

Prep.  Precipitates  from  the  evaporated  de- 
coction of  the  bark.  By  treatment  with  slightly 
alkaline  water,  it  is  freed  of  resin  and  coloring 
matter,  and  being  then  dissolved  in  alcohol, 
and  this  solution  rendered  milky  by  water, 
drops,  on  cooling,  in  colorless  plates  or  needly 
groups. 

Prop.  Slightly  soluble  in  water,  very  soluble 
in  alcohol  and  ether.  Fuses  at  180°,  and  vola- 
tilizes at  290°  without  alteration.  It  is  neutral, 
and  contains  no  nitrogen.  Iodine  yellows  it. 
Concentrated  nitric  acid  has  no  action,  but  the 
strong  hydrochloric  and  sulphuric  acids  de- 
compose it. 

LITHARGE.     See  Lead. 

LITHEOSPORE.     See  Heavy  Spar. 

LITHIC  ACID.     See  Uric  Acid. 


LITHIA  MICA. 


LIXIVIATION. 


LITHIA  MICA.  Min.  Lepidolite.  Cryst. 
Rhombic  in  hexagonal  prisms,  and  granular. 
H.  =  2-5.  G.  =  2-89  — 3.  Rose-red,  gray; 
pearly ;  translucent ;  two  axes  of  refraction. 
In  a  tube  it  yields  water  containing  fluoric  acid ; 
it  fuses  readily  and  colors  the  flame  red,  espe- 
cially if  mixed  with  fluor-spar  and  bisulphate 
of  potassa.  Form.  R Fl  -4-  2  R203,  3  Si03,  in 
whi.h  R  ==  K,  Na,  L,  and  R203=A1203,  Fe203. 

Local.  Zinnwald,  Cornwall,  &c. ;  Chesterfield 
and  Goshen,  Mass.  ;   Paris,  Maine. 

LITHIUM.  C'/icm.  A  metal  discovered  by 
Arl'wedson,  and  existing  in  petalite,  spodumen, 
lepidolite,  and,  as  a  carbonate,  in  some  mineral 
waters.  It  is  obtained  by  galvanic  action  from 
the  hydrated  oxide ;  and  according  to  Davy  is 
similar  in  properties  to  sodium,  but  owing  to 
its  rarity  this  analogy  has  not  since  been  con- 
firmed by  fuller  investigation.     Equiv.   6-5. 

Oxide.  LiO  +  HO.  Lithia  is  separated  from 
powdered  TriphyUin,  the  most  abundant  mineral 
containing  it,  by  digestion  to  solution  in  hydro- 
chloric acid  and  peroxidizing  the  iron  with  a  lit- 
tle nitric  acid.  Dilute  the  liquid  with  water,  and 
then  add  an  excess  of  ammonia  to  precipitate 
the  phosphoric  acid  and  sesquioxide  of  iron. 
Through  the  ammoniacal  solution  pass  sulphu- 
retted hydrogen  to  separate  magnesia,  filter, 
evaporate  to  dryness,  calcine  the  residue  to 
expel  ammoniacal  salts,  and  dissolve  the  chlo- 
ride of  lithium  in  alcohol.  Upon  the  addition 
of  an  excess  of  carbonate  of  ammonia,  carbon- 
ate of  lithia  precipitates  after  a  time,  and  must 
be  collected  on  a  filter,  and  washed  with  alco- 
hol of  0-80  pr.  ct.  This  carbonate,  when  finely 
powdered  and  boiled  in  a  large  quantity  of 
water,  becomes  dissolved,  and  upon  the  addi- 
tion of  lime  is  decarbonated.  The  filtered  so- 
lution, upon  evaporation,  yields  hydrated  oxide 
of  lithia. 

Prop.  Nearly  insoluble,  unalterable  on  ex- 
posure ;  has  a  caustic  taste  and  alkaline  reac- 
tion, and  attacks  platinum. 

Chloride.  Crystallizes  in  cakes ;  very  solu- 
ble in  water  and  alcohol,  and  deliquescent  on 
exposure. 

Sulphur et.  Soluble  in  water  and  alcohol,  and 
eminently  pyrophoric. 

Sulphate.  LiO,  S03.  In  crystals  unalterable 
on  exposure,  fusible,  soluble  in  water,  and 
nearly  insoluble  in  alcohol.  It  forms,  with  the 
sulphate  of  soda,  a  double  salt,  (NaO,  S03), 
(LiO,  S03),  i)  BO. 

Nitrate.  LiO,  N05.  An  anhydrous,  deliques- 
cent, crystalline  powder,  extremely  fusible  and 
soluble. 

Carbonate.  Slightly  soluble  in  water,  more 
so  in  water  saturated  with  carbonic  acid,  in- 
soluble in  alcohol,  and  unalterable  by  heat. 

Phosphates.  The  neutral  salt,  2  LiO,  P05, 
almost  insoluble,  and  the  biphosphate,  LiO, 
P05,  very  soluble  in  water,  and  crystallizable. 
The  double  salt  of  soda  and  lithia  has  the  com- 
position 2  NaO,  P05  +  2  LiO,  P05,  and  is  a 
wliite  powder,  soluble  in  1400  pts.  water  at 
59°,  and  in  950  pts.  at  212° ;  and  entirely  in- 
soluble in  liquids,  containing  phosphates. 

Oxalate.  2  (C203,  LiO)  HO.  Neutral,  crys- 
tallizable, soluble  in  water,  unalterable  on  ex- 
posure, but  decomposes  when  heated.  The 
binoxalate,  C203,  LiO  -4-  C203,  3  HO,  is  also 
crystallizable,  but  less  soluble  than  the  former. 


The  salts  of  lithia  impart  a  red  color  to  flame, 
and  to  distinguish  it  from  strontia  in  this  re- 
spect, Chapman  heats  the  suspected  substance 
in  a  microcosm  of  chloride  of  barium,  which 
prevents  chloride  of  strontium  from  tinging 
the  flame.  If,  while  at  the  point  of  the  inner 
flame  no  redness  is  apparent,  lithia  is  absent, 
and  the  red  first  obtained  from  the  mineral, 
per  se,  is  due  to  strontia. 

LITHOFELLINIC  ACID.  Syn.  Lithofellic. 
Exists  as  the  predominant  constituent  of  Be- 
zoars,  and  is  extracted  by  hot  alcohol  from  its 
solution,  in  which  it  drops  on  cooling,  and  can 
be  purified  by  recrystallization. 

Prop.  When  pure  is  in  small,  colorless,  6- 
sided  prisms.  Sparingly  soluble  in  ether,  and 
insoluble  in  water.  Alcohol  dissolves  it  slowly, 
and  acquires  an  acid  reaction.  Fuses  at  401°, 
and  congeals  into  a  vitreous  mass,  whose  melt- 
ing point  is  then  220°  to  230°,  or  180°  lower 
than  that  of  the  crystallized. 

A  saturated  solution .  of  the  lithofellinicate 
of  potassa  gives  white  precipitates  with  the 
neutral  salts  of  silver  and  lead  ;  the  compound 
with  the  former,  however,  dissolves  during 
edulcoration.  The  crystallized  silver  salt  is 
obtained  differently  : — By  mixing  an  alcoholic 
solution  of  the  acid  with  nitrate  of  silver  and 
some  ammonia,  warming  the  solution  to  dissolve 
the  precipitate,  and  evaporating.  Concentrated 
sulphuric  and  acetic  acids  dissolve  it.  The  for- 
mer solution  is  rendered  turbid  by  water. 
From  the  latter  it  crystallizes  on  evaporation. 

Wokler's  formula  for  the  crystallized  acid  is 
C40H35O7  -f-  Aq ;  and  though  differing  from 
Ettling  and  Wills  (C42II3707  -4-  Aq),  is  most 
probably  correct,  because  agreeing  in  the  num- 
ber of  equivs.  of  carbon  with  that  of  the  crys- 
tallized resin,  with  which,  in  all  its  properties, 
lithofellinic  acid  is  identical. 

Malaguti  and  Sarzeau,  by  the  action  of  nitric 
acid,  obtained  lithagofellinic  acid,  C40H230]4-f- 
2  (N04),  and  by  dry  distillation  pyro  lithofellinic 
acid,  C40H34O6.  For  an  interesting  paper  upon 
the  mutual  relations  between  this  acid  and  the 
sulphur  of  the  oxbile,  see  Chem.  Gaz.  iv.  471. 

LITHOMARGE.  Geol.  A  compact,  clayey 
mass,  due  to  the  decomposition  of  various 
mineral  substances. 

LITMUS.     See  Lichens. 

LIVER.  The  organ  of  the  body  which  se- 
cretes bile.  Boudet  gives  the  following  com- 
parative composition  of  a  healthy  and  morbid 

liver : — 

Healthy.   Morbid. 

Neutral  fat,  with  a  little  fat  acid  1-60  30-20 

Cholesterin 0-17  1-33 

Extract  soluble  in  ether 0-84  — 

Solid,  insoluble  tissue 21-00  13-32 

Water 76-39  55-15 

Bernard  and  Barreswill,  (Comptes  Rendus 
xxvii.,  p.  514.) 

Sugar,  also,  is  a  constituent  of  the  tissues. 

LIVER  OF  ANTIMONY.  See  Antimony, 
p.  232. 

LIVER  OF  SULPHUR.  The  tersulphuret 
of  potassium  =  K,  S3. 

LIXIVIATION.  The  separation  of  the  sa- 
line, soluble  portions  of  permeable  bodies,  by 
infiltration  with  water.  The  term  is  most  gene- 
rally applied  to  the  leeching  of  ashes  and  alka- 
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LIXIVIUM. 

line  materials,  nnd  the  process  is  based  upon 
the  same   principles    and    pra  is   that 

Of  Displacement.  ElHl.t'OHvriON  and  the 
washing  of  precipitates  in  Analysis  are  kin- 
dred operations. 

LIXIVIUM.  The  old  term  for  the  saline  so- 
lutions obtained  by  lixiviation. 

LOAM.  Auric.  It  is  a  soil  consisting  of  a 
due  admixture  of  sand  and  clay.  The  moder- 
ate cohesion  of  its  particles  renders  it  a  valu- 
able medium  for  the  entrance  of  the  air  to  the 
roots  of  plants,  and  for  the  supply  of  moisture 
to  vegetation.  As  clay  or  sand  is  the  predomi- 
nant ingredient,  loam  is  friable  or  mellow, 
middling  or  heavy. 

LOBELIA  INFLATA.  Reish's  analysis  of 
the  herb  gave — 

Water 0110 

Essential  oil undeterminable 

i  Chlorophyll,     wax,     resin,    1  nnrr 
and  stearin J 
Lobelin 0-022 
Aromatic  resin  0-013 
Vegetable  gelatin 0-028 

Mucus  gum 0-060 

Salts  of  potassa,  lime,  mag-  1 
nesia,  iron,  and  manga-  I  u.nrM 
nese,    with    organic    and  j 

inorganic  acids J 

j  Mucus  c;um  0-424 

\  Vegetable  fibre 0-266 


Extract. 


Aqueous 
Extract. 


Extract 

with 
Potassa. 


Lobelin.  Prepared  by  treating  the  spirituous 
extract,  exhausted  by  ether,  with  alcohol  of 
0-819,  evaporating  the  solution,  and  extracting 
the  residue  with  water.  The  brownish  acid 
solution,  on  evaporation,  yields  lobelin,  which 
when  dry  is  a  shining,  gummy  substance,  easily 
soluble  in  water  and  alcohol,  but  not  in  ether. 
Its  aqueous  solution  is  not  affected  by  the  acids, 
and  is  only  darkened  by  ammonia.  Tincture 
of  galls  throws  down  a  voluminous  white  pre- 
cipitate. 

Vegetable  gelatin  is  the  soluble  portion  of  the 
spirituous  extract,  insoluble  in  alcohol.  The 
so-called  mucus  gum,  unlike  the  lobelin,  is  not 
colored  by  iodine,  does  not  form  a  gelatinous 
mass  with  alcohol  or  acids,  nor  does  it  give 
pectic  acid  or  humin  by  boiling  with  alkalies, 
but  is  precipitated  as  a  shining  mass. 

The  lobelin  which  Calhoun  found  in  this  herb, 
forms  salts  with  the  acids.  The  acid  proper- 
ties of  a  decoction  of  the  plant,  he  ascribed  to 
lobelia  acid. 

LOBOITE.     See  Idocrase. 

LOGWOOD.  The  wood  of  the  Hmmatoxylon 
Campechianum.  Consists  of  volatile  oil,  hema- 
tin,  (Ha-matoxylin,)  fatty  or  resinous,  astrin- 
gent and  glutinous  matters,  acetic  acid,  woody 
fibre,  silica,  salts  of  lime,  potassa,  alumina, 
manganese,  and  iron. 

Its  principal  use  is  as  a  dye-stuff;  and  for 
convenience  of  transportation  the  coloring 
matter  is  separated  by  water  at  steam-heat, 
evaporated  to,  and  sold  under  the  form  of,  Ex- 
tract. 

LOTALITE.     See  Hornblende. 

LUNAR  CAUSTIC.     Nitrate  of  Silver. 

LUPULIN.     See  Hops. 

LUSTRE.     Ger.  Glanz.     The  peculiar  kind 
imd  amount  of  light  reflected  from  the  surface 
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of   minerals.      The    kind   of    lustre    i*    metallic, 
that  (if  the  metals.  a<  galena,  pj  rites  :    ritrrour, 

that   lit'  broken   glass,  as  crystallized  <|iiartz, 

topaz;  rerinous,  like  < tmon  rosin,  as  blende; 

pearly,  as  talc,  lepidolite;  vdky,  a  pearly  lustre 

when    the     specimen     is     Illinois,     as    gypsum; 

adamantine,  that  of  the  diamond1.     The  amount 

of  lustre  is  splendent,  when  a  surface  reflects  a 
perfect  image,  as  specular  iron  :  shining,  when 
the  image  is  not  well  defined :  glistening,  when 
oo  image  is  reflected,  as  talc;  glimmering,  when 
there  is  very  little  reflection  of  light;  and 
when  there  is  none,  as  clay.  Among  b11 
a  cleavage  face  is  often  pearly,  and  another 
surface  vitreous. 

LUTE.  Adhesive  mixtures  of  earthy  or 
other  materials  for  closing  joints  of  apparatus, 
so  as  to  prevent  the  escape  of  vapors'.  Thej 
are  plastic  when  moist,  and  in  this  state  are 
applied;  but  they  soon  harden  and  become 
impermeable  to  moisture  or  gases. 

Flaxseed  meal  and  whiting,  softened  with 
water,  make  an  excellent  lute  for  vessels  used 
for  the  distillation  of  spirits.  For  the  more 
penetrating  and  corrosive  liquids,  such  as  am- 
monia, &C,  caustic  lime  made  into  a  thick  paste 
with  glue,  must  be  used,  and  then  covered  over 
with  strips  of  glued  cotton.  For  subliming 
pots,  a  compost  of  ground  pipeclay,  sal  ciiixmn, 
and  water  is  preferable.  Fat  lute,  which  will 
stand  elevated  temperatures,  is  made  by  heat- 
ing powdered  dry  pipe-clay  with  linseed  oil, 
until  it  becomes  soft  and  ductile.  As  it  Boftene 
by  heat,  it  must  be  confined  by  strips  of  bladder. 
Plaster  of  Paris,  made  into  a  paste  with  water, 
is  a  very  good  lute  for  ordinary  purposes. 
Iron  cement,  prepared  by  moistening  1  pt.  of 
sulphur,  2  of  salammoniac,  and  80  of  iron  fil- 
ings, with  water,  is  used  for  making  permanent 
joints  between  surfaces  of  iron.  This  must  be 
mixed  only  in  quantity,  as  wanted. 

The  application  of  these  lutes  to  the  joints, 
is  much  in  the  same  manner  as  the  gla/.ier 
glazes  a  window  with  putty. 

In  analytic  and  the  nicer  chemical  operations, 
the  juueture  of  glass  tubes  is  closed  and  con- 
nected by  strips  of  sheet  caoutchouc.  See  Mor- 
fit's  '■'■Chemical  and  Pharmaceutic  Manipulations." 
LUTEOLIN.  See  Woad. 
LYCOPODIUM.  Chern.  Tech.  Syn.  Witch- 
meal,  Vegetable  sulphur.  The  small,  pale, 
yellow,  dusty  particles  contained  in  the  cap- 
sules of  the  L.  clavatum  or  common  Club-moss. 
Used  in  medicine  for  enveloping  pills,  and  in 
pvrotechny  to  represent  a  flash  of  lightning. 
LYD1AN  STONE.  See  Quartz. 
LYMPH.  The  liquid  portion  of  Blood  de- 
void of  its  coloring  matter,  and  may  be  con- 
sidered as  a  dilute  serum.  It  is  yellow  and 
sometimes  opalescent;  coagulates  in  10  or  16 
minutes  into  a  clear,  tremulous,  yellow  jelly, 
and  deposits  an  arachnoidal  coagulum  of  fibrin. 
The  residual  fluid  is  rather  thick  and  oily,  and 
under  the  microscope  exhibits  a  corpuscular 
structure.    [Mailer.)     Geiger's  analysis  gives — 

Water .. 98:1-7 

Extractive  matter 2-7 

Fibrin 0-4 

Albumen 6-2 

Chloride  of  sodium,  phosphates  of  potassa 

and  soda,  and  salinary  matter 70 

Fat  and  ammouiacal  salts traces 


MACE. 


MADDER. 


The  per  centage  of  water  varies  from  92£  to 
98  pr.  ct.  The  amount  of  fibrin  and  albumen 
differs  according  to  the  animal  whence  the 
lymph  is  taken,  and  the  state  of  its  health. 
Among  the  solid  constituents,  the  proportion 
of  which  is  also  variable,  some  chemists  have 
found  fat  in  the  form  of  oleate  of  soda.  For 
several  other  analyses,  see  Simon's  Chemistry, 
p.  289, 


M. 


MACE.     See  Myristica. 

MACERATION.  The  extraction  of  the  solu- 
ble portions  of  a  substance,  by  steeping  in  a 
menstruum  at  the  ordinary  temperatures  of 
the  atmosphere.  Displacement  with  a  cold 
liquid  would  be  a  more  effectual  and  economi- 
cal process. 

MACLURITE.     See  Chondrodite. 

MADDER.  The  root  of  the  Rubia  tinctorum. 
Levant,  Turkey,  or  Smyrna  madder  is  imported 
in  the  whole  root.  Dutch  or  Zealand  madder 
is  imported  ground.  Four  kinds  of  the  pow- 
der are  distinguished  : — crop  (the  best),  ombro, 
gamene,  and  mull  (the  worst).  French  madder 
is  imported  both  ground  and  whole ;  it  is  pro- 
duced in  the  environs  of  Avignon  and  Alsace. 
Pereird. 

The  nature  of  the  coloring  matters  of  this 
dye-stuff  was  investigated  in  1843  by  Girardin, 
who  reports  his  results  in  the  Journ.  de  Pharm. 
for  that  year. 

Garancin.  A  more  or  less  clear  chocolate- 
colored  powder,  which  does  not  impart  any 
color  to  the  saliva  or  to  cold  water,  even  by 
long  contact.  This  garancin  is  the  charbon 
sulphur ique  of  MM.  Robiquet  and  Colin,  de- 
prived of  every  trace  of  acid.  A  patent  was 
taken  out  on  the  2Gth  of  March,  1828,  by  MM. 
Lagier,  merchant,  and  Robiquet  and  Colin, 
professors  of  chemistry,  for  the  manufacture 
and  sale  of  this  new  product. 

•'  The  problem  to  be  solved,"  say  the  pa- 
tentees, "  is  to  obtain  the  whole  of  the  coloring 
matter  of  the  madder  free  from  the  foreign 
bodies  which  tarnish  its  lustre,  and  retain  it 
in  combinations  different  from  those  which  it 
ought  to  contract  with  the  mordants ;  now  the 
madder  in  its  natural  state  contains  coloring 
matter  in  various  conditions.  Thus,  in  the 
dyer's  bath  it  separates  into  two  portions,  one 
of  which  is  either  dissolved  or  suspended  in 
the  water,  whilst  the  other  remains  fixed  in 
the  ligneous  residue.  In  treating  the  exhausted 
residue,  which  is  generally  considered  worth- 
less, by  the  method  described  below,  a  quantity 
of  coloring  matter,  at  least  equal  to  that  first 
extracted  from  it,  is  obtained.  Besides,  the 
portion  which  the  water  carries  with  it,  either 
in  solution  or  in  suspension,  is  far  from  being 
attracted  by  the  mordant  of  the  stuffs  im- 
mersed in  it.  A  great  part  remains  in  the 
bath,  in  combination  with  some  substances 
which  retain  it  with  sufficient  energy  to  pre- 
vent it  from  combining  with  the  mordants  be- 
yond a  certain  limit." 

The  following  is  the  process  proposed  by 
them  : — "  The  madder  is  immersed  in  from  5  to 
6  pts.  of  cold  water,  and  allowed  to  macerate 
all  night,  in  order  that  the  portion  of  the 
coloring  substance  which  dissolves  at  first  may 


have  time  to  subside  ;  the  whole  is  then  thrown 
upon  linen  strainers,  and  when  the  liquid  has 
passed  through,  the  grounds  are  pressed ;  they 
are  then  immersed  again  in  the  same  quantity 
of  water,  pressed,  and  this  operation  repeated 
once  more.  After  these  three  washings,  which 
serve  to  remove  a  green  substance,  besides 
sugar,  mucilage,  and  other  soluble  substances, 
the  grounds,  still  moist  and  well  crushed,  are 
mixed  with  sulphuric  acid  equal  to  half  the 
amount  of  madder  first  employed  ;  it  is,  how- 
ever, requisite  that  this  acid  should  be  diluted 
more  or  less  with  water,  according  to  the  tem- 
perature ;  this  is  done  when  it  is  about  to  be 
employed,  in  order  to  turn  to  account  the  heat 
set  free  by  the  mixture.  The  acid  thus  diluted 
is  poured  quite  hot  over  the  madder  ;  it  is  then 
agitated  as  rapidly  as  possible,  and  when  the 
mixture  is  thought  to  be  well  effected,  the  tem- 
perature is  raised  to  212°  Fahr.,  and  main- 
tained for  about  an  hour.  At  the  end  of  this 
time  the  substance  is  again  mixed  with  a  suit- 
able quantity  of  water,  filtered,  and  washed  on 
the  strainers  until  the  liquid  passes  off  per- 
fectly insipid ;  it  is  then  pressed,  dried,  and 
passed  through  the  sieve. 

"In  this  operation  the  acid  has  undergone 
no  alteration ;  it  has  merely  become  weaker 
and  charged  with  some  calcareous  salts,  which 
do  not  prevent  its  being  employed  in  the  manu- 
facture of  sulphate  of  soda.  The  first  washing- 
water  might  also  be  turned  to  account,  since  it 
contains  much  sugar,  which  might  easily  be 
converted  into  alcohol." 

M.  Schlumberger-Rouff  manufactured  the 
garancin  which  he  used  according  to  the  fol- 
lowing process: — "After  having  grounAthe 
already  pulverized  madder  on  a  tablej^piy 
means  of  a  thick  wooden  rolling-pin  (such  as 
is  used  by  pastry  cooks),  it  was  placed  in  a  • 
leaden  basin,  then  moistened  with  a  little  f 
water,  and  half  its  weight  of  sulphuric  acid 
of  1  -834  spec.  grav.  poured  over  it,  whilst  two 
men  continually  stirred  the  mass  with  shovels, 
walking  around  the  basin.  When  the  charring 
(brUlage)  was  ended  it  was  washed  five  or  six 
times  in  barrels,  the  product  drained  upon 
linen,  and  then  dried  in  a  chamber  heated  by 
steam.  It  was  afterwards  ground  in  a  water- 
mill  made  upon  the  plan  of  pepper  or  coffee- 
mills.  This  garancin  was  very  acid,  and  could 
not  be  used  for  violet  colors." 

The  following  is  the  behavior  of  garancin 
towards  solvents : — 

Cold  distilled  water. — After  24  hours  of  con- 
tact it  has  only  assumed  a  pale,  yellowish 
color. 

Distilled  boiling  water. — Acquires  a  pale,  red- 
dish yellow  tint. 

Cold  calcareous  water. — After  24  hours  it  is 
less  colored  than  with  cold  distilled  water. 

Boiling  calcareous  water. — A  somewhat  paler 
tint  than  with  distilled  boiling  water. 

Cold  lime  water. — After  24  hours  the  tint  is 
paler  than  that  with  distilled  boiling  water, 
and  than  that  with  boiling  calcareous  water. 

Water  acidulated  with  sulphuric  acid. — Takes, 
after  some  hours,  a  slightly  greenish  yellow  tint. 

Water  acidulated  with  hydrocloric  acid. — Takes, 
after  some  hours,  a  rather  darker  tint. 

Cold  distilled  water,  acidulated  with  nitric  acid. 
— Takes,  after   some  hours,  a  rather   darker 
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tint,  and  the  blackish  gray  powder  becomes  of 
a  brownish  red,  resembling  madder  become 
brown  by  age. 

Cold  distilled  water,  acidulated  with  acetic  acid. 
— Becomes  faintly  yellow. 

Acetic  acid  of  1-0704  spec.  grav. — Acquires, 
after  several  hours,  a  beautiful  reddish  yellow 
color. 

Caustic  ammonia. — Becomes  red  immediately, 
and  after  24  hours  the  liquor  is  strongly  colored 
crimson-red,  so  intense  that  it  is  no  longer 
transparent  in  a  great  mass. 

Water  slightly  alkalized  by  ammonia. — Imme- 
diately assumes  a  beautiful  claret-red  color. 

Caustic  soda. — A  dark,  reddish  brown  color. 

Water  charged  with  carbonate  of  soda. — Ac- 
quires quickly  a  bright  reddish  color,  of  Bur- 
gundy wine. 

Cold  alum  water. — Becomes  almost  immedi- 
ately of  a  chrome-red  color. 

Boiling  alum  water. — Acquires  immediately  a 
dark  red  color,  and  upon  cooling  deposits  flakes 
of  the  same  color,  but  paler. 

Alcohol  of  spec.  grav.  0-803,  and  Hydrated 
ether. — Assumes  rather  quickly  a  slight  red- 
dish yellow  color. 

Dyeing  with  garancin  is  effected  in  just  the 
same  manner  as  with  madder.  It  is  more  ad- 
vantageous, however,  to  raise  the  bath  at  once 
to  113°  Fahr.,  and  then  gradually  to  107°  or 
170°.  Garancin  only  yields  its  color  to  the 
tissue  impregnated  with  the  mordant  at  a  boil- 
ing temperature.  The  water  of  the  bath  ac- 
quires no  color  even  after  ebullition,  which 
always  terminates  the  dyeing  with  garancin. 

The  mordants  are  the  same  as  those  which 
are^iiployed  for  dyeing  with  madder. 

^P  certain  colors  in  which  there  is  no  violet, 
sumach  is  sometimes  added  to  the  bath,  to  the 
♦amount  of  about  a  third  of  the  garancin  eni- 
|  ployed.  At  other  times,  for  red  grounds  for 
instance,  the  pieces  are  quercitronned  before 
garancing,  which  imparts  much  brightness  to 
the  red,  but  renders  the  violet  gray. 

The  proportion  of  garancin  used  in  dyeing 
calico  prints  varies  considerably,  according  to 
tiie  intensit}-  of  the  tints  and  the  quantity  of 
color  required  by  the  pattern. 

When  the  garancins  are  neuter  and  the  wa- 
ters are  calcareous,  they  must  be  corrected  by 
adding  a  variable  proportion  of  sulphuric, 
acetic,  or  oxalic  acid  to  the  bath.  1  centilitre 
of  sulphuric  acid  of  1-028  to  9  litres  of  water, 
or  15  centigrammes  of  oxalic  acid  to  a  litre  of 
water,  are  about  the  quantities  employed. 
When  sumach  is  added,  no  acid  is  employed. 

There  are  some  garancins  which  are  badly 
washed,  and  acid,  and  to  which  it  is  therefore 
necessary  to  add  chalk  or  alkaline  carbonates, 
in  order  to  get  rid  of  the  too  great  excess  of 
acid,  which  would  be  injurious;  but  chalk  and 
alkalies  are  avoided  as  much  as  possible. 

The  great  advantage  of  garancin  is,  that  it 
does  not  charge  the  white,  and  that  the  bleach- 
ing of  the  stuffs  dyed  with  garancin  is  reduced 
to  a  mere  nothing.  When  a  very  pure  white 
is  not  required,  it  suffices  merely  to  beat  and 
sufficiently  clear  the  pieces  after  the  garancing. 
When  a  perfect  white  is  required,  the  pieces 
are  passed  through  bran  for  15  or  20  minutes. 
Hot  water  or  bran  are  the  only  means  used  for 
clearing  them.  In  this  respect,  therefore,  ga- 
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rancin  possesses  a  great  advantage  oyer  mad- 
der, which  oovers  all  the  whites,  and  which 
renders  it  necessary  to  use  Boap,  and  I 
them  more  or  less  after  the  process  of  dyeing, 

The  titits  obtained  with  garancin  an 
rally  more  brilliant  and  lively  than    tlmse  with 
madder.      The  red  is  vivid,  of  a    carmint 
of  extraordinary  purity,  whilst  the  madder  red, 
placed  by  its  side,  is  always  somewhat  j 
or  of  a  fawn  color,  and  dull,  but  on  the  other 
hand  fuller.     The  puces  and  garnets  made  with 
garancin    are   much  more  velvety  than   those 
dyed  with  madder.     The  violets  are  imi  so  pale 
and  delicate  and  gray  as  with  the  latter.     All 
the  tints  are  weaker,  and  cannot  so  well  bear 
soaping;   they  also  require  great  care 
clearing,  and  resist  less  the  action  of  the  at 
mosphere  and  of  the  suu. 

All  the   garancins,   however,  do    not   afford 
tints  of  equal  richness  and  brilliancy, 
kinds  produce  a  beautiful  red,  but  a  had  violet 
color;  other  kinds  afford  a  magnificent  puce  or 
violet,  while  the  red  is  dull  brown. 

Testing  of  the  Garancins. — The  quality  of  the 
garancins  varies.  The  testing  of  them  is  on  a 
large  and  on  a  small  scale.  In  the  lattei 
samples  are  taken,  taking  care  to  cork  the 
labelled  bottles  in  which  they  are  enclosed  as 
quickly  as  possible,  in  order  that  they  may  not 
dry,  which  in  summer  time  especially  causes 
an  amelioration  of  from  5  to  0  pr.  ct.  in  a  few 
days,  on  account  of  the  water  which  evaporates. 

A  piece  of  calico,  printed  in  stripes  of  red, 
violet,  puce,  and  garnet  is  taken  (black  is  use- 
less, as  all  the  garancins  produce  that  well), 
not  gummed  as  usual,  and  dried.  As  many 
decimetres  are  cut  from  it  as  there  are  garan- 
cins to  be  tried,  and  the  pieces  are  marked  by 
notching  them  with  the  scissors:  the  notches 
must  correspond  with  the  numbers  on  the 
bottles. 

From  1-9  grm.  to  2  grms.  of  garancin,  known 
to  be  good,  is  weighed  off  to  serve  as  standard, 
and  for  the  garancins  to  be  tried  we  take  1,  2, 
3,  !,  •").  6,  7,  8,  10  times  more  or  less  of  L-90 
or  2  grms.,  according  as  they  cost  1,  2,  3,  4, 
&c,  more  or  less  than  the  standard  sample. 
As  the  samples  are  weighed,  they  are  each  put 
into  a  jug  with  a  wide  mouth,  holding  half  a 
litre,  with  from  2  to  2 J  decilitres  of  water, 
containing  some  oxalic  acid  in  the  proportion 
of  15  centigrms.  to  a  litre.  The  jugs  are  num- 
bered, so  as  to  correspond  with  the  samples  of 
the  garancins  and  strips  of  calico.  They  arc 
placed  in  a  water-bath,  in  a  copper  boiler  with 
a  flat  bottom,  the  pieces  of  printed  calico  arc 
immersed  in  them,  and  dyed  as  in  testing  the 
madders,  regulating  the  fire  so  as  to  raise  the 
temperature  to  158°  in  an  hour  and  a  half,  and 
keeping  it  at  the  boiling  point  for  half  an  hour. 
After  the  process  of  dyeing,  the  samples  are 
removed  as  quickly  as  possible  from  the  i  ■ 
rinsed  in  water  and  beaten,  and  then  dried,  or 
previously  immersed  for  5  or  6  minutes  in  a 
bran-bath  at  167°.  When  dry  they  are  com- 
pared, and  in  this  manner  the  relative  tinc- 
torial value  of  the  garancins  may  be  estimated 
as  nearly  as  possible. 

In  employing  calicoes  which  present  at  the 
same  time  stripes  mordanted  for  red,  violet, 
puce,  and  garnet,  it  is  seen  at  once  whether 
the  garancins  can  be  employed  with  advantage 


MADDER. 


MADDER. 


for  all  colors,  or  for  what  tints  they  are  most 
suited.  The  same  garancin  does  not  always 
suit  equally  well  for  red,  puce,  and  violet. 
Girardin.     (Chem.  Gaz.  ii.) 

Color  in.  (Alcoholic  extract  of  charbon  sul- 
phurique.  Robiquet  and  Colin.)  The  residue 
from  the  distillation  of  the  alcoholic  liquid, 
obtained  in  the  treatment  of  the  charbon  sul- 
pliurique  with  spirits  of  wine.  The  residue, 
which  consists  of  alizarin  still  impurified,  with 
a  little  fatty  matter,  is  in  the  form  of  an  ex- 
tract when  withdrawn  from  the  retort.  It  is 
diluted  with  a  little  water  and  pressed,  in  order 
to  separate  the  fatty  matter  from  it  as  much  as 
possible.  When  dry  and  reduced  to  powder,  it 
is  of  a  yellow-ochre  color,  without  any  decided 
smell  or  taste ;  moistened  it  stains  the  fingers 
strongly  of  a  yellow  color,  but  it  hardly  colors 
saliva.  It  presents  all  the  chemical  characters 
which  Robiquet  and  Colin  assigned  to  their 
alizarin. 

Colorin  dissolved  in  ammonia  and  the  liquor 
thickened  with  gum,  affords,  when  printed  on 
calicoes  with  aluminous  mordants  and  exposed 
to  steam,  red  and  rose  colors,  which  are  by  no 
means  inferior  to  those  obtained  with  madder 
dyes.    Girardin. 

The  later  examinations  of  other  chemists 
have  presented  the  composition  of  madder  dif- 
ferently from  the  foregoing,  and  it  is  now  de- 
clared that  the  root  contains  four  coloring 
principles,  viz. :  a  pale  red,  a  yellow  (the  xan- 
thin  of  Kuhlman),  an  orange  (the  alizarin  of 
Robiquet  and  Colin),  and  a  purple  matter  (the 
purpurin  of  Claubry  and  Persoz).  According 
to  Decaisne,  however,  madder  contains  but  one 
coloring  matter,  and  that  is  a  yellow,  which 
passes  into  the  different  shades  of  red  by  the 
absorption  of  oxygen. 

Xanthin.  Amorphous  and  yellow,  readily 
soluble  in  water  and  alcohol,  but  insoluble  in 
ether.  Alkalies  color  it  orange-red,  and  the 
acids  lemon-yellow.  Is  not  precipitated  from 
its  solutions  by  the  metallic  oxides,  but  is  sepa- 
rated in  an  impure  state  from  the  alcoholic 
extract  of  madder,  by  water. 

Alizarin.  C30HsO8.  Prep.  By  treating  the 
Charbon  sulphurique,  before  mentioned,  with 
boiling  alcohol,  adding  water,  distilling  the 
mixture,  separating  the  alizarin  from  the  aque- 
ous residue  by  filtration.  By  sublimation  and 
washing  with  ether,  orange  crystals  are  ob- 
tained. 

Prop.  Soluble  in  alcohol,  with  red  color ; 
less  so  in  ether,  and  with  a  yellow  tint ;  much 
more  soluble  in  hot  than  in  cold  water,  the 
former  precipitating  it  in  flocculae  from  its 
solution  in  concentrated  sulphuric  acid.  This 
substance  is  identical  in  composition  and  pro- 
perties with  the  Lizarinic  acid,  recently  ex- 
tracted from  madder  by  Debus,  along  with 
oxylizannic  acid.  Its  salts  are  red  or  violet, 
and  excepting  those  of  potassa,  soda,  and 
ammonia,  insoluble  in  water  and  in  alcohol. 
(Ann.  der  Chem.  und  Pharm.  Ixvi.,  p.  351.) 

Purpurin.  Fusible  and  volatile.  Resembles 
the  preceding,  but  is  of  a  deeper  color,  and 
differs  from  it  in  being  readily  soluble  in  a 
boiling  alum  solution.  It  is  thus  extracted 
from  garancin,  and  is  then  precipitated  by  sul- 
phuric acid.  Is  less  soluble  in  water  than  ali- 
zarin, and  very  slightly  soluble  in  ether. 
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The  opinion  has  been  broached  that  the  vai-i- 
ous  pigments  contained  in  the  root  of  the  mad- 
der, are  probably  oxides  of  one  and  the  same 
radical.  No  actual  investigation,  in  support 
of  this  view,  exists.  Robiquet1  s  analysis  has 
been  rendered  perfectly  valueless  by  the  inves- 
tigations of  Runge,  who  proved  that  several 
volatile  pigments  are  contained  in  the  madder. 
The  highly  valuble  microscopic  examination 
of  Decaisne  showed  that  the  red  pigments  are 
not  perceptible  in  the  fresh  root. 

The  greatest  difficulty  which  is  met  with  in 
examining  the  madder  pigments,  is  the  sepa- 
rating of  them  from  one  another.  After  nu- 
merous experiments,  the  following  process  was 
found  most  advantageous.  The  ground  madder 
root  was  treated  with  water  in  a  wooden  vat,  and 
left  undisturbed  for  one  or  two  days,  the  water 
poured  off,  and  the  madder,  after  being  pressed, 
repeatedly  extracted  with  a  boiling  concen- 
trated solution  of  alum  in  a  copper  boiler. 
The  filtered  decoction  deposits,  on  cooling,  a 
reddish  brown  substance,  which  may  be  sepa- 
rated by  filtration.  When  the  clear  red  liquid 
thus  obtained  is  mixed  with  sulphuric  acid,  the 
dissolved  pigment  generally  separates  in  the 
course  of  24  hours,  and  the  liquid  is  then  but 
very  faintly  colored ;  the  pigment  is  collected 
on  a  filter,  and  dissolved  in  a  boiling  solution 
of  alum.  If  a  fresh  deposit  is  formed  on  cool- 
ing, it  is  separated  by  filtration,  and  the  liquid 
again  treated  with  sulphuric  acid.  The  pre- 
cipitate thus  obtained  is  washed  with  dilute 
boiling  muriatic  acid,  and  afterwards  with  cold 
water,  and  dissolved  in  alcohol,  the  greater 
portion  of  the  alcohol  distilled  off,  and  then 
left  to  spontaneous  evaporation.  The  madder- 
purple  which  is  deposited  is  dissolved  repeat- 
edly in  ether,  about  two-thirds  of  the  ether 
each  time  removed  by  distillation,  and  the  re- 
mainder allowed  to  evaporate,  when  the  pig- 
ment gradually  separates. 

The  madder-purple  obtained  in  this  manner 
forms  a  brilliant  cherry-red  powder,  which  is 
scarcely  soluble  in  cold  water,  tolerably  so  in 
boiling,  and  very  readily  soluble  in  alcohol  and 
ether.  It  dissolves  in  alkalies  of  a  dark  red 
color,  from  which  it  is  precipitated  by  acids  in 
red  flakes.  When  heated,  it  melts  and  is  vola- 
tilized, apparently,  however,  undergoing  some 
change.  If  the  sealed  end  of  a  glass  tube, 
about  2\  inches  long  and  some  lines  in  diame- 
ter, is  blown  out  into  a  bulb,  a  small  quantity 
of  the  purple  conveyed  into  the  bulb,  and  this 
immersed,  together  with  a  thermometer,  in  a 
platinum  crucible  of  moderate  size,  half-filled 
with  oil,  and  heat  applied ;  the  portion  of  the 
tube  projecting  out  of  the  oil  becomes  coated 
at  437°,  with  a  violet  film;  and  if  the  tempe- 
rature is  raised,  this  portion  of  the  tube  is 
gradually  filled  with  minute  crystals  of  the 
pigment.  This  property  of  madder-purple  is 
opposed  to  the  statement  of  Runge,  according 
to  whom  the  sublimed  madder-purple  is  not 
crystalline.  On  filling  a  small  platinum  cruci- 
ble of  about  3  centimetres  in  height  one-fourth 
full  with  madder-purple,  placing  a  small  funnel 
stopped  with  some  paper  over  the  crucible,  and 
cautiously  heating  over  the  lamp,  in  a  sand- 
bath,  a  quantity  of  the  most  beautiful  crystals, 
of  a  cherry-red  color,  are  obtained.  These 
crystals,  however,  no  longer  yielded  with  pot- 
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ash  a  red,  but  a  violet  solution;  the  residuary 
portion  in  the  crucible  affords,  when  it  has  no! 
been  heated  too  strongly,  the  same  violet 
with  potash.    Madder-purple  yielded,  on  analy- 
sis, C28II10O)5. 

The  behavior  of  the  madder  pigments  to- 
wards concentrated  sulphuric  acid  is  of  vast 
importance  in  the  manufacture  of  garancin. 
When  madder-purple  or  madder-red,  or  a  mix- 
ture of  the  two  is  dissolved  in  cold,  concen- 
trated sulphuric  acid,  the  solution  is  of  a 
splendid  cherry-red  color;  if  to  this  solution 
from  one-fourth  to  one-third  of  its  volume  of 
water  be  added,  the  coloring  matter  separates 
unaltered  from  the  hot  liquid.  If  the  solution 
of  the  pigments  in  concentrated  sulphuric  acid 
is  heated  to  200°,  the  pigments  are  not  altered 
even' at  this  temperature;  they  separate  un- 
changed when  the  still  hot  solution  is  cautiously 
poured  into  a  vessel  containing  water.  If,  in 
the  preparation  of  garancin,  the  sulphuric  acid 
is  diluted  with  from  one-fourth  to  one-third  of 
its  volume  of  water,  there  is  no  reason  to  fear 
any  considerable  quantity  of  the  pigment  being 
dissolved  in  it;  nevertheless  an  acid  of  this 
strength  immediately  blackens  a  shaving  im- 
mersed in  it.  The  employment  of  too  concen- 
trated an  acid  has,  judging  from  this  behavior, 
the  disadvantage  that  the  flakes  of  pigment 
which  separate  on  dilution  are  readily  carried 
away  by  the  wash-water.  From  the  above  ex- 
periments, moreover,  it  is  evident  that  there  is 
no  need  for  so  much  anxiety  respecting  the 
temperature  in  the  preparation  of  garancin,  as 
many  directions  given  in  chemical  works  would 
make  it  appear. 

Sublimed  Madder-purple.  Forms  beautiful 
crystals,  but  its  behavior  towards  alkalies 
show's  that  the  madder-purple  experiences 
some  (.linage  during  the  sublimation,  which  is 
also  confirmed  by  analysis;  for  it  yielded — 

Carbon 53-30 

Hydrogen 5-19 

Oxygen 40-51 

What  this  change  is,  has  not  been  determined, 
except  so  far  as  regards  the  generation  of  car- 
bonic acid. 

According  to  the  statement  of  Robiquet  and 
Colin,  the  crystals  of  alizarin  are  accompanied 
by  a  fatty  substance,  which  prevents  their  dis- 
solving in  water ;  this  substance  is  said  to  be 
removed  by  moistening  with  alcohol,  and  the 
alizarin  rendered  soluble.  The  assumption  of 
a  fatty  substance  is  undoubtedly  founded  upon 
some  error.  If  sublimed  or  unsublimed  mad- 
der-purple or  madder-red  is  moistened  with  a 
few  drops  of  alcohol,  the  pigment,  which  alone 
is  not  soluble  in  water,  passes  with  the  alcohol 
on  mixing  with  water,  into  solution ;  the  same 
happens  when  they  arc  just  moistened  with 
ether,  in  order  to  remove  the  supposed  fatty 
substance.  The  crystals  of  the  sublimed  mad- 
der-purple dissolve  with  difficulty  in  a  boiling 
solution  of  alum  ;  their  solubility  is  increased 
by  reducing  them  t;j  powder. 

Madder-red.  This  substance  is  contained  in 
the  precipitate  which  subsides  from  the  hot 
decoction  on  cooling ;  if  this  deposit  be  boiled 
with  alcohol  to  which  a  concentrated  solution 
of  alum  has  been  added,  there  is  obtained  on 
cooling  two  strata  of  pigments;  the  upper 
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bright  red,  flocculent  layer  is  removed  with  a 
pipette,  and  Borne  of   the    above  miitui 

alcohol  and  solution  of  alum  poured  upon  the 
lower  dark-brown  deposit,  w  bich  i>  then  hi 
and  again  treated  aa  above.  When  the  flakes 
of  the  upper  layer  produce  n  pure  violet  solu- 
tion with  potash,  the  brown  sediment  is  washed 
after  their  removal  with  dilute,  boiling  muri- 
atic acid,  ami  afterwards  with  water,  dried, 
and  treated  witli  boiling  alcohol,  which  dis- 
solves the  madder-red,  leaving  behind  a  brown 
substance.  The  alcohol  is  distilled  off,  (lie 
pigment  dissolved  in  ether,  a  portion  of  the 
ether  removed  by  distillation,  the  solution  then 
left  to  spontaneous  evaporation;  ami,  when  the 
greater  portion  of  the  pigment  has  separated, 
the  remainder  poured  off.  The  treatment  with 
ether  is  repeated  until  a  powder  of  a  pure 
brilliant  yellow  color  is  obtained. 

Madder-red  is  very  sparingly  soluble  in  wa- 
ter, but  readily  so  in  alcohol  and  in  ether; 
with  potash  it  yields  a  violet  solution  ;  am- 
monia and  the  fixed  alkaline  carbonates  dis- 
solve it  with  a  red  color.  It  behaves,  when 
heated,  quite  analogous  to  madder-purple;  at 
437°  it  begins  to  volatilize,  and  is  deposited  in 
beautiful  orange-yellow  needles.  An  attempt 
to  reduce  both  madder-red  and  madder-purple, 
according  to  Preisser's  method,  has  not  been 
successful.  A  small  quantity  of  madder-red 
submitted  to  analysis,  yielded  the  following 
results : — C28II909. 

The  formula  C28H909,  as  well  as  the  preced- 
ing ones,  must  only  be  regarded  as  convenient 
expressions  of  the  analytical  results. 

Sublimed  Madder-red.  The  behavior  of  this 
substance  agrees  with  that  of  the  unsublimed 
pigment;  the  crystals  are  not  soluble  in  water, 
but  dissolve  with  ease  in  ether  and  alcohol.  It 
is  probable  that  its  composition  does  not  differ, 
although  the  analysis  yielded  a  somewhat  dif- 
ferent result,  viz. — 

Carbon 67-71 

Hydrogen 4-51 

Oxygen 2778 

It  appears  to  result,  from  the  preceding  ob- 
servations, that  madder-red  may  pass  into 
madder-purple  by  the  assimilation  of  1  equiv. 
water  and  5  equivs.  oxygen, 

C23H9O9+HO+5O  =  C28Hl0O,6. 

If  we  adopt  the  formula  C28H160)6  instead 
of  C7H404,  the  sublimed  purple  differs  from 
the  red  pigment  only  in  containing  7  more 
equivs.  of  water. 

In  some  experiments  which  Shiel  made  with 
a  view  of  ascertaining  the  action  of  oxygen 
upon  these  pigments,  madder-purple  did  not 
absorb  half  a  cubic  centimetre  of  the  gas  dur- 
ing 48  hours'  confinement  in  a  tube  filled  with 
oxygen,  and  remained  unaltered  ;  madder-red 
appeared  to  become  converted  into  the  purple 
pigment,  for  in  attempting  to  close  with  the 
blowpipe  the  apparatus  containing  the  madder- 
red,  an  explosion  resulted,  and  the  substance 
was  scattered  in  all  directions  ;  at  several  parts 
of  the  tube  there  were  dark,  circular  spots; 
and  what  was  collected  of  the  substance  was 
of  a  brown  color,  and  no  longer  yielded  with 
potash  a  violet,  but  a  red  solution.  (Liebig't 
Annalen,  October,  184G.) 
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Madder  lake.  Inglefield's  process  is  to  en- 
close the  best  crop  madder  in  a  bag,  and  beat 
it  well  in  successive  portions  of  water  until  it 
ceases  to  give  color.  The  mixed  liquors  are 
then  boiled  in  an  enamelled  vessel,  and  treated 
with  1  oz.  of  alum  (dissolved  in  1  pt.  hot  water) 
to  every  2  oz.  madder.  Stir  well,  and  during  the 
agitation  gradually  add  \\  oz.  saturated  solu- 
tion of  salt  of  tartar.  When  it  has  cooled  and 
settled,  decant  the  supernatant  yellow  liquor, 
agitate  the  residue  with  boiling  water,  decant, 
drain,  and  dry.  The  yield  is  about  25  pr.  ct. 
Ure's  method,  which  differs  but  slightly  from 
this,  is  given  in  his  Dictionary  of  Arts  and.  Manu- 
factures. 

Adulterations.  The  high  price  of  madder, 
and  the  facility  of  adulterating  it  with  foreign 
pulverulent  matters,  subjects  the  powdered 
root  to  a  number  of  sophistications.  There 
are  two  kinds  of  adulteration : — Earthy  or 
mineral  substances,  and  sometimes  vegetable 
substances,  the  color  of  which  resembles  that 
of  madder. 

1.  Adulteration  by  Mineral  substances.  The 
mineral  substances  are  brick-dust,  red  and 
yellow  ochre,  yellowish  sand,  yellowish  clay  or 
argillaceous  earth.  A  madder  which  contains 
earthy  substances  grates  between  the  teeth 
when  chewed. 

A  small  quantity  of  such  a  madder,  for  ex- 
ample from  25  to  30  grms.,  introduced  into  a 
large  glass  globe  and  diluted  with  5  or  f>  litres 
of  water,  quickly  deposits  the  greater  portion 
of  the  earthy  substances  at  the  bottom  of  the 
vessel.  When  the  suspended  madder  is  de- 
canted and  the  deposit  agitated  with  a  fresh 
quantity  of  water,  the  earthy  substances  are 
isolated,  and  maybe  examined.  However,  to 
determine  the  proportion,  more  exact  processes 
must  be  had  recourse  to.  The  best  is  that  of 
calcining,  at  a  red  heat,  in  a  platinum  crucible. 
5  grms.  of  the  madder  under  examination  are 
first  dried  completely  at  212°  Fahr.,  and  are 
weighed  with  great  exactness,  and  then  put 
into  the  platinum  crucible,  which  must  be 
weighed   beforehand.      The    crucible  is   shut, 


and  heat  gradually  applied.  When  perfectly 
incinerated  the  crucible  is  taken  out  of  the 
furnace,  and  left  to  cool,  and  then  weighed; 
its  weight  being  deducted  from  the  quantity 
employed,  the  difference  gives  the  proportion 
of  cinders  obtained. 

These  cinders  are  composed, — 1st,  of  the 
fixed  mineral  matters  contained  in  the  root, 
and  2d,  of  the  earthy  substances  foreign  to  the 
chemical  constitution  of  the  root,  and  which 
have  been  accidentally  or  fraudulently  mixed 
with  the  madder. 

Madder  which  is  very  pure,  and  quite  free 
from  its  epidermis,  or  any  foreign  earthy  mat- 
ter, and  dried  with  care,  gives  by  incineration 
5  pr.  ct.  of  ash ;  that  of  the  Lizaris  of  Pro- 
vence, stripped  of  its  pellicle,  gives  on  an 
average  8-80  pr.  ct.  ash. 

According  to  M.  Henri  Schlumberger,  100 
pts.  of  Alsatian  Lizaris  washed  in  distilled 
water  and  dried  at  212°,  give  7-20  pr.  ct.  of 
ash,  whilst  100  pts.  of  Lizaris  of  Avignon,  pre- 
pared in  the  same  way,  give  8-766. 

According  to  M.  Chevreul,  100  pts.  of  Lizaris 
from  the  Levant,  dried  at  212°,  give  9-80  ash. 

When  an  Avignon  madder,  SFF  (the  mark 
most  generally  used),  subjected  to  the  test  of 
incineration,  gives  a  greater  weight  of  ash  than 
5  pr.  ct.,  which  is  the  mean  of  numerous  ex- 
periments, the  excess  must  be  attributed  to  the 
presence  of  foreign  earthy  or  sandy  matters, 
either  arising  from  adulteration  or  a  careless 
preparation  of  the  powder. 

When  the  excess  is  only  from  three  to  four- 
hundredths,  it  is  probably  owing  to  some  fault 
in  the  preparation  of  the  madder,  the  manu- 
facturer not  having  separated  the  epidermis 
(which  is  always  coated  with  the  earth  which, 
surrounds  the  root)  carefully  enough  by  grind- 
ing ;  but  when  the  excess  is  above  4  or  5  pr.  ct., 
or  more,  it  is  the  result  of  fraud. 

The  madders  obtained  from  the  merchants 
give  very  variable  results  with  respect  to  the 
proportion  of  ash  which  they  furnish,  as  the 
following  table  shows : — 


Per  cpnt.  of  Ash. 

On  6  trials  the  mulle  madder  of  Avignon  gave 4-00 

On  7  trials  the  madder  SF  of  Avignon  gave  from 12-40  to  20-00 

On  18  trials  the  madder  SFF  of  Avignon  gave  from 7-40  to  23-00 

On  4  trials  the  madder  SFFRP  of  Avignon  gave  from 12-00  to  16-00 

On  3  trials  the  madder  SFFP  of  Avignon  gave  from 10-00  to  10-80 

On  7  trials  the  madder  EXT F  of  Avignon  gave 10-00 


When,  in  testing  a  madder  by  incineration, 
the  quantity  operated  on  amounts  to  5  grms., 
the  weight  of  the  ash  must  be  multiplied  by 
20,  in  order  to  bring  it  to  100  pts.,  and  from 
the  figure  obtained,  7  pts.,  representing  the 
mean  weight  of  ash  pr.  ct.  furnished  by  good 
madder,  subtracted;  the  surplus  then  repre- 
sents the  proportion  of  earthy  matters  or  of 
sand  added  by  the  manufacturer.  Conse- 
quently, a  madder  furnishing  16-40  pr.  ct.  of 
ash,  will  contain  9-40  pr.  ct.  of  foreign  matter. 

2.  Adulteration  by  Vegetable  substances.  The 
vegetable  substances  introduced  into  the  mad- 
ders are  powders  of  little  or  no  value,  such  as 
sawdust  almond  shells,  bran,  the  bark  of  the 
BO-called  pine-tree,  mahogany  wood,  logwood, 
sand.il  wood,  and  fir-tree  wood. 

The  sophistication  of  madders  by  these  dif- 


ferent substances  is  much  more  prejudicial  to 
the  dyer  than  that  by  mineral  substances;  for 
besides  diminishing,  like  the  latter,  the  quan- 
tity of  coloring  matter  of  a  given  weight  of 
madder,  they  also  injure  the  dye,  either  by 
absorbing  the  coloring  matter,  or  by  prevent- 
ing the  colors  becoming  so  bright. 

It  is  extremely  difficult  to  ascertain  with 
what  kind  of  vegetable  substance  a  madder 
has  been  adulterated  ;  it  is  mostly  only  possible 
to  ascertain  that  there  is  a  mixture.  This, 
however,  is  the  most  important  point,  and  the 
practical  man,  after  all,  only  needs  to  know  the 
tinctorial  worth  of  the  madder  which  he  buys. 

Determination  of  Coloring  power.  One  method 
is  to  test  the  coloring  power  by  means  of  La- 
bill  ardiere's  colorimeter.  The  second,  in  de- 
termining this  coloring  power,  as  well  as  the 
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solidity  and  brilliancy  of  the  coiors,  by  an 
operation  of  dyeing.  The  third  experiment  ia 
to  ascertain  the  absolute  quantity  of  the  color- 
ing principle.  These  different  experiments  are 
always  made  comparatively,  by  taking  for  type 
a  madder  prepared  with  all  possible  care,  and 
having  the  same  marks  as  that  under  exami- 
nation. As  with  indigo  and  other  tinctorial 
substances,  a  single  experiment  is  not  suffi- 
cient; and  by  reason  of  the  difficulty  there  is 
of  correctly  verifying  the  value  or  the  quality 
of  the  madders,  it  is  indispensable,  in  order  to 
decide  with  any  certainty,  to  check  the  experi- 
ments by  each  other.  This  is  the  only  -way  of 
obtaining  satisfactory  results. 

1.  Determination  of  the  Coloring  power  by  the 
Colorimeter.  The  following  is  the  mode  of  ope- 
ration with  the  colorimeter  of  Labillardiere  : — 
The  type  madder  and  the  madder  under  exami- 
nation are  dried  at  202°  Fahr.,  and  an  account 
is  kept  of  the  respective  quantities  of  hygrome- 
tric  water  they  contain.  25  grms.  of  each 
sample  are  then  mixed  with  250  grms.  of  water 
at  68°.  After  3  hours  of  contact  the  whole  is 
thrown  upon  a  linen  cloth.  A  second  macera- 
tion is  made  with  the  same  amount  of  water, 
and  for  the  same  length  of  time.  The  madders 
are  then  washed  with  250  grms.  of  cold  water, 
dried  at  212°,  and  weighed,  in  order  to  ascer- 
tain the  proportions  of  soluble,  saccharine,  and 
mucilaginous  matters  which  they  have  lost  by 
these  preliminary  washings,  which  only  remove 
an  insignificant  quantity  of  red  coloring  matter. 
5  grms.  of  each  of  the  two  madders  are  then 
introduced  into  little  glass  globes  with  40  pts. 
of  water  and  6  pts.  of  very  pure  alum,  boiled 
for  a  quarter  of  an  hour,  and  the  boiling  liquids 
filtered.  The  grounds  are  washed  with  2  pts. 
of  hot  water.  Two  other  decoctions,  similar 
to  the  first,  are  made,  and  each  time  the  residue 
is  washed  with  2  pts.  of  hot  water.  The  pro- 
ducts of  the  three  decoctions  are  combined, 
and  the  liquids  from  the  two  samples  of  madder 
compared  by  the  colorimeter. 

Without  doubt  this  examination  with  the 
colorimeter  is  not  sufficiently  accurate,  but  it 
affords  valuable  indications,  which,  joined  to 
those  resulting  from  the  following  tests,  enable 
us  to  give  a  decided  opinion. 

2.  Determination  of  the  Tinctorial  power  by 
Dyeing.  In  order  to  estimate  the  value  of  a 
madder  by  dyeing,  a  madder  of  superior  quality 
must  be  taken,  as  a  type  of  comparison,  with 
which  skeins  or  mordanted  calicoes  have  been 
already  dyed,  by  acting  with  determinate 
quantities  of  powder,  tissue,  and  water. 

Whatever  vegetable  powders  may  have  been 
fraudulently  introduced  into  the  madders, 
whether  tinctorial  or  inert,  they  can  never 
lead  to  error  as  to  the  true  tinctorial  value  of 
the  mixture,  inasmuch  as  the  colors  which  they 
afford,  and  which  saturate  the  mordants  at  the 
same  time  as  the  red  principle  of  the  madder, 
cannot  withstand  the  action  of  the  clearings  as 
the  later  does ;  they  run,  as  is  said  in  the  soap 
and  tin-baths,  and  in  the  end  there  only  re- 
mains the  color  from  the  madder,  upon  the 
tissue.  The  clearings  are  therefore  necessary 
to  show  the  solidity  and  vivacity  of  the  tints 
obtained. 

3.  Determination  of  the  Quantity  of  the  Color- 
ing principle.     The  most  exact  process  hitherto 
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published,  is  without  doubt  thai  made  known 
by  M.  II.  Schlumberger,  in  1888,  as  modified 
by  M.  Scheurer.  Bui  this  process,  which  is 
rounded  on  the  solubility  of  (he  red  coloring 
principle  of  the  madder  in  weak  acetic  at 
fact  pointed  out  as  early  as  1829  bj  an  anony- 
mous chemist,  is  unfortunately  too  sensitive, 
and  requires  too  great  a  degree  of  skill  in  the 
manipulation  to  become  general. 

The  following  is  the  method : — 50  gnus,  of 
madder  are  diluted  with  50  grms.  of  concen- 
trated sulphuric  acid.  The  whole  is  left  in 
contact  for  some  hours;  too  high  a  tem] 
ture  should  be  avoided.  The  charcoal  obtained 
is  mixed  with  water  and  thrown  upon  a  filter; 
it  is  then  washed  until  the  water  passes  through 
quite  insipid,  and  next  dried  at  a  temperature 
of  212°.  This  charcoal  is  reduced  to  a  line 
powder,  and  macerated  for  two  hours  at  three 
distinct  intervals,  with  cold  alcohol  oontfl 
a  little  ether,  in  order  to  free  it  from  :i 
matter  which  it  retains.  The  powder  is  boiled 
in  alcohol  of  0-834,  at  three  different  intervals, 
employing  each  time  about  250  grms.  of  aleo- 
hol.  When  this  is  no  longer  colored  by  ebulli- 
tion, the  alcoholic  liquors  are  mixed,  and  dis- 
tilled in  a  small  glass  retort  to  the  consistence 
of  a  syrup,  and  the  concentration  of  the  liquid 
completed  in  the  water-bath  in  a  weighed, 
porcelain  crucible.  When  the  extract  is  per- 
fectly dry,  its  weight  is  taken.  This  represents 
the  proportion  of  red  tinctorial  principle  con- 
tained in  the  madder. 

This  process  is  rather  long ;  it  does  not  give, 
especially  on  a  small  scale,  the  absolute  propor- 
tion of  coloring  principle  contained  in  the  mad- 
der ;  there  is  a  slight  loss,  but  by  acting  compara- 
tively, a  sufficient  approximation  is  obtained. 

Such  are  the  different  methods  for  ascertain- 
ing the  quality,  the  purity,  or  the  adulteration 
of  the  madders.  In  most  cases  calcination  is 
sufficient ;  and  rigorously,  calcination  and  the 
test  by  dyeing  made  conjointly,  allow  the  prac- 
titioner to  form  a  positive  opinion  of  the  value 
of  the  madders  submitted  to  examination. 
Girardin.     [Chem.  Gaz.  ii.) 

MAGISTERY.  The  alchemical  term  for  pre- 
cipitates, especially  those  produced  by  the  dilu- 
tion of  metallic  solutions  with  water.  It  is 
still  retained  as  the  vulgar  title  of  several  pre- 
parations, an  example  of  which  is  the  magis- 
tery  of  Bismuth. 

MAGNESIA  ALUM.     See  Alums. 

MAGNESIAN  LIMESTONE.  See  Bitter 
Spar. 

MAGNESITE.  See  Bitter  Spar  and  Meer- 
schaum. 

MAGNESIUM.  The  metallic  basis  of  mag- 
nesia. The  earth  was  first  employed  about 
150  years  ago  ;  it  was  distinguished  from  lime 
about  the  middle  of  the  last  century,  and 
within  the  present  century  the  metal  wa 
lated  by  H  Davy.  It  is  most  abundantly  found 
in  limestones,  in  which  it  sometimes  exists  in 
equal  proportion  with  lime.  It  is  also  pi 
in  mineral  and  sea-water,  in  nearly  all  clays 
and  slates,  besides  talcose  and  other  rocks.  In 
plants  and  animals  it  plays  an  important  part, 
chiefly  in  the  harder  portions  as  a  phosphate. 

1.  Magnesium  may  be  prepared  by  putting 
potassium  in  the  lower  end  of  a  tube,  and  above 
pieces  of  fused  chloride  of  magnesium,  which 
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are  first  heated  nearly  to  fusion,  and  then  hy 
inclining  the  tube  the  potassium  is  allowed  to 
flow  upon  the  chloride.  Strong  ignition  en- 
sues with  the  formation  of  magnesium  and 
chloride  of  potassium,  the  latter  of  which  is 
washed  out.  It  is  silver-white,  lustrous,  mal- 
leable, ductile,  and  readily  fusible,  and  by  gal- 
vanism is  obtained  in  8-hedra.  It  is  perma- 
nent in  dry,  oxidizes  slowly  in  moist  air,  burns 
when  heated  highly ;  oxidizes  slowly  in  hot 
water,  readily  in  acid  water.  Sym.  Mg.  Eq. 
=  12,  (158-35.  0  =  100  or  12-67.  H  =  1. 
Berz.) 

2.  Magnesia.  Magnia,  calcined  or  caustic 
magnesia.  Ger.  Talkerde,  Bittererde.  MgO. 
Obtained  by  heating  the  carbonate  or  hydrate ; 
from  the  former  as  a  white,  very  loose  powder, 
from  the  latter  more  dense.  It  slightly  blues 
moistened  red  litmus  paper,  but  is  not  caustic  ; 
fuses  by  galvanism  or  the  hydroxygen  blowpipe. 
It  forms  a  hydrate  which  is  precipitated  from 
solutions  by  caustic  fixed  alkali,  and  dries  to 
an  almost  translucent,  brittle  mass  (found  in 
uature  as  Hydrous  Magnesia).  It  is  soluble 
in  about  5000  pts.  cold,  and  30000  pts.  boiling- 
Water.  When  moistened  with  nitrate  of  cobalt, 
and  heated  to  redness  before  the  blowpipe,  it 
becomes  rose-red. 

Salts.  This  earth  has  not  a  very  strong  at- 
traction for  acids,  except  the  sulphuric  and 
phosphoric.  Its  soluble  salts  have  a  bitter 
taste  ;  the  insoluble  salts  are  soluble  in  muri- 
atic acid,  except  the  ignited  phosphate.  Caus- 
tic potassa  or  soda  precipitates  magnesia  per- 
fectly, unless  ammoniacal  salts  be  present ; 
ammonia  and  carbonated  alkalies  precipitate 
it  imperfectly ;  borate  or  phosphated  alkali 
throws  it  down  imperfectly,  even  when  heated ; 
but  if  free  ammonia  be  present,  the  double 
phosphate  of  ammonia  and  magnesia  removes 
nearly  all  the  earth  from  solution ;  oxalic  acid 
and  oxalates  throw  it  down  from  neutral  and 
alkaline  solutions,  which  is  prevented  by  sal- 
ammoniac. 

3.  Sulphur et.  By  passing  sulphuretted  hy- 
drogen through  magnesia  in  water,  it  is  dis- 
solved, forming  sulphydrate  of  sulphuret  of 
magnesium.  If  a  concentrated  solution  of  sul- 
phydrate of  potassium  be  added  to  this  solu- 
tion, hydrated  sulphuret  of  magnesium  pre- 
cipitates. 

Salts. 
1.  Haloids. — Chloride  of  Magnesium  occurs  in 
sea-water  and  salines.  The  solution  is  made 
by  dissolving  magnesia  in  muriatic  acid.  By 
evaporating  equal  parts  of  the  muriate  and 
salammoniac  to  dryness,  and  putting  it  gradu- 
ally into  an  ignited  platinum  crucible,  or  by 
igniting  1  pt.  magnesia  and  2  pts.  salammoniac 
until  all  ammoniacal  salt  is  volatilized,  fused, 
dry  chloride  of  magnesium  is  formed.  It  is 
very  fusible  and  unaltered  apart  from  water, 
but  by  water  and  heat  is  resolved  into  muriatic 
acid  and  magnesia.  The  hydrous  salt  crystal- 
lizes with  the  form.  MgCl+6HO.  It  forms 
a  crystallizable  double  salt  with  chloride  of 
potassium  =  KC1  +  2  MgCl  +  12  HO.  The 
bromide,  also  formed  direct,  forms  a  dry  and 
aqueous  salt,  the  latter  with  the  form.  MgBr  -f- 
G  110.  The  iodide  crystallizes  with  difficulty. 
Both  these  salts  are  easily  decomposed  by  heat, 
and  all  are  deliquescent.     The  fluoride,  formed 


direct,  is  a  white  powder,  bearing  ignition 
without  decomposition,  insoluble  in  water, 
scarcely  in  acids. 

2.  Sulphate.  Syn.  Epsom  salt.  Ger.  Bitter- 
salz.  It  occurs  in  quantity  in  many  salines, 
and  may  be  obtained  from  them  by  crystalliza- 
tion, especially  from  the  mother  waters  after 
the  separation  of  common  salt.  It  is  also  pre- 
pared direct  by  the  solution  of  native  carbon- 
ate of  magnesia  in  dilute  sulphuric  acid ;  or 
from  magnesian  carbonate  of  lime  by  ignition, 
slacking  with  water,  treatment  with  half  as 
much  pyroligneous  acid  as  would  be  necessary 
to  dissolve  the  whole,  whereby  lime  is  chiefly 
extracted,  and  the  residue  treated  with  sul- 
phuric acid  or  copperas.  The  presence  of  sul- 
phate of  soda  is  known  by  treating  its  solution 
with  carbonate  of  baryta,  which  renders  it 
strongly  alkaline ;  of  a  salt  of  iron  by  sul- 
phuret of  ammonium  or  prussiate  of  potash; 
of  copper  by  sulphuretted  hydrogen,  which 
browns  it.  Iron,  the  most  common  impurity, 
is  removed  by  digesting  or  boiling  the  solution 
with  carbonate  of  magnesia  or  carbonate  of 
lime.  Epsom  salt  is  in  the  form  of  needles,  of 
the  triclinate  cryst.  system,  with  the  form. 
MgO,  S03  +  7  HO.  1  pt.  is  soluble  in  0-790 
pts.  water  at  66°,  and  the  solution  has  a  spec, 
grav.  =  1  -293. 

Per  cent,  of  the  Cryst.  Salt  in  Solutions  at  59°. 


Sp.  Gr.  Pr.  Ct. 
1-270. ..47-36 
1-230. ..41-17 
1-174. ..33-33 
1-150. ..28-58 
1-140. ..26-47 


Sp.  Gr.  Pr.  Ct. 
1-128. ..24-24 
1-111. ..21-26 
1-098. ..18-69 
1080... 15-25 
1-064. ..12-28 


Sp.  Gr.  Pr.  Ct 
1055. ..10-71 
1-043...  8-25 
1-029...  5-66 
1010...  1.96 


It  is  much  more  soluble  in  muriatic  acid  water 
than  in  pure  water.  A  saturated  solution  be- 
low 32°  forms  crystals  with  12  HO.  By  evapo- 
rating until  a  pellicle  forms  on  the  surface,  or 
by  heating  Epsom  salt  to  126°,  a  salt  is  formed 
with  6  HO.  By  heating  Epsom  salt  to  212° 
over  oil  of  vitriol  in  vacuo,  it  loses  5  eq.  HO ; 
by  heating  it  in  the  air  to  270°  it  loses  6  HO, 
while  the  last  eq.  HO  requires  over  400°  for 
its  expulsion.  Epsom  salt  forms  a  double  salt 
with  potassa,  which  occurs  in  sea-water  and 
salines,  with  the  form.  KO,  S03  -f  MgO,  S03 
-|-  6  HO.  A  salt  isomorphous  with  this  one  is 
formed  with  sulphate  of  ammonia.  The  soda 
double  salt  has  a  similar  formula  with  6  HO. 

The  hyposulphate  (dithionate)  formed  from 
Epsom  salt  and  the  barytic  dithionate,  is  crys 
tallizable.  The  sulphite,  formed  direct,  a  white 
powder  or  in  fine  crystals,  is  soluble  in  20  pts. 
water.  By  boiling  the  sulphite  with  flowers  of 
sulphur,  dithionite  or  hyposulphite  is  obtained, 
crystallizable,  permanent  in  air. 

3.  Carbonate.  Carbonate  of  magnesia,  dis 
solved  in  carbonic  acid,  and  exposed  to  great 
cold  in  winter,  forms  crystals  with  the  form. 
MgO,  C02,  +  5  HO ;  by  keeping  the  solution 
at  122°  it  crystallizes  as  MgO,  C02  -f  3  HO; 
by  evaporating  to  dryness,  it  forms  crystals, 
resembling  arragonite  =  MgO,  C02. 

Magnesia  or  subcarbonate  of  magnesia  is  pre- 
pared by  precipitating  Epsom  salt  with  carbo- 
nate of  soda.  The  more  dilute  the  solution, 
the  looser  is  the  precipitate,  and.  by  freezing  it 
while  still  moist,  it  becomes  still  looser.  By 
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heating  the  solutions,  the  precipitate  is  more 
dense,  but  a  portion  of  carbonic  acid  passes 
off,  the  more,  the  longer  and  higher  it  is  heated. 
By  precipitating  in  the  cold,  more  neutral  hy- 
drate is  formed,  but  a  considerable  quantity  of 
magnesia  remains  in  solution,  from  the  forma- 
tion of  an  acid  salt ;  heat  expels  the  excess  of 
carbonic  acid,  and  the  magnesia  almost  wholly 
precipitates  as  a  basic  salt.  The  quantity  of 
magnesia  varies  in  the  precipitate,  according  to 
the  mode  of  preparation,  from  33  to  43  pr.  ct. 
A  double  carbonate  is  formed  by  mixing  muri- 
ate or  nitrate  of  magnesia  with  an  excess  of 
bicarbonate  of  potassa,  and  has  the  form.  KO, 
2  C02  -f-  2  (MgO,  C02)  +  9  HO.  A  similar 
salt  is  similarly  made  with  bicarbonate  of 
soda;  and  both  are  decomposed  by  water. 
The  ammonia  double  salt  is  NH3,  C02  -4-  MgO, 
COg  -f-  5  HO. 

4.  Nitrate  is  formed  direct  and  crystallizes 
on  cooling  a  concentrated  solution  with  the 
form.  MgO,  N05  +  G  HO.  By  fusion  at  600° 
it  loses  5  eq.  water.  Chlorate  of  magnesia  re- 
sembles the  salt  of  lime.  The  hypochlorite  with 
MgCl,  made  like  bleaching  salt,  has  similar 
properties.  The  perchlorite  is  deliquescent, 
crystallizable,  soluble  in  alcohol.  The  bromate 
crystallizes  in  regular  8-hedra,  and  is  soluble 
in  1-4  cold  water. 

5.  A  basic  Phosphate  is  firmed  by  precipi- 
tating Epsom  salt  with  common  phosphate  of 
soda;  and  a  white  powder,  which  dried  at  212° 
is  3  MgO,  P05  -f  5  HO ;  fuses  to  a  clear  glass 
at  a  white  heat  and  is  still  soluble  in  acids. 
The  ignited  salt  contains  54-34  pr.  ct.  phospho- 
ric acid  and  1V6(j  pr.  ct.  magnesia.  It  occurs 
in  bones,  calculi,  plants,  in  the  hull  of  grain, 
&c.  The  neutral  salt  is  formed  by  adding 
phosjdioric  acid  to  acetate  of  magnesia  and 
slowly  evaporating;  or  by  mixing  2  pts.  Epsom 
salt  in  32  water  with  3  pts.  phosphate  of  soda 
in  32  water,  and  setting  aside  to  crystallize. 
Form.  2  MgO,  P05,  HO  +  14  HO,  of  which 
water  8  eq.  pass  oft'  at  212°,  6  more  at  350°, 
and  the  last  at  a  still  higher  heat;  when  heated 
to  redness  it  is  insoluble  in  acids.  1  pt.  of  the 
cryst.  salt  is  slowly  soluble  in  322  pts.  cold 
water,  which  at  212°  deposits  a  part,  which 
will  not  all  rcdissolve  on  cooling  ;  it  is  readily 
soluble  in  acid  water.  An  acid  salt  announced 
by  Gregory  is  made  by  heating  magnesia  or  a 
phosphate  with  an  excess  of  glacial  phosphoric 
acid.  It  is  wholly  insoluble  in  water,  and  has 
the  formula  3  MgO,  2  P05. 

Pyrophosphate  is  precip.  from  Epsom  salt 
by  adding  carbonate  of  ammonia,  in  an  excess 
of  which  it  redissolves.  Metaphosphate  is 
thrown  down  only  from  acetate  of  magnesia. 
Hypophosphite  and  phosphite  are  crystallizable ; 
the  former  with  the  form.  MgO,  PO  +  8  HO; 
the  latter  forms  a  double  salt  with  ammonia. 

The  double  phosphate  of  magnesia  and  am- 
monia is  found  in  some  calculi,  &c.  and  is 
always  formed  when  phosphoric  acid,  mag- 
nesia, and  ammonia  come  together,  but  it 
separates  slowly  from  the  liquid,  and  only  then 
entirely  when  an  excess  of  phosphate  is  pre- 
sent. It  forms  fine  prisms  or  a  white  crystal- 
line, gritty  powder,  insoluble  in  water  contain- 
ing phosphate,  scarcely  soluble  in  pure  water 
ami  other  saline  solutions.  Its  form,  is  NH3, 
:'  MgO,  PO.  -f  13  HO;  by  heat  it  loses  water 
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and  ammonia,  and  the  residue,  2  MgO,  PO0, 
contains  86-67  pr.  ct.  magnesia. 

0.  Borate.  Boiling  solutions  of  Epsom  •  til 
and  borax  mixed,  precipitate  a  gelatinous  bo- 
rate, 3  MgO,  B03-f-  9  1I<>,  which  alter  wash- 
ing with  cold  water  and  drying  is  white  and 
earthy;  slightly  soluble  in  water,  with  alkaline 
reaction,  becomes  cloudy  by  boiling.  MgO, 
3  B03  -f-  8  HO. 

A  triborate  is  obtained  in  granular  crystals 
by  boiling  an  excess  of  caustic  or  carbonate  of 
magnesia  with  boracic  acid,  filtering,  ami  eva- 
porating. It  acts  alkaline ;  fuses  with  loss  of 
water  and  some  acid  ;  loses  all  its  acid  by  boil- 
ing water ;  soluble  in  75  pts.  cold  water.  A 
sexborate  has  also  been  formed,  consisting  of 
MgO,  6  B03  +  18  HO.  Borate  of  magnesia 
tends  to  form  double  salts  with  potassa,  soda, 
ammonia,  and  lime,  that  of  lime  being  found 
as  Hydeoboracite  ;  that  of  soda  forms  large 
crystals  with  the  form.  NaO,  2  MgO,  5  B03  -f 
30  HO. 

7.  Silicate.  2  MgO,  Si03  and  MgO,  Si03  fuse 
in  a  blast  furnace  to  an  enamel.  Many  simple 
ami  compound  silicates  occur  in  nature,  Talc, 
Serpentine,  Augite,  Hornblende,  &c. 

MAGNET.  \     Min.  Native  Magnet. 

MAGNETIC  IRON.  /  Ger.  Magneteisentein. 
Cryst.  Regular,  exhibiting  the  forms  PI.  \  111., 
figs.  1 — 12,  and  PI.  IX.  fig.  52,  a  twinned  8-he- 
dron,  cleavage  parallel  to  8-hedron.  It  occurs 
also  granular,  almost  compact,  and  earth)'. 
H.  =  5-5  —6-5.  G.  =  5-09.  Black  ;  metallic, 
submetallic;  opake ;  somewhat  brittle,  with 
subconchoidal,  shining  fracture,  and  a  black 
powder.  Attracted  by  the  magnet,  and  often 
exhibiting  polarity.  Scarcely  fusible  in  the 
reducing  flame,  and  changing  to  brown  perox- 
ide in  the  oxidizing  flame.  Dissolves  with 
green  color  in  borax  in  the  inner  flame,  to  a 
yellow  or  brownish  red  glass  in  the  outer  flame. 
Soluble  in  muriatic,  not  in  nitric  acid.  Dis- 
tinguished from  specular  iron,  partly  by  mag- 
netism, but  more  certainly  by  its  black  streak. 
Form.   FeO,  Fe203  =  Fe304,   containing  69'08 

Fe2°3  +  30"97  *'eO,  or  7l'G8  Pr-  ct-  metal- 
There  is  doubtless  a  hydrate  among  some  of 
the  magnetic  ores,  similar  to  that  made  by 
Wohler,  with  7  pr.  ct.  water  ;  for  Berthier  gives 
the  analysis  of  one  containing  07  pr.  ct.  perox- 
ide, 15  pr.  ct.  protoxide,  and  6  pr.  ct.  water. 
He  ascribes  the  magnetic  property  to  a  pro- 
tosilicate,  but  the  2  pr.  ct.  of  silica  it  contains 
is  not  sufficient  for  this  purpose. 

Local.  Large  beds  and  veins  of  this  ore  oc- 
cur in  igneous  and  altered  rocks,  more  rarely 
in  secondary  formations.  Celebrated  are  the 
mines  of  Sweden  and  Lapland.  Large  forma- 
tions are  found  in  the  counties  to  the  W.  ami 
S.  W.  of  Lake  Champlain,  N.  Y. ;  in  the  N.  of 
New  Jersey;  in  Berks,  Chester,  and  Lebanon 
counties,  Penna.  8  and  12-hedral  crystals  oc- 
cur at  Cornwall,  Lebanon  Co.,  Penna.,  with 
earthy  ore,  having  strong  polarity.  The 
contain  a  considerable  proportion  of  flux  in 
them,  and  yield  an  excellent  quality  of  iron 
with  a  tendency  to  a  hot  short  character. 

MAGNETIC  PYRITES.     See  Iron  Pyrites. 

MAGNETISM.     See  Electricity. 

MAGNUS  SALT.     See  Pi.atim  m. 

MAIZE.  Agric.  Syn.  Indian  Corn.  Jones, 
Mason  and  Burnet's  analyses  (Journal  of  Agri- 
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culture,  Vol.  3,  p.  412)  gives  a3  the  per  centage 
composition  of  the  grain : — 

Starch 72 

Gluten,  Albumen 12-50 

Fat 9-2 

Woody  fibre 6-3 

The  ash  of  the  grain  forming  1-6  pr.  ct. 
contains — 

Lime 1-5 

Magnesia 17*6 

Alkalies 23-3 

Silica 2-4 

Phosphoric  acid  51 

Sulphuric  acid 1*3 

Oxide  of  iron,  alumina,  &c 1*8 

Carbonic  acid -9 

The  ashes  of  the  entire  corn-stalk  (grain  only 
excepted)  amount  to  5-2  pr.  ct.,  and  consist  of — 

Lime 5-6 

Magnesia 6 

Alkalies 3 

Silica 78-5 

Oxide  of  iron  and  alumina 1*8 

Phosphoric  acid 3-6 

Sulphuric  acid l-5 

Lagrange  proposes  to  detect  the  presence  of 
even  4  or  5  pr.  ct.  of  corn  meal  in  wheat  flour, 
by  mixing  and  stirring  together  in  a  test  tube, 
2  grms.  of  the  sample  with  4  grms.  of  nitric 
acid,  then  adding  60  grms.  water,  and  after- 
wards 2  grms.  of  carbonate  of  potassa  dissolved 
in  8  grms.  water.  If  no  corn  meal  is  present, 
as  soon  as  the  carbonic  acid  has  escaped,  only 
yellowish  flakes  separate  ;  in  the  contrary  case, 
orange  yellow  particles  subside  and  are  easily 
detected.  (Journ.  de  Chem.  Med.  iv.  339.)  In 
Indiana,  sugar  has  been  made  from  the  juice 
of  the  stalks. 

MALACHITE.  Mm.  Green  Malachite,  Moun- 
tain Green.  Cryst.  Oblique  Rhombic,  pris- 
matic, with  perfect  basal  cleavage.  Usually  in 
fibrous  groups,  compact  and  earthy,  often  sta- 
lactitic.  H.  =  3-5  —  4.  G.  =  4.  Various 
shades  of  green,  bluish,  yellowish,  and  grass 
green ;  with  a  vitreous  lustre  in  well-defined 
crystals,  sometimes  dull;  translucent,  opake. 
Behaves  chemically  like  Blue  Malachite. 
Form.  CuO,  C02  +  CuO,  HO,  containing  57-60 
pr.  ct.  metal. 

Local.  Mostly  with  other  ores  of  copper, 
especially  near  the  surface.  Cheshire,  Con- 
necticut ;  copper  mines,  New  Jersey ;  Perkio- 
men  on  the  Schuylkill,  and  Morgantown,  Bucks 
Co.,  Penna.,  &c.  Perfect  crystals  have  been 
found  at  Mine  a  la  Motte,  Madison  Co.,  Missouri. 
MALACOLITB.  See  Augite. 
MALIC  ACID.  Exists  either  in  a  free  state, 
or  combined  in  a  large  number  of  fruits  and 
vegetables. 

l'rep.  Everett  procures  it  from  the  culinary 
rhubarb  by  first  removing  the  cuticle  from  the 
leaf-stalk,  and  submitting  them  to  pressure  in 
a  canvas  bag,  so  as  to  obtain  the  juice;  to  this 
slaked  lime  is  added  till  the  solution  becomes 
alkaline;  it  is  then  to  be  boiled  and  filtered. 
To  the  clear  liquor  add  nitrate  of  lead,  when  a 
copious  bulky  precipitate  of  malate  of  lead 
forms ;  the  whole  is  then  to  be  brought  to  the 
state  of  ebullition,  and  the  clear  decanted  solu- 


tion will  deposit  good  crystals  of  malate  of  lead 
on  cooling.  The  precipitated  mass  must  be 
carefully  washed,  acted  upon  by  sulphuric  acid, 
gently  heated,  and  the  sulphate  of  lead  thus 
formed  separated  by  a  filter;  the  other  part 
of  the  malate  of  lead  is  then  added  to  this  so- 
lution, and  sulphuretted  hydrogen  gas  passed 
through  until  all  the  malic  acid  is  set  free. 
The  author  recommends  this  method  in  prefer- 
ence to  making  the  whole  of  the  malate  of  lead 
at  once  by  this  process.  The  sulphuret  of  lead 
is  to  be  separated  by  filter,  and  the  malic  acid 
concentrated  to  a  syrup  in  a  water-bath. 
Chem.  Gaz.  i.  248. 

It  is  also  a  product  of  the  action  of  nitrous 
acid  upon  Aspakagin  and  aspartic  acid,  which, 
says  Pereira,  are  two  amides  of  malic  acid,  to 
which  they  bear  the  same  relation  as  oxamide 
and  oxamic  acid  do  to  oxalic  acid. 

Prop.  Formula  C8H6010  =  M~,  2  HO.  Is 
difficultly  crystallizable,  and,  as  generally  ob- 
tained, is  in  a  confused  crystalline  granular 
crust.  Distinguished  from  tartaric,  racemic, 
citric,  and  oxalic  acids  by  its  solution  continu- 
ing clear  when  neutralized  with  lime-water, 
without  regard  to  temperature.  It  is  hygro- 
scopic, very  soluble  in  water  and  alcohol,  fuses 
at  266°  to  284°,  but  continued  at  this  heat  for 
a  length  of  time  becomes  Fumaric  acid.  By 
brisk  distillation  it  is  transformed  into  a  vola- 
tile product,  maleic  acid  and  fumaric  acid,  which 
remains  in  the  retort.  This  latter  acid,  ulti- 
mately passing  into  oxalic  by  the  continued 
influence  of  the  reagent,  is  also  generated  by 
the  action  of  concentrated  nitric  acid. 

According  to  Rieckher,  when  malic  acid,  or 
one  of  its  salts  is  heated  with  hydrate  of  po- 
tassa in  excess,  decomposition  ensues,  aqueous 
vapors  escape,  and  a  slightly  colored  mass  is 
left,  which  contains  acetic  and  oxalic  acids, 
but  no  formic  acid.  Dessaignes  found  that, 
upon  being  fermented  as  malate  of  lime,  it  was, 
after  three  months,  partially  metamorphosed 
into  succinic  acid.  Comptes  Rendus,  Jan.  1849. 
Malic  acid  is  bibasic,  and  its  salts,  excepting 
that  of  lead,  are  soluble  in  water ;  this  latter 
is  characterized  by  the  fine  silky  needle  which 
it  assumes  in  the  liquid  from  which  precipi- 
tated. The  formula  of  the  neutral  salts  is 
M  2  MO,— that  of  the  acid  salts  is  W,  MO,  HO. 
The  bi -malate  of  ammonia  is  remarkable  for 
the  facility  with  which  it  crystallizes.  The 
malate  of  copper  forms  fine  blue  crystals  ; — the 
crystals  of  the  basic  copper  salts  are  green. 
The  malate  of  silver  is  a  white  powder. 

Maleic  Acid.  C8H206,  2  HO.  Forms  lamellae 
or  oblique  rhombic  prisms  soluble  in  water, 
alcohol,  and  ether.  It  is  isomeric  with  equi- 
setic  and  aconitic  acids,  from  which  latter  it 
chiefly  differs  in  its  behavior  to  heat,  which 
at  first  transforms  it  into  water  and  anhydrous 
maleic  acid,  but  ultimately  into  paramaleic  or 
fumaric  acid.  (Liebig's  Ann.  xlix.  57.)  Like 
the  malic  acid,  it  is  bibasic,  the  formula  of  its 
neutral  salts  being  M  -4-  2  MO,  and  that  of  its 
acid  salts  R  -4-  MO,  HO.  The  neutral  salts  are 
very  soluble  in  water  and  alcohol,  but  do  not 
crystallize.  The  maleates  of  the  alkaline 
earths  are  crystalline,  but  the  neutral  earthy 
maleates  neither  form  double  salts  with  each 
other,  nor  with  the  neutral  alkaline  salts. 
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Bucbner,  Jr.,  gives  the  following  formula  for  its  salts : — 

Neutral  maleate  of  potash C,H,Oa,  2  SO 

\ru\  maleate  of  potash C8H,0«,  KO,  HO  +  HO. 

Neutral  maleate  of  soda ( \  1 1  ,<  >, .  2  NaO-f-  HO. 

Acid  maleate  of  soda C8He04,  NaO,  HO-f  6  IIO. 

Maleate  of  potash  and  soda C8Ha08,  NaO,  £0. 

Neutral  maleate  of  barytes C8H806,  2  BaO+  2  HO. 

Acid  maleate  of  barytea CsH206,  BaO,  HO 

Neutral  maleate  of  silver C8H206,  2  A.gO. 

Acid  maleate  of  silver C8H206,  AgO,  HO 


Although  the  essential  characters  of  a  bibasic 
acid  consist  in  the  two  atoms  of  hydrate  water 
of  the  hydrated  acid  being  susceptible  of  re- 
placement by  bases  in  the  neutral  salts,  the 
bibasic  malcates  exhibit  an  anomaly  in  this 
respect,  which  is  that  the  two  atoms  of  hydrate 
water,  which  are  not  expelled  at  212°,  still 
occur  in  them  almost  without  exception.  It 
differs  in  this  respect  from  tartaric  acid,  for 
in  the  neutral  salts  of  this  latter  there  is  com- 
plete absence  of  hydrate  water.  M.  Buchner 
inclines  to  the  opinion  that  the  hydrate  water 
in  the  neutral  maleates  indicates  that  it  is  sus- 
ceptible of  being  replaced  by  other  neutral 
metallic  maleates,  and  that  in  this  manner 
.several  kinds  of  double  salts  may  be  formed; 
for  instance,  maleates  of  copper  and  potash, 
of  nickel  and  potash,  of  zinc  and  potash,  &c. 
Chem.  Gaz.  ii.  3GG,  367. 

The  maleates  and  paramaleates  are  isomeric, 
but  the  latter  differ  from  the  former  in  being 
monobasic.     Rieckher  and  Buchner. 

MALLEABILITY.  The  capability  of  exten- 
sion under  the  hammer,  almost  exclusively 
applied  to  the  metals.  Gold  is  the  most  mal- 
leable, i.  e.  is  capable  of  the  greatest  extension. 
It  is  not  identical  with  lamiuability  (extension 
between  rollers)  or  ductility  (drawing  into 
wire),  for  iron  is  not  very  malleable,  but  is 
highly  ductile  ;  and  zinc  has  little  malleability, 
but  considerable  laminability. 

MALLOW,  MARSH.  Med.  The  root  of 
the  Althcea  officinalis  contains,  according  to 
Buchner, — 

Fatty  oil 1-26 

Glutinous  matter 1*81 

Uncrystallizable  sugar  and  althein...  8-29 

Mucilage 3564 

Starch 3751 

Phosphate  of  lime 8-29 

Vegetable  medulla 11*05 

Woody  fibre 7-50 

MALT.  Barley  softened  in  water,  then  ex- 
posed to  air  and  moderate  heat  until  incipient 
germination  ensues,  and  afterwards  kiln-dried, 
to  destroy  the  vitality  of  the  seeds,  is  termed 
malt — an  important  material  in  the  brewing 
of  Beer.  During  the  process  of  malting,  car- 
bonic acid  is  evolved  and  oxygen  probably  ab- 
sorbed, and  the  azotized  matter  of  the  grain 
transformed  into  Diastase,  through  the  influ- 
ence of  which  the  starchy  matter  becomes  sac- 
charized,  or,  technically  speaking,  converted 
into  " sweet  worts."     See  Fermentation. 

MALTHACITE.  Mm.  A  white  or  yellow- 
ish, translucent  substance,  with  feeble  waxy 
lustre,  allied  to  Bole. 

MANCINITE.     Mm.     Brown,  plumose,  shin- 
ing ;  it  is  a  simple  silicate  of  zinc  from  Man- 
cino,  near  Leghorn. 
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MANGANESE.  Chem.  Syn.  Magnesium. 
Ger.  Braunsteinmetal.  Known  for  a  long  time 
in  one  of  its  oxides,  for  decoloring  <jla.--.  [\ 
occurs  chiefly  as  oxide,  either  alone  or  in  iron- 
ores;  also  as  carbonate,  and  as  silicate  In 
Hornblende,  augite,  garnet,  and  many  other 
silicates.  Sym.  Mn.  Eq.  28  (844-684,  0.  = 
100,  or  27-57,  H.  =  1,  Ben.) 

1.  Manganese  is  obtained  with  difficulty  and 
probably  as  carburet,  by  mixing  an  oxide  with 
lamp-black  and  oil,  enclosing  it  in  a  crucible 
and  giving  a  blast-fire  for  an  hour.  Grayish 
white,  soft,  brittle  of  sp.  gr.  7 — 8.     It 

of  the  most  oxidable  of  the  proper  basic  n 
oxidizing  even  in  cold  water  slowly,  very  ra- 
pidly in  acid  water. 

2.  Oxide  of  Manganese.  Protoxide,  MnO,  is 
obtained  by  igniting  carbonate  or  oxide  with 
carbon  or  hydrogen;  or  by  fusing  a  mixture 
of  equal  parts  of  fused  chloride  of  manganese 
and  carbonate  of  soda  with  a  little  salammoniac 
and  washing  with  water.  It  is  a  grayish  green 
powder,  caking  by  a  high  heat,  forming  nl 
phuret  by  ignition  in  sulphuretted  hydrogen. 
The  hydrate  is  thrown  down  white  from  ii 

by  an  alkali,  but  rapidly  browns  by  oxidation. 

Salts.  It  is  one  of  the  strongest  bases  of 
the  proper  metals.  Its  salts  are  mostly  solu- 
ble in  water,  and  all  in  muriatic  acid;  they 
are  colorless,  or,  if  slightly  rose-red,  it  i-  due 
to  the  presence  of  a  small  quantity  of  co- 
balt; bear  a  red  heat  if  the  acid  be  fixed. 
The  fixed  alkalies  precipitate  all  the  oxide 
from  solution  as  a  white  hydrate,  brown  in  the 
air  ;  ammonia  throws  down  only  half  'if  the 
oxide,  the  other  half  forming  a  double  salt,  but 
by  long  exposure  all  the  oxide  falls  as  a  brown 
oxide.  Carbonates  of  potassa  and  soda  throws 
down  a  white  carbonate,  which  docs  not  brown 
by  oxidation;  bicarbonate  of  potassa  doee  nol 
throw  it  down  if  the  solution  be  dilute  and 
acidulated.  Phosphate  or  arseniate  of  Boda  or 
prussiate  of  potash  give  white  precipitates; 
oxalic  acid  and  its  salts  give  a  white  precipi- 
tate in  strong  solutions ;  red  prussiate  of  pot- 
ash gives  a  brownish  yellow  precipitate,  insolu- 
ble in  muriatic  acid ;  sulphuretted  hydrogen 
does  not  precipitate  the  salts  of  manganese  if 
slightly  acid;  but  sulphuretted  alkali  throws 
down  a  flesh-red  precipitate,  soluble  in  acid. 

3.  Red  Oxide.  Mn304  =  MnO,  MnaOs.  AD 
the  higher  oxides  by  heat  arc  reduced  to  red 
oxide,,  which  occurs  crystallized  in  nature  as 
Hausmannite.  It  is  either  MnO,  Mn203,  or 
2  MnO,  Mn02,  and  contains  72-41  pr.  ct,  metal, 
or  as  much  surplus  of  oxygen  as  would  make 
37-93  pr.  ct.  binoxide.  It  is  soluble  in  the 
strong  acids  in  the  cold,  but  by  heat,  as  salt  of 
oxide  is  formed. 

4.  Sesquioxide.  Black  oxide,  Mn203,  found 
native  as  braunite,  and  formed  by  a  low  igni- 
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tion  of  binoxide.  It  contains  70  pr.  ct.  metal, 
or  what  is  equivalent  to  55  pr.  ct.  binoxide. 
It  decomposes  by  boiling  with  nitric  or  dilute 
sulphuric  acid  into  an  oxide  salt  and  the  binox- 
ide ;  by  muriatic  acid,  chlorine,  and  by  oil  of 
vitriol,  oxygen  are  evolved,  soluble  in  cold  sul- 
phuric acid  with  a  red  color.  Its  hydrate, 
Mn203,  HO  ^Manganite),  is  formed  by  expos- 
ing the  hydrated  oxide  to  the  air.  See  also 
Psii.omelan  and  Warwickite. 

5.  Binoxide.  Hyperoxide,  peroxide,  glass- 
makers'  soap.  Ger.  Braunstein.  Mn02.  The 
most  abundant  and  most  valuable  ore  of  man- 
ganese ;  see  Pyrolusite.  Formed  by  gently 
heating  other  hydrated  oxides,  nitrate  or  car- 
bonate, and  extracting  oxide  by  acid.  It  is 
black,  shining,  and  contains  63-04  pr.  ct.  metal, 
or  81-82  pr.  ct.  oxide,  or  87-88  pr.  ct.  red  ox- 
ide. It  loses  by  low  ignition  9  pr.  ct.  oxygen ; 
by  a  higher  heat  12  pr.  ct.,  and  by  a  strong 
heat  with  oil  of  vitriol  18  pr.  ct.  There  are 
several  hydrates  formed  containing  1  pt.  HO 
for  1,  2,  3,  and  4  pts.  Mn02,  and  the  mineral 
Wad  is  a  hydrate  of  this  oxide. 

Analysis.  The  native  oxide,  containing  one 
or  more  of  the  above  oxides,  is  only  valuable 
for  the  amount  of  chlorine  it  will  produce  with 
muriatic  acid,  every  equiv.  of  pure  binoxide 
yielding  one  equiv.  chlorine.  Hence  all  the 
oxygen  above  MnO  is  estimated  as  binoxide, 
and  the  percentage  of  binoxide  determines  the 
value  of  the  ore.  The  best  method  of  analysis 
is  that  by  sulphuric  with  oxalic  acid,  or  an 
oxalate,  this  acid  being  converted  into  carbonic 
by  taking  up  all  the  surplus  oxygen.  One 
equiv.  of  the  oxide  will  convert  1  equiv.  of  ox- 
alic acid  into  2  equivs.  of  carbonic  acid ;  thus 
Mn02  +  C203  =  MnO  +  C204.  143  grs.  of 
cryst.  oxalic  acid,  or  152]  grs.  dry  oxalate  of 
soda  are  just  sufficient  for  100  grs.  pure  binox- 
ide, and  would  give  oif  just  100  grs.  carbonic 
acid.  The  operation  is  conveniently  performed 
in  the  apparatus  fig.  26,  p.  188,  under  Analy- 
sis. 50  grs.  of  the  finely  powdered  oxide  to 
be  examined  are  introduced  into  the  flask  a, 
with  75  grs.  or  more  of  oxalic  acid,  or  80  grs. 
of  oxalate  of  soda,  and  water  to  fill  J  of  the 
flask.  Oil  of  vitriol  is  then  drawn  into  the 
bulb  c,  which  is  corked,  put  into  the  flask,  as 
in  the  figure,  and  the  whole  apparatus  weighed. 
The  sulphuric  acid  is  gradually  let  down  into 
the  flask,  and  when  the  evolution  of  carbonic 
acid  ceases,  the  apparatus  is  again  weighed. 
The  loss  of  weight  doubled,  expresses  the  per 
cent,  of  binoxide  in  the  ore.  A  fine  quality  of 
ore  should  contain  80 — 95  pr.  ct.  binoxide. 

6.  Manganic  acid.  Mn03.  An  alkaline  salt 
is  formed  by  igniting  an  oxide  of  manganese 
with  fixed  alkali  with  access  of  air,  or  by  alkali 
and  chlorate  or  nitrate  of  potassa.  Only  the 
alkaline  salts  are  known;  those  of  potassa  and 
soda  are  soluble  in  water,  with  a  dark  green 
color,  but  change  readily  by  acid  to  red  per- 
manganate, while  binoxide  is  precipitated. 

7.  Permanganic  acid.  Mn2Or  A  salt  is  formed 
by  acting  on  a  manganate  by  nitric  acid.  The 
acid  is  obtained  by  decomposing  manganate  of 
baryta  suspended  in  water  by  sulphuric  or  car- 
bonic acid,  and  decanting  from  the  sediment. 
It  forms  a  deep  blood-red  solution,  which,  if 
concentrated,  may  be  heated,  but,  when  dilute, 
decomposes   before   212°.      It  yields   oxygen 
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readily,  and  is  a  powerful  oxidizer  of  inorganic 
and  organic  substances,  except  tin,  chlorine, 
and  bodies  already  highly  oxidized.  The  salts 
of  this  acid  have  a  brilliant  red  color,  are  all 
soluble,  that  of  silver  least  so,  and  deflagrate 
with  combustibles. 

8.  Sulphuret.  MnS.  Is  found  native  as 
Manganblende.  The  dry  sulphuret  is  formed 
by  passing  sulphuretted  hydrogen  over  heated 
oxide,  carbonate,  sulphate,  or  hydrous  sulphu- 
ret; by  the  decomposition  of  sulphate  with 
carbon  in  a  crucible.  By  the  former  it  is  dark 
olive-green,  by  the  latter  a  porous,  fused,  semi- 
metallic  mass.  A  flesh-colored  compound  is 
precipitated  from  manganese  solutions  by  sul- 
phuretted alkali,  or  by  sulphuretted  hydrogen 
from  a  weak  acid :  it  oxidizes  by  washing  and 
drying  in  the  air.  Volker  prepared  the  sul- 
phuret of  a  deep  red  color  by  passing  sulphu- 
retted hydrogen  for  some  time  through  the 
acetate  of  manganese ;  and  his  analysis  shows 
that  it  is  an  anhydrous  sulphuret,  when  pure. 
[Ann.  der  Chem.  1847.)  Volker  has  also  shown 
that  it  forms  double  sulphurets  with  potassium 
and  sodium,  with  the  form.  3  MnS  -f-  KS  and 

3  MnS  +  NaS. 

Phosphuret,  formed  by  fusion  of  the  metal 
and  phosphorus  together,  is  white,  brittle, 
metallic. 

Carburet  is  formed  when  the  oxides  are  re- 
duced by  carbon. 

Siliciurct  is  formed  of  a  steel  gray  color,  in- 
soluble in  acids,  when  an  oxide  is  reduced  by 
carbon  in  contact  with  silica,  at  a  very  high 
temperature. 

Alloys.  Manganese  alloys  with  several  me- 
tals, as  gold,  silver,  copper,  tin,  mercury,  and 
iron,  of  which  that  with  iron  is  the  most  im- 
portant. It  imparts  to  iron  a  whiter  color, 
hardness,  and  brittleness ;  a  little  iron  in  man- 
ganese renders  it  magnetic,  and  diminishes  its 
oxidability. 

Uses.  The  oxides  are  used  to  remove  color 
from  glass,  and  hence  the  name  glassmaker's 
soap.  In  larger  quantity,  they  give  a  violet  or 
amethyst  tint  to  glass.  The  binoxide  is  exten- 
sively and  exclusively  used  in  the  manufacture 
of  chloride  of  lime ;  its  excess  of  oxygen  oxi- 
dizes the  hydrogen  of  muriatic  acid,  and  sets 
chlorine  free. 

Salts. 
1.  Haloids.  Chloride.  Formed  by  solution  of 
carbonate,  or  any  oxide  of  manganese,  in  mu- 
riatic acid  and  evaporating.  To  obtain  it  pure, 
the  oxide  is  first  treated  with  dilute  nitric  acid 
to  remove  lime,  and  then  converted  into  chlo- 
ride. This  is  heated  to  dryness,  and  trans- 
ferred to  a  crucible  and  heated  to  low  redness, 
as  long  as  fumes  of  acid  escape,  by  which  the 
iron  becomes  insoluble.  Solution  in  water  and 
slow  evaporation  gives  rose-red,  or  sometimes 
colorless   crystals,    with   the   form.  Mn  CI  -4- 

4  HO,  they  readily  lose  2  eq.  HO  in  dry  air, 
but  usually  deliquesce ;  soluble  in  0-66  water 
at  50°,  and  in  still  less  hot  water ;  readily  dis- 
solve in  alcohol,  not  in  ether  or  terpentine. 
The  dry  chloride  fuses  apart  from  air,  and  con- 
geals again  to  a  crystalline  mass. 

A  volatile  perchloride  is  formed  by  evapo- 
rating permanganate  of  potassa  to  dryness, 
dissolving    the  residue  in  oil  of  vitriol  in  a 
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retort,  and  adding  pieces  of  fused  chloride  of 
sodium  as  long  as  colored  vapors  rise.  The 
vapors  condense,  cooled  from  -|-  4°  to  —  5°,  to 
a  brown  liquid.  It  is  probably  mangaoate  of 
terchloride  of  manganese,  like  the  chrome 
compound. 

Bromide;  formed  direct,  yields  a  reddish  so- 
lution which  may  be  dried  to  a  red  powder, 
which  is  deliquescent,  and  by  heating  in  the 
air  becomes  red  oxide  with  loss  of  bromine. 
Iodide,  similarly  made,  yields  a  white  costal- 
line  mass,  with  similar  properties.  Fluoride, 
made  direct,  gives  pale  amethyst  crystals  or 
nowder,  not  decomposable  by  ignition.  A  ses- 
quifluoride,  formed  direct  and  allowed  to  evapo- 
rate, yields  ruby-red  crystals ;  soluble  in  a 
little  water  without  change,  but  by  dilution  or 
boiling  precipitating  a  basic  salt,  while  an  acid 
salt  remains  in  solution.  A  perfluoride  is  ob- 
tained by  mixing  2pts.  manganate  or  perman- 
ganate of  potassa,  and  1  pt.  fluorspar  in  a  pla- 
tinum retort  and  pouring  oil  of  vitriol  over  the 
mixture.  The  yellow  vapor  rising  decomposes 
with  glass  into  fluoride  of  silicon  and  perman- 
ganic acid,  with  water  into  fluohydric  and  per- 
manganic acids.  The  double  fluorides  of  man- 
ganese with  potassium  and  sodium  are  obtained 
by  precipitating  sulphate  of  manganese  by  the 
alkaline  fluorides. 

2.  Sulphates,  a.  Protosulphate.  Binoxide  of 
manganese  heated  with  oil  of  vitriol  yields 
oxygen  and  protosulphate.  To  make  it  pure, 
free  the  ore  from  lime  by  nitric  acid,  mix  it 
with  an  equal  weight  of  oil  of  vitriol,  and  ignite 
it  for  an  hour,  (which  decomposes  sulphate  of 
iron  and  copper,)  and  dissolve  in  water.  The 
ore  may  also  be  heated  with  4  times  as  much 
cryst.  copperas,  or  |  as  much  anhydrous  cop- 
peras, and  dissolved.  In  both  cases  the  sul- 
phate contains  a  little  sulphate  of  cobalt.  The 
cold  saturated  solution,  at  25°  to  40°,  yields 
pale  rose-red  crystals,  of  the  form  of  copperas, 
with  the  formula  MnO,  S03  +  7  HO.  If  this 
salt  be  treated  with  cold  absolute  alcohol,  or  if 
the  solution  be  evaporated  at  50°  to  60°,  crys- 
tals are  obtained  of  the  same  form  as  blue 
vitriol  with  5  HO.  By  evaporation  at  70°  to 
80°,  large  right  rhombic,  usually  rose-red 
crystals  are  obtained,  with  4  HO ;  and  a  crys- 
talline crust  is  often  deposited  at  the  same 
time  with  3  HO.  By  fusing  the  crystals  with 
7  HO,  or  boiling  them  with  alcohol,  the  salt 
retains  still  2  HO.  By  rapidly  evaporating  an 
acid  solution,  the  reddish  powder  has  1  HO ; 
and  by  heating  any  of  the  crystals,  the  white 
anhydrous  salt  is  obtained.  The  dry  salt  bears 
a  red  heat  without  decomposition ;  it  contains 
47-37  pr.  ct.  oxide.  The  dry  salt  is  soluble  in 
1-78  pts.  water  at  43°. 

This  salt  forms  double  salts  with  the  sul- 
phates of  potassa,  soda,  and  ammonia  with 
6  eq.  HO,  of  the  same  form  as  the  double  sul- 
phate of  magnesia  and  ammonia.  A  double 
salt  with  soda  has  also  been  observed,  contain- 
ing 2  HO. 

b.  Sulphate  of  Sesquioxide.  By  the  action  of 
cold  dilute  sulphuric  acid  on  the  red  oxide,  a 
dark  red  solution  is  obtained,  containing  this 
salt.  It  forms  double  salts  with  sulphates  of 
potassa  and  ammonia,  having  the  octahedral 
form  of  the  Alums,  but  with  a  deep  amethyst- 
ine color. 
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e.   Hypostilphate.     (Dithionate.)      Boil  black 
oxide  with  nitric  acid  to  remove  U 
drated  oxide,  and  pa^s  sulphurous  acid  through 
it,  suspended  in  water. 

'/.  The  sulphite  \<  formed  by  passing  sulphu- 
rous acid  through  the  carbonate  of  mang 
suspended  in  water  until  it  smells  strongly  of  it, 
and  boiling  the  solution,  which  precipitates  the 
salt  as  a  white  crystalline  powder,  perm 
in  air,  nearly  insoluble  in  water  a 
and   soluble  in   sulphurous  acid;    form.  MnO 
S02-f-2  IIO. 

e.  The  hyposulphite  is  formed  bj  pa  ;  ling  buI 
phurous  acid  through  the  freshly  precipitated 
sulphuret. 

3.  Nitrate.     Is  formed  by  dissolving  i 
nate  in  nitric  acid,  crystallizes  with  difficulty 
with  6  HO.     The  nitrite  and  nitrate  are  deli- 
quescent. 

4.  Phosphate.  Occurs  in  HURAUXITB  and 
Hetebozite.  Formed  by  precip.  with 
phate  of  soda  as  a  white  powder,  slightly  solu- 
ble in  water  and  ammoniacal  salts;  boiling 
potassa  solution  extracts  from  it  all  its  phos- 
phoric acid.  Bddecker  (IAcb.  Ann.  1849)  pre- 
cipitates sulphate  of  manganese  by  an  i 

of  phosphate  of  soda,  divides  the  solution  with 
its  precip.  into  two  parts,  dissolves  the  precipi- 
tate in  one  in  muriatic  acid,  adds  the  two  parts 
together,  and  suffers  it  to  stand,  during  which, 
the  amorphous  deposit  changes  into  colorless 
prisms  of  the  form.  2  MnO,  P05  +  7  IIO.  The 
same  salt  is  prepared  by  Heintz,  [Chem.  Gaz. 
vi.  488,)  by  acidulating  the  sulphate  with  acetic 
acid  and  adding  phosphate  of  soda  until  the 
precipitate  becomes  permanent.  When  the 
ordinary  precip.  of  phosphate  of  manganese  is 
dissolved  in  phosphoric  acid  and  evaporated, 
a  salt  crystallizes  out,  with  the  form.  MnO,  I'O. 
-f-  4  HO.  The  salt  formed  by  precipitating 
sulphate  by  an  excess  of  phosphate  of  sod;;  is 
3  MnO,  P05+  7  HO.  (Heintz.)  A  double  all 
is  formed  by  heating  in  a  flask  a  solution  of 
chloride  of  manganese,  muriatic  and  phospho- 
ric acids,  supersaturating  with  ammonia  and 
closing  the  flask;  white  pearly  scales,  of  the 
form.  NH40,  2  MnO,  P05  -f  2  HO.  Heintz 
prepares  the  same  salt  by  dropping  phosphate 
of  soda  into  a  faintly  ammoniacal  solution  of 
sulphate  of  manganese.  A  triple  pyrophos- 
phate isformed  by  dissolving  ignited  phosphate 
of  soda  in  hot  water,  adding  ammonia  nil 
phosphate  of  manganese;  its  form,  is  (NH4Q, 
MnO,  P05)  +  (NaO,  MnO,  P06)  +  6  HO.  A 
phosphate  of  sesquioxide  is  formed  by  heating 
concentrated  phosphoric  acid  with  binoxide  or 
red  oxide ;  a  violet  mass,  giving  a  red  solution. 

5.  Borate.  Borax  gives  a  white  precip.  with 
protosalts  of  manganese. 

6.  Carbonate  is  found  in  nature,  as  manga- 
nese spar.  A  hydrated  carbonate  is  thrown 
down  from  manganese  salts  by  alkaline  carbo- 
nates. According  to  Turner  and  Ure,  its  com- 
position is  3  (MnO,  C02)  -f-  2  HO ;  according 
to  Forchhammer,  MnO,  C02  +  HO.  See  Man- 
ganese, Silicates. 

Salts  of  Manganic  and  Permanganic  acids.  The 
manganates  are  formed  by  igniting  alkaline 
nitrates,  or  the  caustic  alkalies  with  access  of 
air,  with  binoxide  of  manganese  and  dissolving 
in  water.  The  salt  of  potassa  is  obtained  in 
crystals  by  evaporation  in  vacuo  over  oil  of 
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vitriol,  and  have  the  form  of  sulphate  of  po- 
tassa;  form.  KO,  Mn03.  The  salt  of  soda  is 
too  soluble  to  obtain  in  distinct  crystals.  The 
salts  of  baryta  and  strontia  are  green  powders, 
permanent  when  dry. 

The  permanganates  are  made  by  boiling  so- 
lutions of  the  manganates,  or  by  the  action  of 
nitric  acid  on  them.  Wohler's  method  for  the 
salt  of  potassa  is  convenient;  it  consists  in 
fusing  chlorate  of  potassa  over  a  lamp,  adding 
caustic  potassa,  then  an  excess  of  biuoxide, 
and  heating  until  the  chlorate  is  decomposed; 
the  mass  is  boiled  with  a  little  water,  which 
converts  the  green  manganate  into  the  red 
permanganate,  decanted  while  still  hot,  and 
allowed  to  crystallize  on  cooling.  Dark  purple- 
red  crystals,  KO,  Mn207,  permanent  in  air,  of 
the  same  form  as  the  perchlorate,  dissolving  in 
16  pts.  water  at  59°,  with  same  purple  color ; 
the  solution  passes  through  violet  and  blue  to 
green,  upon  adding  potassa  and  heating,  and 
is  easily  decomposed  by  acids  or  heat,  precipi- 
tating peroxide  or  its  hydrate;  by  all  sub- 
stances having  an  affinity  for  oxygen,  and  by 
all  organic  bodies.  The  salts  of  soda,  strontia, 
lime,  and  magnesia,  are  deliquescent ;  that  of 
ammonia  is  permanent,  and  crystallizes  in  the 
same  form  as  the  salt  of  potassa;  those  of 
lithia  and  baryta  are  crystallizable,  the  latter 
being  almost  black  and  of  the  same  form  as 
dry  sulphate  of  soda.  There  are  also  perman- 
ganates of  zinc,  copper,  and  silver. 

MANGANESE  ALUM.     See  Alum. 

MANGANESE  BLENDE.  Mm.  Mangan- 
glanz.  Cryst.  Regular,  cleaving  to  a  cube; 
also  granularly  massive.  H.  =  3-5 — 4.  G.  = 
3-95  —  4-014.  Iron-black  and  rich  bronze- 
brown  ;  submetallic ;  green  streak.  When 
roasted  on  coal,  it  fuses  in  the  reducing  flame 
on  the  edges  to  a  brown  slag,  and  gives  with 
the  fluxes  the  usual  reactions  of  manganese ; 
soluble  in  muriatic  acid,  giving  off  sulphu- 
retted hydrogen.  Form.  MnS.  Local.  Nag- 
yag,  Transylvania,  and  Mine  a  la  Motte,  Mis- 
souri. 

MANGANESE  SPAR.  Miru  Syn.  Allagite, 
Diallogite,  Photizite,  Rhodochrosite,  Rhodo- 
nite. Cryst.  Hexagonal,  Rhombic,  parallel  to 
which  it  cleaves ;  globular  and  botryoidal 
forms,  with  columnar  structure ;  also  granular 
and  compact.  H.  =  3-5.  G.  =  3-592.  White 
to  rose-red ;  lustre  vitreous  ;  translucent,  sub- 
translucent  ;  brittle  with  uneven  fracture.  It 
usually  decrepitates,  and  assumes  a  brownish 
or  black  color ;  gives  the  usual  reactions  of 
manganese ;  soluble  with  effervescence  in 
heated  muriatic  acid.  It  is  essentially  MnO, 
C02,  with  variable  quantities  of  (CaO,  MgO, 
FeO)  C02.    Local.  Silesia,  Nagyag,  Kapnik,  &c. 

MANGANITE.  Min.  Gray  Manganese. 
Cryst.  Right  rhombic,  prisms  usually  striated 
longitudinally;  also  columnar,  granular.  II. 
_4_4-5.  G.  =  4-3  — 4-4.  Color  steel  or 
iron-black,  submetallic,  with  a  dark  reddish 
brown  streak ;  opake ;  rather  brittle.  It  yields 
water  in  a  tube,  and  gives  the  usual  reactions 
of  manganese;  soluble  by  heat  in  muriatic 
acid,  giving  off  less  chlorine  than  pyrolusite. 
Form.  M203-|-JIO.  Local.  Bohemia,  Saxony, 
Harz,  Scotland,  &c.  It  is  an  inferior  ore  for 
generating  chlorine. 

MANGANOCALCITE.  From  Schemnitz ;  has 


the  same  relation  to  manganese  spar  that  arra- 
gonite  has  to  calcareous  spar.     Rammekberg. 

MANGANOSILICATE.  Min.  Manganese 
spar,  including  also  allagite,  &c.  The  silicates 
of  manganese  have  not  been  accurately  defined, 
except  those  allied  to  Augite.  The  reddish 
silicate  from  Franklin,  N.  Jersey,  called  fowler- 
ite,  has,  according  to  Thompson's  analysis,  the 
form.  3  MnO,  Si03 ;  and  to  a  black  silicate 
from  Klapperud,  Dalecarlia,  Sweden,  Berzelius 
gives  the  form.  3  MnO,  Si03  4-  3  HO.  Troo- 
stite  {Thomson}  has  the  same  form,  as  fowlerite, 
but  \  of  the  MnO  is  replaced  by  FeO.  Ber- 
zelius regards  Beudant's  marceline  as  3  Mn203, 
Si03.  Most  of  the  carbonates  of  manganese 
contain  silicate  at  the  same  time,  and  resemble 
in  this  respect  chry;«ocolla  and  calamine. 

MANIPULATION.  Under  this  head  are 
embraced  all  the  mechanical  operations  of  the 
Laboratory.  The  manipulations  in  analysis 
are  the  most  delicate,  and  require  more  care 
and  accuracy  than  are  bestowed  in  larger  ope- 
rations. The  most  convenient  and  expeditious 
methods,  together  with  the  appropriate  appa- 
ratus, are  given  under  the  several  articles  of 
Analysis,  Displacement,  Drylng,  &c.  For 
details,  see  "  Faraday's  Chemical  Manipula- 
tions," "  Morfit's  Chemical  and  Pharmaceu- 
tical Manipulations,"  and  "  Redwood  &  Proc- 
tor's Practical  Pharmacy." 

MANNA.  The  concrete  exudation  of  the 
Ornus  Europaa.  It  exists  also  in  several  fungi, 
the  Cdntharellus  esculens,  Clavellaria  coralloides, 
Agaricus  piperatus,  and,  according  to  Stenhouse, 
in  the  Laminaria  saccharina  and  several  species 
of  sea-weeds. 

Flake  manna,  or  manna  cannulata,  is  the  se- 
lected variety  ;  the  manna  in  sorts  being  of  in- 
ferior quality.  Leuchtweiss's  analysis  of  the 
two  kinds  gave — 

Flake      Manna 
Manna,   in  sorts*. 

Water 11-6       13-0 

Insoluble  foreign  matters 0-4         0-9 

Sugar 9-1       10-3 

Mucilaginous   body   with   man-] 

nite,  resinous  and  acid  mat-  I  ^rv.n       A.n.a 

ters,  and  also  traces  of  nitro-  f 

genous  matter J 

Ash 1-3         1-9 

Mannite 42-6       37-6 

The  manna  loses  its  water  at  212°,  and  be- 
comes brown  and  deliquescent.  Its  ashes  con- 
sist principally  of  potassa,  lime,  magnesia  and 
iron,  phosphoric,  muriatic,  and  sulphuric  acids. 

Mucilage.  In  combination  with  lead  gives 
C6H405  as  its  formula. 

Acid.  Extracted  by  ether  in  connection  with 
the  resin.  Its  aqueous  solution  is  unaltered  by 
sulphuric  and  muriatic  acids,  and  the  yellow 
color  imparted  by  carbonated  and  caustic  alka- 
lies disappears  on  the  addition  of  either  of 
these  acids.  It  is  distinguished  from  lactic 
acid  by  giving  no  precipitate  with  salts  of  zinc. 
The  precipitate  formed  by  the  acetate  of  lead 
is  yellow,  and  insoluble  in  ammonia.  By  dis- 
tillation a  slightly  acid,  fetid  liquor,  incapable 
of  reducing  salts  of  silver,  is  generated. 

Mannite.  To  obtain  it  pure  the  sugar  must 
first  be  destroyed  by  fermentation.  On  evapo- 
rating the  filtered  solutions  to  crystallization, 
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and  then  adding  as  much  boiling  alcohol  of 
0-833  as  is  requisite  for  perfect  solution,  the 
greater  portion  of  the  mannite  crystallizes  out 
on  cooling,  and  may  be  purified  and  whitened 
by  Mashing  with  cold  spirit. 

Has  recently  been  found  by  Reinsch 
in  the  root  of  the  Meum  Athamanticum,  and  is 
also  a  product  of  the  viscous  fermentation  of 
cane  and  grape  sugar.  Formula  C121I|4()]1. 
Melts  at  331°,  and  solidifies  again  at  824s. 
Crystallizes  in  colorless,  silky  prisms,  has  a 
sweet  taste,  and  is  very  soluble  in  water  and 
boiling  alcohol,  but  scarcely  so  in  cold  alcohol. 
Fused  with  hydrate  of  potassa,  it  swells  into  a 
frothy  mass,  which,  when  supersaturated  with 
sulphuric  acid  and  subjected  to  distillation, 
yields  acetic  and  traces  of  formic  acids,  along 
with  the  metacetonic  acid.  (Gottlieb.)  Its 
aqueous  solution  dissolves  the  oxide  of  lead, 
and  is  not  fermentable.  Nitric  acid  converts 
mannite  into  oxalic  and  saccharic  acids. 

Favre's  examinations  of  mannite  show  that 
it  is  soluble  without  change  in  dilute  potassa, 
baryta,  and  lime  solutions,  and  also  that  it 
combines  with  lead  in  several  proportions. 

Mannitate  of  lead.  Drops  in  asbestos-like 
laminae,  from  a  cooling  concentrated  solution 
of  mannite,  to  which  an  excess  of  hot  ammo- 
niac al  solution  of  acetate  of  lead  has  been 
added.  When  separated  by  filtration  and  dried 
in  vacuo  over  sulphuric  acid  and  lime,  they  are 
white,  and  have  the  formula  2  PbO  -f-  C6H504. 
In  this  combination,  therefore,  the  mannite 
parts  with  2  equivs.  of  water. 

Mannite  and  Sulphuric  acid.  On  pouring  con- 
centrated sulphuric  acid  over  mannite,  it  dis- 
solves to  a  colorless  solution,  but  with  evolution 
of  heat;  it  is  diluted  with  water,  neutralized 
with  chalk,  the  liquid  decomposed  with  acetate 
of  barytes,  and  the  sulphate  of  barytes  re- 
moved by  filtration.  The  solution  obtained  is 
rendered  turbid  on  boiling  by  the  separation 
of  some  sulphate  of  lime  ;  alcohol  precipitates 
mannito-sulphate  of  lime ;  neutral  acetate  of 
lead  affords  a  slight,  basic  acetate,  an  abundant 
precipitate.  On  collecting  the  latter  on  the 
filter,  washing  it  with  boiled  distilled  water, 
pressing  it  between  blotting-paper,  and  drying 
it  in  vacuo,  it  formed  a  white  powder  insoluble 
in  water,  soluble  in  acidulated  water  without 
effervescence  and  without  liberation  of  acetic 
acid,  and  which,  dried  at  266°,  gives  C6H504, 
2  S03,  4  PbO.  The  compound  is  decomposed 
with  difficulty  by  boiling  water,  and  even  when 
it  is  dissolved  in  nitric  acid  it  is  a  considerable 
length  of  time  before  it  deposits  sulphate  of 
lead. 

If  the  lead  compound  is  decomposed  by  sul- 
phuretted hydrogen,  and  the  filtered  liquid 
concentrated  in  vacuo,  the  mannito-sulphuric 
acid  is  obtained  in  solution;  it  does  not  pre- 
cipitate salts  of  barytes  and  lime  in  the  cold, 
but  only  when  boiled.  (Chem.  Gaz.  ii.  386, 
387.) 

Mannite  may  be  distinguished  from  cane 
sugar  in  remaining  uncolored  by  the  action  of 
sulphuric  acid  and  a  gentle  heat.  Unlike 
grape  sugar  also,  it  dissolves  in  hot  soda  or 
potassa  solutions  without  color,  and  when 
heated  with  solution  of  potassa  or  sulphate  of 
copper,  does  not  precipitate  the  red  oxide  of 
the  latter  metal.  Stenhouse. 
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The  mannite  found  by  Volflker  in  the  Triti- 
rasists  of  <  'J  I ,'  ►g. 

MANURES.     Agric.  Chi  m.      \<u  sub  I 
whether  gaseous  or  solid,  oapable  of  promoting 
the  growth  of  vegetation,  or  in  othei  words  of 
furnishing  anj  or  all  of  the  constitui 
sarj  to  the  germination  and  increase  of  plants, 
may,  in  a  general  sense,  be  considered  a  ma- 
nure.    By  way  of  distinction,  the  term  ii 
times  limited  to  matters  of  organic  origi 
dung,  containing  at  the  same  time  the  requisite 
alkaline  and  earthy  salts;   that  of  stimulants  is 
given  to  those  saline  and  other  matters  which 
are  supposed  to  promote  the  assimilation  of  the 
principles  constituting  manures,  as  lime 
sum,  and  salt;   and  the  title  of  ameliorate 
amendments  to  such  substances  as   Improve  the 
physical  condition  of  the  soil,  that  is,  render  it 
more  compact,  if  too  permeable,  and  vice  vers.i. 
Some  few  manures  combine  in  themselves  all 
these  properties. 

In  the  application  of  manures,  the  selection 
should  be  with  a  view  to  the  composite 
the  soil,  and  also  of  that  of  the  crop  intended 
to  be  grown  upon  it,  and  to  this  end  the  ana- 
lytic tables  in  the  "  Farmer's  Guide"  will  afford 
great  facility. 

Manures  may  be  divided  into  two  groups, 
viz.  organic  and  inorganic.  Among  the  first 
are  those  yielding  nitrogen,  oxygen,  hydrogen, 
and  carbon.  Carbon  and  oxygen  are  furnished 
by  the  atmosphere,  oxygen  and  hydrogen  hy 
the  water,  and  nitrogen  from  both  the  air  and 
organic  matter.  The  efficacy  of  the  latter  de- 
pends upon  the  rapidity  and  manner  of  its 
decomposition.  Such  as  ferment  gradually 
are  more  potential  and  durable  than  those  of 
quick  decomposition,  which  lose  their  fertiliz- 
ing influence  in  one  season.  Inorganic  ma- 
nures, on  the  other  hand,  are  those  which 
furnish  the  fixed  constituents  of  the  plant,  which 
are  found  in  its  ashes.  Of  the  first,  the  best 
are  the  excreta  of  animals,  (barn-yard  dung 
and  Gdano,  Poudrette  and  Flemish  m 
holding  the  foremost  rank,)  dried  blood  and 
flesh,  fish  offal,  bone  dust,  and  animal  black. 
Following  these  may  be  named  certain  nitro- 
genous mineral  substances,  as  tangue,  soot,  and 
vitriolic  ashes.  All  of  these,  by  reason  of 
their  contents  of  fixed  and  earthy  salts,  play 
their  own  part,  and  that  of  those  in  the  second 
category,  the  inorganic  manures,  which  may  he 
enumerated  as  Lime,  Marl,  ashes,  nitrates  of 
potassa  and  of  soda,  common  salt,  plaster,  gas 
lime,  and  Green  Sand.  Artificial  manures, 
compounded  according  to  the  nature  of  the  soil 
and  crop  which  they  are  intended  to  nourish, 
are  now  made  in  Europe  on  a  large  scale. 

For  details  as  to  the  action  ami  preparation 
and    application    of  manures,    see   the    article 
Agriculture,   Liebig's  Agricultural  diet 
Farmers'  Encyclopedia,  Boussingatdt's  Rural  Eco- 
nomy,   Dumas' s    Chimie,  vol.   8,    and    Fa 
Library,  vol.  3,  Tkaer's  Principle  of  Agriculture. 

MARBLE.  Tech.  Compact  and  crystalline 
carbonates  of  lime,  capable  of  being  cut  and 
polished,  are  termed  Marbles. 

MARCASITE.  See  Mispickel  and  Iron 
Pyrites. 

MARCELINE.     See  Manoanosilicate. 

MARCKANITE.     See  Obsidian. 

MARGARIC  ACID.     See  Margarin. 
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MARGARIN.  Formula  C74H74012.  A  solid 
crystalline  constituent  of  fats,  especially  those 
of  vegetable  origin,  though  it  is  also  largely 
predominant  in  human  and  goose  fat. 

Prep.  1.  By  evaporation  of  the  ethereal 
liquid  containing  the  soluble  portions  of  suet 
or  tallow,  dissolving  the  residuum  in  alcohol, 
and  crytaRizirig  out.  2.  By  freezing  olive  oil, 
separating  the  solid  deposit  by  pressure,  and 
purifying  it  by  solution  in  and  recrystalliza- 
tions  from  alcohol. 

Prop.  Fuses  at  118  to  120.  More  soluble 
in  boiling  than  cold  alcohol ;  dissolves  readily 
in  ether  and  spirits  of  terpentine.  The  prin- 
cipal products  of  its  distillation  are  margaric 
acid  and  acrolien ;  of  its  saponification,  mar- 
garic acid  and  glycerin,  though  it  has  been 
doubted  whether  the  margaric  acid  obtained 
from  vegetable  oils  is  identical  with  that  from 
animal  fats.  Sulphuric  acid  in  small  quanti- 
ties abstracts  the  glycerin  from  margarin,  but 
in  larger  portions  generates  new  compounds, 
among  which  are  the  metamargaric  and  hydro- 
margaritic  acids. 

Manjark  acid.  Form.  C34H3303,  HO.  Crys- 
tallizes in  white  pearly  scales,  and  hence  its 
name  from  /u-j.^yj^trn,  a  pearl.  It  exists  in  the 
residue  of  the  distillation  of  brandy,  but  is 
procured  by  saponifying  olive  oil  with  potassa, 
and  can  also  be  obtained  by  boiling  stearic  acid 
with  an  equal  weight  of  nitric  of  1-273.  The 
concrete  portion  found  on  cooling,  by  pressure 
and  repeated  crystallizations  from  alcohol,  be- 
comes pure  margaric  acid.  It  is  likewise  a 
product  of  the  action  of  nitric  acid  upon  oleic 
acid  in  the  early  stage  of  the  process. 

Prop.  Fuses  at  140°,  and  therein  differs 
from  stearic  acid,  to  which  it  is  very  analogous. 
Insoluble  in  water,  but  soluble  in  ether  and 
alcohol,  the  latter  solution  having  an  acid  re- 
action. Nitric  acid  transforms  it  into  suberic, 
pimelic,  adipic,  and  succinic  acids.  Distilled 
in  vacuo  it  passes  over  unaltered,  but  by  access 
of  air,  is  partially  decomposed  into  carbonic 
acid  and  margarone,  a  volatile  matter  more 
abundantly  generated  when  lime  is  also  present. 
Margarone.  C33H330.  A  pearly  white,  friable 
solid,  electric  by  friction,  fusible  at  170-6,  more 
soluble  in  absolute  than  common  alcohol,  equally 
soluble  in  ether  and  acetic  acid,  but  most  read- 
ily in  spirits  of  terpentine.  (Pussy.)  Forms  no 
union  with  bases ;  is  scarcely  affected  by  nitric 
acid,  but  is  carbonized  by  sulphuric  acid. 

Pyromargarol.  Produced  by  the  distillation 
of  margaric  acid  upon  liquid  phosphoric  acid. 
It  is  a  brown  solid  substance,  fusible  between 
140°  and  150°,  and  soluble  in  ether.  Its  com- 
position is  one  equivalent  of  water  less  than 
that  of  margaric  acid,  or  C34H3303,  and  is  dis- 
tinguished and  separable  therefrom  by  its  in- 
solubility in  a  hydro-potassic  solution. 

Metamargaric  acid.  Crystallizes  in  brilliant 
solid  lamelliB  from  alcohol,  and  in  a  needly 
mass  by  fusion.  Fuses  at  122°,  soluble  in 
alcohol  and  ether,  insoluble  in  water,  and  par- 
tially decomposable  by  heat.  Fremy  and  Miller. 
Ilydromargaritic  acid.  Crystallizes  in  friable 
rhomboidal  prisms,  which  fuse  at  154-5,  and  are 
soluble  in  alcohol  and  ether,  but  insoluble  in 
water.  By  distillation  it  is  decomposed  into 
water  and  metamargaric  acid. 

Hydromargaric  acid.      This,    as   well   as   the 


two  preceding  acids,  of  which  it  is  a  compound, 
behaving  like  a  single  acid,  are  said  to  be 
bibasic.  It  crystallizes  from  an  alcoholic  so- 
lution of  a  mixture  of  equal  portions  thereof. 
It  fuses  at  or  near  140°. 

Margaramid.  Formed  by  the  action  of  gase- 
ous ammonia  upon  melted  margarin  or  mar- 
garic acid.  Is  soluble  in  alcohol,  and  crystal- 
lizes in  small  plates  or  prisms,  and  fuses  at 
140°.  Its  formula,  according  to  Boullay,  is 
C34H3302,  NH2  =  anhydrous  margarate  of  am- 
monia minus  one  equiv.  of  water. 

Margaric  ether.  Syn.  Margarate  of  oxide  of 
ethyl.  Form.  C34H3304,  C4II50.  (Varentrapp.) 
Solid,  fusible  at  72°. 

Margarates.  It  is  a  contested  point  whether 
margaric  acid  is  monobasic,  for  some  chemists 
contend  that  in  the  formation  of  salts,  some- 
times both  its  equivalents  of  water  and  some- 
times only  one  is  replaced  by  another  base. 
If  it  is  bibasic,  then  its  formula  is  C68H6606  -f- 
2  HO,  and  assuming  the  correctness  thereof, 
the  neutral  alkaline  salts,  (2  M-f-  C68H6606,) 
when  in  very  dilute  solution  precipitate  bimar- 
garates.  The  earthy  and  metallic  margarates 
are  insoluble  in  water.  The  formulae  of  the 
salts  are  as  follows : — bi-margarate  of  potassa 
=  KO,  HO  -|-  Mr ;  of  the  neutral  margarate, 
2  KO  -f-  Mr ;  margarate  of  lime  =  CaO  -f-  Mr ; 
and  margarate  of  lead  =  2  CaO  -j-  Mr,  or  ac- 
cording to  Baudrimont,  =  C34H33Pb04. 

Margaryl.  A  hypothetical  compound  radical, 
C34H33,  proposed  by  Redtenbacher  as  the  basis 
of  stearic  and  margaric  acids,  on  account  of 
the  simple  relation  existing  in  their  composi- 
tions. Thus,  symbolizing  it  as  R,  stearic  acid 
becomes  R2 -f- 05  and  margaric  acid  R+03, 
and  here  is  the  same  relation  between  these 
two  acids  as  between  the  sulphuric  and  hypo- 
sulphuric  acids,  with  a  slight  difference  how- 
ever in  their  neutralizing  ratios. 

Gottlieb  determined  the  fusing  points  of  dif- 
ferent mixtures  of  margaric  and  stearic  acids, 
as  follows : — 


Stearic. 

Margaric. 

Fusing  point 

30 

10 

150° 

20 

10 

147-2° 

10 

10 

136-4° 

10 

20 

133-5° 

10 

30 

132-8° 

MARGARITE.     See  Mica. 

MARGARITIC  ACID.     See  Castor  Oil. 

MARINE  ACID.  Syn.  Hydrochloric  acid. 
See  Chlorine. 

MARMATITE.     See  Blende. 

MARMOLITE.     See  Serpentine. 

MARROW.  The  fat  oleaginous  matter  se- 
creted in  the  interior  of  the  bones  of  animals. 
The  foreign  matters,  such  as  filaments,  blood 
vessels,  albumen,  gelatin,  and  osmazome,  with 
which  it  is  more  or  less  mixed,  are  removed  by 
steaming,  which  melts  the  tallow  and  allows  it 
to  be  drawn  off  clear  from  impurities  which 
have  subsided,  or  are  retained  in  solution  by 
the  condensed  vapor.  In  composition  it  is 
analogous  to  other  fats,  though  it  is  probable 
that  the  olein  and  margarin  are  its  predomi- 
nant constituents.  Beef  marrow,  used  as  a 
cosmetic  for  the  hair,  is  of  a  bluish  white  color, 
and  fusible  at  113°. 
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MARTIAL  ETHIOPS. 


MAYN  \S   RESIN. 


MARTIAL  ETIIIOPS.  The  obsolete  term 
for  black  oxide  of  Iron. 

MARYGOLD.  Geiger's  analysis  of  the  Cal- 
endula officinalis  gave — 

Yellowish  green  rosin 3«44 

Bitter  extractive 19-13 

Gum 1-f) 

Starch 1  12", 

Peculiar  mucilage 3'50 

Albumen 0*62 

Free  malic  acid  with  bitter  extractive  6*84 

Malates  of  potassa  and  lime 7 .92 

Chloride  of  potassium 0"66 

Lignin 62-6 

MASONITE.  Min.  A  dark  gray,  foliated 
mineral  from  Rhode  Island,  allied  to  horn- 
blende or  chloritoid.      C.  T.  Japknon. 

MASCAGNIN.  Min.  Crys.  Rhombic,  prisma- 
tic ;  usually  efflorescent;  yellow,  translucent: 
taste  pungent  and  bitter.  Fusible  and  volatile ; 
soluble  in  water;  form.  NH40,  SOq  +  2or  1  HO. 
In  lavas  of  Etna,  Vesuvius,  Lipari,  &c. 

MASOPIN.  The  name  given  to  the  dried 
sap  of  a  tree  called  Dsehilte,  by  the  native 
Mexicans,  who  are  said  to  chew  it.  Genth 
[Ann.  der  Chem  und  Pharm.  xlvi.  124,)  has  ex- 
amined it.  The  sample  was  9  inches  in  length, 
4  inches  in  thickness,  full  of  cavities  and  fis- 
sures, of  a  dull  appearance,  and  light  specific 
gravity.  On  cutting  it  with  a  knife,  the  sur- 
faces of  section  were  shining;  the  mass  became 
soft  between  the  fingers ;  it  had  scarcely  any 
taste  when  chewed,  but  had  a  very  decided 
smell  of  old  cheese,  which  might  be  almost  en- 
tirely removed  by  boiling  in  water  ;  the  residu- 
ous  mass  was  soft,  and  might  be  drawn  into 
threads;  the  water  was  somewhat  colored,  and 
had  a  slight  acid  reaction.  Absolute  alcohol 
dissolved  the  residue,  with  the  exception  of  a 
small  quantity  of  caoutchouc.  On  the  cooling 
of  the  solution  some  white  crystalline  flakes 
separated,  which  might  also  be  precipitated  by 
the  addition  of  water.  It  has  therefore  the 
properties  of  a  resin. 

Masopin  is  a  light,  snow-white,  tasteless,  in- 
odorous powder,  insoluble  in  water,  easily 
soluble  in  ether,  from  which  it  crystallizes  in 
white  silky  needles,  which  melt  at  310°  Fahr., 
giving  off  an  agreeable  odor,  to  an  amorphous 
mass.  On  cooling,  it  resembles  glass,  is  of  a 
wine-yellow  color,  of  great  refractive  power, 
conchoidal  fracture,  and  affords  a  white  pow- 
der; its  melting  point  is  now  only  158°  Fahr. 
The  substance  crystallized  from  ether  and 
melted,  consists  of  C22H]80.  Subjected  to  dry 
distillation,  masopin  affords  a  brown,  thick, 
oily,  acid  mass,  from  which  the  acid  may  be 
removed  by  boiling  with  ammoniacal  water. 
The  oil,  rectified  over  hydrate  of  lime,  is  of  a 
light  yellow  color. 

The  acid  is  separated  from  the  ammoniacal 
solution  by  hydrochloric  acid  in  pearly  scales ; 
by  combining  it  with  lime,  and  decomposing 
the  lime-salt  with  hydrochloric  acid,  they  sepa- 
rate in  the  form  of  dazzling  white  needles. 
The  acid  affords  with  nitrate  of  silver  and  am- 
monia a  white  salt,  which  slowly  becomes 
black  by  exposure  to  light,  very  quickly  by 
boiling,  is  insoluble  in  water,  and  on  incinera- 
tion smells  decidedly  of  cinnamon,  leaving  be- 
behind  45-40  per  cent,  oxide  of  silver;  it  is 
therefore  probably  cinnamate  of  silver. 
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Nitric    acid    lias    a    very    violent    act) 

masopin,  dissolving  it  after  long  boilin 
clear  liquid;  which  on   evaporation  affp 
tenacious  mass,  soluble  in  water  of  r  yellow 
color,  in  ammonia  and  potash  of  a  dark  brown, 
The  ammoniacal   solution  precipitates   nearly 
all  the  metallic  salts   of  n   dirty  white  color. 
The  silver  salt  contained  l">- 1'*     16-67  per  cent. 
oxide  of  silver.    \n  elementary  analysis  afforded 
30*35 carbon  and 8*37  hydrogen.     The  niti 
has  not  been  determined. 

M  LSSICOT.     Yellow  protoxide  of  Lbad. 

MASTICH.      The  resinous  exudation  of  the 

i  lentisrus.     The  two  sorts  are  the  mastic 

in  tears  and  common  mastic,  the  former  being 

freer  of  foreign  impurities.     Spec.  grav.  1  -074. 

It  consists  of  two  resins,  one  of  which  is  soluble 
in  dilute  alcohol,  and  of  a  slight  portion  of  vola- 
tile oil. 

Alpha  renin.  Formula  C.l0IT3lO4.  Is  the 
soluble  acid  resin  which  combines  with  bases 
to  form  four  series  of  salts. 

Betaresin.  Syn.  Masticin.  Formula  U40H8I0«, 
The  elastic  tenacious  portion  of  mastic  soluble 
in  anhydrous  alcohol,  ether,  and  oil  of  terpen- 
tine. JSy  long  standing,  in  warm  temperature, 
it  also  becomes  soluble  in  weak  alcohol. 

MATICO.  The  pulverized  dried  leaves  of  a 
wild  tree  growing  in  the  interior  of  Peru,  on 
the  other  side  of  the  Andes.  Ur.  Martins  teste,) 
its  efficacy  upon  open  wounds,  and  with  satisfac- 
tory success.  The  Indians  assert  that  the 
leaf  has  the  power  of  instantaneously  stanching 
a  bleeding  vein,  and  the  beverage  which  they 
prepare  from  them  they  give  to  the  women  as 
an  aphrodisiac. 

Comp.  Dr.  Hodge's  analysis  gave  chloro 
phyll,  soft  dark  gum  resin,  brown  and  yellow 
coloring  matters,  gum  and  nitrate  of  potassa, 
a  bitter  principle  (maticin),  an  aromatic  vola- 
tile oil,  salts,  and  lignin. 

Volatile  oil.  Light  green,  thick  and  heavy, 
with  an  aromatic  and  camphory  taste,  by 
keeping,  it  becomes  crystalline. 

MATTRASS.  A  flask-shaped,  broad-bot- 
tomed vessel  of  glass,  free  from  lead  and  hlown 
thin,  so  as  to  withstand  sudden  expansion  and 
contraction  without  breaking.  They  are  used 
for  digesting  substances,  especially  with  acids, 
as  the  menstruum. 

MAYNAS  RESIN.  So  called  from  its  place 
of  derivation,  Maynas  in  America.  It  is  ob- 
tained by  incision  from  the  Calophyllum  calaba. 
Is  yellow  and  in  appearance  similar  to  other 
resins;  but,  according  to  Lcwy,  it  separates 
from  a  slowly-cooled  alcoholic  solution  in 
beautiful  yellow  crystals.  Their  formula  is, 
CI4H904,  and  they  have  acid  properties  and 
combine  with  the  bases.  Spec.  grav.  1 -lli ; 
fusing  point  221°.  It  is  insoluble  in  water, 
but  very  soluble  in  alcohol,  ether,  the  oil  - 
in  cold  acetic  and  sulphuric  acids,  from  the 
latter  of  which  it  is  precipitated  unaltered  by 
water.  Fuming  nitric  acid  acts  violently,  and 
from  the  solution,  water  throws  down  a  yellow- 
ish white  nitrogenous  uncrystallizable  acid, 
soluble  in  alcohol  and  ether.  Digested  with 
nitric  acid  of  1*31,  it  yields  red  vapors,  a  liquid, 
and  volatile  acid,  (with  all  the  characters  of 
butyric  acid,)  oxalic  acid,  and  a  crystalline 
acid,  soluble  in  water  and  wanting  the  property 
of  precipitating  salts  of  lime. 


MEADOW  SAFFRON. 


MELLITIC  ACID. 


MEADOW  SAFFRON.     See  Colchictjm. 

ME  V.&URES.     See  Weights  and  Measures. 

MECCA  BALSAM.     See  Opobalsamum. 

MECHLOIC  ACID.     See  Meconin. 

MECONIC  ACID.  Chem.  C14HO,,-f  3  HO 
-\-  6  aq.  Obtained  from  opium  ill  pearly  scales, 
of  an  astringent,  acid  taste,  soluble  in  hot 
water  and  alcohol.  By  boiling,  it  is  decom- 
posed into  carbonic  and  comenic  acids,  and 
other  products.  Hydrochloric  acid  facilitates 
this  change.  By  contact  with  alkaline  lyes, 
it  is  transformed  into  alkaline  carbonate  and 
oxalate.  Its  characteristic  property  is  that  of 
reddening  the  pcrsalts  of  iron.  When  heated, 
it  yields,  among  other  matters,  comenic,  pyro- 
meconic,  and  paracomenic  acids.  With  bases  it 
forms  three  kinds  of  salts,  according  as  1,2,  or 
3  equiv.  of  the  hydratic  water  are  replaced  by 
metallic  oxides.  The  general  formulae  for 
these  salts  are  :  — 


Monobasic  Salts. 

sr  /    MO 

Me\2HO 


vT  /  2  MO 
Me  |     H0 


Tribasic  Salts. 
Me,  3  MO 


Comenic  acid.  C|2H208  -4-  2  HO.  Formed  as 
above,  at  250°,  or  by  prolonged  action  of  boil- 
ing acidulated  water  upon  meconin.  It  is  in 
very  hard  crystalline  grains,  slightly  soluble  in 
water,  and  when  heated  to  570°  it  is  decomposed 
into  pyromeconic  acid. 

Paracomenic  acid.  Is  isomeric  with  comenic 
acid,  and  forms  the  last  portions  of  the  distil- 
late of  that  substance.  It  crystallizes,  and 
behaves  to  the  persalts  of  iron  in  the  same 
manner  as  comenic  acid. 

Pyromeconic  acid.  C10H3O5  -|-  HO.  Drops 
from  its  alcoholic  solution  in  long  colorless 
prisms,  which  darken  on  exposure  to  moisture. 
It  is  also  soluble  in  water,  and  though  it  crys- 
tallizes unaltered  from  alcoholic  solution  of 
potassa,  and  from  aqua  ammonia,  yet  forms 
definite  compounds  with  the  oxides  of  lead, 
copper,  and  iron.  Is  isomeric  with  pyromucic 
acid,  but  differs  from  it  in  properties. 

MECONIN.  Chem.  CIOH504.  Is  extracted 
from  opium,  and  forms  white  hexagonal  prisms, 
which  are  neutral,  acrid  to  the  taste,  and  with- 
out action  upon  the  animal  economy.  It  fuses 
at  104°,  and  distils  unaltered  at  311°,  is  soluble 
in  water,  alcohol,  ether,  essential  oils,  IIC1, 
acetic  and  dilute  sulphuric  acids,  and  insoluble 
in  ammonia.  Its  compound  with  chlorine, 
called  mechloic  acid,  C14H7O10,  crystallizes  in 
pearly  plates,  soluble  in  boiling  water,  in  alco- 
hol, and  ether,  melting  at  320°  and  subliming 
at  330°.  Nitro-meconin,  C20H9O9  -f-  N03,  re- 
sulting from  the  action  of  nitric  acid,  crystal- 
lizes in  white  prisms,  soluble  in  alkalies,  with 
a  red  color,  in  water  and  alcohol.  It  melts  at 
305°  and  sublimes  at  375°,  giving  off  the  odor 
of  bitter  almonds. 

MEDULLIN.  The  pith  of  certain  plants. 
In  chemical  properties  it  agrees  with  cellulose 
or  Lignin. 

MEERSCHAUM.  Several  hydrous  silicates 
of  magnesia  are  doubtless  included  under  this 
name,  and  others  have  been  examined,  allied 
to  it.  They  are  white,  or  yellowish,  very  light, 
earthy,  anil  friable,  greasy  to  the  touch ;  and 
from  their  porosity  include  more  water  than 
belongs  to  their  composition.  Their  proper 
composition  is  probably  MgO,  Si03  -f-  2  HO  ; 


but  it  is  also  probable  that  there  are  other 
magnesian  minerals,  described  as  meerschaum, 
which  have  merely  its  external  characters ; 
such  as  aphrodite  from  L'angbanshyttan,  Swe- 
den, 3  MgO,  2  Si03  +  2  HO  ;  quincite,  mag- 
nesite,  &c. 

MEIONITE.     See  Scapolite. 

MELACUPRITE.  Min.  Melaconin,  black 
oxide  of  copper  more  or  less  mixed  with  oxide 
of  iron,  of  which  tolerable  specimens  are  found 
at  Point  Kewaywenon,  Lake  Superior. 

MELAM.     See  Cyanogen. 

MELAMIN.     See  Cyanogen. 

MELAMPYRIN.  Crystallizes  from  an  eva- 
porated aqueous  decoction  of  the  Melampyrum 
nemorosum.  A  non-azotized,  neutral,  colorless 
body,  insoluble  in  ether,  slightly  soluble  in  alco- 
hol, but  readily  in  water,  from  which  latter 
the  metallic  compounds  do  not  precipitate  it. 

MELANCHOR.  Min.  A  black  phosphate  of 
iron  from  Rabenstein.     See  Green  Iron  Stone. 

META  GALLIC  ACID.  \    a     n        „  4„r„ 

MELANGALLIC  ACID.}   See  Gallic  Acid. 

MELANIC  ACID.     See  Salicule. 

MELANITE.     See  Garnet. 

MELANOCHROITE.  Min.  Cryst.  Rhom- 
bic, prismatic  ;  in  tabular  plates,  and  massive. 
Very  soft;  G.  =  5-75.  Cochineal-red,  with 
brick-red  streak ;  resinous  and  glimmering ; 
subtranslucent,  opake.  It  becomes  dark  by 
heat,  and  fuses  to  a  crystalline  mass,  giving 
the  reaction  of  lead,  and  with  the  fluxes  those 
of  chrome.  Soluble  in  muriatic  acid.  Form. 
3  PbO,  2  Cr03.  It  is  associated  with  chromate 
of  lead  at  Beresovsk,  Ural. 

MELASSIC  ACID.     See  Grape  Sugar. 

MELLITE.     See  Honey-stone. 

MELLITIC  ACID.  Chem.  Obtained  from 
honey-stone,  a  rare  mineral,  in  which  it  exists 
as  mellitate  of  alumina.  Erdmann  and  Mar- 
ch and's  recent  researches  {Journ.  far  Prakt 
Chem.  xliii.  129)  have  confirmed  Liebig  and 
Wohler's  formula,  C403. 

Prep.  Digest  the  honey-stone  in  carbonate 
of  ammonia,  and  separate  the  solution  from 
the  deposited  alumina  by  filtration.  The  crys- 
tals forming  from  the  filtrate  are  to  be  boiled 
with  an  excess  of  baryta,  the  baryta  separated 
by  sulphuric  acid,  and  the  acid  purified  from 
adherent  oil  of  vitriol  by  recrystallization. 

Prop.  Forms  white  acicular  crystals,  solu- 
ble in  alcohol  and  water.  Its  alkaline  salts 
are  soluble  and  crystallizable,  but  those  with 
other  bases  are  less  so  than  the  former.  With 
potassa  and  ammonia  it  unites  in  two  propor- 
tions. The  general  formula  for  the  neutral 
salts  is  MO,  C404H.  Schwartz  was  unable  to 
obtain  a  mellitic  ether,  but  Erdman  and  Mar- 
chand  procured  mellilovinic  acid,  C4H50,  2  C403, 
by  long  continued  boiling  of  a  mixture  of  the 
acid  with  alcohol  and  oil  of  vitriol.  By  heat- 
in"  the  mellitate  of  ammonia  to  320°,  ammo- 
nia and  water  are  given  off,  and  euchronic  acid 
and  paramide  remain.      Chem.  Gaz.  vi.  323. 

Euchronic  acid.  A  conjugate  mellitic  acid, 
which,  when  crystallized,  is  CI2N06,  2  HO. 
The  dark  blue  substance  resulting  from  the 
deoxidation  of  euchronic  acid  by  a  plate  of 
zinc,  Wohler  calls  eiichrone,  NH3  -f-  C404H,  and 
assumes  that  it  is  a  similar  compound  to  color- 
less indigo,  and  the  colorless  or  green  hydroqui- 
none  produced  by  the  assimilation  of  hydrogen. 
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MELLON. 


MERCURY. 


Paramide.  A  clay-like  yellow  solid,  C8HN04, 
which,  by  long  ebullition  in  water,  is  trans- 
formed into  bi-mellitate  of  ammonia  by  the 
assumption  of  4  equivs.  of  water. 

ME  LLON.  "I      See  Mellon  under  Sulpho- 

MELLAINDES.  /Cyanogen,  p.  512. 

MENACHANITE,     See  Titaxiferous  Iron. 

MENAOHINE.     See  Sphkxe. 

MENDIFEITE.  Mm.  Berzelite,  kerasite. 
Cryst.  Right  rhombic,  fibrous,  columnar. 
ir.  =  2-5  —  3,  G.  =  7  —  7-1.  White,  yellow- 
ish, reddish ;  pearly  ;  translucent,  opake.  Be- 
haves likes  corneous  lead,  but  decrepitates  by 
heat ;  if  added  to  a  bead  of  mic.  salt,  contain- 
ing oxide  of  copper,  the  blue  color  of  the  flame 
indicates  chlorine ;  soluble  in  nitric  acid. 
Form.  PbCl  -f-  2  PbO.  It  occurs  at  Mendip 
Hills.  Somersetshire. 

M E XG IT  E.     See  Monazite. 

MENILITE.     See  Opal. 

MENISPERMIN.     See  Cocculus  Indicts. 

MENSTRUUM.  The  liquid  employed  as  the 
solvent  of  a  body,  or  of  its  soluble  portions. 
See  Solution. 

MEXTHEN.     See  Peppermint. 

MEPHITIC  ACID.     See  Carbonic  Acid. 

MERCAPTAN.  See  Ethyl. 

MERCURY.  Min.  Ger.  Gediegen  Queck- 
silber.  It  occurs  in  small  fluid  globules,  with 
a  silvery  metaUic  lustre,  scattered  through 
mercurial  ores,  at  Almadin,  Spain ;  Idria  in 
Carniola;  in  Carinthia,  Hungary,  Peru,  Chili, 
California,  China,  &c. 

MERCURY.  Ohem.  Tech.  Syn.  Quicksilver. 
Gr.  vS^'j^yugft;.  Lot.  Hydrargyrum,  argentum 
vivuni.  Ger.  Quecksilber.  Known  from  very 
early  times.  Plinius  states  that  the  Greeks 
imported  cinnabar  from  Almadcn,  in  Spain, 
700  years  B.  C,  and  in  his  time  the  Romans 
used  annually  some  300  tons  from  the  same 
source.  These  mines  at  the  present  time  yield 
about  one-half  of  all  the  rest  in  the  world. 
Mercui'y  occurs  almost  exclusively  as  sulphu- 
ret.  small  quantities  being  found  native,  and 
as  chloride,  and  in  a  few  sulphuretted  minerals. 

Extraction  of  Mercury. 

From  its  volatility,  it  is  always  obtained  by 
distillation;  and  to  separate  the  sulphur,  lime 
or  smithy  slack  (oxide  of  iron)  are  used.  The 
first  method,  now  abandoned,  consisted  of  an 
earthen  vessel,  which  was  filled  with  ore  and 
lime,  closed  at  the  top,  placed  over  another, 
probably  buried  in  the  ground,  and  then  heated 
by  a  fire  built  around  it.  The  vapors  passed 
down  through  perforations  in  the  bottom  of 
the  upper  into  the  lower  vessel,  where  they 
condensed. 

In  the  Palatinate,  on  the  Rhine,  a  gallery 
furnace  is  used,  consisting  of  cast  iron  cucur- 
bits or  flasks,  30  to  50  of  which  are  laid  hori- 
zontally in  two  tiers  in  the  open  furnace,  their 
necks  projecting  beyond  both  of  the  side-walls 
and  fitting  into  earthenware  receivers.  Each 
cucurbit  holds  about  J  cwt.  ore,  which  is  mixed 
with  J  or  \  its  volume  of  lime,  previously  dry 
slacked. 

The  arrangement  adopted  at  Almaden,  in 
Spain,  probably  introduced  by  the  Moors,  con- 
sists of  a  high  furnace  with  a  fireplace  below, 
surmounted  by  a  perforated  arch.  Above  this 
arch  the  ores  are  piled  up,  the  larger  and 
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poorer  masses  lying  on  the  arch,  above  which 
arc  smaller  ores,  and  at  the  top  bricks  made 
of  clay  and  ore.     The  smoke,  hoi  air,  &c.  of 
the  tire,  passing  through  the  ores,  carry  up 
with   them    the    mercury,  and    all    then 
through  a  lateral  opening  in  the  top  of  the  fur- 
nace, and   through   the   aludels.     These   are 
pear-shaped   earthen    vessels,   similar   to   the 
straight  adopter,  fi"'.  7,  p.  16,  arranged  in 
the  narrow  neck  of  one  fitting  into  the  wider 
end  of  the  next.     Several  of  these  ranges  de- 
scend  from  the  opening  in  the  furnace 
slightly   inclined    plane,  and    rise    again   to  a 
tower,  in  which  the  fumes  descend  to  thi 
est  point,  and  rising  pass  out  at  the  top.     The 
greater  part  of  the  mercury  is  condensed  In 
the  descending  ranges  of  aludels,  the  lowest 
one  in  each  series  being  perforated  to  all 
escape.     Some  condenses  in  the  rising  r 
and  most  of  the  balance  is  collected   in   the 
tower.     The  apparatus  is  not  at  all  ecoi 
cal,  for  there  is  a  danger  of  loss  at  every  junc- 
tion of  the  aludels,  which  are  very  numerous, 

The  arrangement  at  Idria  is  a  modification 
of  that  of  Almaden.  It  consists  of  a  central 
furnace,  with  condensing  chambers  on  two  op- 
posite sides.  The  furnace  has  a  grate  below 
for  the  fuel,  and  above  it  are  arched  floors  to 
contain  the  prepared  ore.  The  vapors  pass 
through  a  long  series  of  chambers  vertically, 
upward  and  downward,  and  finally  escape,  all 
or  nearly  all  the  mercury  having  condensed. 
Although  superior  to  the  aludel  plan,  it  is 
much  more  costly  than  necessary  in  apparatus, 
and  not  convenient  in  use. 

The  best  method  of  distilling  mercurial  ores  is 
in  cast  iron  retorts,  arranged  like  gas-retorts,  in 
benches,  and  collecting  the  metal  in  iron  pipes. 
The  retorts  are  easily  charged  and  cleaned,  and 
economize  labor,  fuel,  and  mercury. 

The  principles  involved  in  the  extraction  of 
mercury  are  simple.  The  sulphuret  may  be 
sublimed  unaltered,  but  if  the  air  have  access, 
more  or  less  of  the  sulphur  burns  to  sulphurous 
acid,  and  the  metal  is  set  free.  But  it  is  more 
advisable  to  mix  a  base  with  the  ore,  which 
shall  seize  the  sulphur.  Lime  is  that  most  an- 
ciently employed,  and  is  still  used;  it  forms  by 
the  process,  sulphuret  of  calcium  and  some 
sulphate  of  lime.  Oxide  of  iron  forms  sulphu- 
ret of  iron  and  sulphurous  acid.  Metallic  cop- 
per is  very  efficient,  especially  as  it  forms  a 
fusible  sulphuret  of  copper ;  but  it  has  received 
as  yet  little  attention.  The  quantity  of  mer- 
cury produced  annually  in  the  world  is  about 
2000  tons,  of  which  the  Spanish  mines  furnish 
more  than  one-half. 

Mercury  and  its  Non-Saline  Compounds. 

1.  Mercury.  The  commercial  metal  is  more 
or  less  impure.  It  may  be  purified  by  redis- 
tillation with  a  covering  of  iron  filings,  with 
T'|T  its  weight  of  cinnabar,  in  vessels  of  iron, 
glass,  or  earthenware  ;  or  by  distillation  of  the 
red  oxide,  which  is  the  best  method.  To  de- 
termine its  purity,  it  may  be  oxidized  by  nitric 
acid  and  distilled  without  a  residue. 

Prop.  A  fluid  metal  of  a  bright  silvery  lus- 
tre, not  tarnishing  in  the  air,  when  pure,  but 
forming  a  gray  oxidized  dross  on  the  surface,  if 
alloyed  with  other  metals;  spec.  grav.  13-5886 
at  39-2°,   13-5569  at  62-6°,   13-535  at  78-8°. 
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At  —  39°  it  congeals  to  a  tough  crystalline 
solid,  or  regular  8-hedra,  malleable  and  sectile, 
■with  a  calculated  spec.  grav.  14-39.  It  expands 
by  heat  with  great  uniformity  until  near  its 
boiling  point,  which  is  about  680° ;  spec.  grav.  of 
its  vapor  6976 ;  it  volatilizes,  however,  far  below 
its  boiling  point,  and  at  common  temperatures, 
and  even  near  32°.  It  is  readily  attacked  by 
nitric  acid,  chlorine,  &c,  and  forms  two  oxides 
with  their  salts.  All  its  compounds  are  vola- 
tilized or  decomposed  by  heat,  and  yield  metal- 
He  mercury  by  distillation  with  carbonate  of 
soda  or  cyanide  of  potassium.  Sym.  Hg.  Eq. 
100,  (1265-823,  0.  =  100,  or  101-266,  H  =  1. 
Bc.rz.)  Swanberg's  late  determination  of  the 
equiv.  gives  it  as  most  probable  1250-9  or  100-07. 

•_'.  Oxides,  a.  Suboxide.  Black  or  protoxide. 
Ger.  Quecksilberoxydul.  Prep.  By  treating  a 
salt  of  suboxide  (calomel)  by  caustic  alkali, 
washing  and  drying.  It  is  a  brownish  black 
powder,  decomposing  by  light  or  warmth  into 
oxide  and  metal,  giving  a  portion  of  its  oxygen 
to  potassium,  and  its  iodide,  phosphorus  acid, 
&o.  with  other  agents  changing  into  oxide  and 
metal. 

Salts.  The  black  oxide  is  a  feeble  base,  its 
salts  are  formed  by  solution  of  the  suboxide  in 
acids,  by  the  action  of  nitric  and  sulphuric  acids 
ou  the  metal  and  by  precipitation.  The  salts 
are  colorless,  the  basic  yellow,  generally  solu- 
ble, with  metallic  taste,  some  decomposing  by 
water  into  a  basic  and  an  acid  salt ;  the  inso- 
luble are  mostly  soluble  in  nitric  acid.  They 
are  decomposed,  yielding  the  metal,  by  many 
of  the  metals,  phosphorus,  charcoal,  sulphurous 
acid,  and  the  protosalts  of  iron  and  tin,  and  by 
some  organic  substances,  especially  if  heated. 
Caustic  alkalies  precip.  black  oxide,  carbonate 
of  potassa  yellow,  bicarbonate  white,  blacken- 
ing by  heat ;  precipitable  by  the  earthy  carbon- 
ates ;  phosphate  of  soda,  oxalic,  muriatic,  and 
bromohydric  acids,  soluble  chlorides  and  bro- 
mides, and  yellow  prussiate  of  potash  give  white 
precipitates;  iodohydric  acid  and  iodides  green, 
chromate  of  potassa  brick  red,  red  prussiate, 
brownish  red,  changing  to  white,  galls  brown- 
ish yellow ;  sulphuretted  hydrogen,  sulphy- 
dratcs,  and  dithionites  black  sulphuret. 

b.  Oxide.  Red  oxide,  red  precipitate,  deut- 
oxide.  Ger.  2.  Oxyd.  Prep.  By  heating  the 
nitrate  mixed  with  a  little  mercury  until  nitrous 
fumes  cease  to  rise,  or  by  precipitation  from  a 
salt,  with  excess  of  potassa. 

Prop.  A  light  red  crystalline  or  earthy  pow- 
der, or  by  precip.  orange-colored ;  becomes 
dark  red  and  almost  black  by  heat,  and  is  re- 
solved into  oxygen  and  metal,  both  distilling 
off;  decomposed  by  potassium,  phosphorus, 
sulphur,  &c,  explosively  if  heated  with  the 
last ;  scarcely  soluble  in  water  with  alkaline 
reaction.  Form.  HgO,  containing  92-59  pr.  ct. 
mercury  and  7-41  oxygen. 

Salts.  The  salts  of  this  oxide  are  much  more 
important  than  those  of  the  black  oxide,  and 
are  formed  similarly,  but  those  with  nitric 
and  sulphuric  acids  acting  on  the  metal  are 
made  by  heat.  They  are  colorless,  (yellow,  if 
basic.)  redden  litmus,  have  a  metallic  taste, 
and  are  very  poisonous.  The  metal  is  reduced 
from  them  by  the  same  substances  as  from  the 
salts  of  the  black  oxide.  Caustic  fixed  alkali 
gives  an  orange  precipitate  of  anhydrous  oxide, 
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but  if  organic  substances  be  present,  black  ox- 
ide results ;  carbonated  alkalies  give  a  brown- 
ish red  precipitate ;  caustic  and  carbonate  of 
ammonia  a  white,  visible  in  20,000  pts.  water, 
and  hence  the  presence  of  ammonia  gives  a 
white  precipitate  with  fixed  alkali ;  the  car- 
bonated alkaline  earths  precipitate  the  salts ; 
a  white  precipitate  is  produced  by  phosphate 
of  soda  and  prussiate  of  potassa ;  yellow  by 
nut  galls ;  orange-red  by  chromate  of  potassa ; 
brilliant  red  by  iodide  of  potassium ;  black  by 
sulphuretted  hydrogen  and  an  excess  of  sul- 
phydrates,  but  with  less  of  the  latter,  white. 

3.  Sulphurets.  a.  Subsulphuret,  Hg2S,  formed 
by  the  action  of  a  sulphydrate  on  calomel ;  is 
black,  and  readily  decomposes  into  metal  and 
sulphuret. 

b.  Sulphuret.  Syn.  Cinnabar,  vermilion. 
Ger.  Zinnober.  The  black  is  called  also  Ethi- 
ops'  mineral.  Form.  HgS,  containing  86-21 
pr.  ct.  mercury.    It  occurs  native  as  Cinnabar. 

Prep.  It  may  be  made  both  in  the  wet  and 
dry  way.  Dry  method.  The  Dutch  fuse  50  lbs. 
sulphur  in  a  cast  iron  vessel  at  a  low  heat,  and 
gradually  stir  in,  with  an  iron  ladle,  170  lbs. 
mercury,  and  cast  it  on  an  iron  plate.  It  is 
broken  into  pieces,  a  few  pint  measures  of 
which  are  thrown  into  heated  cylinders  of 
earthenware,  glazed  internally,  of  4  ft.  height, 
a  number  of  which  are  placed  in  a  common 
furnace ;  when  the  flame  of  burning  sulphur 
ceases,  a  smooth  iron  plate  is  laid  upon  the 
top  of  the  cylinders,  and  when  sufficient  cin- 
nabar has  deposited,  it  is  removed  and  replaced 
by  another  plate.  It  is  then  ground  very  fine 
with  pure  water.  The  Chinese  method  is  some- 
what similar,  the  sublimation  being  conducted 
in  earthen  vessels  covered  with  an  iron  cap, 
which  is  cooled  by  water  during  the  operation. 

The  process  pursued  in  Idria  consists  in 
mixing  8  lbs.  sulphur  with  42  lbs.  mercury,  in 
barrels,  and  turning  them  for  several  hours, 
according  to  the  season,  until  the  whole  forms 
a  brown  powder.  100  lbs.  of  this  powder  is 
thrown  into  a  heated  cast-iron  cylinder,  placed 
vertically  in  the  furnace,  and  the  cylinder 
covered  by  a  heavy  iron  helm  or  cap,  until  the 
explosive  union  has  taken  place.  It  is  then  re- 
placed by  an  earthen  helm,  with  a  cooling  tube 
attached,  and  the  fire  increased ;  the  best  sub- 
limate is  removed  from  the  helm,  ground  with 
cold  water,  washed  with  hot. 

Wet  method.  100  pts.  mercury  are  rubbed 
for  several  hours  with  38  pts.  flowers  of  sul- 
phur to  black  sulphuret,  and  then  warmed  in 
a  solution  of  25  pts.  potassa  in  140  pts.  water 
at  113°  to  120°,  under  constant  stirring  at 
first,  and  occasionally  afterwards.  The  eva- 
porating water  is  replaced  from  time  to  time. 
When  the  change  commences  the  heat  is  not 
allowed  to  rise  above  113°,  and  as  soon  as  the 
red  has  attained  its  greatest  brilliancy,  the 
vessel  is  removed  from  the  lire  and  maintained 
for  some  time  at  a  gentle  warmth.  It  is  then 
washed,  and  the  metallic  mercury  separated. 
The  product  should  be  109  or  110  pts.  vermi- 
lion. Various  other  proportions  may  be  em- 
ployed. If  by  too  long  or  too  high  a  heat  the 
vermilion  has  passed  the  brilliant  red  and  be- 
come brown,  it  may  be  restored  by  warming  it 
with  water. 

Adulterations  of  vermilion  are  recognised  • 
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red  lead  by  leaving  fused  litharge  by  heat,  or 
forming  chloride  of  lead  by  the  action  of  muri- 
atic acid;  brick-dust  by  remaining  after  limit- 
ing ;  organic  colors  may  generally  be  extracted 
by  alcohol. 

The  black  sulphurct  is  formed  by  rubbing 
the  metal  and  sulphur,  or  sulphuretted  alkali 
together,  or  by  precipitating  a  solution  of  ox- 
ide by  sulphuretted  hydrogen  or  sulphuretted 
alkali.  Warmth,  the  addition  of  sugar  or  a  little 
alkaline  sulphuret,  hastens  the  sulphuration. 

There  appears  to  be  no  difference  between 
the  black  and  red  sulphuret  in  composition ; 
by  heating  vermilion  above  350°,  it  becomes 
brown,  but  becomes  red  again  on  cooling ;  by 
heating  it  to  about  500°,  it  becomes  perma- 
nently the  black  sulphuret ;  by  heating  the 
black  sulphuret  still  higher,  it  sublimes  as 
vermilion. 

Water,  alkali,  and  muriatic  acid  do  not  act 
on  vermilion.  Nitric  acid  has  but  a  slight 
action  on  it.  Boiling  oil  of  vitriol  and  aqua 
regia  wholly  decompose.  By  heating  it  with 
several  metals,  caustic  and  carbonated  fixed 
alkali,  or  by  cyanide  of  potassium,  the  metal 
sublimes  from  it. 

4.  Phosphuret  of  mercury  is  formed  by  di- 
gesting 4  pts.  mercury  and  3  pts.  phosphorus 
with  water,  or  by  passing  phosphuretted  hy- 
drogen over  dry,  slightly-heated  chloride  of 
mercury.  In  the  former  case  it  is  black,  in 
the  latter  orange-yellow  phosphuret  sublimes. 

Hyposulphophosphite,  HgS,  PS,  is  formed 
by  heating  sulphuret  of  phosphorus  with  ver- 
milion, as  a  reddish  mass.  By  heating  this 
salt  to  about  the  boiling  point  of  sulphur,  mer- 
cury sublimes,  and  the  yellowish  white  sulpho- 
phosphite  remains :  2  HgS,  PS3.  By  heating 
this  last  in  the  retort,  it  is  resolved  into  mer- 
cury and  yellow  sulphophosphate,  2  HgS,  PS5, 
which  .sublimes,  and  at  a  higher  heat  sub-hypo- 
sulphosphite,  2  HgS,  PS,  also  sublimes  of  a 
brilliant  red  color. 

5.  Nitruret.  NHg3.  Precipitate  red  oxide 
of  mercury,  wash,  dry,  put  it  into  a  tube  and 
pass  ammonia  over  it  to  saturation ;  then  heat 
it  gradually  in  an  oil-bath,  while  ammonia  still 
passes  over,  up  to  300°,  as  long  as  water  is 
generated.  A  dark  brown  powder,  highly  ex- 
plosive by  heat,  stroke,  or  Motion. 

6.  Amalgams.  The  alloys  of  mercury  with 
other  metals,  termed  amalgams,  are  of  a  pe- 
culiar character,  since  they  permit  us  to  ex- 
amine the  nature  of  fluid  alloys  at  common 
temperatures.  Amalgams  are  made  by  bring- 
ing the  metals  together  in  the  cold  rapidly,  as 
with  potassium,  sodium,  gold,  lead,  cadmium, 
tin ;  more  slowly  with  silver,  zinc,  bismuth ;  by 
heat  with  antimony  and  arsenic ;  by  the  inter- 
vention of  a  solution  of  nitrate  of  mercury 
with  copper ;  by  the  use  of  sodium-amalgam 
put  in  solutions  of  nickel,  cobalt,  platinum, 
iridium,  the  metals  of  the  alkaline  earths,  alu- 
minum, and  ammonium.  The  fluid  amalgams 
are  semi-solutions  of  a  more  solid  amalgam  in 
excess  of  mercury,  from  which  the  latter  may 
be  separated  by  pressing  through  buckskin. 
These  more  solid  amalgams  are  crystalline, 
and  so  soft  as  to  be  capable  of  being  kneaded. 
A  small  amount  of  mercury  in  another  metal 
increases  in  general  its  fusibility,  and  imparts 
to  it  brittlenesa. 
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Uses.  Mercury  is  largely  employed  in  the 
extraction  of  gold  and  silver;  tin  amalgam  for 
covering  the  backs  of  mirrors;  obloride  of 
mercury  in  various  arts;  and  vermilion  as  ■ 
color.  It  is  an  invaluable  metal  for  physioa] 
research,  in  the  thermometer,  barometei 
and  its  compounds  arc  of  great  interest  to  the 
chemist. 

Haloid  Salts. 
1.    Chlorine.     Subchloride   of  Mercury.     Svn. 
Protochloride,    di-chloride,    hydrargyri,    sub- 
murias,  calomel.     It  is  found  native  ae  HoBH 
Quick-silver.      Form.    Hg2Cl,    contain 
pr.  ct.  mercury. 

Prep.  It  is  obtained  by  rubbing  together  4 
pts.  corrosive  sublimate  with  3  pts.  mercury, 
while  moistened  with  water  or  alcohol,  until 
the  metal  disappears,  and  subliming  the  mix- 
ture. A  mixture  of  equal  parts  of  common 
salt  and  subsulphate  of  mercury  may  be  simi- 
larly sublimed.  Precipitated  by  chloride  of 
sodium  from  the  solution  of  nitrate  of  mercury, 
it  takes  the  form  of  a  white  powder  containing 
more  or  less  of  corrosive  sublimate,  on  account 
of  the  difficulty  of  obtaining  the  nitrate  in  a 
perfect  proto  state.  On  a  large  scale  it  is  pro- 
cured by  sublimation  from  a  well-triturated 
mixture  of  272-84  pts.,  or  1  equiv.  of  the  bi- 
chloride with  202  pts.,  or  1  equiv.  of  metallic 
mercury.  (Turner.)  The  size  and  temperature 
of  the  receiving  vessels  has  an  important  influ- 
ence upon  the  form  in  which  the  calomel  is 
obtained.  As  sublimed  in  shallow  iron  pots, 
lined  with  clay,  it  is  in  crystalline  masses, 
which,  after  the  separation  by  hand  of  the 
globules  of  uncombined  metal,  is  ground  to 
powder  in  a  mill,  and  then  washed  of  its 
impurities  by  frequent  aqueous  elutriations. 
Jewell's  method  does  away  with  the  use  of  a 
mill,  for  by  bringing  the  vapors  of  the  calomel 
in  contact  with  steam  at  the  moment  of  theii 
generation,  they  are  immediately  condensed  in 
a  roomy  chamber,  to  an  impalpable  powder  of 
brilliant  whiteness.  Soubeiran's  improvement 
upon  this  plan  consists  in  heating  the  calomel 
in  an  earthen  tube,  through  which,  by  means 
of  small  ventilators,  an  uninterrupted  current 
of  air  should  be  driven.  This  sweeps  away, 
as  it  were,  the  vapors  of  calomel,  and  in  >. 
straight  tube  will  carry  them  to  a  distance  of 
GO  feet,  to  avoid  which,  the  end  of  the  recipient 
must  dip  into  cold  water,  that  the  calomel  ma] 
be  moistened,  and  then  settle.  Rhighini's  as- 
sertion, that  long-continued  contact  with  steam 
transforms  a  portion  of  the  vapory  calomel 
into  corrosive  sublimate,  is  of  no  serious  bin- 
derance  in  large  practical  operations,  becauiM 
whichever  way  prepared,  it  is  necessarily  to  be 
well  washed  with  water,  to  free  it  of  that  and 
other  impurities,  before  being  sent  to  market. 
A  buff  color  indicates  its  freedom  from  bi- 
chloride, though  a  white  shade  by  no  means 
infers  the  presence  of  that  salt.  Its  spec.  grav. 
is  7-2.  It  is  decomposed  by  contact  with  many 
of  the  metals,  by  heating  with  sulphur  and 
some  sulphurets  ;  by  heating  with  oil  of  vitriol 
strong  nitric  and  muriatic  acids  ;  by  subliming 
with  salammoniac,  or  boiling  with  its  solution, 
the  tendency  in  all  these  decompositions  being 
to  form  chloride  of  mercury.  In  a  solution  of 
potassa  or  soda  it  forms  black  suboxide,  and 
by  heating  with  the  dry  alkalies  it  yields  the 
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metal ;  under  caustic  ammonia  it  forms  black 
subchloramide  of  mercury,  Hg2Cl -j- Hg2NH2. 
A  sulpho-subchlpride  is  formed  by  mixing 
well  94  pts.  corrosive  sublimate  with  6  pts. 
Sowers  of  .sulphur,  and  gently  heating  the  mix- 
ture; after  some  minutes,  crystals  effloresce  on 
the  surface  of  the  composition,  Hg2Cl  -4-  S  CI. 
Stanno-subchloride  is  made  by  fusing  3  tin  and 
1  mercury  together,  mixing  this  with  24  pts. 
calomel,  and  heating  in  a  retort  at  480°.  By 
breaking  the  retort,  draining  out  metallic  mer- 
cury, and  distilling  the  residue  at  570°,  a  salt 
sublimes  with  the  form.  Hg2Cl  -f-  SnCl. 

Chloride.  Syn.  Corrosive  sublimate,  Bi- 
chloride. Form.  HgCl,  containing  73-86  pr. 
ct.  mercury.  Spec.  grav.  5-42.  Crystallizes 
in  opake  rhombic  prisms,  from  a  solution  of 
red  oxide  of  mercury  or  calomel  in  hydro- 
chloric acid.  The  exact  proportions  required 
for  its  production  by  double  decomposition  are 
148  pts.  (1  equiv.)  sulphate  of  the  peroxide  of 
mercury  to  58-5  pts.  (1  equiv.)  chloride  of 
sodium.  But  it  is  usually  prepared  by  sub- 
liming equal  parts  dry  sulphate  and  common 
salt;  or  10  pts.  mercury,  8  pts.  common  salt, 
G  pts.  binoxide  of  manganese,  11  pts.  oil  of 
vitriol,  and  3  pts.  water. 

It  is  fusible  and  volatile  at  about  500°.  100 
pts.  water,  at  32°,  dissolve  5-73  pts.  of  this 
salt;  at  50°,  6-57  pts.;  at  68°,  7-39;  at  104°, 
9-62;  at  140°,  13-86;  at  176°,  24-3;  and  at 
212°,  53-96  pts.  It  is  also  soluble  in  2\  pts. 
of  cold,  and  1£  hot  alcohol;  in  3  pts.  cold 
ether,  and  in  the  essential  oils.  As  it  forms 
double  salts  with  the  alkaline  chlorides,  their 
addition  and  that  of  muriatic  acid  to  water 
facilitates  its  solution  in  that  liquid.  The 
brown  precipitate  thrown  down  by  potassa 
from  a  solution  of  corrosive  sublimate,  and 
which  by  boiling  becomes  black  and  crystalline, 
is  an  oxy  chloride  of  mercury  (HgCl  -|-  3  HgO),  and 
can  be  as  readily  formed  by  boiling  red  oxide 
of  mercury  in  a  solution  of  chloride.  Vege- 
table and  animal  albumen  have  heretofore  been 
the  most  efficient  antidote  to  the  virulence  of 
corrosive  sublimate,  by  forming  a  white,  floccu- 
lent,  insoluble  precipitate,  and  hence  the  use 
of  white  of  eggs  in  cases  of  poisoning  by  this 
salt.  Latterly,  Mialhi  has  given  the  preference 
to  the  moist,  recently  precipitated  sulphuret 
of  iron,  which  immediately  decomposes  the 
minutest  trace  of  chloride  of  mercury. 

Corrosive  sublimate  boils  at  about  563°,  and 
the  spec.  grav.  of  its  vapor  is  9420,  1  vol.  of  it 
containing  1  vol.  mercurial  vapor  and  1  vol. 
chlorine  gas.  Exposed  to  the  rays  of  the  sun, 
oxygen  is  evolved  from  its  solution,  while  HC1 
is  dissolved,  and  the  subchloride  of  mercury 
precipitates. 

It  is  easily  decomposed  by  several  metals,  by 
sulphur,  phosphorus,  and  their  lower  acids. 
An  excess  of  sulphuretted  hydrogen  or  sul- 
phuretted alkali  throws  down  black  sulphuret; 
too  little  of  these  reagents,  and  many  metallic 
sulphurets  produce  a  yellow  precipitate,  chang- 
ing to  white  of  sulphochloride  of  mercury. 
Heated  with  caustic  or  carbonated  fixed  alkali, 
it  is  partly  resolved  into  metal,  and  the  caustic 
in  solution  precipitates  red  oxide ;  caustic  am- 
monia throws  down  white  chloramide. 

Chloride  of  mercury  and  ammonia.  Into  a 
boiling   solution    of   salammoniac,    containing 


ammonia,  drop  a  solution  of  chloride  of  mercury 
as  long  as  the  precip.  redissolves  by  stirring. 
It  crystallizes  on  cooling  in  12-hedra  of  the 
form.  HgCl  +  NH3.  By  heating  the  latter 
gently  it  loses  ammonia,  becoming  2  HgCl  -f- 
NH3,  which  may  be  fused  and  sublimed.  An- 
other compound,  white  precipitate,  is  obtained 
by  dissolving  equal  pts.  salammoniac  and  cor- 
rosive sublimate  in  boiling  water,  and  precipi- 
tating the  cooled,  clear  solution  by  carbonate 
of  soda.  Its  form,  is  either  (2  HgCl  -f-  HgO) 
+  NH4C1  (Duflos),  or  3  HgCl  +  NH3  -f-  HO. 
It  is  fusible,  boils,  and  yields  water  and  am- 
monia. 

Chloramide  of  mercury  is  formed  by  adding 
ammonia  to  a  solution  of  corrosive  sublimate 
as  long  as  a  precipitate  is  produced ;  it  is  white, 
and  insoluble  in  water ;  does  not  fuse  below 
680°,  which  distinguishes  it  from  white  pre- 
cipitate. Its  formation  is  2  HgCl  -{-  2  NH3  = 
HgCl+HgNH2+NH4Cl. 

Chloride  and  nitruret  of  mercury.  The  pre- 
ceding chloramide  is  dried,  and  very  slowly 
heated  in  a  retort  in  a  metallic  bath  to  680°, 
so  that  ammonia  and  ammonia  chloride  of 
mercury  sublime,  and  the  new  compound  re- 
mains in  the  form  of  red  scales,  which  are 
insoluble  in  water,  and  may  be  heated  in  a 
solution  of  potassa,  in  strong  nitric,  or  dilute 
sulphuric  acid  without  change.  Form.  2  HgCl 
+  Hg3N. 

Chloramide  and  oxide  of  mercury  is  produced 
by  boiling  chloramide  with  water,  as  a  yellow 
powder  with  the  form.  (HgCl  +  HgNH2)  -f 
2  HgO. 

Sulphochloride  of  mercury  is  formed  when  a 
small  amount  of  sulphuretted  hydrogen  is 
passed  into  a  solution  of  corrosive  sublimate, 
or  by  digesting  freshly  precipitated  sulphuret 
of  mercury  in  a  solution  of  chloride.  A  white 
powder,  not  decomposed  by  boiling  water,  sul- 
phuric, nitric,  or  muriatic  acid ;  decomposed 
by  alkalies  forming  oxysulphuret  of  mercury 
and  alkaline  chloride.  Form.  HgCl  -f  2  HgS. 
The  same  salt  with  sulphochloride  of  copper 
(HgCl+  2  HgS)  -f  (HgCl  -f  8  CuS)  is  obtained 
by  putting  fresh  sulphuret  of  mercury  in  a  con- 
centrated solution  of  chloride  of  copper ;  an 
orange  yellow  powder. 

Chloride  and  phosphuret  of  mercury,  3  HgCl 
-}-  Hg3P-f-  3  HO,  is  obtained  by  passing  phos- 
phuretted  hydrogen  into  the  chloride  as  long 
as  a  precipitate  occurs ;  the  dark  precipitate 
of  phosphuret  changes  to  yellow,  and  must  be 
dried  in  vacuo. 

Chloride  and  arseniuret  of  mercury  is  formed 
by  rubbing  together  3  pts.  chloride  of  mercury 
and  1  pt.  metallic  arsenic,  and  subliming  the 
mixture  from  a  retort  in  a  sand  bath.  The 
outer  layer  of  the  distillate  consists  of  yellow 
crystals,  the  salt  in  question.  The  inner  brown 
layer,  resublimecl  with  arsenic,  gives  a  red,  in 
mass  a  brown  sublimate,  with  yellow  powder, 
which  is  probably  a  similar  body. 

Double  salts,  with  other  metallic  chlorides, 
are  obtained  by  directly  mixing  the  solutions 
and  allowing  to  crystallize  spontaneously.  The 
salt  of  potassa,  KC1  -4-  2  HgCl,  crystallizes 
with  1,  2,  or  4  equivs.  HO,  according  to  con- 
centration and  temperature  ;  that  of  soda  with 
4  HO.  The  salt  of  ammonia,  NH4C1  -f  HgCl 
-f-  HO,  was  formerly  termed  salt  of  Alembroth ; 
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according  to  Kane,  there  are  also  salts,  NH4C1 
+  2  HgCl,  with  and  without  1  HO.  The  salt 
of  baryta  is  BaCl  -f  2  HgCl  -f  4  110,  efflores- 
cent; of  strontia,  SrCl  -4-  2  HgCl  +  2  HO, 
permanent ;  of  lime,  CaCl  -f  5  HgCl  -f  8  HO, 
which  is  resolved  by  cold  water  into  Cad  -f- 
2  HgCl  -f-  0  HO,  both  deliquescent ;  of  mag- 
nesia, MgCl  +  3  HgCl  -f  HO,  and  MgCl  + 
HgCl  -f-  6  HO,  both  deliquescent ;  of  lithia, 
yttria,  glucina,  and  cerium,  not  examined;  of 
manganese,  MnCl  -4-  HgCl  -4-  '*  HO  and  zinc, 
in  which  an  excess  of  chloride  is  dissolved,  crys- 
tallizes in  large  crystals ;  of  iron,  FeCl  -4- 
HgCl  -f-  4  110,  and  of  cobalt,  nickel,  and  cop- 
per, the  last  permanent  in  the  air ;  of  acetate 
of  copper,  2  CuO,  Ac03  -4-  2  HgCl,  deep  blue ; 
of  potassium  and  copper,  3  (KC1,  HgCl)  + 
CuCl  -f  2  HO. 

2.  Bromine.  Subbromide.  Hg2Br.  Is  a  white 
powder,  precipitated  by  an  alkaline  bromide 
from  subnitrate  of  mercury.  It  resembles  calo- 
mel in  nearly  all  its  relations,  and  forms  a 
black  subbromamide  with  caustic  ammonia, 
Hg2Br  -f-  Hg2NH2  ;  it  also  forms  a  double  salt 
with  strontia,  SrBr  2  Hg2Br,  which  is  resolved 
by  water  into  SrBr-|-  Hg2Br. 

Bromide.  Syn.  Bibromide,  deutobromide. 
Obtained  by  treating  mercury  or  its  subbro- 
mide with  bromine  and  water,  forms  colorless, 
soluble  crystals  ;  it  fuses,  sublimes,  is  soluble 
in  water  and  alcohol,  and  distinguished  from 
chloride  by  not  precipitating  with  chromate  of 
potassa.  The  oxybromide  is  similar  to  the 
oxj'chloride  and  similarly  made ;  form.  HgBr 
-j-  3  HgO.  The  bromide  absorbs  ammonia, 
forming  2  IlgBr-f-  NH3,  white,  insoluble,  sub- 
limablc.  The  nitruret,  bromamide,  sulpho- 
bromide,  and  phosphobromide  are  like  the 
corresponding  chloride  compounds.  The  bro- 
mide also  forms  a  class  of  double  salts,  with 
the  alkalies,  alkaline  earths,  and  metals,  simi- 
lar to  those  of  the  chloride. 

3.  Iodine.  Subiodide  is  prepared  by  triturat- 
ing thoroughly  200  pts.  mercury  with  126  pts. 
iodine,  moistened  with  a  little  alcohol,  and  ex- 
tracting free  iodine  with  warm  alcohol ;  it  is  a 
yellow  powder,  very  easily  decomposed  by 
light. 

Iodide  is  obtained  either  directly  by  triturat- 
ing 100  pts.  mercury  and  126  iodine,  or  by 
precipitating  a  salt  of  red  oxide  by  an  alkaline 
iodide ;  and  in  crystals  by  dissolving  it  in  a 
moderately  strong  boiling  hot  solution  iodide 
of  potassium  to  saturation,  and  suiFering  it  to 
cool ;  or  again  by  dissolving  iodine  in  a  boiling 
solution  of  nitrate  of  mercury  to  saturation, 
constantly  replacing  the  evaporating  water. 
It  is  scarlet-red,  spec.  grav.  6-2  —  6-32 ;  fusible 
to  a  yellow  liquid,  which  congeals  to  a  yellow, 
crystalline  mass,  and  sublimes  as  yellow  crys- 
tals, and  by  care  with  red  crystals  among  the 
yellow.  The  red  may  be  changed  to  yellow 
below  the  temperature  of  fusion,  and  the  yel- 
low may  be  changed  to  red  by  slight  causes  at 
ordinary  temperatures,  as  by  contact  of  a 
point,  from  which  the  change  spreads  with 
molecular  movement  through  the  whole  mass. 
The  red  crystals  are  quadratic,  the  yellow 
right  rhombic. 

A  biniodide  is  said  to  be  obtained  by  precipi- 
tating chloride  of  mercury  with  biniodide  of 
potassium  as  a  black  powder.  The  iodide  with 
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oxide,  with  Bulphuret,  with  amide,  and 
and  amide  are  similar  to  the  chloride  com 
pounds.  It  forms  a  class  of  double  salts,  cut- 
responding  to  the  chloride,  some  of  which  tend 
to  pass  from  yellow  to  red  like  the  iodidi 
It  also  unites  with  chlorides  forming  double 
salts. 

4.  Fluoride,  HgF,  is  obtained  by  pouring 
fluohydric  acid  over  red  oxide  of  mercury, 
which  changes  to  an  orange  yellow  powder, 
soluble  in  water,  and  crystallizing  from 
lution ;  it  attacks  glass  and  platinum,  by 
passing  sulphuretted  hydrogen  into  this  solu- 
tion, a  sulphofluoride  is  thrown  down  as  a  white 
powder.  HgF  -4-  2  HgS.  The  fluoride  of  mer- 
cury and  ammonium  is  a  white  insoluble 
powder. 

OXYSALTS. 

A.  Salts  of  black  oxide,  Hg20.  1.  Sulphatt, 
Hg20,  S03  obtained  by  carefully  heating  I  pi 
mercury  with  1  or  \  pt.  oil  of  vitriol  to  the 
point  of  gas  evolution,  ceasing  the  operation 
when  it  is  changed  into  a  white  powder;  it  is 
rinsed  with  a  little  cold  water.  It  crysl  i 
from  a  solution  in  boiling  water,  or  better  from 
a  hot  solution  in  dilute  sulphuric  acid.  It  may 
be  also  obtained  by  subliming  the  sulphate  of 
the  red  oxide.  Soluble  in  500  pts.  cold  and 
300  boiling  water.  The  sulphate  with  amide, 
Hg20,  S03  +  Hg2NH2,  is  obtained  as  a  dark 
gray  powder  by  pouring  ammonia  over  the  sul- 
phate ;  if  heated  in  ammonia,  it  adds  2  IIg20 
to  this  double  salt.  Dithionate  of  mercury, 
Hg20,  S205,  is  obtained  by  dissolving  freshly 
precipitated  oxide  in  hyposulphuric  acid,  and 
crystallizing  by  gentle  evaporation;  soluble  in 
nitric  acid,  decomposed  by  boiling  with  water. 
Dilhionite  is  obtained  in  combination  with  cop- 
per by  mixing  dithionite  of  mercury  and  po- 
tassa with  blue  vitriol ;  the  brownish  red  salt 
has  the  form.  3  (Hg20,  S202)  +  5  (Cu20,  8,1  >,). 

2.  Nitrate  is  obtained  by  dissolving  mercury 
in  an  excess  of  cold  nitric  acid,  from  which  it 
crystallizes  in  colorless  crystals,  with  the  form. 
Hg20,  N05+2  HO;  decomposed  by  much  wa- 
ter into  a  more  basic,  and  by  still  more  water 
into  a  more  basic  salt.  If  an  excess  of  metal 
be  treated  with  cold  dilute  nitric  acid,  a 

salt  is  obtained  in  colorless  prisms,  with  the 
form.  3  Hg20,  2  N05  -f  3  HO.  If  either  of 
these  nitrates  be  treated  with  much  wat 
or  a  little  alkaline,  until  the  liquid  ceases  its 
acid  reaction,  a  yellow  powder  remains,  of  the 
composition  2  Hg20,  N05  -|-  HO.  A  basic  salt 
with  ammonia  is  obtained  by  precipitating  the 
neutral  salt  with  ammonia,  and  is  known  as  Hah- 
nemann's soluble  mercury;  form.  HggO,  '-"'• 
-4-  Hg20,  NH3.  A  basic  nitrite  is  obtained  by 
continued  boiling  nitrate  with  the  metal,  or  by 
gently  heating  the  nitrate ;  it  is  a  yellow 
der.  See  Jour,  de  Pharm.,  July,  LSI"),  and 
Chem.  Gaz.  iii.  347. 

3.  Phosphate,  IIg20,  P06,  obtained  from  ni- 
trate of  mercury  and  phosphate  of  soda,  is  a 
white,  crystalline  powder,  insoluble  in  phos- 
phoric acid,  and  decomposed  by  heat.  The 
pyrophosphate  is  a  white  powder. 

4.  Chlorate  and  perchlorate  arecrystallizable  ; 
the  former  forms  two  modifications  and  a  yel- 
low basic  salt;  it  explodes  with  combustibles 
under  the  hammer.     Bromate  crystallizes  from 
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a  solution  in  excess  of  bromic  acid,  and  forms 
a  basic  salt.     The  iodaie  is  insoluble. 

5.  A  carbonate  is  obtained  by  dropping  the 
nitrate  into  a  solution  of  bicarbonate  of  potassa, 
and  allowing  it  to  remain  in  the  liquid  for  a 
time  and  drying  over  oil  of  vitriol  in  vacuo. 

B.  Salts  of  red  oxide,  HgO.  1.  Sulphate.  The 
neutral  is  formed  by  heating  5  pts.  oil  of  vitriol 
with  4  pts.  mercury  until  the  whole  forms  a  dry, 
saline  mass,  which  bears  the  heat  of  beginning 
redness  without  decomposition.  Water  decom- 
poses it  into  a  basic  insoluble,  and  a  neutral 
soluble  salt,  with  free  sulphuric  acid  the  salt 
may  be  crystallized.  The  insoluble  residue  is 
a  lemon-yellow  powder,  formerly  called  Tur- 
peth  mineral,  soluble  in  2000  cold  and  600  boil- 
ing water.  A  basic  sulphate  with  amide, 
3  HgO,  S03  +  HgNH2,  formed  by  digesting 
the  neutral  salt  with  ammonia,  is  a  white  pow- 
der, soluble  in  nitric  and  muriatic  acids.  The 
sulphate  with  sulphuret,  HgO,  S03  -j-  2  HgS,  is 
formed  like,  and  resembles  the  sulphochloride. 
The  phosphuret  and  basic  sulphate,  4  (HgO, 
S03)  +  2  HgO  +  Hg3P  +  4  HO,  is  obtained  by 
passing  phosphuretted  hydrogen  in  a  dilute 
solution  of  the  sulphate  in  sulphuric  acid,  as  a 
white  powder,  soluble  in  aqua  regia.  Double 
sulphate  of  ammonia  and  mercury,  NH40,  S03 
-f-  HgO,  S03,  is  obtained  direct,  and  is  soluble 
in  ammonia.  Sulphate  with  iodide,  HgO,  S03 
-J-  Hgl,  is  obtained  by  dissolving  iodide  of 
mercury  in  strong  sulphuric  acid,  and  is  de- 
composable by  water. 

Dithionate  is  obtained  neutral  only  in  solution, 
but  a  yellowish  basic  salt  is  obtained  by  treat- 
ing hyposulphuric  acid  with  more  oxide  than 
it  can  dissolve ;  its  form,  is  2  (HgO  S205)  -4- 
3  HgO.  Double  salts  of  dithionous  acid  are 
obtained  by  dissolving  the  acid  in  a  soluble 
dithionite  and  allowing  to  crystallize  out,  or 
precipitating  it  by  alcohol.  The  salt  of  potassa 
3  (HgO,  S202)+  5  (KO,  S202)  is  crystallizable 
and  not  very  soluble  ;  the  soda  salt  is  not  crys- 
tallizable. The  ammonia  salt,  HgS202  -f-  4 
(NH40,  S202)  +  2  HO,  is  crystallizable  and 
easily  decomposed. 

2.  Nitrate.  The  neutral  salt  is  known  in 
solution  only,  from  which  a  basic  salt  sepa- 
rates in  crystals  with  the  form.  HgO,  N05  -|- 
HgO  -f-  2  HO.  By  treating  the  crystals  with 
lukewarm  water,  a  yellow  basic  powder  re- 
mains, HgO,  N05  +  2  HgO  -f  HO.  When  the 
last  is  boiled  with  water,  a  reddish  brown  salt 
is  formed,  HgO,  N05  +  5  HgO. 

When  a  dilute  nitric  solution  is  precipitated 
with  dilute  ammonia,  the  white  precipitate  has 
the  form.  HgO,  N05  4-  2  HgO  +  NH3,  which 
may  be  boiled  with  potassa  without  setting 
free  ammonia  or  oxide  of  mercury.  If  it  be 
boiled  with  water,  with  or  without  potassa,  it 
becomes  heavier,  granular,  and  grayish  white, 
with  the  form.  (HgO,  NO.  4-  Hg  NH2)  + 
2  HgO,  and  the  same  salt  is  obtained  by  pre- 
cipitating nitrate  with  ammonia  and  boiling 
the  liquid.  Kane  obtained  a  yellowish  white 
precipitate  by  adding  strong  ammonia  to  a 
strong  solution  of  ammonia,  and  supposes  the 
compound  to  be  (HgNO.  4-  HgNH2)  +  4  HgO. 
By  boiling  the  first  white  precipitate  with  am- 
monia and  nitrate  of  ammonia,  the  hot  filtrate 


gives  a  yellow  deposit,  HgO,  NOs  4-  HgO  4- 
NH3,  {Mitscherlich),  or  NH,0,  NO,  4-  (HgO, 
N05  +  HgNH2)  4-  2  HgO.  {Kane.)  The  se- 
cond grayish  white  powder,  boiled  with  nitrate 
of  ammonia,  yields  crystals  with  the  form. 
2  (NH40,  N05)  4-  (HgO,  NOs  4-  HgNH2)  + 
2  HgO.  {Kane.)  A  solution  of  the  yellow  de- 
posit gives  a  white  powder,  when  ammonia  is 
added  to  the  solution ;  of  the  form.  NH3,  NO- 
4-  3  HgO ;  and  if  this  powder  be  dissolved  in 
ammonia  in  excess,  with  nitrate  of  ammonia, 
yellow  crystals  separate  of  the  form.  NH3  N05 
4- 2  HgO.  {Mitscherlich.)  A  certain  excess  of 
ammonia  poured  into  nitrate  of  mercury  throws 
down  a  white  powder,  NH3,  N05  -\-  4  HgO. 
Soubciran. 

Sulphuret  and  nitrate  is  precipitated  from  ni- 
trate by  sulphuretted  hydrogen,  white,  HgO, 
N05  4-  2  HgS.  Phosphuret  and  nitrate  is  thrown 
down  from  nitrate  by  phosphuretted  hydro- 
gen, of  a  yellow  color  when  anhydrous,  white 
when  hydrated ;  form.  3  (HgO,  N05  +  HgO) 
4-  Hg3P.  Nitrate  and  iodide  is  obtained  by 
half  precipitating  nitrate  of  mercury  by  iodide 
of  potassium,  and  evaporating  the  filtrate,  or 
by  dissolving  mercury  in  nitric  acid  to  satura- 
tion, and  dissolving  an  excess  of  iodide  in  the 
boiling  solution  until  it  assumes  a  color,  or  an 
excess  of  iodide  in  it.  White  pearly  scales  and 
needles,  decomposed  by  water  into  nitrate, 
which  dissolves,  and  iodide  which  remains ; 
form.  2  Hgl  4-  HgO,  N05,  or  2  HgO,  N05.  A 
double  salt  is  said  to  be  formed  with  cyanide 
by  mixing  nitrate  of  mercury  with  cyanide 
of  potassium ;  form.  HgCy  4~  HgO,  N05  4" 
2  HO. 

Phosphate  of  mercury  is  white  and  insoluble 
in  water,  soluble  in  phosphoric  acid  and  am- 
moniacal  salts.  Borate  is  formed  by  rubbing 
together  equal  equivs.  of  oxide  of  mercury  and 
boracic  acid,  and  heating  to  fusion.  By  digest- 
ing freshly  precipitated  oxide  of  mercury  with 
borate  of  ammonia  and  evaporating  to  dryness, 
a  white  mass  is  formed,  probably  borate  and 
amide  of  mercury.  Carbonate  is  a  pale  red, 
insoluble  powder,  apparently  4  HgO,  C02. 

5.  Perchlorate  and  chlorate,  made  direct,  are 
crystallizable  and  deliquescent.  A  basic  chlo- 
rate is  obtained  by  dissolving  oxide  in  the  acid 
to  saturation,  from  which  solution  it  crystal- 
lizes, as  HgO,  C105  4-  HgO  4-  HO.  Brooks 
has  described  several  salts  of  the  two  oxides 
of  mercury.  Thus  his  nitrate  of  black  and  red 
oxide  has  the  form.  2  Hg20,  N05  4-  4  HgO, 
NOs.     Chem.  Gaz.  iv.  35. 

Bromalc,  formed  direct,  crystallizes  from  a 
hot  solution,  as  HgO,  BrOs  +  2  HO ;  and  by 
precipitating  this  solution  by  excess  of  ammo- 
nia, a  yellow  basic  amide  salt  is  formed ; 
(HgOBr05  +  HgNH2)  4-  2  HgO.     Rammelsb. 

Iodate,  formed  direct,  is  a  white  insoluble 
powder. 

C.  On  reviewing  the  compounds  of  mercury, 
it  is  evident  that  they  are  of  an  anomalous 
character,  although  some  of  the  analytical 
results  are  doubtless  erroneous.  Millon  has 
endeavored  to  obviate  the  difficulty  of  arrang- 
ing them  with  other  bodies  by  assuming  the 
existence  of  a  base  in  the  ammoniacal  com- 
pounds, as  shown  in  the  following  table : — 
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MESITIN  SPAR. 


METACETONE. 


Hydrated  base 

Base  dehydrated  over  sulphuric  acid 

Anhydrous  base  at  206° 

Carbonate 

Carbonate  at  275° 

Oxalate 

Sulphate  

Nitrate  of  Soubeiran 

Bromate  obtained  by  Rammelsberg 

Chloride  obtained  by  washing  the  white  precipi- 
tate with  water 


Iodide  obtained  by  Rammelsberg  by  boiling  am-  \ 


monia  repeatedly  with  bichloride  of  mercury. 


3  HgO  +  HgNH2  +  110  +  2  HO. 

;;  HgO-j-  HgNHa  +  HO. 

::  BgO  +  HgNH,. 

C02+3  HgO,  HgNH-+  HO. 

C02+3IIg<>.  llgMI*. 

C2034-3HgO.  II -Ml,. 

SO, +  8  HgO,  HgNHg. 

NO. +  3  HgO,  HgNHj,  HO. 

Br05,  3  HgO,  HgNHa. 

2  HgO,  HgCl,  HgNH2. 
2  HgO,  Hgl,  HgNH2. 


So  one  of  Mitscherlich's  salts,  (HgO,  N05-f  HgO 
+  NH3),  if  doubled,  may  be  (NH40,  N05)  -f- 
(3  HgO,  HgNH2,  N05).  But  instead  of  regard- 
ing HgXH2  as  amide  of  mercury,  it  may  also 
be  viewed  as  an  ammonia  with  Hg  replacing 
H.  On  this  theory,  chloramide  of  mercury 
is  analogous  to  the  chloride  of  ammonium, 
NH4,  CI,  and  may  be  written  NH2Hg2,  CI,  or 

TI 

Nj,2t  CI.  Since  on  this  view  HgO  might  re- 
place HO,  the  anomalies  of  many  basic  salts 
disappear. 

MESITIN  SPAR.  Min.  Is  intermediate 
between  Bitter  Spar  and  Sparry  Iron,  and 
its  form,  is  MgO,  C02  -f-  FeO,  C02. 

MESITULE.     See  Acetone. 

MESOLE.  Min.  Cryst.  Trimetric.  H.  = 
3-5.  G.  =  2-35  —  2-4.  In  other  characters 
and  behavior  resembling  mesotype.  Form. 
probably  3  NaO  (CaO)  2  Si03+  3  (A1203,  Si03) 
-|-  8  HO.     See  Brevicite  and  Mesotype. 

MESOLIN.     See  Chabasite. 

MESOTYPE.  Min.  Syn.  Scolezite,  Natrolite, 
Mesolite.  Cryst.  Right  rhombic,  also  fibrous  and 
acicular.  II.  =4-5  —  5-5.  G.  =  2-14  —  2-27. 
AVhite,  yellowish,  or  reddish  ;  vitreous  ;  trans- 
parent, translucent ;  brittle  with  uneven  frac- 
ture. Behavior  like  the  zeolites,  (see  Apo- 
phyllite),  scolezite  swelling  up  in  twisting 
forms  by  heat,  and  some  showing  the  presence 
of  iron  in  the  fluxes.  Soluble  in  muriatic  acid 
before  ignition,  the  silica  gelatinizing.  The 
following  are  the  varieties : 

1.  Lime  mesotype.  Syn.  Scolezite,  Needle- 
stone.  H.  =5— 5-5.  G.  =  2-2.  Partially 
soluble  in  oxalic  acid.  Form.  CaO,  Si03  -j- 
A1203,  Si03  +  3  HO. 

2.  Lime  and  soda  mesotype.  Syn.  Mesolite. 
Partially  soluble  in  oxalic  acid.  Form.  CaO 
(NaO),  Si03  +  A1203,  Si03  +  3  HO  of  some ; 
others  are  (NaO,  Si03  -f  A1203,  Si03  -f  2  HO) 
+  2  (CaO,  Si03  +  A1203,  Si03  +  3  HO),  or 
1  equiv.  natrolite  +  2  equivs.  scolezite. 

3.  Soda  mesotype.  Syn.  Fibrous  or  prismatic 
Zeolite,  Crocalite,  Edelite,  Hoganite,  Lehuntite, 
Radiolite.  H.  =  4-5  — 5-5.  G.  =2-14  — 2-23. 
Wholly  soluble  in  oxalic  acid.  Form.  NaO, 
Si03  +  A1203,  Si03  +  2  HO.  It  therefore  dif- 
fers from  scolezite  in  containing  soda  and  2  HO, 
instead  of  lime  and  3  HO. 

The  three  varieties  are  found  chiefly  in  Trap 
rocks.     See  Mesole,  Poonahlite,  Brevicite. 
MESOXALIC  ACID.     See  Uric  Acid. 
MESYTELENE.     See  Acetone. 
METEORIC  IRON.       "I  See  Aer0L1TES 
METEORIC  STONES.  /  bee  AER0L1TES- 
METACETONE.     Formula  C6H50.   (Fremy.) 
When  1  part  of  sugar  and  3  parts  of  finely 
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powdered  quick-lime  are  distilled  together,  as 
soon  as  the  temperature  reaches  285°,  inflam- 
mable gas  is  disengaged,  and  a  mixture  of  ace- 
tone and  metacetone  remains.  The  latter  is 
separable  by  the  addition  of  water,  and  can  be 
purified  by  redistillation.  The  last  port  inns 
which  pass  over  are  to  be  preserved.  Engle- 
berger  has  recently  obtained  a  fluid  ethereal 
body  analogous  to  metacetone,  along  with  alde- 
hyde and  essential  oil  of  bitter  almonds,  by  the 
oxidation  of  casein,  by  the  action  of  peroxide 
of  manganese  and  sulphuric  acid. 

Prop.  A  colorless  liquid,  miscible  with  alco- 
hol and  ether,  but  not  with  water.  It  boila 
about  183°.  It  may  be  regarded  as  Acetone 
less  1  equiv.  of  water. 

Metacetonic  acid.  C6H503  -4-  HO.  Obtained 
by  oxidizing  metacetone  with  a  mixture  of  sul- 
phuric acid  and  bichromate  of  potassa,  and 
after  the  disengagement  of  gas  passing  over 
the  acetic  and  metacetonic  acids  by  distilla- 
tion. The  two  are  separable  by  saturation 
with  carbonate  of  soda  and  crystallization. 
{Gottlieb.)  Redtenbacher  (Chem.  Gaz.  ix.  292) 
also  obtained  it  from  glycerin  by  slow  decom- 
position, yeast,  and  access  of  air,  but  Gottlieb 
could  not  procure  it  from  acetone.  Redten- 
bacher found  it  among  the  products  of  the  oxi- 
dation of  oleic  acid  by  nitric  acids.  Mala- 
guti,  Dumas,  and  Leblanc  also  observed  it 
among  the  products  resulting  from  the  decom- 
position of  hydrocyanic  ether  by  gotassa. 
According  to  these  chemists,  (Comples  Rendut, 
Nov.  29,  1847),  the  butyro-acetic  acid  of  Noll- 
ner  and  Nickles,  obtained  from  fermented  tar- 
trate of  lime,  is  identical  with  the  metacetonic 
acid,  and  they  propose  for  it  the  name  of  pro- 
pionic acid,  in  reference  to  the  place  which  it 
should  occupy  in  the  series  of  the  fatty  acids, 
of  which  it  is  the  first. 

Prop.  Very  similar  in  properties  to  acetic 
acid,  their  silver  salts  having  the  same  solu- 
bility. Mixtures  of  the  acetate  and  meta- 
cetonate  of  barytes,  copper,  zinc,  do  not  crys- 
tallize, and  moreover  the  two  acids  have  a 
great  tendency  to  form  double  salts  in  combina- 
tion with  the  same  base.  The  acetate  of  soda, 
unlike  the  metacetonate,  crystallizes  readily. 
(Gottlieb.')  It  also  resembles  acryllic  arid, 
(C6H3034-  H0>)  from  which  it  only  differs  by 
2  equivs.  of  water  and  the  fusibility  of  the  silver 
salt.  Very  soluble  in  water,  but  not  in  every 
proportion,  and  combines  easily  with  ether. 

Metacetonic  ether.  Obtained  by  boiling  the 
metacetonate  of  silver  with  sulphuric  acid  and 
absolute  alcohol,  and  then  mixing  it  with  water, 
when  the  ether  separates  as  a  light  liquid  of 
agreeable  odor. 


METALEPSY. 


METHYL. 


Metacetonates.  The  silver  salt,  AgO  +  C6HB0  3, 
is  in  shining  white  granules,  not  very  sensitive  to 
light,  but  darkens,  and  is  partially  decomposed 
•when  heated  to  212°.  The  double  salt  obtained 
by  decomposing  a  mixture  of  acetate  and  me- 
tacetonate  of  soda  with  nitrate  of  soda,  crys- 
tallizes in  beautiful  lustrous  denditric  crystals, 
and  has  the  formula  C4H303,  AgO  +  C6H503, 
AgO. 

METALEPSY.     See  Substitution. 

METALDEHYDE.     See  Acetule. 

METAMARGARIC  ACID.  See  Margaric 
Acid. 

METAMECONIC  ACID.     See  Meconin. 

METHIONIC  ACID.     See  Ethyl. 

METAOLEIC  ACID.     See  Oleic  Acid. 

METAPHOSPHORIC  ACID.  See  Phos- 
phorus. 

METHYL.  Chem.  Two  liquids  condensed 
by  the  dry  distillation  of  wood,  tar,  and  an 
aqueous  liquid  abounding  in  vinegar,  called 
crude  pyroligneous  acid.  This  crude  liquid  is 
a  solution  in  water  of  acetic  acid  and  acetic 
compounds,  wood-spirit,  aldehyde,  and  small 
quantities  of  various  other  substances.  If 
from  *6  to  T'5  of  the  crude  acid  be  distilled,  a 
spirituous  liquid  is  obtained,  commonly  termed 
crude  wood  spirit,  from  which  a  body  is  ob- 
tained analogous  to  alcohol,  together  with  its 
ether  and  a  series  of  compounds  similar  to 
those  of  ether.  A  larger  amount  of  wood  spirit 
is  obtained  by  distilling  woody  fibre  with  caus- 
tic potassa,  but  it  is  usually  prepared  from 
crude  pyroligneous  acid.  From  the  analogy 
of  wood  spirit  with  alcohol  and  of  its  ether  with 
common  ether,  its  radical  is  called  methyl, 
from  /u$u  wine,  whence  methylic  oxide  or  me- 
ther,  and  methylic  alcohol  or  wood-spirit. 

1.  Wood-spirit.  Syn.  Proligneous  spirit,  Py- 
roxylic  spirit,  Methylic  alcohol,  Methalcohol, 
Formalcohol,  Hydrated  oxide  of  methyl,  Bihy- 
drate  of  methylen.  Prep.  About  Jff  or  more 
of  the  crude  pyroligneous  acid  is  distilled,  the 
distillate  rectified  several  times  over  caustic 
lime,  catching  only  the  lighter  portions  of  it, 
mixed  with  sulphuric  acid,  which  separates 
tarry  matter  and  takes  the  ammonia,  and 
finally  rectified  several  times  over  caustic  lime, 
until  it  no  longer  clouds  by  mixture  with  water, 
does  not  brown  by  exposure  to  air,  does  not 
precipitate  nitrate  of  black  oxide  of  mercury 
black,  and  tests  neutral.  By  distilling  with 
caustic  lime,  it  may  be  obtained  anhydrous. 
The  distillations  are  performed  in  a  water-bath. 
A  better  method  is  to  saturate  exactly  the  crude 
liquid  of  the  first  distillation  with  lime,  with 
chloride  of  calcium,  and  after  standing  for  a 
day  or  two,  to  distil  it  in  a  water-bath,  by 
which  lignone,  misit,  and  a  little  wood-spirit 
pass  over ;  then  to  mix  the  residue  with  water, 
and  again  distil.  The  first  portions  passing 
over  are  nearly  pure  hydrated  wood-spirit ; 
the  latter  portions  are  adulterated  with  pyroil. 

Prop.  Form.  C2H402.  A  thin,  colorless, 
alcoholic  fluid  of  a  peculiar  odor,  reminding  of 
alcohol  and  acetic  ether.  Spec.  grav.  =  0-798 
at  68°,  0-7938  at  77° ;  boils  at  145°  to  150°, 
quietly,  if  platinum  wire  or  mercury  be  intro- 
duced into  it;  spec.  grav.  vapor  =  1120  (by 
calcul.  1107).  It  takes  fire  readily  in  the  air, 
burning  with  a  slightly  less  luminous  flame 
than  common  alcohol :  inflames  when  dropped 


on  platinum  sponge,  but  the  latter  in  its  vapor, 
air  being  present,  converts  it  into  formic  acid, 
similar  to  the  oxidation  of  alcohol  into  vinegar; 
C2H402  +  04  =  C2H204  +  2  HO ;  by  distilla- 
tion with  chloride  of  lime  solution,  it  yields 
chloroform.  By  mixing  with  oil  of  vitriol,  sul- 
phuric mether  is  formed ;  by  distilling  1  pt. 
wood-spirit  with  4  pts.  oil  of  vitriol,  mether 
(methylic  ether)  passes  over ;  the  higher  the 
heat  of  distillation,  the  more  sulphuric  mether 
and  the  less  mether  distils  over.  By  warming 
it  with  potassa  lime,  hydrogen  is  chiefly  evolved, 
and  there  remains  formiate  of  potassa.  Wood- 
spirit  mixes  with  water,  alcohol,  ether,  and 
dissolves  resins,  fixed  and  volatile  oils.  It 
forms  crystalline  compounds  with  baryta,  chlo- 
rides of  calcium,  iron,  and  tin. 

2.  Mether.  Methylic  ether,  oxide  of  methyl, 
hydrate  of  methylen,  Holzather,  Form'ather. 
Prep.  Gently  heat  1  pt.  wood-spirit  with  4  pts. 
oil  of  vitriol,  and  free  the  distilling  gas  from 
carbonic  and  sulphurous  acids  by  potassa. 

Prop.  A  neutral  gas  of  ethereal  odor,  not 
condensable  at  -f-  5°,  soluble  in  water,  impart- 
ing an  ethereal  odor  and  peppery  taste  ;  spec, 
grav.  1617  (by  calcul.  1592).  Form.  C2H30,  or 
as  oxide  of  methyl,  C2H30;  as  hydrate  of  me- 
thylen, C2H2,  HO.  It  burns  readily  in  the  air 
like  alcohol ;  heated  in  potassa-lime,  it  forms 
formiate  of  potassa  ;  a  mixture  with  chlorine, 
kept  from  exploding,  is  first  changed  to  a  liquid 
C2H2C10,  or  rather  C4H4C1202,  then  by  more 
chlorine  into  C2HC120,  or  better  C6H3C1603  = 
C2H03  -f  2  (C2HC13),  and  finally  by  the  action 
of  sunlight  and  more  chlorine  into  C2O30,  or 
C4C1602  =  C02  +  3  CC12. 

The  assumed  radical  methyl,  C2H3,  forms  a 
series  of  compounds  with  sulphur,  chlorine,  &c, 
similar  to  those  of  ethyl,  and  the  oxide  of  me- 
thyl or  mether,  a  series  of  neutral  and  acid 
ethers  with  various  acids,  similar  to  those  of 
ether.  They  are  also  obtained  in  a  similar 
manner.     See  Ethyl. 

The  following  are  their  formulae  and  most 
important  properties :  Sulphurct  of  methyl, 
C2H3S,  or  MeS,  a  liquid,  disagreeable  odor, 
spec.  grav.  0-845,  boils  at  106°,  spec.  grav.  of 
vapor,  2115  (by  calcul.  2146).  Sulphydrate  of 
methyl,  or  MeS,  HS,  boils  at  70°,  forms  a  color- 
less, cryst.  double  sulphuret  with  oxide  of  mer- 
cury. Sulphocarbonatc  of  methyl,  MeS,  CS2,  a 
yellow  liquid,  spec.  grav.  1-159,  boils  at  400°. 
Oxysulphocarbonate,  a  liquid  of  spec.  grav.  1-143, 
boiling  at  338°,  and  forming  a  double  salt  with 
potassa,  with  the  form.  (KO,  C02+  MeO,  C02) 
+  2  (KS,  CS2  +  MeS,  CS2)  Bisulphurct,  MeS2, 
a  liquid  of  strong  garlic  odor,  spec.  grav.  1-046, 
boils  at  242-6°.  Trisulphuret,  MeS3,  distilling 
at  392°.  Chloride,  MeCl,  (muriate  of  methylen) 
by  distilling  1  pt.  wood-spirit,  2  pts.  dry  com- 
mon salt,  and  3  pts.  oil  of  vitriol,  a  gas  con- 
densing at  +  5°.  Bromide,  MeBr,  a  liquid  of 
spec.  grav.  1-6644  at  32°,  boiling  at  55-4°. 
Iodide,  Mel,  also  a  colorless  liquid.  Fluoride, 
MeFl,  a  gas  of  agreeable  odor.  Cyanide,  a 
liquid,  forming  compounds  with  other  cyanides, 
as  the  yellow  crystals  of  (MeCy  +  FeCy)  4- 
2  (FeCy  +  2  KCy)  +  8  HO,  formed  by  dis- 
solving sulphate  of  methyl  and  potassa  in  yel- 
low prussiate  of  potash.  Rhodanide,  or  sulpho- 
cyanide,  Me,  C2NS2,  spec.  grav.  1-15,  boiling 
at  270°. 
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MILK. 


Sulphate  of  mother.  Sulphate  of  oxide  of  me- 
thyl,  C4HsO,  SO„  =  MeO,  S03,  obtained  by 
distilling  1  pt.  wood-spirit  with  8  or  10  pte.  oil 
of  vitriol,  is  a  colorless,  oily  liquid,  of  garlioky 
odor,  spec.  grav.  1  824,  boiling  at  370.4°,  and 
distilling  unchanged.  Bisulphate,  MeO,  80s  + 
HO,  S03,  sulphomethylic  acid,  bisulphate  of 
methylen,  a  crystallizable  body,  forming  double 
salts,  like  sulphovinic  acid.  laomethionic  acid, 
corresponding  to  the  isothionic  acid  of  the 
ethyl  series.  Nitrate,  MeO,  N05,  nitrite  and 
hypochlorite  have  been  made.  There  is  a  bibo- 
rate,  MeO,  2  B03,  and  a  basic  borate,  3  MeO, 
B03.  Carbonate  has  not  been  obtained,  but  it 
forms  double  salts  with  potassa  and  baryta, 
and  unites  with  chlorocarbonic  acid,  to  MeO, 
C02  -(-  COC1,  which  is  changed  by  solution  in 
ammonia  into  urethylan  or  carbamide  and  car- 
bonic mether,  =  MeO,  C02  +  NII2,  CO.  Ox- 
alate, MeO,  C203,  a  colorless  crystallizable 
body,  which,  when  fused  in  dry  ammoniacal 
gas,  until  saturated,  forms  a  white  crystalline 
body,  which  is  oxalic  mether  and  oxamide, 
MeO,  C203  -4-  NH2C202,  or  oxamethylan.  For- 
miate, MeO,  C2H03,  is  obtained  by  distilling 
sulphate  of  methyl  with  formiate  of  potassa, 
and  boils  at  98°.  Basic  formiate  of  mether 
(formal,  Kane,  formomcthylal,  Dumas)  is  ob- 
tained by  adding  to  2  pts.  wood-spirit  and  2  pts. 
binoxide  of  manganese  in  a  capacious  retort, 
a  cooled  mixture  of  3  pts.  oil  of  vitriol  and 
3  pts.  water,  heating  in  a  water-bath  until  it 
begins  to  foam,  when  the  heat  is  removed  and 
the  distillation  continues.  It  is  rectified,  and 
the  liquid  taken  that  distils  over  at  100°— 104°. 
It  is  a  colorless  liquid,  boiling  at  100°,  and  is 
decomposed  by  potassa  into  formic  acid  and 
wood-spirit.  Form.  3  MeO,  C2H03.  If  to 
120  measures  formomethylal  in  17G  measures 
water,  potassa  be  added  portionwise,  and  the 
rising  stratum  of  liquid  be  removed  as  it  forms, 
the  latter  is  Malaguti's  methylal,  C6H804. 

Other  compounds  of  mether  with  organic 
acids,  a  large  number  of  which  have  been  in- 
vestigated, are  formed  similarly  to  those  of  the 
ether  series,  by  the  action  of  the  acid  itself  on 
wood-spirit,  or  by  catalysis  of  wood-spirit  by 
oil  of  vitriol  in  presence  of  the  acid,  or  one 
of  its  salts.  An  interesting  compound  was 
found  by  Proctor,  existing  in  Gaultheria 
procumbens. 

MIARGYRITE.  Min.  Cryst.  Oblique  rhom- 
bic. H.  =2  — 2-5.  G.  =  5-234.  Iron-black; 
submetallic,  adamantine ;  opake,  blood-red  in 
thin  pieces ;  very  sectile  with  red  streak. 
Heated  in  an  open  tube,  it  fuses,  yields  oxide 
of  antimony  and  sulphurous  acid,  and  on  coal 
leaves  silver.  Form.  AgS,  SbS3.  Occurs  at 
Braunsdorf,  Freiberg,  Saxony. 

MICA.  Min.  Ger.  Glimmer.  Three  spe- 
cies may  be  included  under  this  head;  potassa 
or  bioxial  mica,  magnesia  or  unaxial  mica,  and 
lithia  mica  or  lepidolite;  but  late  investigations 
have  shown  that  neither  the  optical  properties 
nor  the  prevalence  of  a  particular  alkali  can 
be  employed  to  determine  the  differences.  It 
is  however  convenient  at  present  to  employ 
these  terms. 

1.  Common  mica.  Potassa  mica,  biaxial 
mica.  Cryst.  Oblique  rhombic,  cleaving  per- 
fectly, and  with  a  brilliant  surface  parallel  to 
base'  H.  =  2  — 2-5.  G.  =  2-8— 3.  White, 
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gray,  light  green,  dark  olive  green,  violet,  and 
brown;    lustre,   pearly,   transparent,   Ij 

cent;    easily  separable   into  very  thin,  fl( 
and    elastic   lamiino.      It   yields   a    little  Water, 
and    often   traces  of   fluoric   acid:    fuses    with 
variable   facility  to   a   grayish  yellow,   b 
glass  :  soluble  in  the  ftuxeB,  Leaving  a  skeleton 
of  silica,  in  mic.  salt.      The  following  sub-. 
have  been  found  in  several  specimens  pi 
mon   mica:  Si03,  A1203,  Fe203,   Mn2Oa,  CaO, 
MgO,  KO,  F,  HO.     The  formula   for  some  1  , 
KO,  Si03  +  4  (A1203,  SiO),  for  one  from  Jef. 
ferson  Co.,  N.  Y.     3  (RO,  Si03)  +  2  (] 
Si03),  +  KF1,  for  another  mica,  2  (8  Rl  I, 
-flO(R203,  SiO,) +8  IK). 

2.  Hexagonal  mica.  Magnesia  mica,  uniaxiil 
mica.  Cryst.  Hexagonal  prisms,  with  the 
usual  micaceous  cleavage.  H.  and  Or.  =  as  for 
common  mica.  Color,  dark  green,  brown,  id- 
most  black,  lustre  often  splendent;  sepa 
like  1.  into  elastic  laminae.  Much  less  fusible 
than  1.,  often  giving  alone,  or  with  fluxes,  a 
dark  iron  glass.  Form.  3  RO,  Si03  -4-  K  0 
Si03,  in  which  RO  =  MgO,  KO,  PeO  and  Kg-O, 
=  A1203,  Fe203.  The  form,  is  the  same  as 
that  of  Garnet  and  Idocrase. 

3.  Lepidolite.     See  Lithia  Mica. 

The  micas  occur  chiefly  in  Primary  Rocks. 

MICACEOUS  IRON.     See  Specular  Iron. 

MICAPHYLLITE.     See  Andalusite. 

MICARELLE.     See  Pinite. 

MICA  SLATE.  A  variety  of  gneiss  rock,  iu 
which  mica  is  an  abundant  constituent. 

MICHALLITE.     See  Opal. 

MICROCOSMIC  SALT.  The  triphosphate 
of  soda  and  Ammonia,  much  used  as  a  flux  in 
testing  with  the  Blowpipe. 

MICROLITE.     See  Pyrocdlore. 

MIDDLETONITE.  Min.  In  small  pieces, 
the  size  of  a  pea;  hard  and  brittle,  G.  =  1-6; 
reddish  brown  by  reflected,  deep-red  by  trans- 
mitted light ;  resinous ;  not  altered  at  400° ; 
burns  like  a  resin  on  ignited  coal ;  ether,  alco- 
hol, and  terpentine  are  colored  yellow  when 
boiled  with  it;  soluble  in  oil  of  vitriol  and  boil- 
ing nitric  acid  with  decomposition.  Form. 
C20HnO,  or  C20H]0  -4-  HO.  It  occurs  iu  the 
coal  of  Yorkshire  and  Staffordshire. 

MIEMITE.     See  Bitter  Spar. 

MILDEW.  Agric.  Syn.  Rust,  Blight.  A  de- 
structive disease  incident  to  plants,  and  result- 
ing from  an  extended  deposit  of  minute,  mouldy 
fungi  upon  the  leaves.  In  grain  fields,  its  pre- 
vention is  impossible.  Salt  and  lime,  however, 
are  sometimes  applied  to  the  soil  to  prevent 
communication  to  the  grain  from  the  spreading 
power  of  the  fungus.  In  garden  plots,  the 
application  of  flour  of  sulphur  upon  the  leaves 
is  said  to  check  the  ravages  of  the  d 
without  injury  to  the  plant.  For  a  full  treatise, 
see  Farmer's  Encyclopaedia. 

MILK.  A  white,  opaque,  liquid  secretion, 
varying  in  its  nature  with  that  of  the 
health,  and  species  of  the  animal  whence  ob- 
tained. A  healthy  cow  secretes  from  1  to  3 
gallons  per  day.  The  average  of  several  analy- 
ses gives,  as  the  composition  of  cow's  milk  : — 

Water 87-4 

Butter 40 

Sugar  of  milk  (Laclin)  and  soluble  salts.  5-0 

Casein,  albumen,  and  insoluble  salts 3-6 

The  saline   portion  consists  of  phosphate  of 


MILOSCHIN. 


MOHRINGA. 


lime,  magnesia,  iron,  and  soda,  chloride  of  po- 
tassium, and  caustic  soda.  Iodide  of  potassium 
is  sometimes  present,  and,  in  addition,  Mar- 
chand  lias  recently  found  carbonic  acid  in  fresh 
milk.  For  analyses  of  human  and  other  milk, 
see  Simon's  Chemistry  of  Man  and  Chem.  Gaz. 
vi.  19:2.  The  Butter  or  fatty  portion  exists  as 
Cream,  and  rises  to  the  surface  when  the  milk 
is  left  to  repose.  The  spec.  grav.  decreases  as 
the  content  of  cream  augments,  and  ranges 
from  1-027  to  1-042.  Fresh  milk  is  always 
alkaline,  and  when  this  reaction  is  neutralized 
by  the  lactic  acid,  formed  by  exposure  or  agi- 
tation from  the  sugar,  the  milk  coagulates,  the 
Casein  is  rendered  insoluble  and  precipitates 
with  the  butter,  and  leaves  the  other  compo- 
nents in  solution  as  whey.  This  coagulation  is 
not  produced  in  fresh  milk  by  boiling  alone, 
but  the  addition  of  acid  causes  it.  Rennet,  by 
the  catalytic  influence  of  its  chymosin  constitu- 
ent, gives  the  same  reaction,  the  product  being 
a  mixture  of  casein  and  fatty  matter,  and 
known  as  cheese.  The  coagulum  produced  by 
boiling  sour  milk  is  known  as  curd.  Coagula- 
tion in  either  way  is,  however,  prevented  by 
the  presence  of  alkaline  salts  in  excess,  and 
hence  a  slight  addition  of  bicarb,  soda,  to  milk 
in  summer,  prevents  souring  without  injury  to 
the  milk.  In  winter,  when  the  low  tempera- 
ture of  the  atmosphere  prevents  vinous  fermen- 
tation, the  slow  decay  of  the  casein  causes  pu- 
tridity, and  hence  the  bitter  taste  of  the  but- 
ter made  in  the  winter  from  milk  of  this  kind. 
To  preserve  the  milk,  putrefaction  must  be 
prevented,  and  to  this  end,  Playfair  recom- 
mends the  acetous  fermentation  in  the  milk. 
For  this  purpose  it  is  placed,  perfectly  fresh,  in 
a  suitable  vessel  and  surrounded  with  hot 
water  at  100°  to  110°.  The  heat  may  be  re- 
tained by  a  cloth  cover,  and  as  the  water  cools, 
it  must  be  replaced  by  fresh  quantities  of  the 
above  temperature.  In  a  few  hours  the  milk 
sours,  and  a  portion  of  it,  when  added  to  fresh 
milk,  kept  in  a  room  warmed  to  60°,  imparts 
acid,  by  which  the  sugar  of  milk  is  changed 
into  grape  sugar.  This  latter  is  then  acted 
upon  by  the  curd  and  becomes  alcohol,  which 
then  changes,  by  oxidation,  into  acetic  acid, 
and  thus  renders  the  whole  mass  of  milk  sour, 
coagulates  the  casein  and  protects  it  from  im- 
mediate putrefaction.  The  milk  thus  treated 
will  last  for  many  days,  and  give  risings  of 
cream  for  a  considerable  time ;  the  butter,  too, 
made  from  it,  is  sweet  and  free  from  bitter 
taste. 

Milk  may  be  rendered  portable  by  mixing 
it  in  a  natural  state  with  pure  white  sugar, 
(4  oz.  to  the  gallon,)  agitating  thoroughly  and 
evaporating,  by  steam,  in  shallow  pans,  or  in 
a  drying  chamber  at  122°.  The  layers  of  milk 
should  not  exceed  one-tenth  of  an  inch  in  depth. 
As  it  approaches  solidity,  it  is  removed  from 
the  pans  and  pressed  into  cakes.  These  cakes 
arc  soluble  m  warm  water,  and  retain  their 
freshness  and  sweetness  for  a  long  time. 

MILOSCHIN.  Mm.  A  green  clay  from 
Servia,  has  the  form.  3  R203,  2  Si03  -f  9  HO, 
in  which  Il203  ==  45,  A1203  +3-6  Cr203. 

MIMETESITE.     Mia.     Syn.  Green  lead  ore. 

Cryst.  Hexagonal,  prismatic.      H.  =  2-75  — 

3-5.     G.  =  6-41.     Yellow,  passing  into  brown ; 

resinous  ;  subtransparent,  translucent ;  sectile. 
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Fuses  with  more  difficulty  than  pyromophite, 
crystallizing  on  cooling,  gives  arsenical  odor, 
and  may  be  reduced  to  lead.  Form,  see  un- 
der Arsenic-phosphates.  Cornwall  and  Jo- 
hamgeorgenstadt.  See  Hedyphan,  Pyromor- 
phite. 

MINDERERUS,  SPIRITS  OF.  The  dilute 
aqueous  solution  of  acetate  of  ammonia,  formed 
by  neutralizing  distilled  vinegar  with  carbon- 
ate of  ammonia. 

MINERAL  ALKALI.     See  Soda. 

MINERAL  CAOUTCHOUC.  See  Elastic 
Bitumen. 

MINERAL  CHARCOAL  is  sometimes  found 
in  anthracite  coal,  in  layers  of  one  or  more 
inches  in  thickness. 

MINERAL  GREEN.  See  Carbonate  of 
Copper. 

MINERAL  OIL.     See  Petroleum. 

MINERAL  PITCH.     See  Asphalt. 

MINIUM.  Mm.  Red  crystalline  scales,  or 
powder ;  G.  =  4-6.  Easily  reduced  to  lead, 
darkens  by  heat,  but  reddens  on  cooling. 
Form.  2  PbO,  Pb02,  which  is  Red  Lead.  Aus- 
tin Mines,  Wythe  Co.,  Virginia;  Mine  a  la 
Motte,  Madison  Co.,  Missouri,  with  white  lead. 

MISPICKEL.  Syn.  Marcasite,  Danaite. 
Oer.  Arsenikkies.  Cryst.  Right  rhombic,  pris- 
matic, vertical,  and  horizontal  prisms,  cleaving 
parallel  to  vertical  prism.  Also  columnar, 
granular.  H.  =  5-5  —  6.  G.  =  6-127.  Sil- 
ver-white ;  metallic;  brittle,  with  grayish  black 
streak.  Gives  in  a  tube  a  red  and  then  brown 
sublimate  of  sulphuret  of  arsenic,  then  metal- 
lic arsenic  ;  after  expelling  arsenic  on  coal,  a 
black  magnetic  globule  remains,  in  which  bo- 
rax often  proves  the  presence  of  cobalt,  solu- 
ble in  nitric  and  nitromuriatic  acids,  leaving 
sulphur  and  arsenious  acid.  Form.  FeS2  -(- 
FeAs.  In  that  from  Skutterud,  Norway,  and 
Franconia,  N.  Hampshire,  part  of  the  iron  is 
replaced  by  cobalt,  up  to  9  pr.  ct. 

MOCHA  STONE.     See  Quartz. 

MOHRINGA,  Oil  of.  Chem.  Syn.  Oil  of 
Ben.  Walter's  investigations  gave  the  follow- 
ing results : — 

The  oil  of  ben  does  not  yield,  on  saponifica- 
tion, any  volatile  fat  acid,  but  four  fixed  fat 
acids,  viz.,  stearic,  margaric,  and  two  new 
acids,  which  the  author  calls  benic  and  moringic 
acids. 

The  benic  acid  occurs  in  very  small  quantity 
in  the  oil  of  ben ;  it  consists  of  C30H30O4,  and 
consequently  belongs  to  the  homologous  series, 
R04,  being  situated  between  myristic  and 
ethalic  acids.  It  crystallizes  from  its  alcoholic 
solution  in  very  voluminous  tufts,  and  fuses  at 
126°-127°.  Benic  ether  is  very  soluble  in 
alcohol,  and  is  deposited  from  the  solution  as 
a  crystalline  mass,  but  not  in  distinct  crystals; 
it  melts  at  a  very  low  temperature,  even  by 
the  heat  of  the  hand,  and  contains  <^34H3404; 
it  is  isomeric,  therefore,  with  margaric  acid. 

The  other  new  acid,  obtained  by  the  saponi- 
fication of  the  oil  of  ben,  has  been  called  mo- 
ringic acid,  from  the  name  of  the  plant  (J/o- 
ringa  aptera)  which  yields  the  oil.  It  is  liquid, 
colorless  or  somewhat  yellowish,  and  contains 
C30H28O4,  that  is  to  say,  2  equivs.  of  hydrogen 
less  than  benic  acid.  From  its  composition  it 
appears  to  be  homologous  to  oleic  acid.  It 
would  be  interesting  to  ascertain  whether,  like 
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the  last,  it  would  be  decomposed  under  the 
influence  of  fusing  potash  into  two  acids  of 
another  homologous  series.  Its  density  is 
0-908,  its  taste  insipid  and  irritating,  its  smell 

faint;  it  reddens  litmus  paper,  and  is  very 
soluble  in  ordinary  spirit,  even  in  the  cold;  it 
solidifies  at  32°  Pahr. ;'  it  is  decomposed  by 
Sulphuric  acid  on  the  application  of  beat. 

M.  Walter  lias  verified  the  composition  of 
this  new  acid  by  an  analysis  of  the  ethers  it 
yields  ivith  alcohol  and  wood-spirit.  (Gomptes 
Rendus,  xxii.  p.  1143.) 

MOHSITE.     Allied  to  Chrichtonite. 

MOLASSES      See  Sugar. 

MOLECULES.  The  elementary  or  compound 
atoms  into  which  bodies  are  divisible.  When 
brought  in  contact  by  the  force  of  Cohesion, 
they  produce  the  solid,  liquid,  and  gaseous 
states  of  bodies  accordingly  as  their  contact  is 
more  or  less  intimate.  A  complex  organic 
molecule  is  defined  by  Graham  as  "an  asso- 
ciation of  two  or  more  binary  compounds, 
comparatively  simple  in  constitution,  often  in- 
soluble substances,  and  possessed  of  consider- 
able stability."     See  Affinity. 

MOLYBDENITE.  Min.  Molybdanglanz, 
Cryst.  Hexagonal,  prismatic ;  usually  in  la- 
mina. H.  =  1—1-5.  G.  =  4-57— 4-74.  Dark 
lead-gray;  metallic;  opake;  very  sectile,  soiling 
the  fingers.  Distinguishable  from  graphite  by 
the  olive-green  streak  it  leaves  on  porcelain, 
and  by  its  chemical  reactions.  Held  in  the 
pincette  it  colors  flame-green;  gives  off  sul- 
phurous acid  on  coal,  and  a  white  coating ;  a 
bead  of  borax  with  saltpetre  is  colored  brown 
in  the  inner  flame.  Decomposed  by  boiling 
nitric  acid,  leaving  white  molybdic  acid  ;  wholly 
soluble  in  aqua  regia  with  a  greenish,  in  oil  of 
vitriol  with  a  blue  color  ;  by  fusion  with  potassa 
it  gives  in  water  a  brown  solution.  Eorm. 
MoS2.  It  occurs  chiefly  in  gneiss  in  many 
European  and  American  localities.  The  finest 
locality  is  the  island  of  Virgin  Gauda,  in  a 
copper  mine,  where  large  masses  have  been 
found. 

MOLYBDENUM.  Chem.  A  white  metal, 
with  the  lustre  of  unpolished  silver,  found  by 
Scbeele  in  a  native  sulpburet  resembling  gra- 
phite, and  hence  its  name  from  the  Greek,  for 
that  substance.  It  may  also  be  obtained  from 
Molybdic  Lead. 

Prop.  Sym.  Mo.  Eq.  48,  (596-1,  O.  =  100 
Berz.)  Spec.  grav.  8-615;  spec,  heat  -0659 
(Dulong  |  Petit),  or  -07218  (Regnault).  Ob- 
tained by  reducing  any  of  the  oxides  in  a 
brasqued  crucible  or  by  hydrogen.  Fuses 
with  difficulty,  oxidizes  superficially  by  expo- 
sure to  air,  and  when  heated  to  redness  turns 
brown,  then  blue,  and  is  ultimately  trans- 
formed into  molybdic  acid.  Hydrochloric, 
phosphoric,  and  hydrofluoric  acids  are  without 
action. 

Oxide.  Form.  MoO.  Prepared  by  dissolving 
a  molybdate  in  excess  HC1  acid,  and  digesting 
the  liquid  with  zinc.  Is  deep  brown  and  soluble 
in  acids.  Heating  in  a  close  vessel  dehydrates 
it  and  destroys  its  solubility  in  acids ;  and 
though  also  insoluble  in  the  alkalies,  is  taken 
up  by  carbonate  of  ammonia.  Heated  in  con- 
tact with  the  air,  it  oxidizes.  The  salts  of  the 
oxide  are  dark  gray  or  black,  in  solution  black 
or  purple  colored ;  sulphuretted  hydrogen  gives 
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a  brownish  black  precipitate;  sulphurel  of 
ammonium  a  black,  soluble  In  an  excess  of  the 
precipitant;  caustic  and  oarbonated  alkalies 
black  hydrated  oxide. 

Binoxide.      Form.    &fo08.      Precipitated  by 
ammonia,   as   hydrate,  from   an   aqueous   gohl- 
tion  of  chloride,  prepared  by  passing  dry  chlo- 
rine over  the  metal.     Is  very  similar  in  appear 
ance  to  peroxide  of  iron  ;   dissolves  Blightly  in 
water.      When  dehydrated,  it  browns  and  lo86i 
solubility  in  acids.     The  hydrate  reddens  lit- 
mus, but  does  not  act  as  tin  acid.     It  dil 
in  the  alkaline  and  in  some  earthy  carbonates, 
but  is  insoluble  in  caustic  alkalies.     Thi 
of    this   oxide    are   brown.      The    precipitate 
formed  by  hydrosulphuret  of  ammonia  in  its 
solution  is  soluble  on  excess  of  the   rea 
Treated  with  nitric  acid  it  becomes — 

Molybdic  acid.  Form.  Mo03.  Prepared  by 
roasting  the  native  snlphuret  at  a  low  red 
heat.  The  impure  yellow  acid  thus  obtained 
is  whitened  by  solution  in  caustic  ammonia, 
filtration  of  the  liquid,  evaporation  of  the  fil- 
trate, refiltration,  and  precipitation  by  an  acid. 
Spec.  grav.  3-5.  Is  fusible,  and  becomes  crys- 
talline and  yellow  on  cooling.  Sublimes  from 
an  open  vessel  into  brilliant  silky  needles.  Is 
soluble  in  570  pts.  cold,  and  more  so  in  hot 
water.  Previous  to  calcination  is  soluble  in 
acids  forming  compounds,  in  which  it  acts  as 
the  base.  It  combines  also  with  bases  forming 
colorless,  crystallizable  salts,  of  which  those 
with  the  metallic  bases  are  insoluble.  Metals, 
acids,  or  salts  having  a  strong  affinity  for  oxy- 
gen reduce  this  acid  to  an  intermediate  blue 
oxide.  The  bimolybdate  of  soda  has  the  com- 
position NaO,  2  (Mo03),  7  IIO. 

Molybdates  of  the  Oxide  of  Molybdenum.  Mo- 
lybdic acid  combines  with  the  binoxide  in  dif- 
ferent proportions,  forming  intermediary  oxides 
of  beautiful  blue  or  green  tints. 

The  blue  compound,  termed  by  some  chem- 
ists Molybdous  acid,  Mo02,  4  (Mo03),  is  obtained 
by  passing  hydrogen  over  molybdic  acid  heated 
to  low  redness.  Is  soluble  in  water  and  pre- 
cipitable  by  salammoniac.  Air,  chlorine,  and 
nitric  acid  transform  it  into  molybdic  acid. 

The  green  compound  has  the  composition 
Mo02,  2  (M0O3). 

Sulphurels.  There  are  three  compounds  with 
sulphur,  viz.,  the  bisulphuret,  MoS2,  the  sul- 
phide, M0S3,  and  the  persulphide,  MoS4.  The 
first  is  found  native,  and  resembles  plumbago, 
sec  Molybdenite.  The  second  is  prepared  by 
decomposing  a  concentrated  solution  of  a  mo- 
lybdenite with  sulphuretted  hydrogen,  and 
precipitating  the  liquor  with  an  excess  of  acid. 
A  deep  brown  deposit,  becoming  black  by  dry- 
ing, is  formed.  By  sublimation,  sulphur  is 
eliminated,  and  the  residue  is  bisulphuret. 
Dissolves  slightly  in  caustic  alkalies,  an 
dily  in  the  monosulphuret  of  potassium.  The 
third  or  persulphide  is  deep  red  when  moist, 
assuming  a  gray,  metallic  lustre  on  drying, 
and  yielding  a  cinnamon  powder.  Both  these 
last  sulphurets  unite  with  alkaline  and  other 
basic  sulphurets  to  sulphosalts,  those  of  the 
former  being  sulphomolybdates,  of  the  bitter 
persulphomolybdatcs. 

Chloride  of  M.  The  proto-compound  formed 
by  di-solving  molybdous  oxide  in  HC1  acid.  It 
forms  double  salts  with  the  chlorides  of  potas- 
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sium,  sodium,  and  ammonium.  The  bi-salt, 
MoCl2,  is  prepared  by  heating  molybdenum  in 
dry  chlorine  gas.  The  resultant  gas  condenses 
into  iodine-like  crystals.  Is  fusible  and  solu- 
ble in  water,  producing  ebullition.  The  per- 
chloride,  MoCl3,  produced  by  dissolving  mo- 
lybdic  acid  in  HC1  acid,  is  in  the  form  of  a 
dry,  white  mass,  soluble  in  water. 

There  are  two  other  compounds  with  chlo- 
rine,— the  basic  chloride,  and  the  bi-acid  chlo- 
ride (Chloromolybdic  acid),  MoCl3,  2  Mo03. 

Sulphate.  MoO,  S03.  Prepared  by  dissolv- 
ing the  hydrated  protoxide  in  sulphuric  acid. 

MOLYBDIC  LEAD.  Mm.  Ger.  Gelbbleierz. 
Cryst.  Quadratic,  composed  of  several  8-hedra ; 
also  granular.  H.=2-75 — 3.  G.  =  5-7 — 6-76. 
Various  shades  of  ochre-yellow,  red,  gray, 
green ;  resinous ;  translucent ;  brittle  with 
white  streak.  Decrepitates  by  heat ;  fuses  on 
coal  and  gives  lead  ;  behaves  to  fluxes  and  acids 
like  molybdic  ochre  modified  by  the  presence 
of  lead.  Form.  PbO,  M03.  Occurs  at  Blei- 
berg,  Retzbanya,  Moldawa ;  Southampton, 
Conn. ;  and  Perkiomen,  Philadelphia. 

MOLYBDIC  OCHRE.  Mm.  A  yellow,  earthy 
incrustation.  It  fuses  on  coal,  fumes,  and  coats 
it ;  in  borax,  in  the  outer  flame,  it  gives  a  color- 
less, in  the  inner,  a  brown  glass ;  in  mic.  salt, 
in  the  outer  flame,  a  bead,  green  while  hot, 
colorless  when  cold ;  in  the  inner,  blue  or  black 
while  hot,  green  when  cold ;  yields  a  gray, 
metallic  powder  by  reduction  with  soda :  solu- 
ble in  muriatic  acid  and  in  potassa.  Formula 
probably  MoOs. 

MONAZITE.  Min.  Mengite,  Edwardite. 
Eremite.  Cryst.  Oblique  rhombic.  H.  =  5. 
G.  =  4-8  —  5.  Yellowish  or  reddish  brown, 
brownish  red ;  vitreous ;  subtransparent,  sub- 
translucent  ;  rather  brittle.  Infusible  ;  moist- 
ened with  oil  of  vitriol,  it  colors  flame  greenish 
blue ;  soluble  in  the  fluxes  to  a  yellowish  red 
glass,  which  becomes  colorless  on  cooling ; 
with  soda  it  yields  tin  in  the  mortar,  and 
shows  manganese  on  platinum ;  soluble  in 
muriatic  and  dilute  sulphuric  acids.  It  is 
probably  3  RO,  P05,  (Berz.) ;  RO  =  oxides  of 
cerium  and  lanthanum  and  thorina.  Her- 
mann's gives  no  thorina,  but  Berzelius,  after 
examining  Kersten's  thorina,  says  that  it  cer- 
tainly contained  neither  cerium  nor  lantha- 
num, and  behaved  exactly  like  thorina.  From 
the  Ural ;  Norwich  and  Chester,  Conn. ;  York- 
town,  Westchester  Co.,  N.  Y. 

MONESIA.  The  true  origin  of  this  new 
drug  is  still  unknown.  It  must  be  derived 
from  some  rather  large  tree,  perhaps  from  a 
Chrysophyllum  (Sapotece).  Guibourt  has  re- 
ceived samples  of  bark  with  the  name  Buran- 
hem  attached  to  them,  which  he  considers  to  be 
monesia.  Some  travellers  suppose  the  bark  to 
owe  its  origin  to  Rhizophora  gymnorhiza,  Linn. 
(Bugiera  gymnorhiza,  Lam.),  but  this  is  most 
probably  incorrect.  It  resembles  the  barks  of 
Acacia  cochleocarpea,  Mart.  (Cort.  Brasiliensis, 
Pharm.  Hamb.),  and  Acacia  virginialis  [Cort. 
barbalimao  s.  Brasiliensis,  Pharm.  Lisb.),  but  is 
certainly  distinct.  Nothing  can  be  deduced 
from  the  name,  for  the  bark  decidedly  does  not 
belong  to  a  Monetia  or  Manelia,  Rubiacece. 

The  extract  of  monesia  forms  blackish  brown, 
very  brittle  tablets,  from  20  to  25  millimetres 
in  thickness.     On  the  surface  of  fracture  they 


do  not  in  the  least  resemble  catechu  and  kino. 
In  water  it  is  entirely  soluble,  and  has  at  first 
a  sweetish,  subsequently  astringent  and  irri- 
tating taste,  resembling  in  many  respects  that 
of  Succ.  liquiritix.  It  occurs  in  commerce  un- 
der the  name  of  monesia,  in  bottles,  which  are 
filled  with  the  extract  in  solid  fragments. 
Whether  the  extract  is  first  prepared  in  Paris 
from  the  bark,  or  is  imported  direct  from  South 
America,  is  not  known. 

The  chemical  analysis  of  the  bark  afforded 
the  following  results  : — 
Essential  oil  (?),  crystallized  stearin,  chlo- 
rophyll, and  wax 1-2 

Glycy  rrhizin 1-4 

Monesin    (an    acrid    extractive    substance, 

resembling  saponin) 74-7 

Tannin 7-5 

Red  coloring  matter  (similar  to  kino  red 

and  catechu  red) 9-2 

Traces  of  gum,  malic  acid,  and  malate  of 

lime 1-3 

Phosphate  of  lime  and  magnesia,  sulphate 
of  potash,  chloride  of  potassium,  malate 
of  potash,  oxide  of  iron,  oxide  of  man- 
ganese, and  silica 3-0 

Pectin,  fibrin,  and  loss 71-7 

Monesin.  Obtained  by  extracting  the  bark 
with  hot  alcohol  of  0-906  spec,  grav.,  adding 
to  the  tincture  an  excess  of  slaked  pulverized 
lime,  and  shaking  till  it  is  rendered  colorless. 
The  magma,  consisting  of  lime  in  combination 
with  tannin,  red  coloring  matter,  malic  acid, 
and  glycyrrhizin,  &c,  is  separated;  the  clear 
liquid  distilled  and  dried,  the  residue  again 
dissolved  in  water,  treated  with  some  animal 
charcoal,  filtered  and  dried  in  the  water-bath. 
An  amorphous,  slightly  yellowish,  gummy, 
transparent  residue  is  obtained,  which  may  be 
reduced  to  a  white  powder  easily  soluble  in 
water  and  in  alcohol,  but  scarcely  at  all  in 
ether.  The  aqueous  solution  froths  very  much. 
Monesin  cannot  be  obtained  in  a  crystallized 
state  under  any  circumstances.  It  is  void  of 
smell,  at  first  of  a  bitter  taste,  but  soon  becom- 
ing acrid  and  irritating  in  the  windpipe.  It 
does  not  saturate  acids ;  it  is  converted  by 
nitric  acid  into  a  yellow,  easily  pulverizable 
substance,  which  is  scarcely  soluble  in  water, 
but  very  easily  in  alcohol,  is  very  bitter,  and 
on  evaporation  of  the  solution  affords  crystal- 
line laminse.  It  behaves  towards  hydrochloric 
acid  and  potash  like  saponin,  pollygalic  acid, 
aesculic  acid,  salsaparin,  &e.  and  evidently 
belongs  to  the  class  of  saponoid  irritating  ex- 
tractive substances,  the  knowledge  of  which  is 
still  very  imperfect.  Derosne,  Henry,  §  Payen. 
(Journ.  de  Pharm.  1841.) 

MONOPHAN.     See  Epistilbite,  p.  595. 

MOURADITE.  Min.  Massive,  crystalline, 
reddish,  yellow,  vitreous.  H.  =  6.  G.  =  3-267. 
Yields  water,  is  infusible,  and  with  borax  and 
mic.  salt  shows  the  presence  of  iron  and  silica. 
Form.  4  (3RO,  2  Si03)  +  3  HO,  RO  =  MgO, 
FeO.     From  Bergen,  Norway. 

MOONSTONE.     See  Feldspar. 

MONTICELLITE.     Colorless  Chrysolite. 

MORDANT.  See  Dyeing  and  Calico  Print- 
ing. 

MORIN.     See  Fustic. 

MORINDIN.     Chem.     C23H15015  (Anderson). 
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The  coloring  mater,  of  the  sooranje  plan 
rinda  eitHfolia)  of  Bombay,  extracted  by  boiling 

alcohol.  Forms  yellow,  silky  crystals,  insoluble 
in  ether,  but  soluble  in  boiling  dilute  spirit 
and  hot  water,  from  which  latter  it  deposits  as 
a  gelatinous  precipitate.  With  alkalies,  it 
gives  orange-red  solutions.  By  heating,  it  is 
changed  into  beautiful  crystals  of  montndone, 
^28^10^10-     Okem.  Gaz.  vi.  317. 

MOROXITE.     See  Apatite. 

MORPHIA.  Chan.  Pharm.  The  essential 
and  most  abundant  of  the  bases  found  in  Opium, 
of  which  it  forms  5  to  10  pr.  ct,  according  to 
quality.  Formula  C3-H20NO6.  Dolfus  gives 
C34H18N06  {Licbiy's  Annalen,  1848,  p.  212),  and 
Laurent  C34H]gN06  as  the  formula. 

Prej).  Mohr's  plan  is  to  macerate  opium  in 
thin  slices  with  water,  and  to  repeat  the  ope- 
ration thrice  with  fresh  water.  To  the  warm 
filtrate  boiling  milk  of  lime  (containing  of  lime 
equal  to  •■  or  \  the  weight  of  the  opium)  is 
added,  and  the  whole  heated  to  ebullition. 
The  mass  is  then  strained  through  muslin,  and 
the  intercepted  matter  well  washed  with  boiling 
water  and  pressed.  The  liquids,  being  collected 
together,  are  afterwards  evaporated  to  double 
the  weight  of  the  opium,  and  filtered  rapidly 
to  avoid  the  formation  of  carb.  of  lime.  The 
filtrate,  while  boiling,  is  then  treated  with  loz. 
salammoniac  to  every  pound  of  opium.  The 
morphia  thus  precipitated,  nearly  colorless,  is 
to  be  redissolved  in  HC1  acid,  boiled  with  milk 
of  lime,  and  reprecipitated  by  muriate  of  am- 
monia, (1  part  to  10  of  opium),  which  throws 
it  down  entirely.  The  eminent  decolorizing 
power  of  the  lime  renders  unnecessary  the  use 
of  bone  black. 

There  are  other  processes,  of  which  the  two 
most  practicable  and  economical  are  that  of 
Gregory  and  the  following  : — Reduce  the  opium 
to  thin  slices,  macerate  it  in  cold  water  for 
several  days,  and  during  the  interval  knead  it 
thoroughly  once  or  twice  daily.  Repeat  this 
treatment  with  fresh  water  twice,  press  the 
residue,  mix  together  the  clear  liquids,  and 
evaporate  to  a  syrupy  consistence.  Add  a  little 
very  dilute  water  of  ammonia,  strain  and  eva- 
porate again:  repeat  this  treatment  so  as  to 
separate  as  much  as  possible  the  extractive, 
which  would  otherwise  be  a  serious  hinderance 
to  the  success  of  the  process.  The  filtrate  from 
this  extractive  is  then  to  be  treated,  during 
constant  stirring,  with  ammonia  until  it  barely 
smells  of  it,  for  if  an  excess  is  used,  a  portion 
of  the  morphia  is  retained  in  solution.  The 
morphia  thus  precipitated  is  then  thrown  upon 
a  strainer,  washed  with  cold  water,  and 
pressed.  To  separate  narcotin  and  any  re- 
sidual resinous  matter,  the  pressed  cake  must 
he  digested  with  alcohol  of  20°  Baume,  at  85° 
Fahr.  If  one  treatment  with  alcohol  does  not 
suffice,  a  second  must  follow.  The  purified 
morphia  may  then  be  dissolved  in  strong  boil- 
ing alcohol,  decolorized  by  bone  black,  and 
allowed  to  crystallize  out ;  or  it  may  be  con- 
verted into  muriate,  and  after  purification  by 
repeated  crystallizations,  precipitated  by  am- 
monia, to  be  obtained  in  larger  crystals  from 
resolution  in  strong  alcohol,  or  to  be  neutral- 
ized by  acids  for  the  formation  of  salts. 

The  plan  of  converting  the  crude  morphia 
at  this  stage  directly  into  muriate,  is  recom- 
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mended   as   far  more  economical   th 
of  alcohol,  or   the    conversion    of  it  into   a    sul- 
phate,  as   the   former   sail    crystallizes    more 
readily,  abundantly,  and  with  less  Color.     When 

the  muriate  i<  perfectly  white,  it  may  he 
brought  to  solution,  and  its  morphia  precipi- 
tated in  pure  white  minute  crystals,  lion  to  be 

recrystallized  from  alcohol,  or  convert,  d 
salts,  as  may  be  desired.  The  amount  of  mo- 
ther water  is  in  this  way  decreased,  and  con- 
sequently also  the  number  of  precipitation-  bj 
ammonia  for  the  collection  of  residues.  This 
is  a  very  important  point,  for  when  morphia  is 
repeatedly  precipitated  by  ammonia  r, 
solutions,  and  especially  from  the  sulphate,  Its 
character  is  altered,  a  portion  of  it  becoming 
almost  wholly  insoluble  in  alcohol,  and  very 
difficultly  soluble  in  acids.  The  more  there  is 
formed  of  this  insoluble  portion,  the  less  the 
product  of  the  opium.     Mprfit. 

Prop.  Crystallizes  in  colorless  four-faced 
prisms,  slightly  soluble  in  water,  and  still  less 
so  in  ether.  Soluble  in  40  parts  of  cold  anhy- 
drous and  30  of  boiling  common  alcohol,  in  the 
fat  and  essential  oils,  and  in  the  caustic  alka- 
lies. This  property  of  solution  in  caustic  po- 
tassa  distinguishes  its  purity  from  narcotin ; 
and  in  that  of  being  also  taken  up  by  caustic 
lime  is  founded  Mohr's  process  for  its  prepara- 
tion. When  heated,  it  loses  2  equivs.  of  water 
and  becomes  opaque,  and  at  570°  is  decom- 
posed. Strong  nitric  acid  colors  it  red,  a- 
does  also  a  solution  of  gold ;  perchloride  "t 
iron  imparts  a  fugitive  blue,  and  iodic  acid, 
browm,  iodine  being  eliminated. 

It  unites  readily  with  acids,  and  forms  salts 
which  are  crystallizable,  bitter,  generally  solu- 
ble in  water  and  alcohol,  but  insoluble  in  ether. 
They  are  precipitated  by  the  carbonated  and 
caustic  alkalies,  an  excess  of  the  latter  how- 
ever redissolving  the  precipitate. 
+ 

Muriate,.      M,  HC1  -f-  G  Aq.      Forms  groups 
of  white  silky  crystals,  unalterable  on  exposure. 
-+- 

Sulphate.  MS03  +  6  Aq.  Crystallizes  in 
fine  colorless  feathery  prisms,  very  soluble  in 
water,  and  unalterable  upon  exposure  at  com- 
mon temperature. 

Acetate.  Difficultly  crystallizable,  and  loses 
a  part  of  its  acid  when  its  solution  is  evaporated. 
The  acetate  made  by  the  double  decomposition 
of  the  sulphate  of  morphia  and  acetate  of  lead 
is  much  less  prone  to  absorb  moisture  than 
that  formed  by  direct  union  of  the  base  and 
acid. 

4- 

Sulpho-cyanate.  M,  C2NS2H  -f  HO.  Forms 
small,  transparent,  shining  needles,  which  melt 
at  212°.  It  is  made  by  saturating  the  alkaloid 
dissolved  in  alcohol,  with  moderately  dilute 
sulphocyanic  acid.     C.  Dollfus. 

When  morphia  is  treated  with  an  excess  of 
sulphuric  acid  and  the  liquid  evaporated  to 
incipient  decomposition,  the  brownish  mass 
yields  to  boiling  water,  and  a  white  body  he- 
coming  green  after  a  time.  This  peculiar  sub- 
stance, first  obtained  by  Arppe,  [Ann.  tier  Chem. 
und  Pharm.,  lv.  p.  96),  is  called  by  Laurent 
and  Gerh.xrdt  {.Tourn.  de  Pharm.  1848,  p.  302) 
sulpho-morphide,  equal  to  neutral  sulphate  of 
morphia,  minus  2  equivs.  of  water,  thus,  S04 
(H2,  2  C„HI9N03)  —  2  OH2.      It  is  non-vola- 
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tile,  slightly  soluble  in  water,  and  insoluble  in 
alcohol  and  ether. 

Ml  >B  V EN  LTE.     See  Harmotome. 

MOSAIC  GOLD.  Syn.  Aurum  musivum. 
The  alchemical  term  for  bisulphuret  of  Tin. 

MOSANDRITE.  Min.  Massive  and  fibrous. 
II.  =  4.  G.  2-93  — 2-98.  Reddish  brown ; 
greasy  and  resinous ;  translucent  with  a  red 
light ;  grayish  brown  streak.  It  yields  much 
water  in  a  tube ;  becomes  brownish  yellow  by 
heat,  and  fuses  readily  with  puffing  to  a  brown- 
ish green  bead;  with  soda  and  borax  shows 
manganese,  and  with  mic.  salt  silica,  and  in 
the  inner  flame  titanic  oxide ;  wholly  decom- 
posed by  muriatic  acid.  It  is  a  silicate  and 
titanate  of  cerium  and  lanthanum,  with  man- 
ganese, lime,  magnesia,  potassa,  and  water. 
Occurs  at  Lammanskaret,  Sweden. 

MOTHER  WATER.  The  chemico-technical 
name  given  to  the  residual  solution,  which  has 
been  weakened  by  the  crystallization  and  sepa- 
ration of  the  most  of  its  dissolved  substance. 

MOULD.  Chem.Affric.  Syn.  Garden  Mould, 
Humus,  Vegetable  mould.  A  natural  compost 
of  garden  earth  and  decayed  vegetable  matter, 
containing  as  the  result  of  organic  decomposi- 
tion, humus  coal,  humin,  humic,  geic,  andulmic 
acids,  mineral  and  other  substances.  This  decay 
or  eremacausis  of  organic  matter  in  soils  gradu- 
ally transforms  them  into  turf,  and  is  retarded 
or  prevented  by  the  use  of  antiseptics.  (See 
Decay  of  Wood.)  It  is  a  dark  brown  or  black 
powder,  and  invariably  contains  carbonate  of 
ammonia  (Liebig),  besides  the  salts  and  alka- 
lies left  behind  by  the  putrefaction  of  other 
plants.  Of  100  parts  of  the  ashes  of  the  mould 
from  an  hollow  oak,  24  were  soluble  salts  with 
alkaline  bases,  10-5  earthy  phosphates,  10 
earthy  carbonates  and  32  parts  silica.  The 
aqueous  extract  gave  66  pr.  ct.  soluble  salts 
(Saussure).  Cold  water  takes  up  only  yo./yjjth 
of  its  own  weight  of  vegetable,  and  gives  a 
clear  and  colorless  solution,  but  boiling  water 
extracts  several  substances  and  takes  a  yel- 
lowish brown  color,  which  it  loses  by  absorp- 
tion of  oxygen  from  the  air,  a  black  flocculent 
deposit  being  formed.  Its  efficiency  in  pro- 
moting the  growth  of  plants  is  due  to  the  alka- 
line salts  which  it  contains,  as  well  as  to  its 
property  of  absorbing  and  fixing  the  ammonia 
of  the  atmosphere. 

Humus  coal  and  Ilumin.  Those  modifications 
of  humus  insoluble  in  alkalies.  The  formula 
for  humin  is  C40H13O]5. 

Humic  acid.  Isomeric  with  humin,  but  loses 
3  equivs.  of  water  by  heat  and  becomes 
C40H12Ol2.  Both  are  brownish  black.  It  ex- 
ists as  one  of  the  products  of  the  action  of  HC1 
or  S03  acid  upon  Sugar.  Mulder  obtained  it 
by  treating  Protein  with  HC1  acid,  and  has 
recently  also  extracted  it  from  soot. 

Very  concentrated  potassa  transforms  it  into 
a  black  insoluble  substance,  C34H]309,  which, 
by  prolonging  the  action  with  aid  of  heat,  be- 
comes C34Hl0O6.  Nitric  acid  changes  it  into 
apocrenic  acid. 

Chlorohumic  acid,  resulting  from  the  action 
of  chlorine  gas,  in  the  presence  of  water,  upon 
ulmic  as  well  as  humic  acid,  is  a  red-brown 
powder,  soluble  in  alcohol  and  precipitable 
from  its  solution  in  concentrated  sulphuric 
acid  by  water.     It  forms  salts  with  the  par- 


ticular bases,  of  which  that  of  baryta  has  the 
formula,  C32H12C1016,  BaO,  HO. 

Nitro-humic  acid.  A  red  powder  generated 
by  the  action  of  N05  upon  humic  and  ulmic 
acids.  It  is  solid,  amorphous,  soluble  in  water 
and  alcohol,  insoluble  in  ether,  and  forms  red 
salts  with  the  alkalies.  Boiling  with  potassa, 
disengages  ammonia.  Mulder  considers  this 
acid  only  the  apocrenate  of  ammonia  = 
C48H12024,  and  NH3  -f  2  Aq. 

Geic  acid  is  also  one  of  the  products  of  hu- 
mus. The  formula  of  its  ammoniacal  com- 
pound is  C40H12O14  +  2  NH3,  HO. 

Ulmin.  Obtained  in  combination  with  ul- 
mic acid,  as  ulmate  of  ulmin  (C40H16O]4). 
Like  humin,  it  is  also  obtained  by  the  action 
of  S03  upon  sugar.  This  salt  being  decomposed 
by  potassa,  ulmin  (C40H16O4)  precipitates. 
The  ulmic  acid  is  separated  from  the  potassa 
by  HC1  acid,  and  falls  as  gelatinous  flocculae, 
soluble  in  water,  free  from  acid  and  salts.  The 
hydrated  acid  is  isomeric  with  ulmin,  but  at 
383°  it  loses  water  and  becomes  anhydrous, 
and  =  C40H14O12. 

Grenic  and  Apocrenic  acids.  These  acids  also 
exist,  combined  with  ammonia,  in  mould,  but 
the  latter  may  be  made  artificially  by  the  ac- 
tion of  N05  and  potassa  upon  humic  acid. 
(Chcm.  Gaz.  iii.  2.)  The  free  apocrenic  acid, 
hydrated,  has  the  formula,  C4gH12024  -\-  2  HO, 
and  crenic  acid  C24H12016.  Mulder  (Jour,  fur 
Prakt.  xxxii.  321)  attributes  their  formation  in 
soils  to  the  action  of  the  nitric  acid,  generated 
by  the  union  of  the  oxygen  of  the  atmosphere 
with  the  ammonia  combined  with  the  humic 
acid,  and  on  this  account  no  true  nitrification 
takes  place. 

MOUNTAIN  LEATHER.     See  Asbestus. 

MOUNTAIN  GREEN.     See  Malachite. 

MOUNTAIN  SOAP.     Allied  to  Bole. 

MOUNTAIN  TALLOW.     See  Hatchetin. 

MOUNTAIN  WOOD.  Min.  Bergholz,  from 
Sterzing,  has  a  different  composition  from 
asbestus.  It  yields  water  in  a  tube,  and  is 
readily  decomposed  by  muriatic  acid.  Form. 
Fe203,  3  Si03  +  2  (MgO,  Si03)  -f  MgO,  5  HO. 

MUCIC  ACID.  A  product  of  the  oxidation 
of  Sugar  of  milk. 

MUCILAGE.     See  Gum. 

MUCUS.  The  viscid,  stringy,  nitrogenous 
fluid,  secreted  by  the  mucous  surfaces  of  the 
body.  It  is  generally  grayish  white  and  tur- 
bid, but  sometimes  clear  and  colorless,  and  of 
sufficient  consistence  to  separate  in  tough 
flocculi. 

Prop.  Normal  mucus  when  fresh  is  heavier 
than  water,  and  the  retention  of  air  bubbles  is 
the  cause  of  its  floating  upon  that  liquid,  and 
being  insoluble  therein.  Dilute  acetic,  oxalic, 
and  tartaric  acids  destroy  the  granular  appear- 
ance of  the  corpuscles,  a  change  not  produced 
by  dilute  mineral  acids  in  the  capsules.  Its 
liquid  portion  gives  an  alkaline  reaction,  and 
on  the  addition  of  water  coagulates  and  drops 
a  fine  granular  precipitate. 

Mucus  consists  of: — Mucus  corpuscules,  epi- 
thelium cells,  mucin,  traces  of  extractive 
matters,  fat,  chlorides  of  potassium,  sodium, 
alkaline  lactates,  traces  of  carbonate  of  soda, 
phosphate  of  lime,  and  occasionally  of  albumen. 

Mucin.  The  peculiar  animal  matter  of  mu- 
cus is,  according  to  Eicholtz,  identical  with 
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MUDARIN. 

Pyin.  When  allowed  to  remnin  in  contact  with 
watei,  the  presence  of  free  alkali  enables  the 
solution  of  the  mucin,  which  is  readily  precipi- 
tated by  a  slight  addition  of  acid.  On  evapo- 
rating an  alkaline  solution  of  mucin  over  a 
water-bath,  it  becomes  covered  with  a  film  of 
coagulated  mucin,  which  is  difficultly  soluble 
in  water.  (Simon.)  The  mucin  of  vegetable 
juices  is  written  of  as  mucose  under  Gums. 

MUDARIN.  Obtained  by  evaporating  the 
alcoholic  extract  of  the  bark  of  the  root  of  the 
Calatropis  mudarii.  A  brown  transparent  mass, 
very  soluble  in  water  and  alcohol,  insoluble  in 
ether,  ess.  of  terpentine,  and  the  fat  oils.  Its 
aqueous  solution  forms  a  jelly  at  95°,  and 
finally  coagulates. 

MUFFLE.  A  fire-clay  arch  fitted  to  Assay 
furnace,  and  used  to  protect  the  crucible  or 
cupel  from  dirt  and  ashes. 

MULLER'S  GLASS.     See  Opal. 

MULLICITE  is  Vivianite. 

MUNDIC.     See  Iron  Pyrites. 

MUREXAN.   1„      ,,         . 

MUREXIDE./SeeUMcAciD- 

MURIACITE.     See  Anhydrate. 

MURIATIC  ACID.     See  Chlorine. 


MUSK. 

MURICALCITE.     Bee  Rhomb  Spab. 
MUSCOV1    GLASS.     Sec  Mica. 
MUSSITE.     See  Liraim 
MUSCLE.     Differs  from  the  fibre  ofeeunlar 

tissue  in   nut  yielding  gelatine   by   prol 
boiling  in  water.     Its  precipitation  from  eola- 
tion in  acetic  acid  by  ferrocyanide  of  potassium, 
shows   it   to   be  a   protein   compound.      Pure 

muscle  is  difficultly  separable  from  its  concom- 
itants; freed  as  much  as  possible  from  fal  and 
cellular  tissue,  blood,  extractive  matter,  &o., 
it  becomes  colorless.  Cold  water  and  alcohol 
are  without  effect,  but  in  boiling  water  it  con- 
tracts, becomes  firm,  and  finally  softens.  I >rie<l 
muscular  fibre  is  readily  pulverizable.     > 

Liebig  has  recently  proven  the  existence  of 
both  free  lactic  and  phosphoric  acids  in  tin: 
substance  of  muscle. 

MUSHROOMS.  Doe'pping  ami  Schlossber- 
ger,  in  a  recent  examination  of  piths,  found 
that  the  substances  soluble  in  water  contained 
both  mannite  and  a  fermenting  BUgar.  The 
following  are  the  results  of  analyses  of  several 
mushrooms  by  the  above-named  chemist.  The 
ashes  contained  a  large  amount  of  phosphates, 
and  some  of  them  manganese. 


Agaricus  deliciosus 

"        arvensis 

"        glulinosus .. .. 

"        Ursula 

"        cantharellus.. 

"         muscarius .... 

Boletus  aureus 

Polyporus  fomentarius 
Dwdalea  quercina 


Water. 


86-90 
90-61 
93-71 
91-20 
90-60 
90-56 
94-25 


Dry  parts, 


13-10 
9-39 
6-29 
8-80 
9-40 
9-44 
5-75 


Nitrogen, 
fresh. 


0-61 

0-68 

0-29 

0-37 

0-30 

2-59* 

0-26 


Nitrogen, 
dry. 


4-68 
7-26 
4-61 
4-25 
3-22 
6-34 
4-70 
4-46 
3-19 


Ashes  of 
the  dry. 


6-90 

10-82 
4-80 
9-50 

11-20 
9-00 
6-80 
3-00 
310 


are  the  Chinese  Tonquin,  Thibetian,  or  oriental 
musk,  the  Russian  or  Kabardinian,  and  the 
Bucharian.  For  description,  see  Pereira,  ii.  804, 
and  Chem.   Gaz.  i.  686. 


MUSHROOM  SUGAR.     See  Sugar. 

MUSK.  The  inspissated  secretion  in  the 
follicle  of  the  prepuce  of  the  Moschus  moschife- 
rous  (male  musk-deer).     The   three  varieties 

Geiger  and  Reinmann's  analysis  gave — 

1.  Peculiar  volatile  substance Quantity  undeterminable. 

2.  Ammonia Ditto. 

3.  Peculiar,  fixed,  uncrystallizable  acid Ditto. 

4.  Stearin  and  olein 1-1 

5.  Cholesterin  (with  some  olein  and  resin) 4-0 

6.  Peculiar  bitter  resin 5-0 

7.  Osmazome  (with  salammoniac,  chlorides  of  sodium  and  calcium,  and  the  above 

acid,  partly  free,  partly  combined  with  the  bases) 7-5 

8.  A  mouldy-like  substance,  in  part  combined  with  ammonia,  by  which  it  is  made 

soluble  in  water,  with  small  quantities  of  phosphates  of  lime  and  magnesia, 
sulphate  of  potash,  chlorides  of  potassium  and  sodium,  carbonate  of  potash  or 
soda,  and  trace  of  iron 36-5 

9.  Sand 0-4 

10.  Water,  some  volatile  odorous  matter,  the  above  acid  in  part  combined  with  ammo- 
nia, and  loss 45-5 


The  odorous  matter,  which  is  non-volatile,  is 
not  peculiar  to  musk,  since  many  other  sub- 
stances exhale  a  similar  smell.  Robiquet  at- 
tributes it  to  ammonia,  which  being  disengaged 
carries  with  it  substances  not  otherwise  volatile, 
and  of  scent  strong  enough  to  mask  the  ammo- 
niacal  odor. 

Adulterations.     Owing  to  its  high  price,  musk 
is  generally  adulterated  with  dried  blood,  and 
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to  increase  the  weight  of  the  pods,  pieces  of 
lead  are  frequently  introduced.  The  Tonquin 
pods  should  be  dry  and  covered  with  a  slightly 
brown,  hairy  mass.  A  whitish  down  indicates 
an  inferior  article  of  Bengal.  A  good  test  of 
the  odorous  power  of  musk  is  to  perforate  the 
pods  with  a  wire  which  has  been  dipped  in  the 
juice  of  garlic.  The  dissipation  of  the  smell 
proves  the  purity  of  the  musk.     Neligan  pro- 


MUST. 


MUSTARD   SEED. 


poses  to  distinguish  the  true  sacs  from  the 
false  by  the  microscopic  characters  of  the  hairs 
which  grow  on  the  preputial  sac  of  the  musk 
animal.     (See  Chem.  Gaz.  iv.  80.) 

Artificial  musk.  Prepared  by  gradually  add- 
ing 1  pt.  rectified  oil  of  amber  to  3  pts.  fuming 
nitric  acid,  and  washing  the  resin  obtained 
with  water.  Is  soluble  in  alcohol,  ether,  and 
the  essential  oils.  The  odor,  in  large  quanti- 
ties, resembles  that  of  amber  resin,  but  in 
smaller  quantities  that  of  musk.  Eisner  gives 
C15H8N07  -f-  PbO  as  tne  composition  of  its 
lead  compound.  According  to  this  chemist,  it 
is  succinic-eupione  resin. 

MUST.  A  term  properly  belonging  to  the 
unfermented  saccharine  juice  of  the  grape,  but 
also  applied  to  the  worts  and  fermentable  juices 
generally. 

MUSTARD  SEED.  The  seeds  of  the  Sinapis 
nigra  contain  myronate  of  potassa,  myrosin, 
fixed  oil,  fatty,  gummy,  and  coloring  matters, 
a  peculiar  green  matter,  sugar,  sinapisin,  free 
acid,  and  salts. 

Sinapisin.  An  indifferent  principle  extracted 
by  ether  from  the  evaporated  absolute  alcoholic 
tincture  of  black  mustard  seeds.  It  forms  mi- 
caceous crystals,  and  in  behavior  is  analogous 
to  the  non-saponifiable  crystalline  fatty  matters. 
It  is  volatile,  soluble  in  alcohol,  ether,  and  the 
oils,  but  insoluble  in  acids  and  alkalies  (Simon), 
and  not  convertible  into  essential  oil  by  myro- 
sin.    Baudrimont. 

Mi/rosin.  A  principle  analogous  in  physical 
properties  to  the  emulsin  and  synaptose  of  al- 
monds. It  is  separable  from  the  white  mustard 
seed  by  maceration  in  cold  water,  evaporating 
the  filtered  liquid  to  a  syrupy  consistence,  at 
a  temperature  not  exceeding  104°.  The  resi- 
due, treated  with  alcohol,  drops  the  myrosin, 
which  must  be  separated,  dissolved  in  water, 
and  evaporated  gently,  and  at  a  mild  heat. 
It  is  difficult  to  obtain  it  free  from  albumen. 

Prop.  With  water  it  forms  a  transparent, 
mucilaginous  solution,  coagulable  by  heat  at 
140°,  and  more  readily  still  by  alcohol  and  the 
acids.  Myrosin  cannot  be  extracted  from  the 
black  mustard  seed,  because  of  the  presence 
of  myronic  acid,  which,  in  contact  with  water, 
converts  it  into  essential  oil. 

The  myronate  of  potassa  is  obtained  by  treat- 
ing an  alcoholic  decoction  of  the  mustard  cake, 
freed  of  its  fixed  oil  by  expression,  with  water, 
evaporating,  separating  the  mucilaginous  sub- 
stances by  alcohol  and  filtering.  By  evapora- 
tion, the  salts  form  in  crystals,  which  are 
soluble  in  water  and  insoluble  in  alcohol,  and 
yield  on  the  addition  of  tartaric  acid  the — 

Myronic  acid.  It  is  a  non-volatile,  colorless, 
bitter,  syrupy  mass,  soluble  in  water  and  alco- 
hol, but  scarcely  soluble  in  ether.  Prolonged 
ebullition  of  its  solutions  causes  decomposition, 
with  the  elimination  of  sulphuretted  hydrogen. 
The  soluble  salts  which  it  forms  with  the  bases, 
in  contact  with  myrosin,  yield  essential  oil. 

Essential  oil.  C8H5NS2.  Does  not  pre-exist 
in  the  seeds,  but  by  distillation  with  water,  is 
generated  under  the  catalytic  influence  of  my- 
rosin, set  free  from  its  combination  with  po- 
ur lime.  It  is  necessary  to  make  the 
powdered  seeds  into  a  mash  with  cold  water 
previous  to  distillation ;  the  use  of  hot  water 
at  first  would  coagulate  the  myrosin,  and  thus 


nullify  its  influence.  Hubatka  has  found  this  oil 
already  formed  in  the  horse-radish  root;  Pleiss 
found  it  in  the  seeds  of  the  Iberis  amara,  Caprel- 
la  Bursa  pastoris,  Raphanus  raphanist.rum,  and 
Sisymbrium  officinale;  Wertherin  in  that  of  the 
Alliaria  officinalis,  and  Simon  obtained  it  from 
the  scurvy  grass  (Cochlearia).  Pleiss's  recent 
researches  have  also  developed  it  in  con- 
nection with  oil  of  garlic  from  the  Thlaspi 
arvense,  and  alone  from  the  Lepidium  ruderale, 
Raphanus  sativus,  Brassica  napus,  Cherianthus 
annuus. 

The  transformation  of  the  oil  of  mustard 
into  oil  of  garlic  by  the  action  of  potassium  is 
effected  by  the  abstraction  of  the  cyanogen  and 
a  part  of  the  sulphur,  the  salt  separating  being 
sulpho-cyanide  of  potassium.  (Gerhardt,  Compt. 
Rendus,  1845.) 

Prop.  When  pure  is  perfectly  transparent, 
but  as  generally  obtained  has  a  yellow  tinge, 
which  deepens  by  age.  Spec.  grav.  1-01.  Boils 
at  298°  (  Will),  and  gives  a  vapor  of  spec.  grav. 
3-54;  dissolves  readily  in  alcohol  and  ether, 
from  which  it  is  separable  by  water.  With 
chlorine  it  unites  and  disengages  hydrochloric 
acid.  Sulphur  and  phosphorus  crystallize  from 
their  evaporated  solutions  in  oil  of  mustard. 
Concentrated  nitric  acid  converts  the  essence 
into  yellow  nitro-sinapic  resin,  which  is  insolu- 
ble in  alcohol  and  water,  and  only  slightly  in 
ether.  By  prolonging  the  action  of  this  acid, 
oxalic,  sulphuric  acids,  and  an  uncrystallizable 
acid  are  produced.  The  latter  is  soluble  in 
water,  but  insoluble  in  alcohol  and  ether.  Will 
and  Wertherin  consider  this  essence  as  a  sul- 
pho-cyanic  compound,  of  the  radical  Allyl  = 
C6Hg  (C2NS2).  The  behavior  of  oil  of  mustard 
towards  bases,  parting  with  sulphur  and  car- 
bon in  the  proportion  of  sulphuret  of  carbon, 
and  forming  a  series  of  new  bodies  with  basic 
properties,  presents  the  greatest  analogy  with 
the  known  comportment  of  the  sulphocyanogen 
compounds.  Among  the  products  which  origi- 
nate in  this  manner,  by  the  action  of  metallic 
oxides  on  the  oil  of  mustard,  is  sinapolin,  al- 
ready observed  by  Simon,  and  formed  by  the 
action  of  barytic  water,  or  recently  precipi- 
tated hydrated  oxide  of  lead,  which  separate 
from  the  oil  of  mustard  sulphuret  of  carbon, 
which  however  is  immediately  converted  into 
sulphuretted  hydrogen  and  carbonic  acid,  so 
that  2  08H5NS2  with  6  PbO  and  2  HO  give 
4  PbS,  2  PbO,  C02,  and  sinapolin  =  C]4H12N202, 
which  consequently  has  taken  up  HO  in  the 
place  of  CS2,  which  has  escaped.  Oil  of  mus- 
tard combines  directly  with  ammonia ;  the 
compound  behaves  like  an  alkali,  and  has 
therefore  been  called  thiosinammin  =  CSH8N2S2 ; 
the  whole  of  the  sulphur  can  be  removed  by 
oxide  of  lead  from  the  thiosinammin  as  sul- 
phuretted hydrogen,  and  in  this  way  a  base 
containing  no  sulphur  obtained,  viz.  sinammin, 
C8H6N2.     (Will.      Chem.  Gaz.  iii.  253.) 

Thiosinammin.  The  only  product  of  the  ac- 
tion of  ammonia.  It  crystallizes,  is  soluble  in 
alcohol  and  ether,  and  more  so  in  hot  than  cold 
water.  The  beautiful  yellowish  red,  crystal- 
line compound  which  it  forms,  with  platinum, 
is  =  PtCl3,  +  C8H9,  2  NS. 

Sinnamin.  Crystallizes  in  hard,  shining,  four- 
sided  columns,  which,  heated  to  212°,  lose  9-51 
pr.  ct.  of  water ;  again  absorbable,  however,  by 
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exposure  of  the  cooled  opaque  mass.  The  chlo- 
ride of  platinum  and  sinnamin  =  Call  N,  4- 
2  C1H,  2  PtCl2.  8 

Sinapolin.  Crystallizes  in  lustrous  laminae, 
which  fuse  at  212°.  Insoluble  in  cold  potassa 
solution,  but  by  ebullition  therewith,  forms 
oleaginous  drops,  which  dissolve  upon  the  ad- 
dition ^  of  water.  From  its  solutions  in  the 
acids,  it  is  separated  by  ammonia.  The  aque- 
ous solution  is  precipitated,  like  the  other  bases, 
by  the  chlorides  of  platinum  and  mercury. 
According  to  its  formula,  it  belongs  to  the  ben- 
zoyl series,  and  is  oil  of  bitter  almonds  -f- 
2  equivs.  of  ammonia 

The  action  of  an  alcoholic  solution  of  caustic 
potassa  upon  oil  of  mustard  separates  an  oily 
liquid  (C2SH25N3S404)  of  spec.  grav.  1-036,  and 
boiling  point  419°  to  426°.  In  behavior  to  me- 
tallic salts,  it  is  closely  connected  with  oil  of 
mustard.  It  is  separated  by  water,  and  leaves 
in  the  residual  liquor  a  potassium  compound, 
of  a  peculiar,  highly  remarkable  acid.  This 
acid  forms  a  lead  compound,  (Pb  -f-  C8H6NS4), 
it  may,  therefore,  be  regarded  as  the  combina- 
tion of  the  oil  of  mustard  with  sulphuretted 
hydrogen,  and  the  oily  body  can  be  considered 
as  sinapolin  with  sulphuretted  hydrogen.     Will. 

Fixed  oil.  According  to  Darby,  the  fat  oil 
of  black  mustard  seed  contains  stearic  and 
erucic  acids,  and  a  new  acid  (C33H3C04)  in 
combination  with  glycerin. 

AVhite  Mustard.  The  seeds  of  the  Sinapis 
alba  contain  non-acrid,  volatile  oil,  sulphosina- 
pisin,  erucin,  myrosin,  yellow  fat  oil,  brown 
resin,  gum  extractive,  lignin,  albumen,  phos- 
phoric acid,  and  salt.  The  absence  of  myronic 
acid,  or  one  of  its  salts,  prevents  the  formation 
of  volatile  oil. 

Sulphosinapisin.  C24H22NS207.  A  white,  crys- 
tallizable,  bitter,  non-acid  body,  soluble  in 
water,  alcohol,  and  ether.  The  action  of  acids, 
oxides,  and  salts  develope  hydrosulphocyanic 
acid,  and  under  the  influence  of  myrosin,  ac- 
cording to  Boutron  and  Fremy,  it  is  transformed 
into  this  acid  and  an  acrid  substance.  This  lat- 
ter is  the  non-volatile  acrid  principle  not  pre- 
existing in  the  seed,  but  readily  developed  by 
cold  water.  It  is  a  reddish,  unctuous,  pungent, 
and  sulphuretted  liquid. 

Erucin.  [Simon.)  A  yellowish  white  sub- 
stance, very  soluble  in  ether,  boiling  alcohol, 
carburet  of  sulphur,  and  terpentine,  but  in- 
soluble in  water  and  aqua  ammonia.  It  does 
not  redden  the  salts  of  iron,  and  contains  no 
sulphur. 

Fixed  oil.  Obtained  by  expression  from  the 
seeds  of  both  the  white  and  black  mustard.  It 
is  reddish  yellow,  has  a  mild  odor,  and  thick, 
oily  consistence,  and  does  not  easily  rancidify. 
It  is  soluble  in  4  parts  of  ether  and  in  1000  parts 
of  alcohol  of  0-90.  By  saponification,  glycerin 
is  eliminated,  and  a  soap  is  formed.  The  de- 
composition of  the  latter  yields — 

Erucic  acid.  Form.  C44H4 ,03,  HO.  (S.  Darby. ) 
In  acicular  crystals,  melting  at  93°,  and  forms 
salts.      (Chem.  Gaz.  vii.) 

MYCOMELINIC  ACID.     See  Uric  Acid. 

MYRRH.  The  gummy  resinous  exudation 
of  the  Bakamodendron  myrrha.  In  the  European 
markets  it  is  sorted  into  several  sorts  or  quali- 
ties. 1.  Myrrha  electa  consists  of  the  selected 
Iuihds  and  tears.  2.  Myrrha  in  sortis  is  com- 
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posed  of  the  more  impure  aainiag 

after  the  selection  of  the  preoioua  sorts. 
:!.  Myrrha  mdiea  or  nova,  the  irregular  frag- 
ments. This  latter  lias  been  examined  by 
lluicholdt,  whose  analysis  gave — 

Essential  oil 2-1*:: 

Kcsin 14-700 

Gum  (Arabin) 40-818 

Water I  •  t7> 

Impurities 8-862 

Carbonates  of  lime  and  magnesia...   8-650 
Gypsum  and  perox.  iron traces. 

Ptop,  Spec.  grav.  1-22  —  1  18.  Only  par- 
tially soluble  in  water,  alcohol,  or  ether,  the 
former  dissolving  only  the  gum,  ami  the  two 
latter  the  resin  and  oil.  In  alkalies  it  dissolves 
readily.  Nitric  acid,  after  long-continued  ac- 
tion, produces  an  orange-red  sediment. 

Essentialoil  {Myrrhole).  Ca2H17Og  (nuicholdt). 
Light  yellow,  but  thickens  and  darkens  on  ex- 
posure. Is  lighter  than  water  and  heavier 
than  alcohol,  in  which  latter  and  ether  it  is 
readily  soluble. 

Resin  (Myrrhin.)  C21H1603.  Obtained  from 
an  alcoholic  extract  by  distilling  otf  the  greater 
part  of  alcohol,  and  then  evaporating.  It  is 
reddish  brown,  transparent,  burns  with  but  a 
slight  residue,  and  fuses  between  194°  and  203°. 
Is  neutral  and  wholly  soluble  in  ether,  acetic, 
and  sulphuric  acid,  and  partially  in  alcohol 
and  boiling  caustic  potassa.  Heated  in  a  glass 
tube  to  334°,  it  yields  an  {myrrhic)  acid  resin, 
C2,II1G04.  Soluble  in  ether  and  alcohol.  Ac- 
cording to  Bley  and  Diesel,  the  acid  reaction 
of  the  water  distilled  over  with  the  oil,  is  owing 
to  the  presence  of  formic  acid,  and  not  benzoic, 
as  Brandes  has  announced. 

Impurities.  Myrrh  is  often  mixed  with  In- 
dian bdellium  (the  produce  of  the  Amyris  com- 
miphora). Bdellium,  in  appearance  and  taste, 
is  very  similar  to  myrrh,  but  differs  in  odor, 
and  is  characterized  by  its  great  amount  of 
bassbrin.  Besides  this,  it  is  often  mixed  with 
another  substance,  (opocalpasum?)  for  the  de- 
tection of  which  Bley  and  Diesel  give  direc- 
tions as  follows : 

Pseudo-myrrh,  which  has  been  frequently 
found  mixed  with  the  genuine  myrrh,  consist! 
of  large  pieces  of  different  forms,  the  majority 
of  them  seeming  to  be  fragments  of  a  cylindri- 
cal body;  they  are  coated  externally  with 
dust,  and  have  a  dirty  reddish  brown  color ; 
the  surface  of  fracture  is  tolerably  even,  of 
vitreous  lustre,  brownish  yellow  color,  and 
nearly  as  transparent  as  Senegal  gum.  It  has 
a  faint  myrrh-like  odor,  and  a  disagreeable 
bitter,  somewhat  balsamic  taste.  Nitric  acid 
dissolves  to  a  bright  yellowish  liquid,  from 
which  water  separates  small  yellowish  par- 
ticles. Genuine  myrrh  yields  with  nitric  acid 
a  transparent  dirty  yellow  liquid.  Bdellium 
indicum  is  not  dissolved  by  nitric  acid ;  it  soft- 
ens, becomes  whitish  and  opake.  Bibulous 
paper,  moistened  with  the  alcoholic  extract  of 
myrrh  and  then  with  nitric  acid,  acquires  the 
blood-red  color  first  observed  by  Bonastre; 
bdellium  and  pseudo-myrrh  exhibit  only  a  yel- 
low or  brownish  coloring.  Bdellium  indicum  is 
moreover  distinguished  by  its  greenish  brown 
color,  its  more  terebinthinate  odor,  and  bitter 
and  somewhat  acrid  taste.     It  becomes  viscouc 
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when  held  for  some  time  between  the  fingers. 
Myrrh  yields  a  bright  golden-yellow  tincture  and 
an  opake  whitish  residue ;  pseudo-myrrh,  a  light 
yellow  tincture  and  a  semi-transparent  residue ; 
Myrrha  indica,  a  dark  yellow  tincture  and  an 
opake  residue.  An  addition  of  water  produces 
in  the  first  and  last  a  milky  turbidness,  and 
in  the  second  no  change.  Nitric  acid  (6  drops 
to  20  of  the  tincture)  yields  with  Mxjrrha  electa 
a  yellowish  white  opacity,  upon  which  after  a 
time  the  periphery  of  the  liquid  acquires  a 
bright  violet  color,  while  the  centre  remains 
yellow.  Myrrha  indica  behaves  similarly,  only 
that  the  color  is  darker ;  pseudo-myrrh  does 
not  exhibit  this  reaction.  Fuming  nitric  acid 
produces  with  the  tincture  of  Myrrha  electa  an 
umber-brown,  and  finally  a  dark  violet  color ; 
on  evaporation,  a  dark  gamboge-colored  resi- 
due is  left;  Myrrha  indica  exhibits  the  same 
reaction  ;  pseudo-myrrh  experiences  no  change. 
Bdellium  indicum  and  africanum  are  distin- 
guished by  their  not  assuming  a  violet  color 
on  their  treatment  with  nitric  acid.  About 
10  grs.  of  myrrh,  shaken  with  an  ounce  of  wa- 
ter and  filtered,  yield  with  solutions  of  salts  of 
the  oxide  of  lead  a  considerable  precipitate. 
Bdellium  indicum,  treated  in  the  same  manner, 
exhibits  scarcely  any  opacity. 

MYRICIN.     See  Wax. 

MYRIOSPERMIN.     See  Peru  Balsam. 

MYRISTIC  ACID.     See  Myristica. 

MYRISTICA  OFFICINALIS.  The  fruit  or 
nutmeg  is  encircled  by  an  outer  coat  of  mace. 

Xuhiny.  Syn.  Nux  Moschata.  Bonastre's 
analysis  gave — 

Volatile  oil 6-0 

Liquid  fat 7-6 

Solid  fat 24-0 

Void  (?) 0-8 

Starch  2-4 

Gum 1-2 

Ligneous  fibre 54-0 

Loss 40 

Volatile  oil.  Obtained  by  distillation.  Is 
pale  yellow,  aromatic,  and  of  spec.  grav.  0-92, 
and  consists  of  a  light  fluid  oil  and  a  crystal- 
line principle,  heavier  than  water  and  fusible 
below  212°.  This  stearopten,  C8H1605,  the 
myristicin  of  John,  is  volatile,  soluble  in  alcohol, 
ether,  and  boiling  water,  from  which  latter  it 
crystallizes  on  cooling. 

Batter  of  nutmeys.  Syn.  Expressed  oil  of 
mace.  Consists,  according  to  Playfair,  of  an 
essential  oil,  soluble  in  cold  alcohol,  a  fat  oil, 
and  myricin  and  coloring  matter. 

Mi/ristin.  Syn.  Sericin.  Form.  C,18H113015 
=  4  (C2SH2703)  +  C6H503  the  base.  The 
solid  white  fat  left  after  the  action  of  cold  alco- 
hol upon  nutmeg  butter  ;  is  purified  by  solution 
in  and  crystallization  from  ether.  Fuses  at 
88°,  and  is  decomposed  by  solid  caustic  potassa 
into  glycerin  and  myristic  acid. 

Myristic  acid.  Syn.  Sericic  acid.  C2gH27013 
-4-  IK).  Forms  solid  white  lamellae,  fusible 
between  118°  and  120°.  A  too  high  heat  de- 
composes it,  as  also  does  nitric  acid.  Soluble 
in  alcohol  and  ether.  Its  alkaline  salts  differ 
from  other  soaps  by  crystallizing  from  alcohol 
and  forming  solutions,  which  are  neither  dis- 
turbed by  aqueous  dilution,  nor  rendered  viscid 
and  thready  by  concentration. 
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Myristic  ether.  An  oily  liquid  of  spec.  grav. 
0-864.  Formula  C31H3104,  but,  according  to 
Baudrimont,  C32H3204. 

Mace.  Henry's  analysis  gave — Volatile  oil, 
red  fat  soluble  in  alcohol,  yellow  fat  insoluble 
in  alcohol,  alcoholic  extractive,  amidin,  ligne- 
ous fibre,  with  lime. 

Volatile  oil.  Formula  C16H1605  [Mulder). 
Colorless,  pale  yellow,  and  lighter  than  water. 

MYRONIC  ACID.     See  Mustard,  Oil  of. 

MYROSIN.     See  Mustard,  Oil  of. 

MYROXILIN.     See  Peru  Balsam. 

MYRTLE  WAX.  The  greenish  yellow  fat 
expressed  from  the  boiled  berries  of  the  Myrica 
cerifera,  and  many  other  species  of  myrica.  It 
is  soft,  fusible  at  117°,  and  by  saponification 
yields  glycerin  and  stearic,  margaric  and  oleic 
acids.  When  cold,  it  is  solid  and  brittle,  and 
of  spec.  grav.  1.  By  exposure  to  sun  it 
bleaches. 

MYSORIN.  Min.  A  massive  mineral  from 
Mysore,  India,  which  consists,  according  to 
Thomson,  of  16-7  C02  +  60-75  CuO  -f-  19-5 
Fe203  +  2-1  Si03.  If  the  oxide  of  iron  be  an 
impurity,  the  mineral  has  the  form.  2  CuO,  C02. 
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NACRITE.  Min.  Several  white,  unctuous 
minerals  or  mixtures  have  been  termed  nacrite, 
which  are  probably  either  mica  or  talc. 

NANCE1C  ACID.     See  Lactic  Acid. 

NAPHTHA.  Syn.  Rock  oil,  Petroleum  oil. 
Is  found  native,  floating  upon  the  surface  of 
water  in  certain  localities  in  Bavaria  and  Italy. 
Spec.  grav.  0-753  to  0-836;  boiling  point  160°. 
Is  inflammable,  soluble  in  alcohol  and  the  oils, 
and  imparts  its  peculiar  penetrating  taste  and 
odor  to  water  without  being  dissolved  by  it,; 
and  when  distilled  with  water,  forms  no  resin 
and  leaves  but  little  residue.  With  most  of 
the  resins  and  fats,  it  mixes  in  all  proportions. 
When  very  impure,  it  is  semisolid,  but  liquefies 
at  80  or  90°,  and  by  distillation  yields  one  solid 
compound,  Paraffin,  and  several  carbohydro- 
gens,  viz.  naphtha,  naphthene,  naphthoic  The 
difference  in  their  boiling  points  allows  the 
separation  of  each.  Its  adulteration  with  spi- 
rits of  terpentine  can  be  detected  by  adding 
strong  sulphuric  acid,  which  browns  and  thick- 
ens the  mixture. 

Naphtha.  Formula  C14H13.  A  nearly  color- 
less liquid.  This  is  the  rectified  naphtha  which, 
when  free  of  water,  is  used  to  preserve  sodium 
and  potassium  from  oxidation.  With  caout- 
chouc it  forms  a  gelatinous  varnish.  Sulphu- 
ric and  nitric  acids  decompose  it.  Chlorine 
produces  an  oily  body,  and  iodine  dissolves  in 
it.     Boils  at  185°  to  194°. 

Naphthene.  CI6HI6.  Boils  at  239°.  Is  oily 
and  denser  than  naphtha.  Forms  compounds 
with  chlorine,  iodine,  and  bromine. 

Naphlhol.  C24H22.  Boils  at  374°.  Resem- 
bles naphtha  in  chemical  properties. 

The  mineral  naphtha  is  supposed,  from  its 
composition,  to  have  resulted  from  the  action 
of  a  high  temperature,  not  exceeding  that  of 
redness,  upon  vegetable  matter,  and  this  is 
highly  probable  as  the  destructive  distillation 
of  coal  yields  the  above  substances.  Coil 
naphtha,  however,  (obtained  by  the  rectification 

801 


NAPHTHALIDAM. 


NAPIITIIALIN. 


of  coal  tar,)  is  doubtless  a  mixture,  as  it  con- 
tains, according  to  Ure,  4-65  pr.  ct.  of  oxygen. 
It  boils  too  at  816,  and  has  a  spec.  grav. 
of  0-857. 

Both  the  native  and  artificial  naphtha  are 
used  in  the  arts,  as  drying  vehicles  for  paints, 
and  thinning  liquids  for  quick  drying  varnishes. 
In  some  places  it  is  used  as  an  ingredient  of 
burning  or  illuminating  fluids.  Wood  napbtba, 
with  which  it  is  sometimes  confounded,  is  dis- 
tinctive iu  its  properties,  and  is  written  of  un- 
der Methyl. 

NAPHTHALIDAM.     See  Naphthalin. 

NAPHTIIALIC  ACID.     See  Naphthalin. 

NAPHTHALAN.  A  colorless  inflammable 
solid,  passing  over  in  crystalline  plates  along 
with  leucol,  pyrrol,  kyanol,  carbolic,  rosolic,  and 
brunolic  acids,  forming  the  oily  liquid  sepa- 
ntt<  d  by  distillation  with  water  from  the  pitchy 
residuum  of  coal  tar.  These  crystals,  which 
eparate  from  the  distilled  liquid  when 
cooled  to  14°,  are  pressed  and  purified  by  crys- 
tallizations from  solution  in  alcohol  or  ether. 
It  exists  also  in  wood  tar. 

Prop.  Formula  C20Hg.  Insoluble  in  cold, 
and  only  slightly  soluble  in  boiling  water. 
Spec.  grav.  1-0J8;  of  vapor  4 '528;  by  calcu- 
late.n  4-488.  It  melts  at  175°,  and  boils  at 
428°,  and  condenses  unaltered  in  lamina;. 

It  is  peculiarly  the  product  of  a  high  tem- 
perature, and  is  furnished  by  alcohol  and 
organic  matters  in  general  when  heated  to 
redness.     Graham. 

Action  of  Sulphuric  acid.  Concentrated  sul- 
phuric acid  dissolves  naphthalin,  and  transforms 
it  eventually  into  a  semi-solid  purplish  mass, 
which,  on  being  dried,  leaves  scales  which  are 
soluble  in  water  and  alcohol,  and  consist  of 
tw<  iculiar  acids,  the  hyposulphonaphthalic, 
C20HgS2O6-i-  HO  (?),  which  is  crystallizable, 
and  the  hyposulphonaphthic,  C,,H4S205,  HO  (?), 
which  is  not  crystallizable.  Ilyposulphoylulanic 
acid,  a  hard,  glassy  mass  when  dry,  whose  salts 
are  generally  soluble,  but  not  crystallizable, 
.i ys  the  effect  of  the  action  of  vapors  of 
drous.  Sulphuric  acid  upon  naphthalin 
sometimes  exists  with  the  two  preceding  acids. 
The  three  differ,  and  are  separable  by  the  un- 
equal solubility  and  varying  crystallization  of 
their  barytic  salts,  which  can  be  formed  by 
diluting  the  purple  mass,  before  mentioned, 
with  water,  and  neutralizing  it  with  carbonate 
ef  barytes. 

When  the  naphthalin  is  in  excess,  and  this 
excess  is  precipitated  by  water  from  its  solu- 
tion in  anhydrous  sulphuric  acid,  the  precipi- 
tate yields  on  distillation  with  water  a  fatty 
compound,  consisting  of  sulphonapktkalin,  C20 
H8S02  (?),  a  crystalline  fusible  solid,  and  sui- 
plionaphthalide,  C24H10S02  (?),  a  crystalline  pow- 
der not  fusible  at  212°.  Both  are  inodorous 
and  insoluble  in  water,  but  are  separable  from 
the  fatty  matter  by  alcohol. 

m  of  Chlorine.  Chlorine,  as  also  bro- 
mine,  give  rise  to  several  products  containing 
these  bodies  in  different  proportions. 

The  chlorine  compounds  are,  according  to 
Lauren, 

1 .   The     Chlorhydrate    of    Chloronaphthalase, 

1  -f-  HC1,    a   yellow   oil,    denser    than 

isoluble  in  water,  which,  on  treatment 

with  potassa,  loses  HC1  and  gives  chloronaph- 
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thalnac,  C20II,C1.  When  the  oil,  formed  by  tho 
action  of  chlorine  and  warmth  upon  the  lluid 
chloride  of  naphthalin,  is  distilled,  it  yields 
chlorona/ithit/iri,  C ,(lll .< '1.,,  which  orysl 
from  ether  in  colorless  soft  prisms,  fusible  ut 
103-4°. 

2.   The     Chlorhydrate.    of    Ckloronaphihalu^ 
C20H6C12  -4-  H2C12.     Formed   by  the  aotion  of 
chlorine  at  140°.     Fuses  at  320°^  and  < 
lizes  from   ether.     When   distilled   or   treated 
with  an   alcoholic  solution  of  potassa, 
naphthalese,    C20H6C12,    a   crystallizable   solid, 
fusing   at  111-2,  is  formed.     This  latter  again 
is  transformed   by  chlorine,  at    the   ordinary 
temperature,  into  chlorhydrate  of  chloronaphtha- 
lose,  C20H4C14  -4-  HjClg,  which  fuses  at  ; 
and  may  be  sublimed  without  change. 

These  chlorine  compounds,  when  boiled  in 
nitric  acid,  gave  to  Laurent  several  new  bodies. 
Thus  from  C20H7C1  -4-  HC1  is  formed  a  vi  How 
crystalline  neutral  body,  oxichloronaphtkalose, 
C20II6O3Cl2=C20II4Cl2()2+  110,  insoluble  in 
water,  and  fusing  at  200°.  \)y  farther  treat- 
ment with  nitric  acid,  Moron  I \,(1H, 
C103+02,  and  naphthalosic  .]  (C,6H404  +  Oa) 
acid,  as  also  ozichloronaphthafcnose. 

Naphthalic  or  Phthalic  acid,  C,«H4Og,  2  Ilo, 
formed  by  the  action  of  nitric  acid  and  warmth 
upon  chloride  of  naphthalin  (C2on6Cl2 -4-  H2CI2), 
together  with  a  volatile,  transparent  liquid 
(CC1  -f-  N04)  of  spec.  grav.  1  -685  at  59°,  soluble 
in  alcohol  and  ether.  Naphthalic  acid 
silky  crystals,  by  sublimation,  which  fuse  at 
221°,  are  difficultly  soluble  in  water,  and  tonus 
salts  with  the  bases.  Ammonia  transforms  the 
anhydrous  acid  into phthalmide,  ClGIIGN()5. 

Action  of  Nitric  acid.  Hot  nitric  acid  gives 
rise  to  several  compounds,  varying  in  their 
proportions  of  nitric  acid.  1.  Nitronaphihalast 
\nitronaphthalid),  C20H7  -(-  N04,  dropping  from 
its  alcoholic  solution  in  yellow  crystals,  which 
fuse  at  109-5°.  When  heated  with  lime,  it  gives 
yellow  crystalline  naphthalase,  C20H7O,  which 
tinges  oil  of  vitriol  beautifully  blue.  2.  Nitro- 
naphthalese  (nitronaphthdehyd),  C2„H6  2  N04, 
a  yellow  crystalline  powder,  insoluble  in  water 
and  alcohol,  and  fusible  at  365°. 

By  the  further  action  of  nitric  acid  upon  the 
mother  waters,  additional  compounds  are  gene- 
rated. All,  however,  are  unimportant,  but 
though  distillable  without  decomposition,  are 
apt  to  explode  when  suddenly  heated.  The 
reaction,  sometimes  very  violent,  which  ensues 
when  naphthalin  is  placed  in  contact  with  bi- 
chromate of  potassa,  water,  and  sulphuric  acid, 
results  in  a  peculiar  compound. 

Naphthalidam.  C20H9N.  Formed  by  the  ac- 
tion of  sulphuretted  hydrogen,  with  or  without 
ammonia,  uponnitronaphthalasc.  It  is  a  pow- 
erful base,  which  melts  at  80°,  boils  at  582°  and 
crystallizes  in  white  needles.  Its  salts  are 
crystallizable.  When  heated  it  remains  liquid 
to  32°,  and  in  this  state  absorbs  oxygen  by  ex- 
posure and  becomes  violet.  Zurin,  its  disco- 
verer, has  found  that  the  other  nitrogenized 
derivatives  of  naphthalin  by  similar  treatment 
give  analogous  bases. 

From  the  foregoing  reactions  of  chlorine  and 
nitric  acid,  it  may  be  inferred  that  naphthalin 
is  composed  of  two  carbohydrogens,  C1CH4  -(- 
C4H4,  one  of  which,  the  latter,  is  more  readily 
alterable. 


NAPHTHENE. 


NARCOTIN. 


See  Naphtha. 


NAPHTHENE.  \ 
HTHOLE./ 

NAPLES  FELLOW.  A  mixture  of  3  lbs. 
lead,  2  lbs.  antimony,  and  2  oz.  alum  and  salt, 
calcined,  ground,  and  elutriated  to  a  fine  pow- 
der.     Used  as  a  pigment  and  in  enamelling. 

NAPOLEONITE.     See  Feldspar. 

NARCITIN.  A  white,  deliquescent  solid, 
extracted  from  the  several  varieties  of  the 
Narcissus.  It  is  soluble  in  water,  alcohol,  and 
the  acids. 

NARCOTIN.  Chan.  Syn.  Derosne's  salt. 
Exists  in  opium  and  the  milky  juice  of  several 
of  the  Papaveraeeas. 

Prep.  It  can  be  directly  extracted  from 
opium  by  ether,  or  from  the  impure  morphia 
precipitated  by  ammonia  from  an  aqueous  de- 
coction of  opium.  The  best  method,  however, 
is  to  treat  the  residual  opium,  exhausted  by 
water,  with  acetic  acid,  adding  water,  and 
precipitating  the  filtered  liquid  with  ammonia. 
The  narcotin  purified  by  crystallization  from 
boiling  alcohol,  is  in  transparent  prisms  or 
needles,  but  when  precipitated  is  in  a  white, 
light  powder. 

Prop.  A  weak  base ;  is  soluble  in  ether, 
alcohol,  and  the  oils ;  insoluble  in  water  and 
the  alkalies ;  melts  at  338°  with  a  loss  of  0-04 
of  its  weight,  but  concretes  again  at  266°,  into 
a  crystalline  mass,  if  cooled  slowly.  A  higher 
temperature  decomposes  it.  Its  Characteris- 
tics as  to  solubility,  property  of  not  being  blued 
by  the  sub-salts  of  iron,  or  reddened  by  nitric 
acid,  nor  by  sulphuric  ether  unless  containing 
traces  of  nitric,  serve  to  distinguish  it  from 
morphia,  with  which  it  is  frequently  mixed. 

Its  solutions  give  no  alkaline  reaction;  and 
though  it  dissolves  in  acids,  the  salts  thus 
formed  are  mostly  acid  and  difficultly  crystal- 
lizable.  They  are  all  soluble  in  alcohol  and 
ether,  and  readily  decomposed  by  water,  tan- 
nin, and  ammonia.  The  muriate,  sulphate, 
and  acetate  are  the  most  common.  The  latter 
is  precipitated  from  its  acetic  solution  as  a 
neutral  salt  by  subacetate  of  potassa. 

There  is  a  diversity  of  opinion  as  to  the  cor- 
rect formula  for  narcotin.  Liebig  gives  C40II20 
NO  12  =  4G81,  and  another  chemist  C48H24NOr 
=  5645 ;  but  the  recent  researches  of  Blythe 
have  .icrhaps  more  correctly  stated  it  as  C46 
H2sN014,  and  its  equivalent  5339. 

Derivaliw i.  Wohler's  [Chem.  Gaz.  ii.  249) 
valuable  researches  show  that  narcotin,  when 
exposed  in  the  presence  of  an  acid  to  oxidizing 
influences,  is  decomposed  into  a  non-nitrogen- 
ous acid  (apianic),  an  organic  base  (cotarnin), 
and  carbonic  acid. 

Opianic  acid.  Crystallizes  in  slender,  color- 
less prisms,  and  consists  of  C20H8O9  -j-  HO.  It 
is  more  soluble  in  hot  than  cold  water,  and 
forms  soluble  salts  with  the  bases  which  crys- 
tallize. This  acid  is  not  volatile,  and  melts  at 
284°  without  loss  of  water,  but  by  a  higher 
heat,  though  unaltered  in  composition,  is  ren- 
dered insoluble  in  water,  alcohol,  and  even  di- 
lute   alkalies.     The   opianic   ether  =  C4H50  -f- 
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Opiammon.  C40II17NO16  (?).  A  light  yellow 
powder,  probably  colorless  when  pure,  obtained 
by  cautiously  heating  opiauate  of  ammonia  at 
or  near  212°,  until  ammoniaeal  vapor  ceases  to 
escape.     It  is  insoluble  in  water,  but  dissolves 


when  heated  with  it  to  302°.  It  melts  readily, 
but  is  not  volatile,  and  is  unalterable  by  dilute 
hot  acids. 

Xanthopenic  acid.  Formed  by  the  action  of 
alkalies  upon  opiammon,  and  is  characterized 
by  the  yellow  color  of  its  salts.  It  is  a  lemon- 
yellow  crystalline  powder,  soluble  in  alkalies. 
Opianosulphurous  acid.  C20H6O7  2  S02  -f-  HO. 
A  product  of  the  action  of  sulphurous  acid  on 
opianic  acid  left  as  a  crystalline,  transparent 
mass,  when  the  mixture  or  solution  of  the  two 
are  gently  evaporated.  Its  lead  and  barytic 
salts  are  crystalline  and  brilliant. 

Sulphopianic  acid.  C20H8O7S2.  Generated 
by  the  prolonged  action  of  sulphuretted  hydro- 
gen upon  opianic  acid  dissolved  in  water, 
at  158°.  A  yellow  powder  separates ;  when 
heated,  it  becomes  amorphous  and  transparent, 
and  at  212°  liquefies.  It  dissolves  in  alcohol, 
and  under  certain  circumstances  crystallizes 
from  the  solution  in  minute  yellow  prisms. 

Hemipinic  acid.  C10H4O5  -j-  HO.  Formed 
by  the  higher  oxidation  of  opianic  acid.  Crys- 
tallizes in  colorless  prisms,  which  lose  their 
2  equivs.  of  water  below  212°.  Melts  at  356°, 
and  sublimes  unaltered.  Is  more  soluble  in 
water  than  opianic  acid,  and  forms  an  easily 
soluble  crystalline  salt  with  ammonia.  Those 
of  lead  and  silver  are  insoluble. 

Colarnin.  C26HI3N06,  or,  according  to  Ely  the, 
C2-II13N06.  Formed  at  the  same  time  as  opi- 
anic acid.  Is  dark  yellow  and  crystalline, 
readily  soluble  in  alcohol  and  water.  Its  mu- 
riate is  amorphous,  and  the  solution  of  it  is 
precipitated  by  tannin,  as  also  by  the  chloride 
of  platinum  and  of  mercury.  The  double  pla- 
tinum salt  is  reddish  yellow  and  crystalline; 
that  of  mercury  also  crystalline,  but  pale  yel- 
low. Both  dissolve  in  hot  water,  and  perhaps 
are  modified  by  its  prolonged  action. 

Humopinic  acid.  Whether  its  formula  is 
C4gH23017  or  C40H20OI4,  has  not  yet  been  de- 
termined. A  dark  brown,  amorphous  substance 
generated  by  the  decomposition  of  narcotin  at 
428°.  Is  insoluble  in  water  and  dilute  acids, 
but  dissolves  in  alcohol,  imparting  a  yellow-red 
color,  and  in  alkalies,  giving  yellow  solutions. 

Apnphyllcnic  acid.  Probably  a  product  of  the 
decomposition  of  cotarnin.  Its  crystals  lose 
their  water  below  212°,  and  become  milk-white. 
Both  its  ammonia  and  silver  salts  crystallize, 
the  latter  in  grouped  acicular  forms. 

In  addition  to  the  above  products,  Marchand 
mentions  narcotein,  an  uncrystallizable  coloring 
matter,  resulting  from  the  action  of  nascent 
oxygen  upon  narcotin.  It  is  but  slightly  solu- 
ble in  ether,  but  readily  so  in  alcohol  and  wa- 
ter, with  which  latter  it  forms  a  yellow  solu- 
tion. The  continued  action  of  nascent  oxygen 
transforms  the  narcotein  into  opianic  acid. 

Narcotic  acid.  Formed  by  the  action  of  hy- 
drate of  potassa  upon  narcotin.  The  change 
effected  is  probably  due  to  the  separation  of 
the  elements  of  water  by  the  reassimilation 
of  which  narcotin  is  again  formed,  as  all  at- 
tempts to  isolate  it  have  failed.  It  is  isomeric 
with  narcotin,  or  differs  from  it  only  by  1  or  2 
equivs.  of  water.  The  narcotate  of  potassa  is 
readily  soluble  in  alcohol,  and  is  left  by  evapo- 
ration therefrom  as  an  amorphous  mass. 

Bly  the  also  obtained  the  opianic  and  hemipinic 
acids  and  cotarnin,  by  the  reaction  of  an  excess 
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of  perchloride  of  platinum  upon  narcotin.  If 
tlic  platina  salt  is  in  less  proportion  instead  of 
cotarnin,  a  new  base,  intermediate  between  it 
and  narcotin  is  formed.  This  body,  narcogenin, 
(C36TIl9NOI0)  is  found  only  in  combination  with 
the  platina  salt,  which  compound  crystallizes 
in  long,  orange-yellow  needles,  and  unlike  the 
corresponding  combinations  of  narcotin  and 
cotarnin,  is  completely  decomposed  by  the  ac- 
tion of  ammonia  and  warmth. 

Sulphonarcotide.  C46H48N2SOl6.  Formed  by 
the  action  of  excess  of  sulphuric  acid  upon 
narcotin,  (Journ.  dc  Pharm.,  1848,  p.  302,)  and 
according  to  Laurent,  belongs  to  the  same  class 
of  substances  as  the  amides  and  anilides.  It 
is  a  dark  green  powder,  soluble  in  alcohol  and 
boiling  water. 

NARCEIN.     See  Opium. 

NATIVE  ANTIMONY.  Min.  Spiessglanz. 
Cryst.  Hexagonal,  rhombic ;  cleavage  splen- 
dent, parallel  to  end  plane ;  usually  massive, 
lamellar.  II.  =  3  —  3-5.  G.  =  6-65  —  6-72. 
Color  and  streak  tin-white ;  metallic ;  rather 
brittle.  Very  fusible,  evolving  fumes,  even 
after  removing  it  from  the  flame,  and  deposit- 
ing oxide  of  antimony  on  the  coal.  It  is  me- 
tallic antimony,  Sb. 

NATIVE  GOLD,  COPPER,  &c.     See  Gold, 

COPPER,   &C 

NATROCALCITE.     See  Calcareous  Spar. 

NATROLITE.     See  Mesotype. 

NATRON.  Min.  Cryst.  Oblique  rhombic; 
usually  in  effloresced  crusts.  H.  1  —  1-5. 
G.  =  1-4.  White,  often  tinged  with  foreign 
matters ;  taste  alkaline  ;  effloresces  in  the  air, 
and  effervesces  with  acids.  It  is  essentially 
NaO,  C02  +  HO.  From  the  soda-lakes  of 
Egypt,  &c.     See  Trone. 

NECRONITE.     See  Feldspar. 

NEEDLE  ORE.  Min.  Acicular  bismuth 
glance.  In  acicular  crystals,  and  massive.  H.= 
2  —  2-5.  G.  =  6-125.  Blackish  lead-gray, 
with  pale  copper-red  tarnish ;  metallic ;  opake. 
It  fuses  readily,  fumes  and  coats  the  coal  white 
and  yellow  while  a  bismuth-like  bead  remains; 
gives  with  soda  a  globule  of  copper;  decom- 
posed by  nitric  acid.  Form.  3  Cu2S,  BiS3  -)-  2 
(3  PbS,  BiS3).     It  occm-s  at  Beresof  Siberia. 

NEEDLE  SPAR.     See  Arragonite. 

NEEDLE  STONE.     See  Mesotype. 

NEMALITE.  Min.  Fibrous;  fibres  easily 
separable,  elastic.  H.  =  2.  G.  =  2-35  —2-44. 
White,  with  gray,  bluish,  or  yellowish  tint ; 
silky.  Form.  (MgO,  C02  +  HO)  +  5  (MgO, 
HO).  It  occurs  at  Hoboken,  opposite  N.  Y., 
Piermont,  Rockland  Co.,  N.  Y. 

NEPHELIN.  Min.  Syn.  Rhomboidal  feld- 
spar, somnite,  davyne,  cavolinite,  elseolite, 
gieseckite.  Hexagonal,  prismatic ;  also  colum- 
nar, massive.  H.  =5-5  — 6.  G.=2-5  — 2-64. 
White  or  yellowish,  dark  green,  greenish  or 
bluish  gray,  brownish  or  brick-red ;  vitreous, 
greasy ;  transparent,  opake. 

Nephelin  fuses  with  difficulty  to  a  blebby 
glass;  borax  dissolves  it  with  difficulty;  cobalt 
solution  gives  a  grayish  blue  on  the  fused 
edges.  Eloeolite  fuses  readily ;  mic.  salt  de- 
composes it  with  great  difficulty ;  cobalt  solu- 
tion colors  the  fused  edges  blue.  Both  are  de- 
composed by  acids,  the  silica  gelatinizing. 
Form.  3  RO,  Si03  +  3  (A1203,  Si03) ;  RO  == 
t  NaO  +  i  KO.  The  general  form,  is  that  of 
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Indianite,   Wehrlite,   Lepidornelas.      Found  in 
lavas  of  Vesuvius,  lircon-sienite  of  Norway, 

llmen,  Ural,  &c.     See  1)av\m. 

NEPHRITE.  Min.  Jade,  Beilsteiu,  Massive. 
II.  =6-5  —  7-5.  0.  =  2-98  —  8-02. 
green,  passing  into  blue,  gray,  and  white;  vitre- 
ous; translucent,  subtransliicciit  ;  very  tough, 
with  splintery  fracture,  infusible.  Se\  ei 
nerals,  tremolite,  &c.  have  been  included  ander 
nephrite.  The  form,  is  probably  8  l!<>,  2  SiO., 
in  which  RO  =  MgO,  CaO,  FeO,  Mull.  True 
jade  is  from  Turkey  and  China. 

NEROLI,  OIL  OF.  Obtained  by  distillation 
from  the  orange  flowers  (Otirut 
When  recent,  it  is  nearly  colorless,  but  redden 
on  exposure.  In  contact  with  platinum  black, 
it  yields  a  peculiar  acid.  (Dobcreiner.)  It  con- 
sists of  two  oils,  one  reddened  by  sulphuric 
acid  and  soluble  in  water,  and  the  other  insolu- 
ble and  of  less  agreeable  aroma.  Boullay 
separates  stearopten  by  dissolving  the  oil 
of  neroli  in  a  small  portion  of  90  pr.  ct.  alco- 
hol. This  camphor  melts  at  122°,  is  insoluble 
in  water,  slightly  soluble  in  absolute  and  boil- 
ing alcohol,  but  readily  in  ether. 

NERVES.  According  to  L'Heretier,  the 
nerves  contain  more  albumen,  less  solid  and 
more  soft  fat  than  the  Brain.  On  boiling  the 
nerves  in  alcohol,  a  fluid  fat  exudes,  which 
sinks  to  the  bottom  of  the  vessel ;  on  boiling 
them  with  water  they  swell,  but  do  not  dissolve. 
The  albumen  of  the  medullary  portion  ch- 
in a  weak  solution  of  potassa,  the  fat  swims 
on  the  surface,  and  the  ncurilema  remains. 
On  treating  the  nerves  with  acetic  acid,  the 
medullary  portion  is  expressed  by  the  contrac- 
tion of  the  tubes,  which  are  themselves  unacted 
upon.     Simon. 

The  "nerves  are  the  conductors  and  propa- 
gators of  mechanical  effects  in  the  body."  Ner- 
vous matter,  Liebig  thinks,  must  be  formed  in 
the  animal  body,  either  by  depriving  protein 
of  some  azotized  product,  or  by  adding  to  fat 
an  azotized  compound ;  and  he  has  suggested 
that  the  power  of  the  vegetable  alkalies  to 
affect  the  nervous  system  may  be  owing  to 
their  composition,  which  approaches  nearer  to 
that  of  nervous  matter  than  any  other  com- 
pounds. These  alkalies  may  promote  or  check 
the  formation  of  nervous  matter,  and  thus  pro- 
duce their  peculiar  effects. 

NEUTRALIZATION.  The  destructibility  of 
the  characteristic  properties  of  either  acid  01 
bases,  by  the  addition  of  one  to  the  other,  in 
proportional  equivalents  to  form  neutral  com- 
pounds. 

NEUTRAL  SALTS.  Those  combinations  in 
which  the  equivalent  proportions  of  base  and 
acid  are  equal;  thus,  for  instance,  ZnO,  S08. 
Among  the  haloids,  NaCl  is  an  example  of  a 
neutral  salt,  the  halogen  and  metal  being  one 
to  one. 

NEWKIRKITE.  Min.  Black,  metallic,  square 
prisms.  H.  =  3-5.  G.  =  3-824.  It  consists 
of  oxides  of  manganese  and  iron,  with  water. 
From  Elsace. 

NICKEL.  Cham.  Tech.  A  grayish  white 
metal,  discovered  by  Cronstedt  in  1751.  It 
exists  as  sulphuret  in  the  magnetic  pyrites  of 
Alsluda,  in  Sweden;  as  arseniuret  in 
nickel;  as  oxide,  sulphuret,  and  antimoniosul- 
phuret  in  other  minerals.     It  is  also  a  consti- 
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tuent  of  meteoric  iron,  and  of  several  minerals 
of  Missouri,  and  of  other  States.  It  is  gene- 
rally obtained  from  speiss,  an  artificial  arseniu- 
ret,  prepared  from  the  native  compound,  and 
usually  containing  50  pr.  ct.  and  upwards. 

Nickel  is  very  liable  to  contain  a  little  cobalt, 
that  metal  being  almost  always  an  associate, 
and  its  separation  very  difficult.  Spec.  grav. 
8-1279,  and  when  forged  8-666.  Ductile,  mal- 
leable, and  magnetic,  but  loses  the  latter  pro- 
perty at  630°.  Carbon  unites  with  it,  and  in- 
creases its  fusibility.  In  the  arts  its  chief  use 
is  as  a  component  of  German  silver  or  Chinese 
Packfong.  See  Alloys  and  Argentan.  Eq. 
369-68  0.  =  100  or  29-62  H.  =  1.  Nickel 
forms  with  oxygen  three  compounds,  as  follows : 

Protoxide.  NiO.  Obtained  as  hydrate  by 
precipitating  a  salt  of  nickel  with  caustic 
alkali.  Calcination  of  the  nitrate  yields  the 
anhydrous  oxide.  Is  green  when  hydrated, 
gray  when  anhydrous.  The  former  gives  a 
blue  solution  with  ammonia,  but  neither  is 
taken  up  by  soda  or  potassa.  Heated  in  con- 
tact with  hydrogen  gas,  it  is  reduced  to  metal. 
With  the  strong  bases  it  acts  as  an  acid,  and 
as  a  base  with  alumina,  peroxide  of  iron,  &c. 

Sesquioxide.  Ni203.  Prepared  by  digesting 
hydrated  protoxide  in  the  solution  of  a  chlo- 
rite, or  by  heating  the  nitrate  below  redness. 
Is  a  black,  indifferent  body,  not  soluble  (unal- 
tered) in  acids  or  alkalies.  Heat  and  oxygen 
transform  it  into  protoxide. 

Peroxide.  The  existence  of  this  oxide  has 
not  yet  been  positively  determined.  As  ob- 
tained by  Thenard,  it  is  a  dirty  green,  change- 
able body. 

Sulphuret.  NiS.  The  protosalt  is  obtained 
by  direct  combination.  Grayish  yellow,  me- 
tallic lustre,  and  soluble  in  nitric  acid  and  in 
aqua  regia.  The  hydrated  protosulphuret  is 
made  by  passing  a  stream  of  sulphuretted  hy- 
drogen into  a  neutral  salt  of  nickel  until  com- 
plete precipitation.  Deep  brown,  and  soluble 
in  strong  HC1  acid  and  in  an  excess  of  sulphu- 
retted hydrogen.  Arfwedson's  subsulphuret, 
2  NiS,  is  obtained  by  heating  sulphate  of  nickel 
to  redness  in  contact  with  hydrogen. 

Bisulphuret.  NiS2.  Prepared  by  calcining 
at  low  red  heat  a  mixture  of  sulphur  and  car- 
bonates of  nickel  and  of  potassa,  and  washing 
the  resulting  mass  with  water.  A  steel  gray 
powder. 

The  salts  of  nickel  are  all  of  the  protoxide, 
and  those  which  are  soluble  from  green  solu- 
tions. The  anhydrous  salts  are  yellowish.  All 
the  nickel  salts  are  decomposable  by  heat, 
though  some  exert  a  greater  resistance  than 
others.  Sulphuretted  hydrogen  gives  no  preci- 
pitate in  arid  solutions,  but  hydrosulphuret  of 
ammonia  throws  down  black  sulphuret,  slightly 
soluble  in  an  excess  of  the  reagent. 

Haloid  Salts. 
Chlorine.  Nickel  forms  with  chlorine  both 
a  hydrated  and  anhydrous  compound.  The 
first  is  obtained  by  evaporating  the  solution  of 
the  oxide  or  carbonate  in  HC1  to  crystalliza- 
tion ;  the  latter  by  passing  dry  chlorine  over 
the  metal  heated  to  redness,  or  by  slightly  cal- 
cining the  hydrated  chloride.  The  anhydrous 
salt  is  soluble  in  water  by  prolonged  ebullition, 
imparting  a  green  color.     It  absorbs  ammonia 


and  forms  a  compound,  of  the  formula  NiCl, 
3  NH3  (Rose),  which,  when  heated,  is  resolved 
into  metallic  nickel.  The  hydrate  forms  eme- 
rald-green, efflorescent  crystals. 

Iodide.  Nil.  Crystallizes  with  6  equivs.  of 
water,  and  its  aqueous  solution,  by  heat,  yields 
an  oxyiodide,  Nil  (3  NiO)  15  HO.     Erdmann. 

OxYSALTS. 

Sulphate.  NiO,  S03.  Green  crystals  which 
lose  transparency  by  gentle  heat.  Very  solu- 
ble in  water,  insoluble  in  alcohol  and  ether. 
Lose  water  of  crystallization  by  exposure,  and 
become  ultimately  yellow.  There  is  a  subsul- 
phate  in  green  powder  and  insoluble  in  water. 

Sulphate  of  Nickel  and  Potassa.  KO,S03  -4- 
NiO,  S03.  Crystallizable  and  soluble  in  nine 
parts  of  cold  water. 

Nitrate.  NiO,  NO..  Bluish  green  crystals, 
efflorescent  in  dry  and  deliquescent  in  moist 
air.  Soluble  in  water  and  alcohol.  With  am- 
monia it  gives  bright  blue  soluble  crystals,  of 
the  composition  NiO,  N05  (2  NH3)  HO. 

Carbonate.  An  apple-green,  basic  hydrate, 
forming  a  salt  with  ammonia.  By  calcination 
in  open  vessels,  it  is  changed  to  sesquioxide. 

Silicate.     Exists  native  in  certain  minerals. 

Chromate.  A  deliquescent  red  salt,  which 
forms  a  double  compound  with  ammonia. 

NICKEL  BLOOM.  Min.  Nickelocker,  nick- 
elbliithe,  in  capillary  crystals,  and  massive. 
Soft;  apple-green.  Yields  water  in  a  tube, 
gives  arsenical  odors  on  coal,  and  a  bead  which 
shows  nickel  and  cobalt.  Soluble  in  acids. 
Form.  3  NiO,  As05  -f-  8  HO,  which  corresponds 
to  Cobalt  Bloom.  From  Riechelsdorf,  Hessia, 
Kamsdorf,  near  Saalfeld,  Allemont,  Dauphiny, 
Chatham,  Connecticut.  It  is  a  good  surface 
indication  of  arsenical  nickel  ores. 

NICKEL  BISMUTH  GLANCE.  Min.  Cryst. 
Regular ;  cleavage  8-hedral.  H.  =  4-5.  G.  = 
5-13.  Steel-gray  to  silver-white;  metallic; 
brittle ;  fuses  on  coal  to  a  brittle,  magnetic 
globule,  giving  a  bismuth  coating,  and  with 
fluxes  the  reactions  of  nickel.  Soluble  in  nitric 
acid,  showing  the  presence  of  bismuth  upon 
dilution  with  water.  The  best  form,  proposed  is 
that  of  Frankenheim,  NiS,  BS3  -f-  6  (NiS,  N2S3.) 

NICKEL  GLANCE.  Min.  Nickelarsenik- 
kies,  nickelantimonglanz.  Cryst.  Regular, 
cube,  8  and  12-hedron,  and  pentagonal  12-he- 
dron ;  cleavage  cubical ;  lamellar,  granular. 
H.  =  5  —  5-5.  G.  =  6-097  —  6-45.  Silver- 
white  with  grayish-black  streak ;  metallic ; 
brittle.  Decrepitates  in  a  closed  tube,  sub- 
limes sulphuret  of  arsenic,  and  shows  the  pre- 
sence on  coal  of  arsenic  and  nickel ;  decomposed 
by  nitric  acid.  The  most  probable  form,  is 
NiS2  -f-  NiSb  for  nickel  antimony  glance,  and 
NiS2  -j-  NiAs  for  nickel  arsenic  glance,  the  Ni 
being  sometimes  replaced  by  Fe  and  Co.  But 
1  eq.  arsenic  or  antimony  is  two  atoms;  so 
that  in  this  view  the  general  form,  may  be 
Ni  (S,  Sb,  As)2.  Wackenroder's  analysis  of  a 
nickelglance  from  Oelsnitz,  in  Voigtland,  led 
to  the  form.  NiS2  -4-  2  NiAs. 

Local.  Loos,  Helsingland,  Sweden ;  Harz- 
gerode,  on  the  Hartz ;  Nassau.  See  Cobalt 
Glance. 

NICKEL    HYDRATE.      Min.      Amorphous, 
incrusting,  chromic  iron,  from  Texas,  Lancas- 
ter Co.,  Pennsylvania.     H.  ==  3 —  3-25.    G  = 
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3-05.  Emerald  green;  vitreous;  streak  yel- 
lowish green.  In  a  tube  yields  water;  be- 
comes blackish  by  heat;  in  the  fluxes  gives  the 
reactions  of  nickel,  and  the  metal  is  obtained 
by  reduction  with  soda;  soluble  in  muriatic 
acid.     Form.  NiO,  2  HO.     B.  Sillman,  Jr. 

NICKEL  PYRITES.     See  Coiter  Nickel. 

NICOTIANIN.  }  0      _ 

NICOT1N  (         Iobacco. 

N1GRIN.     See  Rutile. 

NIHIL  ALBUM.  The  old  title  of  flowers  of 
Zinc. 

NIOBITE.  Min.  Columbite.  G.  Rose  has 
shown  that  it  is  isomorphous  with  Wolfram. 

NIOBIUM.  Chem.  A  new  metal,  in  the 
form  of  a  blackish  powder,  discovered  by  Rose 
in  the  Tantalites  of  Bavaria,  and  deriving  its 
name  from  Niobe,  daughter  of  Tantalus,  in 
reference  to  its  similarity  and  that  of  its  oxide 
to  Tantalum.  (Comptes  Rendus,  1844.)  When 
heated,  it  becomes  oxidized  into — 

Niobic  acid.  It  is  obtained  by  heating  in  an 
ammoniacal  current  the  chloride  saturated 
with  ammoniacal  gas.  The  metal  is  insoluble 
in  aqua  regia,  but  dissolves  in  a  mixture  of 
fluohydric  and  nitric  acids. 

Niobic  acid  resembles  tantalic  acid.  When 
heated,  it  becomes  yellow,  but  whitens  again 
on  cooling.  Cold  sulphuric  acid  precipitates  it 
entirely  from  the  solution  of  a  niobate.  When 
mixed  with  charcoal  and  heated  to  redness  in 
chlorine,  it  is  changed  into  chloride. 

The  chloride  is  white  and  infusible.  Water 
converts  it  into  hydrochloric  and  niobic  acids. 
Hermann  {Chem.  Gaz.  v.  409)  obtained  the 
chloride  (NbCl2)  in  pinnately  grouped  prisms. 
The  formula  of  the  crystallized  niobate  of  soda 
is  NaO,  Nb02  -f-  7  HO.     Hermann. 

NITRATE  OF  LIME.  Min.  Efflorescent, 
white,  silky  tufts,  in  the  nitre  caves  of  Ken- 
tucky, India,  &c.  It  is  frequently  associated 
with  the 

NITRATE  OF  MAGNESIA,  which  presents 
white,  deliquescent  efflorescences. 

NITRATE  OF  SODA.  Min.  Soda-saltpeter. 
Cryst.  Hexagonal,  rhombic ;  usually  in  efflo- 
rescences. H.  =  1-5  — 2.  G.  =2-1  — 2-29. 
White,  variously  tinted;  transparent;  soluble 
in  water ;  taste  saline,  cooling.  It  deflagrates 
less  violently  than  nitre,  is  more  deliquescent 
and  soluble  in  water.  It  is  essentially  NaO, 
N05,  mingled  with  sulphate  and  muriate  of 
soda,  &c.  A  large  formation  of  this  salt,  in 
beds  of  several  feet  thickness,  over  a  space  of 
40  leagues  length,  occurs  in  Tarapaco,  N.  of 
Chili.  It  is  largely  used  in  the  manufacture 
of  nitric  and  sulphuric  acids. 

NITRE.  Min.  Saltpeter.  Cryst.  Right 
rhombic;  usually  in  crusts.  H.  =  1.  G.  = 
1-937.  White;  subtransparent ;  soluble  with 
a  sharp  saline  and  cooling  taste;  deflagrates 
on  burning  coals.  It  is  essentially  nitrate  of 
potasisa,  KO,N05.  From  saltpeter  caves  in 
Ceylon,  Spain,  Hungary,  Egypt,  Kentucky,  &c. 
Used  in  the  manufacture  of  gunpowder. 
NITRIC  ACID.  \SeeNlTE0GEV 
NITRIC  OXIDE.    }  bee  Nitrogen. 

NITRIFICATION.  The  Ebemacausis  of 
substances  containing  nitrogen.  During  this 
decay,  ammonia  is  constantly  being  formed, 
and  (lie  oxidation  of  this  ammonia  constitutes 
the  phenomenon.  The  formation  of  nitrates 
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in  soils  is  said  to  be  owing  to  this  prooe 
as  porous  substances  have  the  property  of 
condensing  the  ammonia  of  the  atmosphere 
and  always  contain  water,  the  essential  con- 
ditions of  nitrification  are  supplied.  When 
alkaline  bases  arc  present,  the  nitric  arid 
generated  unites  with  them  to  form  nitrates. 
See  Mould. 

N1TKOBENZULE.     See  Benzyl. 

NITROGEN.  Chem.  Syn.  Azote.  A  gas, 
one  of  the  constituents  of  the  Atmosphe&X, 
discovered  by  Rutherford  in  1772.  Exists  also 
in  a  large  number  of  organic  matters.  It  take 
the  name  of  azote  from  «.  and  £»»',  two  Greek 
words,  signifying  destructive  of  life,  that  being 
one  of  its  properties. 

Prep.  By  passing  a  current  of  air,  freed  of 
moisture  and  carbonic  acid,  over  copper  heated 
to  redness.  It  may  also  be  obtained  by  burn- 
ing phosphorus  in  air  confined  under  a  bell 
glass. 

Prop.  Symb.  N.  Equiv.  175.  0.  =  100  or 
14.  II.  =  1.  Spec.  grav.  97200.  A  colorless, 
permanent,  inodorous  gas.  Soluble  in  water 
to  the  extent  of  -01G  of  its  volume.  Forms  five 
compounds  with  oxygen,  as  follows : 

Protoxide.  Nitrous  oxide.  NO.  Prepared 
by  heating  nitrate  of  ammonia  in  a  retort.  A 
colorless,  inodorous  gas  of  spec.  grav.  1  -527 ; 
liquefies  at  0°  under  a  pressure  of  about  80  at- 
mospheres, and  solidifies  at  100°  below  0°. 
{Comptes  Rendus,  1848.)  Bodies  which  burn  in 
air  give  a  flame  of  greater  brilliancy  in  this 
gas.  From  its  property  of  imparting  a  plea- 
sant sensation  of  intoxication,  when  respired 
in  a  state  of  purity,  it  is  termed  exhilarating 
or  laughing  gas.  If  the  gas  contains  air  or 
other  impurity,  the  respiration  of  it  is  dan- 
gerous. 

Deutoxide.  Nitric  oxide.  N02.  Is  generated 
by  the  action  of  nitric  acid,  of  spec.  grav.  1-2, 
upon  copper  filings.  A  colorless  gas  of  spec. 
grav.  1-039,  which,  on  exposure  to  air,  absorbs 
oxygen,  reddens,  and  becomes  N04.  Is  not 
very  favorable  to  combustion. 

Nitrous  acid.  N03.  Obtained  by  passing 
through  an  U  tube,  kept  cool  by  a  freezing 
mixture,  a  gaseous  mixture  of  4  vols,  of  deutox- 
ide of  nitrogen  and  1  vol.  of  oxygen.  It  is  also 
frequently  a  product  of  the  action  of  nitric 
acid  upon  organic  matters.  Is  more  readily 
obtained  in  combination  with  bases.  Combines 
with  certain  acids,  the  sulphuric  acid  compound 
being  crystalline,  and  of  spec.  grav.  1-831.  It 
mixes  with  cold  water,  but  decomposes  upon 
slight  elevation  of  temperature. 

Ilyponitric  acid.  Peroxide  of  nitrogen.  N04. 
Prepared  by  the  dry  distillation  of  nitrate  of 
lead,  previously  powdered  and  thoroughly  de- 
siccated. An  orange  liquid  of  spec.  grav.  1  ■  12. 
Boils  at  +  83°,  and  congeals  at  —  0-8°.  It 
gives  off  a  deep,  ruddy,  corrosive  vapor,  of 
spec.  grav.  1-72.  By  contact  with  water,  it  is 
decomposed  into  nitric  and  nitrous  adds. 

Nitric  acid.  Azotic  acid,  aquafortis.  NO.. 
Prepared  by  decomposing  saltpeter  in  a  retort 
by  sulphuric  acid,  and  collecting  the  acid  which 
is  eliminated  in  a  cooled  receiver.  For  manu- 
facturing upon  a  large  scale,  the  retorts  are 
cylindrical  and  of  cast  iron,  three  or  more 
forming  a  range  to  be  heated  by  one  furnace. 
The  front   of  each  cylinder   is  fitted  with   a 
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movable  head  for  the  convenience  of  charging 
and  emptying.  After  the  charge  of  nitre  has  been 
introduced,  the  mouth  is  to  be  closed  and  fasten- 
ed by  bolts  and  lute.  The  acid  is  added  by  means 
of  a  futinel  through  a  hole  in  this  head,  at  other 
times  kept  tightly  closed  by  means  of  a  stopple. 
The  aeid  gas  eliminated  by  the  action  of  sulphu- 
ric acid  upon  the  nitre  has  vent  at  the  opposite 
end  of  the  retort  through  a  tube  adjusted  for  the 
purpose,  and  so  bent  as  to  lead  into  a  series  of 
blue  stoneware  Wolff's  jars  in  which  it  is  con- 
densed. The  acid  thus  made  contains  sulphu- 
ric and  muriatic  acids,  but  is  sufficiently  pure 
for  the  ordinary  purposes  of  the  arts.  For  use 
in  analyses,  however,  it  must  be  redistilled 
with  a  solution  of  nitrate  of  silver.  Nitrate  of 
soda,  or  cubic  nitre  as  it  is  called,  is  more  eco- 
nomical than  nitre  for  the  production  of  this 
acid,  and  hence  is  the  article  most  used  for  the 
purpose. 

Owing  to  its  great  affinity  for  water,  the  an- 
hydrous acid  is  obtained  only  with  great  diffi- 
culty, and  by  treating  nitrate  of  silver  with 
absolutely  dry  chlorine.  It  crystallizes  in  bril- 
liant six-sided  prisms,  melting  at  85°  and  boil- 
ing at  113°.  Precaution  is  necessary  in  hand- 
ling this  substance,  as  it  is  liable  to  explosion 
under  certain  circumstances.  (Deville  Complex 
Rendus,  1849.)  Its  aqueous  combinations  are 
definite  hydrates,  as  follows  : — 


1.  N05  -4-  HO.  Colorless  -when  pure,  but 
yellow  on  exposure  to  light.  Congeals  at  — 
58°.  When  added  to  water,  heat  is  developed 
and  ruddy  fumes  appear,  a  property  to  which 
this  hydrate  owes  its  name  of  fuming  acid. 

2.  N05  -f  4  HO.  More  stable  than  the  pre- 
ceding, neither  decomposable  by  light,  nor  by 
repeated  distillation.  When  distilled  with  its 
own  weight  of  concentrated  sulphuric  acid, 
three-fourths  of  its  water  is  abstracted,  and 
N05  +  HO  is  formed. 

Properties  of  Nitric  acid.  Is  colorless  or  yel- 
low, according  to  its  state  of  purity.  The 
strongest  acid  boils  at  187°,  and  has  a  spec, 
grav.  of  1  -622,  but  the  density  decreases  as  the 
proportion  of  water  is  augmented.  The  faci- 
lity with  which  it  parts  with  a  portion  of  its 
oxygen  to  many  substances,  renders  it  an  en- 
ergetic oxidizing  agent,  and  very  useful  in 
effecting  decomposition  of  organic  matters  and 
chemico-solutions  of  metals.  Of  a  large  class 
of  salts  which  it  forms  with  bases,  the  most 
important  are  the  nitrates  of  potassa,  soda,  lead, 
silver,  and  strontia. 

Nitrogen  and  Hydrogen.  These  two  gases 
unite  to  form  Ammonia. 

Nitrogen  and  Carbon.     See  Cyanogen. 

The  table  below  is  useful  for  showing  the 
per  centage  of  water  in  acids  of  different  densi- 
ties. 


Specific 
Gravity. 

Real   acid  in 
100  parts  of 
the  Liquid. 

Specific 
Gravity. 

Real   acid  in 
100  parts  of 
the  Liquid. 

Specific 
Gravity. 

Real   acid  in 
100  parts  of 
the  Liquid. 

Specific 
Gravity. 

Real   acid  in 
100  parts  of 
the  Liquid. 

1-5000 

79-700 

1-4189 

59-775 

1-2947 

39-850 

1-1403 

19-925 

1-4980 

78-903 

1-4147 

58-978 

1-2887 

39-053 

1-1345 

19-128 

1-4960 

78-106 

1-4107 

58-181 

1-2826 

38-256 

1-1286 

18-331 

1-1940 

77-309 

1-4065 

57-384 

1-2765 

37-459 

1-1227 

17-534 

1-4910 

76-512 

1-4023 

56-587 

1-2705 

36-662 

1-1168 

16-737 

1-4880 

75-715 

1-3978 

55-790 

1-2644 

35-865 

1-1109 

15-940 

1-4850 

74-918 

1-3945 

54-993 

1-2583 

35-068 

1-1051 

15-143 

1-4820 

74-121 

1-3882 

54-196 

1-2523 

34-271 

1-0993 

14-346 

1-1790 

73-324 

1-3833 

53-399 

1-2462 

33-474 

1-0935 

13-549 

1-4760 

72-527 

1-3783 

52-602 

1-2402 

32-677 

1-0878 

12-752 

1-4730 

71-730 

1-3732 

51-805 

1-2341 

31-880 

1-0821 

11-955 

1-4700 

70-933 

1-3681 

51-068 

1-2277 

31-083 

1-0764 

11-158 

1-4G70 

70136 

1-3630 

50-211 

1-2212 

30-286 

1-0708 

10-361 

1  -4640 

69-339 

1-3579 

49-414 

1-2148 

29-489 

1-0651 

9-564 

14600 

68-542 

1-3529 

48-617 

1-2084 

28 -6!  rj 

1-0595 

8-767 

1-4570 

67-745 

1-3477 

47-820 

1-2019 

27-895 

1  -0540 

7-970 

1-4530 

66-948 

1-3427 

47-023 

1-1958 

27-098 

1-0485 

7-173 

1-4500 

66-155 

1-3376 

46-22(1 

1-1895 

26-301 

1-0430 

6-376 

1-4460 

65-354 

1-3323 

45-429 

1-1833 

25-504 

1-0375 

5-579 

1-4424 

64-557 

1-3270 

44-632 

1-1770 

24-707 

1-0320 

4-782 

1-4385 

63-760 

1-3216 

43-835 

1-1709 

23-910 

1-0267 

3-985 

1-4346 

62-963 

1-3113 

43-038 

1-1648 

23-113 

1-0212 

3-188 

1-4306 

62-166 

1-3110 

42-241 

1-1587 

22-316 

10159 

2-391 

1-4269 

61-369 

1-3056 

41-444 

1-1526 

21-519 

1-0106 

1-594 

1-4228 

60-572 

1-3001 

40-647 

1-1465 

20-722 

1-0053 

0-797 

NITROLEUCIC  ACID.     See  Protein. 

NITRO-MECONIC  ACID.     See  Meconin. 

NITRONAPHTHALASE.     See  Naphthalin. 

NITROSACCHARIC  ACID.  See  Glycicoll 
under  Gelatin. 

NITROUS  ACID.     See  Nitrogen. 

NITROUS  ETHER.     See  Ethyl. 

NITROUS  OXIDE.     See  Nitrogen. 

NOMENCLATURE.  The  older  names  of 
substances  formed  by  the  chemist  were  arbi- 


trary, so  that  those  allied  in  their  composition 
received  distinct  names,  which  did  not  point 
out  their  relations.  When  the  present  nomen- 
clature was  established,  towards  the  close  of 
the  18th  century,  facts  and  substances  had  in- 
creased to  such  an  extent,  that  the  memory 
would  have  been  burdened  by  the  multitude  of 
names  required.  Hence,  the  important  prin- 
ciple of  the  new  system  of  naming  compounds ; 
to    express   more   or   less   their   composition 
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This  principle  was  carried  out  successfully, 
and  was  doubtless  one  cause  of  the  move  rapid 
advance  of  the  science.  But  the  reaction,  that 
is,  the  multiplication  of  facts  and  suhstanc.es,  lias 
0  great,  that,  at  the  present  time,  it  has 
been  found  necessary  to  depart  from  the  main 
principle.  Thus  the  names  of  sulphuric  aud 
sulphurous  acids  were  designed  to  convey  the 
idea  that  the  former  was  a  higher  compound,  or 
contained  more  oxygen  than  the  latter,  and  the 
names,  sulphate  and  sulphite,  for  the  salts  of 
these  acids,  were  equally  precise.  But  when 
an  acid  was  found  intermediate  between  these 
two,  and  another  below  the  sulphurous  iu  its 
content  of  oxygen,  the  terms  hyposulphuric 
and  hyposulphurous  were  respectively  applied 
to  them.  Recently,  however,  several  acids 
have  been  found  below  the  sulphurous,  and 
the  term  hypo  (below)  had  to  be  abandoned, 
and  the  terms  dithionous,  trithionous,  &c.  were 
substituted  for  these  acids. 

When  the  present  nomenclature  was  esta- 
blished, the  doctrine  of  definite  proportion  in 
compounds  was  very  imperfectly  understood, 
and  hence  this  important  element  of  naming 
compounds  was  left  out  of  view.  Thus  the 
name,  sulphuric  acid,  although  conveying  some- 
thing more  of  the  composition  of  the  body  than 
the  older  terms,  oil  of  vitriol,  vitriolic  acid,  &c. 
did  not  give  its  precise  composition,  but  merely 
informed  us  that  it  contained  sulphur,  and  by 
inference  oxygen,  on  the  then  theory  that  oxy- 
gen was  the  acidifier.  It  did  not  give  us  the  least 
hint  that  it  consisted  of  1  equiv.  of  sulphur  -f- 
II  equivs.  of  oxygen,  and  yet  to  follow  out  their 
main  principle,  it  should  have  done  so,  or,  at 
least,  when  the  doctrine  of  proportion  was  sub- 
sequently developed  and  fully  settled,  the  name 
should  have  been  so  modified.  There  was  there- 
fore a  radical  defect  in  the  system  of  nomencla- 
ture, which  renders  it  very  ill-adapted  to  the 
present  more  advanced  state  of  the  science. 

But  the  difficulties  of  establishing  a  system 
of  names,  expressive  of  composition,  have  been 
greatly  increased  by  the  astonishing  strides 
which  organic  chemistry  has  made,  through 
and  from  the  labors  of  Chevreul  in  organic 
chemistry  during  the  past  30  years,  by  the  de- 
velopment of  isomerism  and  isomorphism  ;  and 
hence  it  is  that  empirical  names  are  now  gene- 
rally adopted  for  organic  substances.  We 
cannot  turn  over  a  single  volume  of  a  chemical 
journal,  now  issuing,  without  being  struck, 
perhaps  alarmed,  at  the  number  of  new  com- 
pounds, which  are  piled  upon  our  previous 
stock,  and  which,  unhappily  for  us,  make 
heavy  drafts  upon  an  already  overburdened 
memory.  Facts  have  advanced  much  more 
rapidly  than  sound  generalization,  so  that  it  is 
almost  as  easy  to  remember  a  substance  or  an 
isolated  fact  as  to  make  a  proper  disposal  of 
it  in  the  mental  storehouse,  according  to  its 
generic  relations.  Add  to  these  difficulties 
the  conflicting  and  fanciful  theories  of  modern 
chemists, — urged  rather  by  imagination  and 
sometimes  a  lower  kind  of  ambition  than  by  a 
sincere  desire  to  relieve  the  mind  of  over-taxa- 
tion,— and  we  must  acknowledge  that  the  pre- 
sent system  of  nomenclature  must  be  aban- 
doned, in  order  to  give  the  true  science  of 
chemistry  a  rapid  and  onward  impulse. 
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Were  ii   ma    for   the   admirable  system   of 

formula-notation,  introduced  and  perfeoted  bj 

Berzelius,  the  Bcienoe  would  nol  have  received 

eleration  which  we  bave'witneseed j  and 

by  holding  strenuously  to  this  system,  ti 
ence  will  advance  in  Bpite  <>l  the  heavy  load  of 
isolated  facts  it  has  to  bear.  The  difficulties 
of  reading  chemical  works  are  inorea  ed  l»\ 
the  varying  views  as  to  the  II ,  or  \\2,  but  n  hen 
a  chemist  chooses  to  halve  carbon,  for 
reason  which  appears  to  him  satisfactory,  he 
is  little  aware  of  the  vast  burden  he  is  impos- 
ing on  the  rest  of  the  chemical  world,  and  the 
notoriety  which  he  gains  by  the  change  is  little 
less  than  that  of  him  who  burned  the  Ephesian 
temple  of  Diana.  Changes  must  and  will  oome, 
and  are  even  desirable,  hut  such  all-grasping 
changes  should  not  be  adopted  until  their  prin- 
ciples have  been  most  thoroughly  sifted  and 
approved. 

NONTRONITE.     See  Halloysite. 

NOSEAN.     See  Hauyk. 

NORIUM.  Chem.  The  radical  of  a  n<  v, 
earth,  found  by  Svanberg  in  the  Zircons  of 
Norway  and  Sweden. 

NOVACULITE.  Gcol.  A  silicious,  almost 
compact  clay-slate,  employed  for  hones. 

NUCLEUS  OF  CRYSTALS.     See  Crystal- 

LIZATION. 

NUSSIERITE.  Min.  Cryst.  Hexagonal,  in 
obtuse  rhombs ;  usually  in  mammillary  masses. 
H.  =  4.  G.  5-04.  Yellow,  greenish,  or  gray- 
ish; lustre  greasy,  feeble;  yellowish  white 
streak.  It  fuses  to  a  white  enamel,  and  gives 
with  borax  a  yellowish  glass;  soluble  in  nitric 
acid.  It  appears  to  be  PbCl  +  -r>  (3  PbO,  P06) 
in  which  1'bO  contains  a  portion  of  CaO  and 
FeO,  and  P05  contains  also  As05.  See  A.KSK- 
niophosphates.     From  Beaujeu,  Dpt.  Rhone. 

NUTTALITE.     Is  probably  Scapolmus. 

NUT-GALLS.     See  Galls. 

NUTMEG.     See  Mteistioa. 

NUX  VOMICA.  The  seeds  of  the  Strychnos 
nux  vomica,  analyzed  by  Pellet ier  and  Caventou, 
gave — Strychnic  or  Igasuric  acid,  Strychnin, 
Brucin,  wax,  fat  oil,  gum,  starch,  lignin,  yel- 
low coloring  matter,  and  lime  and  potash  salts. 
The  bark  of  the  tree  contains  gallate  of  bruein, 
but  no  strychnin. 
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OAT.  A  cereal  grass,  the  seeds  of  which 
are  valuable  as  feed  for  horses  and  cattle. 
There  are  several  varieties,  of  which  the  most 
common  is  the  Avena  saliva,  or  common  oat. 

According  to  Vogcl,  in  every  100  pts.  there 
are  40  of  bran  and  tJO  of  farina,  and  the  per- 
centage composition  of  this  latter  is — 

Greenish  yellow  fat  oil 200 

Bitter  extractive 8*20 

Gum 2-60 

Grayish  albuminous  substance 4-30 

Fecula 59-00 

Water  and  loss 24-00 

Norton  (Silliman's  Journal,   1847)  gives  the 
following  comparative  view  of  the  ■ 
of  the  ash  of  the  different  parts  of  t! 
and  dried  plant : — 


OBSIDIAN. 


ODORIN. 


Comparative    View   of  the    Quantity   of  Ash    yielded   by   the   different  Parts   of  the  Plant. 

Calculated  dry. 


Hopeton, 
North- 
umberland. 

Hopeton, 
Fife. 

Potato, 
North- 
umberland. 

Dun, 
Edinburgh. 

Sandy, 
Fife. 

Mean  of 
each  part. 

2-14 
6-47 
16-53. 
8-44 
4-95 
6-11 
5-33 

1-81 
6-03 
17-23 
7-19 
5-44 
5-23 
5-18 

2-22 
6-99 
18-59 
14-59 
9-22 
7-41 
9-76 

2-11 
8-24 
19-16 
10-29 
8-25 
6-53 
7-10 

1-67 

6-03 

18-97 

15-92 

11-01 

9-01 

7-30 

2-00 

6-75 
16-09     1 
10-88     '' 

7-77 

6-66     1 

6-93     ' 

Husk 

Chaff 

Top  straw 

Bottom  straw 

Comparative  View  of  the  Composition  of  Ash  from  each  of  the  above  Parts  in  Hopeton  Oats, 
from  Mr.  Harbottle,  Hexham,  Northumberland. 


Grain. 

Husk. 

Chaff. 

Leaf. 

Top 

straw. 

Middle 
straw. 

Bottom 
straw. 

49-19 
0-35 

31-56 

5-32 
8-69 
0-88 

0-89 
0-98 

9-61 
1-04 
0-24 

10-26 

1-95 
0-38 
1-58 
0-92 
4-46 
68-39 

5-32 

5-11 
5-84 

7-96 

4-53 
1-84 
0-24 

11-99 
56-05 

14-80 

2-29 
6-13 

14-89 

6-99 
2-55 

5-90 
45-75 

16-33 

3-13 
2-84 

19-09 

7-02 
2-84 
0-30 

5-13 
43-31 

18-45 

3-03 
3-03 

21-80 

7-23 
2-91 
1-40 

7-34 
33-14 

13-29 

15-36 

0-78 

43-17 

6-06 
2-07 
0-61 

5-03 
12-25 

Phosphoric  acid 

Phosphates    of    lime,    mag-  "l 
Potash  "1 

Soda      j 

Magnesia  

Peroxide  of  iron 

Insoluble  silica 

97-86 

98-83 

98-90 

99-30 

99-99 

98-33 

98-35 

The  proximate  constitution  of  the  organic  part  of  the  dry  plant,  as  ascertained  by  the 
same  chemist,  is — 


OBSIDIAN.  Geol.  A  volcanic  rock  from 
ancient  and  modern  active  volcanoes,  called  by 
different  names,  and  having  a  differing  compo- 
sition. Some  of  the  names  are  Pearlstone, 
Pitchstone,  Volcanic  glass,  Marckanite,  Sphern- 
lite.  It  contains  60 — 80  silica,  2 — 13  alumina, 
0 — 6  soda,  0 — 8  potassa,  together  with  oxide 
of  iron,  lime,  magnesia,  water,  &c. 

OCHRAN.     A  kind  of  Bole. 

OCHRE.  Tech.  Brown  Hematite  mixed 
with  aluminous  and  other  substances,  passes 
into  yellow  ochre.  There  are  probably  contained 
in  all  ochres  organic  substances,  such  as  the 
crcnic  and  apocrcnic  acids  of  Berzelius,  but 
they  have  received  little  investigation.  Ochre 
is  employed  as  a  pigment. 

OCHROITE.     See  Cerite. 

OCTAHEDRITE.     See  Anatase. 

ODOR.  A  term  used  in  describing  a  few 
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minerals,  such  as  argillaceous,  that  peculiar 
smell  perceived  when  clay  is  breathed  on ;  bi- 
tuminous, the  odor  of  bitumen  and  of  some 
coals  when  heated ;  fetid,  a  disagreeable  smell 
produced  by  friction  of  some  varieties  of 
quartz,  &c.  It  is  an  unimportant  character 
in  describing  the  external  characters  of  miner- 
als, but  is  important  in  determining  them  by 
their  behavior  before  the  blowpipe,  whether 
they  emit  the  odor  of  burning  arsenic,  sulphur, 
or  selenium. 

The  smell  emitted  by  a  body  being  peculiar 
to  itself,  generally  serves  as  one  of  its  dis- 
tinctive characteristics.  It  generally  arises 
from  the  presence  of  volatile  matter  naturally 
existing  in  the  body,  or  generated  by  decom- 
position, or  that  of  impurities  with  which  it 
may  be  admixed. 

ODORIN.     See  Picolin. 
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(ENANTIIAL. 


OILS. 


GENANTHAL.  Chem.  Syn.  CEnanthole, 
CEnanthylic  aldehyde.  Hydruret  of  oenanthyL 

A  colorless,  very  fluid,"  strongly  refractive, 
aromatic,  volatile  liqaid,  obtained  by  distilling 
the  seeds  of  the  Palmi  Chrisli  with  water.  It 
also  forms  one  of  the  products  of  the  oxidation 
of  stearic  and  margaric  acid,  and  other  analo- 
gous fatty  bodies,  by  nitric  acid.  Hussy  and 
Lecanu  give  CI4Hu02  as  its  formula.  Its  spec. 
grav.  is  0-8271  at  41°,  and  when  free  from 
water  it  boils  between  307°  and  31G°,  but  after 
continued  ebullition  becomes  colored  and  acid. 
Alcohol  and  ether  dissolve  it  readily,  water 
very  sparingly.  Its  crystalline  hydrate,  C14 
H1402,  HO,  on  exposure,  absorbs  oxygen  and 
becomes  oenanthylic  acid. 

Mel-cenanthole.  Syn.  (Enantliylic  metalde- 
hyde.  An  isomeric  modification  of  cenanthole, 
obtained  by  the  action  of  nitric  acid  upon  it  in 
the  cold.  It  is  an  inodorous  body,  solid  at  50° 
to  53°,  and  below  that  point  crystallizable  and 
not  acid.  When  it  has  been  exposed  for  some 
time  to  a  temperature  higher  than  59°  to  60°, 
it  loses  its  power  of  solidifying,  but  regains  it 
by  a  long  exposure  to  a  moderate  degree  of 
cold.     Bussy  tj"  Lecanu. 

CENANTHIG  ACID.  Chem.  From  o»or, 
wine,  and  ayQct,  flower,  because  of  the  aroma 
which  it  imparts  to  wines.  Formula  C)4H1302, 
HO.  When  distilled  it  becomes  anhydrous  and 
loses  HO,  and  acquires  higher  boiling  and  fus- 
ing points.  In  a  free  and  pure  dry  state,  the 
hydrated  acid  has  the  consistence  of  butter; 
the  fused  anhydrous,  at  87 -8°,  becomes  solid  ;  at 
a  higher  temperature  changes  into  a  colorless, 
tasteless,  inodorous  oil,  which  reddens  litmus 
and  readily  dissolves  in  caustic  and  carbonated 
alkalies,  forming  two  series  of  salts — acid  and 
neutral.  Alcohol  and  ether  dissolve  it  readily, 
but  it  is  insoluble  in  water. 

OEnanthic  acid  is  mostly  found  in  combina- 
tion as  aenanthic  ether,  forming  by  its  smell  and 
taste  the  distinguishing  test  of  wines,  to  all  of 
which  it  is  common,  from  other  fermented  al- 
coholic liquids.  According  to  Faur6,  the  bou- 
quet of  wines  is  due  to  a  small  quantity  of 
volatile  oil.  It  can  be  separated  by  treating 
the  ether  with  potassa,  and  decomposing  the  re- 
sultant salt  by  sulphuric  acid.  The  eliminated 
acid  swims  to  the  surface  as  an  oily  liquid. 

(Enanthic  Ether.  Syn.  Qinanthate  of  the  ox- 
ide of  ethyl.     Form.  C14HI302,  C4H50. 

Pre]).  Obtained  by  treating  the  oily  products 
of  the  distillation  of  wine  lees,  with  solution 
of  carbonate  of  soda,  to  remove  free  (cenan- 
thic)  acid,  and  removing  the  small  remnants  of 
water  and  alcohol  by  digestion  with  chloride  of 
calcium. 

Prop.  A  colorless  liquid,  of  the  odor  of  wine, 
spec.  grav.  0-862,  boiling  point  between  437° 
and  446°.  It  is  almost  insoluble  in  water,  but 
very  soluble  in  alcohol  and  ether.  It  is  de- 
composed by  the  caustic,  but  not  so  readily  by 
the  carbonated  alkalies. 

CENANTHYLIC  ACID.  Chem.  Syn.  Azo- 
leic  acid.  Formula  C14H,404  (Brom6rs),  C12 
H1404  (Tilley),  CI2H1204  (Lariviere).  A  color- 
less, aromatic,  inflammable  liquid,  formed  on 
the  oxidation  of  wax,  stearic  acid,  and  other 
fatty  bodies  (particularly  castor  oil),  by  nitric 
acid.  It  boils  at  298-5°,  and  decomposes  at  a 
higher  temperature. 
810 


OERSTEDTITE.      Win.     Cryst    Quad 
11.  =  8-6.     C.  =  8-629.       Brown,    Bpl< 

Yields  water   in   a   tube;    infusible;  di 

with  difficulty  in  the  fluxes;   insoluble  in  Bdda. 

It  cimsist-  .if  |  titanate  of  Biroonia,  and 
silicate  3  110,  2  Si03  -|-  9  110,   in   which  RO  = 
OaO,  MgO,  F<(».     Arendal,  Sweden. 
OILS.'    Chem.     Tech.     Oils  are  of  that  class 

of  Fats  which  retain  their  fluidity  to  50°: 
though  there  arc  some  that  remain  liquid  at 
much  lower  temperatures,  and  a  lew  which  are 
solid  at  .some  degrees  higher.  They  have  an 
unctuous  feel  and  consistency,  are  lighter  than 
water,  and  immiscible  with  it,  except  by  tin- 
intervention  of  some  agent  producing  an  EMUL- 
SION. The  specific  gravity  of  oil  increases  with 
age,  and  the  frequent  discrepancies  in  the  same 
kind  of  oil  is  owing  to  the  difference  of  locality 
or  cultivation  of  the  plant  which  yields  it,  and 
the  varied  mode  of  extracting  the  oil.  They 
are  combustible  and  nearly  all  soluble  in  ether, 
and  more  or  less  so  in  alcohol,  though  the  sol- 
vent power,  says  Sanssure,  increases  in  a  ratio 
corresponding  with  that  of  their  content  of 
oxygen. 

Oils,  by  congelation,  low  temperatures,  and 
pressure  of  the  concrete  mass,  yield  a  liquid 
and  a  solid  portion.  The  former  consists  of 
Olein,  and  the  latter  of  Margarin,  which  is 
the  characteristic  solid  component  of  vegetable 
fats,  though  in  some  few  Stearin  is  also  said 
to  have  been  found. 

All  oils  have  the  same  ultimate  composi- 
tion, viz.,  carbon,  hydrogen,  and  oxygen.  The 
small  quantity  of  nitrogen  occasionally  found 
in  some  vegetable  oils  is  doubtless  due  to 
albuminous  or  other  nitrogenous  impurity. 
When  distilled  at  high  temperatures  they  are 
partially  decomposed,  and  give  as  products 
carburetted  hydrogen  gas,  acrolein,  sebacic 
acid,  and  a  variety  of  isomeric  compounds,  with 
carbonaceous  matter  as  residue.  When  hot 
they  are  good  solvents  of  sulphur  and  phos- 
phorus, iodine  and  chlorine,  the  two  latter, 
however,  immediately  becoming  hydriodic  arid 
hydrochloric  acids,  respectively,  and  by  their 
reaction  converting  the  oils  to  a  waxy  con- 
sistence. 

Generally  speaking  the  oils  are  divided  into 
Fixed  or  Fat,  and  Essential  Oils.  This,  how- 
ever, is  an  incorrect  classification,  for  the  hitter, 
though  in  one  physical  condition,  that  of  greasi- 
ness  to  the  touch,  analogous,  are  otherwise  both 
in  properties  and  composition  entirely  dissimi- 
lar. The  more  proper  arrangement  would  be 
into  vegetable  and  animal  oils,  and  in  this  order 
we  will  treat  of  them. 

Vegetable  Oils. 

Many  plants  yield  two  kinds  of  oil,  one  pro- 
perly so  called,  and  which  is  termed  fixed  in 
contradistinction  to  the  other,  which  being 
volatile  at  212°  and  less,  is  styled  essential  oil. 
The  latter,  as  above  stated,  belongs  to  an  en- 
tirely different  class  of  substances,  and  so  we 
confine  our  remarks  to  the  vegetable  oils  proper. 

Many  of  the  vegetable  oils,  especially  when 
properly  and  cleanly  prepared,  are  employed 
as  aliments.  Those  which  are  not  thus  appli- 
cable are  used  in  the  arts  as  soap  ingredients, 
and  for  illumination  and  lubricating  the  joints 
of  machinery  ;   the  siccative  oils,  however,  be- 


OILS. 


OILS. 


ing  mostly  employed  as  vehicles  for  pigments. 
The  oil  of  ben  (Moiiringa  Oftera),  which  is 
clear  and  inodorous,  is  of  frequent  application 
in  perfumery. 

Fixed  Vegetable  Oils.  These  exist  in  the  seeds 
of  the  plant,  sometimes  in  the  fleshy  pulp  of 
the  fruit,  and  rarely  in  the  root.  They  are 
contained  in  that  part  of  the  seed  which  gives 
birth  to  the  cotyledons,  and  not  in  the  plumula 
or  radicle;  and  of  all  the  families  of  plants 
the  cruciform  is  richest  in  oleiferous  seeds. 
The  seeds  should  be  ripe,  fresh,  and  of  good 
quality.  The  quantity  of  oil  which  they  yield 
is  always  less  than  they  actually  contain,  and 
the  amount  of  oil  remaining  in  the  marc  or 
pressed  cake  is  always  greater  in  proportion 
as  the  starchy,  ligneous,  and  albuminous  con- 
stituents are  more  abundant.  The  mode  of 
ascertaining  the  exact  quantity  of  oil  in  ole- 
aginous seed  is  easily  practised :  it  is  only 
necessary  to  bruise  and  repeatedly  treat  a 
given  quantity  of  seed  with  ether.  This  dis- 
solves out  the  oil,  and  when  evaporated  in  a  cap- 
sule over  a  water-bath,  leaves  the  oily  matter. 
This  latter,  when  purified,  by  water,  of  soluble 
matters,  then  dried  and  weighed,  gives  the  ex- 
act proportion  of  oil  contained  in  the  seeds. 

All  the  fixed  vegetable  oils  remain  unaltered 
in  closed  vessels,  and  all  on  exposure  lose  more 
or  less  of  their  liquidity.  Some  experience 
this  change  by  the  absorption  of  oxygen  to 
such  extent  as  to  solidify  when  acted  upon  in 
thin  strata.  These  latter,  by  way  of  distinc- 
tion termed  siccative  or  drying  oils,  are  richer 
in  olein,  which  has  several  characteristics  pe- 
culiar to  itself.  The  former,  which  under  the 
same  circumstances  only  thicken  and  rancidify, 
are  styled  non-drying  oils.  According  to 
Saussure  the  absorption  of  oxygen  is  as  great 
in  eight  summer  days  as  in  eight  winter  months, 
and  the  phenomenon  is  attended  with  the  evolu- 
tion of  carbonic  acid  proportionally  in  amount 
to  that  of  the  oxygen  taken  up,  but  there  is  no 
water  formed.  The  rapid  absorption  of  oxygen 
creates  a  high  elevation  of  temperature,  and 
to  this  cause  may  partly  be  attributed  the  fre- 
quent spontaneous  ignition  of  greased  wool, 
cotton,  rags,  &c.  The  diffuse  surface,  which 
the  many  points  of  the  cotton  presents,  facili- 
tates the  oxidation  or  resinification  of  the  oil, 
and  the  intensity  of  heat  thus  eliminated  is 
such  as  to  inflame  the  hydrogen  of  the  oils, 
and  thus  produce  combustion. 

Jonas's  Caoutchouc  of  Oils,  so  called  from  its 
properties  analogous  to  India  rubber,  is  an 
elastic  body,  partially  soluble  in  ether  and 
wholly  so  in  spirits  of  terpentine,  obtained  by 
subjecting  the  drying  oils  to  a  high  heat,  and 
boiling  the  residue  in  water  acidulated  with 
nitric  acid.     (Millon's  Annuaire,  1847,  p.  509.) 

Manufacture.  Most  of  the  fixed  vegetable 
oils  are  separated  by  expression.  The  process 
consists  of  several  steps  succeeding  each  other 
in  order,  as  follows  : — 

1.  The  cleansing  of  the  seeds. 

2.  The  crushing  and  bruising  of  the  seeds. 

3.  The  torrefaction  of  the  seeds  either  by 

the  naked  fire  or  steam. 

4.  First  pressure. 

5.  Second  crushing  of  the  seeds. 

6.  Second  torrefaction. 

7.  Second  pressure. 


The  cleaning  is  effected  by  fanning  the  seeds, 
which  separates  all  the  foreign  matters.  The 
bruising  is  requisite  in  order  to  facilitate  the 
separation  of  the  oil,  which  is  yielded  more 
readily  when  the  seeds  are  in  a  pasty  state. 
There  are  two  machines  used  for  this  purpose  : 
the  first  bruises  the  seeds  so  as  to  prevent  their 
slipping  through  the  stones  which  finish  the 
grinding.  It  consists  of  two  well-turned  hol- 
low cylinders  which  run  with  equal  celerity, 
and  are  so  arranged  as  to  enable  their  adjust- 
ment at  any  required  distance  from  each  other. 
The  motive  power  is  applied  to  one  of  the 
cylinders,  and  is  thence  transmitted  by  means 
of  cog-wheels  to  the  other.  A  wooden  hop- 
per kept  constantly  filled  with  seeds  is  so  ar- 
ranged as  to  furnish  a  continual  supply  to  the 
rollers  beneath.  The  bruised  seeds  are  then 
subjected  to  the  action  of  a  pair  of  vertical 
chasers,  which  are  mounted  upon  a  common 
axletree  fitting  into  a  notch  in  an  upright 
beam,  so  that  they  may  ascend  or  descend 
proportional  to  the  resistance  they  encounter. 

Some  seeds,  when  bruised,  yield  readily  to 
pressure,  and  give  what  is  termed  a  virgin  oil, 
of  agreeable  taste.  In  other  seeds,  however, 
especially  those  which  are  rich  in  mucilage,  the 
oil  is  so  tardy  of  separation  that  the  paste 
must,  previous  to  pressure,  undergo  torrefac- 
tion, in  order  to  coagulate  the  albumen,  and 
by  thus  rendering  the  oil  less  viscous,  facilitate 
its  separation.  Torrefaction,  it  is  true,  im- 
pairs both  the  savor  and  color  of  oils;  but 
when  carefully  managed  by  an  experienced 
hand,  the  danger  of  any  change  is  almost  en- 
tirely obviated.  Torrefaction  is  practised  in 
two  ways :  first,  in  metallic  vessels  either  over 
the  naked  fire  or  with  a  water-bath  intervening  ; 
and  secondly,  in  an  appropriately  constructed 
apparatus  heated  by  steam.  The  first  method 
is  attended  with  so  many  disadvantages  and 
inconveniences  as  to  be  of  very  limited  use. 

Pressing.  The  grain  thus  heated  and  bagged 
is  now  ready  for  pressure,  and  for  that  pur- 
pose is  transferred  to  the  press.  There  are 
two  separate  pressings  requisite.  After  the 
first,  the  bags  are  emptied,  and  their  contents 
a  second  time  crushed  and  heated  previous  to 
the  last  bagging  and  pressure.  The  oil  of  the 
second  runnings  is  of  a  quality  inferior  to  the 
first.  As  the  product  of  oil  is  to  a  certain  ex- 
tent proportional  to  the  intensity  of  the  pres- 
sure, it  is  more  economical  to  employ  that  kind 
of  apparatus  which  gives  the  most  power.  The 
wedge  press  is  much  used  for  this  purpose,  but 
that  of  hydraulic  power  is  far  preferable. 

Of  the  hydraulic  presses,  the  horizontal  form 
is  most  advantageous,  and  for  the  second  press- 
ing there  is  frequently  a  lining  steam  chest  to 
facilitate  the  expulsion  of  the  last  particle  of 
oil. 

For  the  mode  of  extracting  oils  from  fruits, 
see  Olive  Oil. 

Animal  Oils. 

These  oils  are  not  found  in  a  liquid  state,  but 
are  extracted  by  pressure  from  the  solid  fats. 
They  consist  mainly  of  olein,  and  differ  from 
the  vegetable  oils  in  having  a  less  wider  range 
of  employment.  Not  being  siccative,  they  are 
unfit  for  paints,  and  those  only  which  are  free 
of  smell  will  serve  as  soap  ingredient.  Most 
of  them  are  used  for  illumination  and  lubricat- 
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ing  machinery.  Their  modes  of  manufacture 
and  general  properties  are  given  under  the 
heads  of  Lard  and  Spbkhaceti. 

Action  of  Alkalies.  All  the  fixed  oils,  whether 
of -vegetable  or  animal  origin,  are  capable  of 
union  with  potassa  and  soda,  though  some  are 
more  readily  saponified  than  others.  The  re- 
sulting compounds  arc  called  Soaps.  The 
combinations  of  oil  with  metallic  oxides  form 
the  medicinal  pla 

Ammonia,  according  to  Boullay,  produces 
effects  different  from  those  of  the  fixed  alka- 
lies. The  action  of  ammoniacal  vapor  gives 
amides  of  the  fat  acids.  The  margaramide 
which  he  thus  obtained  from  olive  oil  is  a 
white,  crystalline,  neutral,  inflammable  solid, 
readily  soluble  in  alcohol  and  ether,  but  in- 
soluble in  water.  It  melts  at  140°,  and 
has  the  formula  C3,,H3302,  NH2  =  anhydrous 
margarate  of  ammonia  less  one  equiv.  of 
water. 

Action  of  Acids.  The  action  of  the  acids 
upon  oils  has  been  the  subject  of  many  recent 
critical  examinations.  The  results  so  far  ob- 
tained are,  however,  only  partial.  AVe  give 
here  only  the  general  influence  of  the  acids  upon 
the  oils,  and  refer  to  each  oil  for  its  respect- 
ive behavior  to  and  transformations  by  them. 
Those  acids  whose  radicals  are  nitrogen,  chlo- 
rine, and  bromine,  are  easily  decomposed  by 
the  oils.  The  changes  which  result  from  the 
action  of  acids  vary  with  the  kind  employed. 

Sulphuric  Acid.  Strong  siilphuric  acid  in 
proportions  exceeding  50  pr.  eft.  transforms 
them  into  unctuous,  pasty  compounds  (Savons 
acides)  which  give  a  lather  with,  and  are  solu- 
ble in  water.  When  but  one  or  two  per  cent, 
of  oil  of  vitriol  is  added,  there  is  no  action 
upon  the  oil,  for  the  acid,  in  preference,  attacks 
its  parenchymatous  and  mucilaginous  impuri- 
ties, and  either  by  partially  carbonizing  or 
rendering  them  insoluble,  precipitates  the  co- 
loring matters,  and  thus  improves  the  lim- 
pidity of  the  oil.  In  larger  quantities  its  influ- 
ence is  limited  to  the  elimination  of  the  fatty 
acids,  and  the  abstraction  of  the  Glycerin  of 
the  oils,  and  its  union  therewith  as  sulphogly- 
ceric  acid;  a  greater  excess  gives  sulphoily  (sul- 
pholeic  and  sulphmargaric)  acid. 

Nitric  Acid.  All  oils  are  not  uniformly  influ- 
enced by  this  acid,  for  its  action  varies  with 
the  oil  upon  which  it  operates.  Most  probably 
its  action  is  confined  to  the  Olein  component, 
for  the  products  into  which  it  transforms  that 
body  are  not  yielded  by  margarin  or  stearin. 
Some  chemists,  nevertheless,  hold  a  contrary 
opinion,  among  them  Caillot,  who  obtained 
both  butyric  and  formic  acid  by  the  oxidation 
of  stearin  with  nitric  acid,  gradually  added, 
until  the  disappearance  of  the  margaric  acid, 
which  is  formed  during  the  earlier  stage  of  the 
reaction.     (MUlon's  Annuaire,  1846,  p.  342.) 

Nitric  acid  transforms  the  non-drying  oils 
into  suberic  and  numerous  volatile  acids ;  ni- 
trous acid  converts  them  into  elaidin.  The 
drying  oils,  on  the  contrary,  are  not  solidified 
and  transformed,  and  hence  this  behavior,  and 
their  greater  richness  in  olein  serve  to  distin- 
guish them  from  the  drying  oils. 

A<l alteration  of  Oils.     The  practice  of  adul- 
terating the  higher  priced  oils  with  those  of 
inferior  quality  has  become  so  prevalent  as  to 
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render  neoeeBarj  some  decisive  method  of  de 
tecting  these  frauds. 

M.  lleidenroieh  has  found,  by  the  application 
of  a  few  drops  of  Bulphuric    acid    to   a    film   of 

oil,  upon  a  glass  plate,  a  means  of  ascertaining 

its  purity.     The  glass  plate  should  he  laid  upon 

a  sheet  of  white  paper,  and  a  drop  of  the  acid 

let  fall  on  the  middle  of  ten  drops  of  the  oil 
to  be  tried.  This  information  will  be  particu- 
larly valuable,  for  in  the  purchase  of  stock, 
the  dealer  will  find  himself  necessitated  to 
resort  to  it  frequently  for  protection  against 
fraud,  as  the  practice  of  sophisticating  oils  has 
of  late  become  extensively  prevalent. 

With  the  oil  of  rapeseed  and  turnip  seed  a 
greenish  blue  ring  is  gradually  formed  at  a 
certain  distance  from  the  acid,  and  some  yel- 
lowish brown  bands  proceed  from  the  centre. 

With  oil  of  black  mustard,  in  double  the 
above  quantity,  also  a  bluish  green  color. 

With  whale  and  cod  oil  a  peculiar  centrifugal 
motion,  then  a  red  color  increasing  gradually 
in  intensity,  and  after  some  time  it  becomes 
violet  on  the  edges. 

Olive  oil,  pale  yellow  into  yellowish  green. 

Oil  of  poppies  and  sweet  almonds,  canary 
yellow,  passing  into  an  opaque  yellow. 

Oil  of  linseed,  a  brown  magma,  becoming 
black. 

Of  tallow  or  olein,  a  brown  color. 

In  testing  oils,  a  sample  of  the  oil  imagined 
to  be  present  should  be  placed  alongside  of  the 
actual  oil,  and  both  should  be  compared  in  their 
reactions  with  the  acid.  A  good  way  of  ap- 
proximating to  the  knowledge  of  an  oil  is  by 
heating  it,  when  its  peculiar  odor  becomes 
more  sensible. 

If  the  drop  of  acid  which  has  been  added  is 
agitated  with  a  glass  rod,  the  reactions  are 
different.  The  rape  and  turnip  seed  oils  then 
assume  a  uniform  brown  color,  without  mix- 
ture of  red ;  with  from  5  to  6  drops  of  acid 
the  color  is  of  an  opaque  brownish  red,  and 
the  edges  of  the  mixture  become  green.  The 
oil  of  black  mustard  produces  the  same  reac- 
tion with  from  5  to  6  drops  of  acid,  but  the 
color  is  still  more  opaque.  Whale  and  cod  oil 
directly  become  of  a  brownish  red,  and  then 
pass  to  a  violet  color  free  from  any  tinge  of 
green.  If  from  5  to  6  drops  of  acid  are  added, 
the  color  is  brighter  and  the  violet  shade  is 
sooner  apparent.  The  oils  of  olive,  poppy, 
and  sweet  almonds  become  more  or  less  gray- 
ish yellow.  Linseed  oil  changes  into  a  brown- 
ish black,  resinous  mass.  Olein  assumes  a 
dirty  brown  color.  (Journ.  fur  Prakt.  Ghem. 
1842.)  In  these  tests  it  is  important  to  observe 
what  colors  are  developed  at  the  commence- 
ment of  the  reaction,  and  then  compare  them 
with  those  produced  by  a  similar  operation 
upon  an  oil  of  standard  purity. 

Lamot,  a  chemist  in  Paris,  finds  that  colza 
oil  (analogous  to  rapeseed  oil)  may  be  tested, 
relative  to  its  sophistication  with  cheaper  vege- 
table oils,  by  the  increase  of  density  which 
they  impart  to  it ;  this  becomes  very  evident 
when  the  several  oils  are  heated  to  the  same 
pitch.  The  instrument  which  he  calls  an  ole- 
ometer is  merely  an  hydrometer  with  a  very 
slender  stem.  He  plunges  it  into  a  tin  cylinder 
filled  with  the  oil,  and  sets  this  cylinder  in  an- 
other containing  boiling  water.     His  oleometer 
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is  so  graduated  as  to  sink  to  zero  in  pure  colza 
oil  heated  as  above,  and  he  finds  that  it  stops 
at  210°  in  linseed  oil,  at  124°  in  poppy  seed 
oil,  at  83°  in  fish  oil,  and  at  130°  in  hempseed 
oil — all  of  the  same  temperature.  By  the  in- 
crease of  density,  therefore,  or  the  ascent  of 
the  stem  of  the  hydrometer  in  any  kind  of  colza 
oil,  he  can  infer  its  degree  of  adulteration. 

The  presence  of  a  fish  oil  in  a  vegetable  oil 
is  readily  ascertained  by  agitation  with  a  little 
chlorine  gas,  which  blackens  the  fish  oil,  but 
has  little  or  no  effect  upon  the  vegetable  oil. 

Lard  and  lard  oil,  Ure  says,  are  not  at  all 
darkened  by  chlorine. 

A  specific  gravity  bottle  or  globe,  having  a 
capillary  tube-stopper,  would  make  an  excel- 
lent oleometer  upon  the  above  principle.  The 
vessel  should  be  filled  with  the  oil  and  exposed 
to  the  heat  of  boiling  water  until  it  acquires  a 
temperature  of  212°  F.,  and  then  weighed. 
The  vessel  with  the  pure  colza  oil  will  weigh 
several  grains  less  than  with  the  other  oils 
similarly  treated.  Such  an  instrument  would 
serve  to  detect  the  smallest  adulterations  of 
sperm  oil.  Its  spec.  grav.  at  60°  F.,  when 
pure,  is  only  0-875 ;  that  of  southern  whale 
oil  is  0-922  or  0-925;  and  hence  their  mixture 
will  give  a  spec.  grav.  intermediate,  according 
to  the  proportion  in  the  mixture.  Here  is  a 
key  to  the  detection  of  admixture  of  oils, 
especially  when  they  differ  in  their  specific 
weights.  Ure  says  he  was  enabled  by  it  to 
discover  sperm  oil  in  pretended  lard  oil. 

According  to  Heidenreich,  every  oil  which  is 
derived  from  the  same  plant,  or  the  same  ani- 
mal, has  at  the  same  temperature  a  density 
which  hardly  varies  but  in  the  thousandths. 

The  density  of  the  oils  which  have  been  ex- 
amined under  this  point  of  view  is  comprised 
between  0-900  (oleiu),  taking  water  at  59°  F. 
as  unit,  and  0-961  (castor  oil).  These  two 
limits  correspond  to  the  66th  and  34th  degrees 
of  Gay-Lussac's  alcoholometer.  Consequently 
knowing  the  degree  of  the  alcoholometer  which 
a  pure  oil  indicates,  we  may  ascertain  the 
adulteration  of  a  mixed  oil,  and  we  may  even 
judge  within  certain  limits  of  the  degree  of 
adulteration,  for  the  common  oils  which  are 
most  usually  employed  for  this  purpose  present 
a. great  difference  of  density. 

This  last  method,  which  is  generally  em- 
ployed in  commerce,  immediately  shows  the 
adulteration  of  an  oil ;  and  when  the  action 
of  the  sulphuric  acid  is  added,  it  is  impossible 
to  be  deceived  as  to  the  nature,  and  indeed 
hardly  as  to  the  quantity  of  the  foreign  oil 
mixed  with  a  given  oil.     We  give  as  example 

the  density  of  two  oils : — 

„       ..  Degrees  of 

Name  of  the  Oil.                          S  Gay-Lussac's 

Weight.  Alcoholometer. 

Olein  (tallow  oil)  0-9003  66 

Purified  whale  oil 0-9231  55| 

(Journ.  far  Prakt.  Chem.,  Aug.  1842.) 

Purification  of  Oils.  Many  oils,  and  particu- 
larly the  fish  oils  in  their  natural  state,  are 
always  more  or  less  impure,  and  some  of  them 
too  viscous  to  be  used  without  purification. 
These  impurities  consist  mostly  of  resinous, 
albuminous,  gelatinous,  and  coloring  matters. 
When  separated  from  these,  the  oil  is  more 
fluid,    less    colored,    and   better    adapted   for 


illumination  and  uses  in  the  arts.  One  of  the 
methods  practised.for  purifying  fish  oils  is  to 
thoroughly  incorporate  them  with  a  hot  infu- 
sion of  oak  bark,  and  then,  after  repeated 
steamings  and  washings  with  hot  water,  to  let 
it  percolate  through  bone-black.  In  this  way 
the  albumen  and  gelatin  are  removed.  Another 
plan  is  to  subject  the  oil  in  deep  vessels  to  the 
action  of  steam,  blown  in  and  continued  for 
twelve  or  more  hours,  and  then  after  the  depo- 
sition of  the  impurities  to  draw  off  the  clear, 
supernatant,  oily  stratum.  In  the  Franklin 
Institute  Journal  for  1843  are  some  remarks 
upon  the  purification  of  fish  oils,  by  Girardin 
and  Preisser.  They  cite  the  following  as  the 
methods  in  most  general  use  : — 

"In  various  scientific  and  technical  works  we 
find  processes  for  the  purification  of  fish  oils, 
which,  although  simple,  are  useless,  and  rather 
tend  to  mislead  those  engaged  in  their  sale  or 
purification." 

Thus,  Mr.  Davidson  of  Edinburgh  purifies 
oil  by  treating  it  with  1  pr.  ct.  of  chloride  of 
lime,  diluted  with  water  under  violent  agita- 
tion, and  he  assures  us  that  the  odor  is  entirely 
destroyed ;  but  we  obtain  only  a  bleached  and 
thick  matter,  which  is  clarified  by  adding  85 
grms.  of  sulphuric  acid  diluted  with  16  or  20 
times  its  weight  of  water.  The  mixture  is 
stirred,  gently  boiled,  and,  after  filtering  warm, 
is  suffered  to  cool  and  repose  for  several  days. 
MM.  G.  &  P.  repeated  this  process  without  any 
satisfactory  result. 

The  Journal  hebdomadairc  des  Arts  ct  Metiers 
points  out  several  processes  for  the  same  pur- 
pose. The  first  consists  in  mingling  28  grms. 
pulverized  chalk  and  42  grms.  slaked  lime  with 
a  gallon  of  the  oil,  stirring  well,  and  adding 
0-236  litre  water ;  after  2  or  3  hours  of  repose 
it  is  mixed  again,  and  this  operation  repeated 
for  2  or  3  days ;  28  grms.  of  common  salt  dis- 
solved in  0-710  litre  water  is  then  added,  the 
mixture  stirred  at  intervals  for  two  days,  suf- 
fered to  settle,  and  the  oil  drawn  off. 

Another  process  in  the  cold,  applicable  to 
cod  oil,  consists  in  putting  into  41  litres  of  the 
oil,  previously  prepared  by  the  preceding  pro- 
cess, 28  grms.  of  chalk  ;  then,  after  twenty-four 
hours,  28  grms.  of  potash  dissolved  in  1 13  grms. 
water  ;  and  finally,  after  several  hours,  57  grms. 
common  salt  dissolved  in  473  grms.  water. 
After  settling  a  few  days,  the  oil  is  drawn  off. 

Neither  of  these  processes  is  sufficient,  as 
MM.  G.  &  P.  have  satisfactorily  ascertained. 
The  same  journal  asserts  that  the  oil  is  obtained 
so  pure  by  the  following  process,  that  it  can  be 
employed  in  woollen  manufactures. 

Put  into  4|  litres  (1  gallon)  of  impure  oil 
35  grins,  chalk,  an  equal  amount  of  slaked 
lime,  and  0-473  litre  of  water;  after  stirring 
and  a  repose  of  several  days,  add  0-473  litre 
water  and  85  grms.  potash;  heat  the  liquid 
without  bringing  it  to  boiling,  and  draw  it  off 
when  the  oil  has  a  light  amber  color;  it  has 
now  only  a  pungent,  fatty  odor.  Finally,  add 
0-473  litre  water,  containing  28  grms.  salt,  and 
after  boiling  the  mixture  for  half  an  hour, 
turn  off  the  oil  into  a  reservoir.  This  process 
does  not  refine  the  oil. 

Many  English  patents  for  the  same  purpose 
were  tested  by  MM.  G.  &  P.  One  treats  fish 
oils  in  the  cold  by  bone  black,  in  small  frag- 
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merits,  and  filters  through  animal  charcoal 
after  repeated  agitation.  Such  a  process  clari- 
ties the  dils.  and  removes  a  portion  of  their 
empyreumatic  odor,  but  does  not  in  the  least 
diminish  their  essential  odor. 

Another  method,  recently  published  in 
France,  has  succeeded  no  better.  It  consists 
in  pouring  into  the  oil  a  solution  of  bichromate 
of  potash,  mixing  thoroughly,  then  adding  a 
solution  of  oxalic  acid.  The  action  is  ener- 
getic, but  after  repose  and  drawing  off,  the  oil 
still  retains  its  characteristic  odor. 

There  is  a  process  among  the  French  patents, 
which  consists  in  heating  the  oil  merely  to  sim- 
mering with  10  pts.  of  water  for  5  or  6  hours, 
and  towards  the  close  of  heating  adding  a  milk 
of  1  pt.  of  water  with  one-twelfth  of  chalk  and 
one-twelfth  of  lime.  After  settling  perfectly 
it  is  drawn  off  and  run  into  reservoirs  through 
carded  wool  or  pounded  charcoal.  This  process 
clarifies  the  oils,  but  decolorizes  them  imper- 
fectly, and  does  not  at  all  remove  their  odor. 

At  Rouen  they  refine  whale  oil  by  sulphuric 
acid,  as  in  operating  on  seed  oils ;  but  this 
method  removes  neither  color  nor  odor.  If, 
previous  to  this  operation,  it  be  stirred  for 
some  hours  with  chalk,  and  a  current  of  steam 
be  passed  through  it,  a  bleached  liquid  is  ob- 
tained, which,  by  the  addition  of  a  suitable 
quantity  of  sulphuric  acid,  deposits  plaster  on 
settling.  The  clear  oil,  filtered  tnrough  animal 
black,  has  lost  a  portion  of  its  deep  color,  and 
has  not  a  strong  odor;  but  it  is  not  perfectly 
purified,  even  after  many  successive  filtrations. 

The  oxygenation  of  oils  leads  to  very  bad 
results.  MM.  G.  &  P.  remark  that  oils  filtered 
and  treated,  whether  by  chlorides,  lime,  chalk, 


or  animal  charcoal,  and  then  lefl  to  themselves 
for  ■"><>  or  |o  days,  deposit  a   bleached  o 
substance,  soluble  in  water  and  ether,  analo- 
gous  to   margarin,    and,  while   depositing,    the 
oil  is  more    and   more    decolorized.      I 
may  be  obtained  of  a  quality  resemblii 
olive  oil  in  appearance-,  by  exposing  it   to  the 
sun,  then  to  the  action  of  chloride  of  lime,  and 
filtering  several  times  through  animal  eh 
The  odor  is  lessened,  hut  not.  entirely  removed. 
A  simple  exposure  to  the  sun  for  several  months 
determines   an    abundant  deposit,  while  the  oil 
is  clarified  and  sensibly  purified. 

If  whale  oil  be  brought  in  contact  with  caustifl 
lye,  employed  cold  and  in  small  quantities,  the 
decolorization  is  hastened  ;  the  mass  se] 
into  two  distinct  strata;  the  upper  one,  de- 
colorized, is  very  fluid  and  limpid,  but  always 
odorous;  the  lower,  which  is  very  small,  is  a 
mixture  of  the  alkaline  solution  strongly  i 
brown,  and  of  all  the  solid  portion  of  whale  oil 
analogous  to  margarin.  It  is  not  necessary  to 
Submit  the  decanted  oil  to  any  other  process  of 
purification;  in  this  state  it  is  suitable  fur  all 
manufacturing  purposes,  excepting  on  account 
of  its  odor,  which  is  always  well  defined. 

It  appears  from  the  experiments  id'  MM.  (i. 
&  P.  on  fish  oils,  that  we  at  present  possess 
no  sufficiently  efficacious  means  of  removing 
their  strong  and  disagreeable  odor.  Th( 
method,  at  present,  is  to  submit  them  either  to 
th"  action  of  alkalies  or  to  the  successive  action 
of  chalk,  steam,  and  sulphuric  acid  ;  to  suffer 
them  to  repose,  and  filter  several  times  through 
animal  charcoal.  We  thus  obtain  a  clear  oil, 
less  colored,  and  of  a  less  repugnant  odor ;  but 
its  want  of  odor  is  out  of  the  question. 


Table  of  the  principal  Vegetable  Fat  Oils. 


Linseed 

Filbert  (uut) 

Walnut  (nut) 

poppy  

Hemp 

Olive 

Almond 

Ben 

Beech  

Mustard 

Sunflower 

Itapeseed 

Castor 

Plum  kernel 

Cocoa-nut 

Palm 

Cotton  seed 

Colza  (turnip) 

Cherry  kernel 

Peach  kernel 

Horse-chestnut 

Carnitine  

Indian  cress  (Nasturtium) 

Galeopsis 

Julian  violet 

Grapeseed 

Cardamom 

Bays 

Croton 


Plant  whence  derived. 


Linum  usitatissimum .. 

Corylus  avellana 

Juglans  regia 

Papaver  somniferum... 

Cannabis  saliva 

Oka  Europaia. 

Amygdalus  communis . 
Guilandina  mohringa . 

Fagus  sylvalica 

Sinapis  nigra 


Brassica  Napus 

Ricinus  communis 

Prunus  domestica 

Cocos  nucifera 

Cocos  butyracea 

Gossypium  barbadense 

Brassica  campestris  {oleifera). 
Prunus  ceratsus 


JEsculus  Ilippocastanum  , 

Myagrum  sativum 

Lepidium  sativum , 

Galeopsis  ladanum 

Hespcris  malronalis 


Elrttaria  cardamomum. 

Laurus  nobilis 

Croton  tiglium 


Specific 

Concealing 

Gravity. 

Point 

0-9347 

81-5 

0-92(50 

0-9283 

81-5 

0-9243 

64-4 

0-9270 

81-5 

0  9176 

39  to  41 

0-9180 

50 

0-9225 

C3-5 

0-91(10 

0-92G2 

0-9136 

39 

0-961] 

0-9127 

0-9G8 


9136 
9239 

927 
9243 


42-8 


G4-4 
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Purification  of  Vegetable  Oils.  Much  of  the 
mucilage,  and  especially  the  suspended  mat- 
ters, separate  after  repose;  but  in  order  to 
completely  clarify  the  oil,  it  must  be  agitated 
with  one-half  to  2  pr.  ct.  of  sulphuric  acid  of 
66°  B,,  afterwards  well  mixed  with  water,  and 
allowed  to  rest  for  some  days  ;  the  clear  super- 
natant portion  is  then  to  be  drawn  off,  and  the 
lower  stratum  filtered  through  woollen  bags. 
The  application  of  steam  heat  facilitates  the 
process.  (The  direct  application  of  steam  suf- 
fices, of  itself,  to  completely  purify  and  whiten 
many  animal  oils.)  To  separate  any  residue 
of  water  that  may  be  retained  by  the  oil,  an 
addition  of  chalk  in  sufficient  quantity  to  satu- 
rate the  acid  is  necessary,  and  this  treatment 
should  take  place  after  the  water  and  impuri- 
ties have  settled. 

For  particulars  as  to  the  treatment  of  oils 
and  their  application  in  the  arts,  see  Khapp's 
Technology  and  MorfiCs  Applied  Chemistrg. 

OILS,  VOLATILE  AND  ESSENTIAL.  See 
Essences. 

OIL  GAS.     See  Illuminating  Gas. 

OIL  OF  VITRIOL.  See  Sulphuric  acid  un- 
der Sulphur. 

OILY  ACIDS.  Chem.  Syn.  Adipose,  sa- 
ponic  acids.  The  natural  acids  of  oils  and  fats 
are  so  called.  Those  which  are  fixed  may  be 
separated  by  saponification.  To  eliminate  the 
volatile  acids,  subsequent  distillation  is  requi- 
site. See  Oils,  Margarin,  Olein,  and  the 
several  fatty  bodies.  By  reference  to  the  series 
of  fat  acids  under  Formula,  it  is  evident  that 
02II2,  or  a  multiple  of  it  may  be  regarded  as 
the  conjugate  throughout  the  series,  the  lowest 
member  of  which  is  formic  acid.  The  late 
researches  of  Kolbe  and  Frankland  indicate  a 
radical  in  each  of  the  acids  above  the  formic, 
composed  of  CnHn  —  1,  as  acetyl  C4H3;  but 
even  in  this  view,  these  radicals  contain  C2IIp 
paired  with  a  multiple  of  C21I2.  (J.  C.  B., 
Journ.  Frank.  Inst.  1848.) 

OINTMENT.  Phar.  A  mixture  of  fat  or 
oil  and  wax,  and  sometimes  resin,  and  used  in 
pharmacy,  in  its  simple  state,  as  a  mild  dress- 
ing for  blisters  and  sores,  or  as  a  vehicle  for 
other  substances  which  are  to  be  applied  to 
the  body  externally  as  rubefacients  or  eschars. 

Deschamps  advises  the  addition  of  120-00 
grammes  of  powdered  benzoin  to  every  3000-00 
of  melted  fresh  lard,  as  preservative  of  the 
whiteness  of  the  resultant  ointment  and  pre- 
ventive of  its  tendency  to  rancidify,  or  to  be- 
come altered  by  the  alkaline  reaction  of  any 
body  that  may  enter  into  its  composition. 

According  to  the  same  authority,  ointment 
in  which  -J-th  poplar  buds  have  been  fused, 
resists  oxidation  better  than  all  other  fatty 
bodies.      (Chem.  Gaz.  i.  663.) 

OISANITE.     See  Anatase. 

OKENITE.  Min.  Dysclasitc,  fibrous.  II.  = 
4.5  _  5.  G.  =2-28  — 2-36.  White,  with  a 
shade  of  yellow  or  blue  ;  often  opalescent ;  sub- 
transparent,  subtranslucent ;  very  tough  ;  dou- 
bly refractive.  Yields  water  in  a  tube  ;  fuses  in 
the  pincette  to  a  white  enamel ;  difficultly  solu- 
ble in  the  fluxes,  gives  a  colorless  bead  with 
soda,  which  becomes  opake  on  cooling.  Decom- 
posed by  muriatic  acid.  Form.  3  CaO,  4  SiO,  + 
6  110  =  3  (CaO,  Si03  -f-  IIO)  -f  (Si03,  3  110). 
From  Disco,  Greenland,  and  the  Faroe  Islands. 


OLANIN.  A  base  of  unknown  properties, 
found  by  Anderson  in  animal  empyreumatic 
oil. 

OLEFIANT  GAS.     See  Elatl. 

OLEIC  ACID.     See  Olein. 

OLEIN.  Chem.  A  natural  compound  of 
oleic  acid  with  oxide  of  Glyceryl,  and  forming 
the  more  liquid  constituent  of  Fats  and  fat 
Oils.     Spec.  grav.  -913  at  59°. 

Prep.  To  one  part  of  melted  lard  add  7  or 
8  parts  of  hot  alcohol  of  -798  spec,  grav.,  and 
renew  this  treatment  until  complete  solution 
ensues.  Upon  repose,  the  solid  constituents 
crystallize  out  and  leave  the  olein  in  solution. 
Distil  off  I  of  the  alcohol,  and  add  water  to  the 
residue.  The  oil  swims  on  the  top  and  can  be 
drawn  off.  To  separate  any  residual  portion 
of  solid  matter,  it  should  be  cooled  and  filtered. 

Prop.  It  has  not  yet  been  obtained  abso- 
lutely pure,  more  or  less  margarin  and  stearin 
always  remaining.  As  above  procured,  it  is 
a  colorless,  transparent  fluid,  of  a  sweetish 
taste  and  neutral  to  test  paper.  Is  insoluble 
in  water,  but  soluble  in  ether,  the  fat  and 
essential  oils,  and  also  in  31  times  its  weight 
of  boiling  alcohol  of  spec.  grav.  -816.  Crystal- 
lizes in  needles  at  19°,  and,  when  heated,  yields 
Acrolein,  Oleic,  and  other  acids.  The  action 
of  alkalies  breaks  up  the  original  compound 
and  forms  new,  which  are  termed  Soaps. 

Oleic  acid.  Gottlieb's  formula  for  the  pure 
hydrated  acid  is  C361I3303  -j-  IIO.  It  is  pre- 
pared by  the  saponification  of  olein  and  direct 
from  fats  by  the  mode  given  in  Chem.  Gaz.  iv. 
357.  The  formula)  of  Chevreul,  Varrentrapp, 
and  Bromeis  are  based  upon  analyses  of  the 
impure  acid. 

Prop.  A  limpid,  colorless,  oily  liquid,  taste- 
less, inodorous,  and  without  action  upon  litmus 
paper.  Melts  at  57°,  and  solidifies  at  40°  into 
a  white  crystalline  mass.  In  the  liquid  state 
it  rapidly  oxidizes.  Is  insoluble  in  water,  but 
very  soluble  in  alcohol  and  ether.  Oleic  acid, 
on  exposure,  becomes  C36H3305,  and  with  the 
aid  of  heat  is  transformed  into  C34II3305. 

The  oleic  (liuolcic)  acid  of  drying  oils,  ac- 
cording to  Sacc,  is  C46II3g05,  HO.  It  is  more 
readily  oxidized  than  that  from  fat  oils,  and 
resinifies  on  exposure.  Though  similar  in 
physical  properties  to  fat  oleic  acid,  it  differs 
from  it  in  not  crystallizing.  Nitric  acid  con- 
verts it  into  a  resinoid  mass,  which,  by  further 
oxidation,  yields  suberic,  pimelic,  oxalic,  car- 
bonic acids,  and  water. 

Of  the  oleates,  there  are  neutral,  basic,  and 
acid  salts.  The  ready  formation  of  the  two 
latter  prevents  the  preparations  of  the  first 
without  observance  of  the  precaution  given  by 
Gottlieb.  (Ann.  der  Chem.  und  Pharm.,  lvii. 
33.) 

The  alkaline  oleates  are  soluble — those  of 
the  earths  and  metallic  oxides  are  insoluble. 
The  lead  and  baryta  salts  have  the  formula  of 
RO,  01.  The  alkaline  oleates  are  decomposed 
into  bi-salts,  when  treated  with  a  large  amount 
of  water. 

Action  of  heat  upon  Olein  and  Oleic  acids.  By 
distillation,  oleic  acid  yields  sebacic,  Capric, 
Caprilic,  valerianic,  Butyric,  carbonic  acids, 
and  carbo-hydrogens. 

Sebacic  acid.  Formula  C10H8O3  (anhydrous) 
and  C10H8O3  -4-  HO  (hydrated  acid).     The  chn- 
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racteristic  product  of  the  distillation  of  olein 
and  oleic  acid.  It  crystallizes  in  white  pearl; 
scales  or  needles,  of  a  slightly  acid  taste,  solu- 
ble in  hot  water,  in  alcohol,  and  ether.  Fuses 
at  201°,  and  at  a  higher  heat  sublimes  unal- 
tered^ The  general  formula  of  the  sebates  is 
RO,  Sb.  Of  its  salts,  the  alkaline  are  soluble 
and  crystallizable.  The  ethyl  sebate  (AeO,  Sb) 
is  a  colorless,  oily  liquid,  of  an  agreeable  odor. 
It  is  lighter  than  water,  solidifies  at  10°,  and 
volatilizes  above  212°. 

Action  of  Nitric  acid  upon  Olein  and  Oleic  acids. 
When  treated  with  nitrous  acid,  or  nitrate  of 
mercury,  oleic  acid  solidifies  into  white  crys- 
talline elaidie  acid. 

Elaidie  acid.  Is  isomeric  with  oleic  acid.  A 
small  portion  of  this  acid,  when  well-washed 
with  water  and  added  to  a  large  quantity  of 
oleic  acid,  acts  as  a  leaven  to  convert  the 
whole  into  elaidie  acid.  Is  soluble  in  alcohol 
and  ether,  insoluble  in  water,  fuses  at  112°, 
and  reddens  litmus  paper  distinctly.  Distils 
over  for  the  most  part  unaltered.  The  alka- 
line elaidates  are  soluble  and  crystallizable. 
The  elaidate  of  ethyl  is  an  oily  liquid.  When 
olein  is  acted  upon,  the  result  is  elaidin  (elai- 
date of  the  oxide  of  glyceryl). 

iN'itric  acid,  in  its  reaction  upon  oleic  acid, 
produces  a  series  of  acids.  They  are,  besides 
the  Suberic, — 

1.  Azclaic  acid.  CI0HsO4,  HO.  [Laurent.) 
Very  soluble  in  ether. 

2.  Pimelic  acid.  C7H603,  HO  [Laurent,  Bro- 
meis.)  Also  obtained  from  wax,  stearic  acid, 
spermaceti,  and  linseed  oil.  Crystallizes  in 
pearly  scales,  soluble  in  hot  water,  ether,  and 
alcohol,  fusible  at  238°,  and  distils  unaltered. 
The  baryta  salt  is  2  BaO,  C7H.03. 

3.  Adipic  acid.  C14H907,  2  HO.  [Bromeis.) 
Results  also  from  the  oxidation  of  spermaceti 
and  wax  by  nitric  acid.  Is  very  soluble  in 
boiling  water,  and  drops  in  needles  which  fuse 
at  '1W)°,  and  may  be  distilled  unaltered.  The 
adipate  of  silver  is  2  AgO,  C12Hg06,  and  the 
adipic  ether  C12H806,  2  C4H50.     Malayuti. 

4.  Lipicacid.  C3H304,  HO.  [Laurent.)  Crys- 
tallizes iii  plates,  very  soluble  in  cold  water. 
Puses  at  285  to  295°,  and  sublimes  unaltered. 
Distillation  separates  2  equivs.  of  water. 

5.  Azoleic  acid.     C)3HI304. 

Additional  to  the  foregoing,  Redtenbacher 
found  among  the  volatile  products  of  the  oxida- 
tion of  oleic  acid  by  nitric  acid,  the  following 
acids  all  belonging  to  the  series  (CH)n-f- 04; — 
acetic,  metacetonic,  butyric, valerianic,  caproic, 
caprilic,  cenanthylic,  pelargonic,  and  capric 
acids. 

SulJ oleic  acid  is  produced  by  the  action  of  oil  of 
vitriol.  Is  soluble  in  water  and  alcohol,  and  forms 
soluble  salts  with  the  alkaline,  and  insoluble  with 
the  earthy  bases.  Meloleic  and  (MOl,  2  HO) 
hydroleic  (HOI,  2  HO)  are  also  products  of  the 
action  of  sulphuric  acid. 

Action  of  alkalies.  The  caustic  alkalies  at 
ordinary  temperature  convert  olein  and  oleic 
acid  into  Soaps;  but  when  the  latter  are  highly 
heated  with  3  volumes  of  strong  lye,  salts  of 
acetic,  and  a  new  acid  are  formed.  Formula 
of  this  latter  acid  C32H30O3,  HO.  It  crystal- 
lizes from  alcohol,  and  melts  at  143°.  Elaidin 
yields  the  same  acid.  Varrentrapp. 
8]G 


OLIBANUM.  Chcm.  Syn.  Frankincense. 
The  resinous  gum  of  the  BoeweUia  thurtfero. 
It  contains,  according  to  Braooonuot, — 

Volatile  oil s 

Resin 56 

Gum 

Gummy  matter,  insoluble  in   water    and 

alcohol 8-2 

Volatile  oil.     Formula  08BH«gO.    Stenhouss. 

Resin.  This,  as  found  in  the  bard,  rounded. 
brittle,  white-dusted  pieces,  is  acid,  and  Las 
the  composition  G10M32O6.  In  the  long,  clear, 
yellow  tears  it  exists  as  C!0II22()1.     Johnston. 

OLIGISTE  IRON.     See  Speoi  i.wi  Ikon. 

OLIGOCLASE.  Mm.  Sodaspodumen,  red 
albite,  aventurine  feldspar.  Cryst.  Triolinate, 
with  one  distinct  and  two  less  perfect  cleav- 
ages. H.  =  6.  G.  =  2-63  —  2-07.  Color 
white,  yellowish  or  greenish ;  vitreous  or 
brightest  cleavage  surface,  otherwise  greasy  ; 
transparent,  subtranslucent ;  fracture  cou- 
choidal,  uneven.  It  behaves  like  feldspar,  but 
fuses  more  readily  to  a  colorless  glass.  Form. 
NaO,  Si03  +  A1203,  2  Si03,  in  which  NaO  in- 
cludes a  portion  of  KO,  Cat),  MgO.  It  differs 
from  feldspar  in  containing  1  equiv.  less  of  SiO. 
A  lime  oligoclase,  analyzed  by  Forchhanrmer 
and  Svanberg,  spec.  grav.  =  2-729  —  2-69,  has 
the  form.  CaO  (NaO)  Si03  +  3  (A1203,  2  SiOa). 

Local.  Arendal ;  Schaitansk  ;  Catherinen- 
burg;  Kimits,  Filmland;  Silesia;  Hartz;  aven- 
turine feldspar  from  Toedestrand,  Norway; 
lime  oligoclase  from  Hafnefiord,  Iceland. 

OLIGON  SPAR.     See  Sparry  Iron. 

OLIVINE.  See  Chrysolite.  Scacchi's  ex- 
amination of  a  light  yellow  olivine,  gives  the 
formula  3  CaO,  Si03  +  3  MgO,  Si03.  It  is 
softer  than  usual,  and  more  easily  decomposed 
by  acids. 

OLIVENITE.  Min.  Cryst.  Right  rhombic; 
also  fibrous,  curved-lamellar,  granular.  II.  = 
3.  G.  =  3-913  — 4-28.  Various  shades  of 
olive-green,  also  brown  ;  adamantine,  vitreous; 
subtransparent,  opake  ;  brittle.  Yields  water 
in  a  tube ;  fuses  on  coal  with  detonation,  and 
evolving  arsenical  vapors  to  a  white  brittle 
regulus ;  fused  in  the  pincette  it  crystallizes 
on  cooling.  Soluble  in  nitric  acid  and  in  am- 
monia, and  decomposed  by  potassa.  Form. 
4  CuO,  AsOs  -4-  HO,  or  rather  3  CuO,  As05  4- 
CuO,  HO,  in  which  part  of  the  As05  is  replaced 
by  P05.  From  Cornwall.  See  Arseniophos- 
phates. 

OLIVE  OIL.  Syn.  Gallipoli  oil,  Florence 
oil,  Lucca  oil.  Obtained  by  pressure  from  the 
fruit  of  the  Olea  Europea.  When  well  made,  it 
is  of  a  yellowish  color,  but  some  lots  have  a 
greenish  tinge,  transparent,  insoluble  in  water, 
slightly  soluble  in  alcohol  and  ether. 

There  are  three  commercial  kinds  of  olive 
oil.  The  best  called  "virgin  salad  oil"  is  ex- 
tracted from  the  fruit  by  gentle  pressure  in 
the  cold ;  the  next  grade  is  procured  by  a 
stronger  pressure,  aided  by  the  heat  of  boiling 
water  ;  and  a  quality  of  still  greater  inferiority 
by  boiling  the  residuum  or  marc  of  the  olives 
(after  the  two  first  pressures)  with  water,  and 
collecting  the  oleo-mucilaginous  layer  which 
rises  to  the  surface. 

Prop.  It  consists  of  72  parts  of  olein  and 
28  parts  of  margarin.  At  32°  to  22°  it  depo- 
sits nearly  all  its  solid  constituent.     When  to 
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be  used  for  lubricating  the  working  joints  of 
delicate  machinery,  it  must  be  thoroughly 
purified  by  agitation  with  a  solution  of  sub- 
acetate  of  lead,  treating  the  clarified  oil  with 
dilute  sulphuric  acid,  washing  the  mixture 
with  boiling  water  and  leaving  the  oil  over 
melted  chloride  of  calcium. 

(f.<se?  and  Adulteration.  The  pure  salad  oil  is 
used  for  table  and  domestic  purposes,  the  in- 
ferior kinds  in  the  manufacture  of  soaps.  Its 
superiority  over  other  sorts  of  oil,  and  higher 
price,  render  it  liable  to  adulteration,  more 
especially  with  lard  oil,  which  sometimes  forms 
as  high  as  sixty  or  seventy  per  cent,  of  "surfin 
Lucca  huile."  To  guard  against  such  imposi- 
tions, we  give  below  a  means  of  detecting 
them.  The  lard  oil  always  contains  more  or 
less  of  stearin,  which  it  drops  at  a  much  higher 
temperature  than  that  at  which  the  margarin 
falls  from  the  olive  oil.  This  behavior  allows 
an  approximately  correct  judgment.  To  verify 
it,  the  solid  deposit  must  be  separated  by  fil- 
tration, saponified,  the  resulting  soap  decom- 
posed, and  the  eliminated  acid  carefully  dried. 
The  point  of  fusion  then  carefully  ascertained 
will  determine  whether  it  is  stearic  or  margaric 
acid ;  if  the  former,  then  it  is  proper  to  infer 
tiie  presence  of  lard  oil. 

Oil  of  poppies,  too,  is  not  an  unfrequent  fal- 
sification of  olive  oil ;  it  is  detected  by  the 
addition  of  hyponitric  (nitrous)  acid  to  the 
latter,  which,  if  pure,  becomes  solid,  or,  more 
properly  speaking,  transformed  into  elaidin, 
whilst  if  there  is  but  T'Tth  of  poppy  oil  present, 
the  concretion  is  prevented,  a  greasy  paste 
only  being  produced.  The  composition  of 
olive  oil  is  oleic  and  margaric  acids  in  union 
with  glycerin ;  the  more  solid  constituent,  or 
margarate  of  glycerin,  being  in  the  proportion 
of  about  twenty  to  twenty-eight  per  cent. 

The  bad  conducting  power  of  olive  oil  (being 
675  times  worse  than  other  vegetable  oils)  in- 
duced Rousseau  to  use  the  electrical  diagometer 
as  a  means  of  testing  its  purity.  This  appa- 
ratus consists  of  one  of  Zamboni's  dry  piles  and 
a  feebly  magnetized  needle,  moving  freely  on  a 
pivot.  The  electricity  developed  by  the  pile 
produces  a  deviation  in  the  direction  of  the 
needle  ;  but  when  any  substance  is  interposed 
between  the  needle  and  the  pile,  the  deviation 
is  less  in  proportion  to  the  bad  conducting 
power  of  the  interposed  substance.  The  addi- 
tion of  two  drops  of  poppy  or  beech  nut  oil  to 
154a  grains  of  olive  oil  is  sufficient  to  quad- 
ruple-the  conducting  power  of  the  latter. 

Freezing  is  also  sometimes  used  to  test  the  pre- 
sence of  poppy  oil,  which  prevents  perfect  con- 
gelation when  in  the  proportion  of  only  1  to  2. 

OLIVILE.  Chem.  Olivile,  which  was  dis- 
covered and  analyzed  by  M.  Pelletier,  in  1816, 
is  very  easily  obtained  by  first  submitting  the 
pulverized  resin  of  the  olive  to  treatment  with 
ether ;  then  dissolving  the  residue  in  boiling 
alcohol,  and  leaving  the  filtered  solution  to 
crystallize  on  cooling.  It  is  easily  freed  from 
the  resinous  matter  with  which  it  is  impurified, 
by  throwing  it  on  a  filter  and  washing  it  with 
cold  alcohol,  which  dissolves  but  very  little  of 
it,  and  leaves  it  perfectly  white.  By  redis- 
solving  and  crystallizing  it  anew,  it  is  obtained 
in  small  brilliant  radiated  aeedles. 

Olivile  dissolves  readily  in  alcohol  and  in 
103 


water,  and  crystallizes  from  both  mediums. 
It  also  dissolves  in  ether,  but  in  very  small 
quantity,  and  in  volatile  and  fixed  oils. 

Olivile,  like  lithofellinic  acid,  silvic  acid,  and 
other  substances,  exhibits  the  phenomenon  of 
a  different  melting  point  in  its  crystalline  and 
amorphous  state.  When  in  crystals  its  point 
of  fusion  is  at  248°  Fahr. ;  on  melting  it  ac- 
quires a  resinous  aspect,  and  neither  increases 
nor  decreases  in  weight ;  it  does  not  lose  its 
transparency  on  cooling;  it  fractures,  without 
however  again  assuming  its  crystalline  struc- 
ture;  in  this  state  its  melting  point  is  158°. 
By  dissolving  it  in  alcohol,  and  crystallizing  it 
afresh,  its  melting  point  again  becomes  248° 
Fahr. 

Olivile  may  be  obtained  anhydrous,  mono- 
hydrated  or  bihydrated.  Anhydrous  olivile  is 
obtained  by  causing  it  to  crystallize  in  anhy- 
drous alcohol,  or  by  melting  crystallized  olivile 
in  water.  Its  composition  leads  to  the  formula 
C14H905. 

Olivile,  crystallized  in  water,  and  dried  in 
the  vacuum  of  the  air-pump  over  sulphuric 
acid  until  it  loses  no  more  in  weight,  retains 
1  equiv.  of  water,  of  which  it  can  only  be  de- 
prived by  fusion. 

Olivile  combines  with  oxide  of  lead,  and 
affords  a  salt,  the  composition  of  which  repre- 
sents 1  equiv.  of  anhydrous  olivile  and  2  equivs. 
of  oxide  of  lead.  (Journ.  de  Pharrn.  for  April, 
1843.) 

OLIVINE.  Syn.  Olivite.  Landerer  obtained 
it  by  heating  the  leaves  of  the  olive  tree  with 
acidulated  water,  concentrating  the  extract, 
and  supersaturating  it  with  ammonia.  The 
greenish  yellow  precipitate  thrown  down  is 
purified  by  solution  in  hydrochloric  acid,  filtra- 
tion through  charcoal,  and  reprecipitation  by 
an  alkali.  This  precipitate  crystallizes  from 
alcohol  in  colorless  crystals,  which  are  bitter, 
insoluble  in  water  and  soluble  in  acids  without 
forming  crystallizable  compounds.  In  burn- 
ing, it  emits  aromatic  vapors. 

ONEGITE.     See  Brown  Hematite. 

OMICHMYL.     See  Urine. 

OMPHAZITE.     See  Augite. 

ONYX.     See  Quartz. 

OOLITE.    See  varieties  of  Calcareous  Spar. 

ONION.  The  bulb  of  the  Allium  cepa  con- 
tains, according  to  Fourcroy  and  Vauquelin, 
an  acid  volatile  oil,  uncrystallizable  sugar,  gum, 
woody  fibre,  albumen,  acetic,  and  phosphoric 
acids,  phosphate  and  citrate  of  lime  and  water. 
The  piquant  odor  of  onion  juice  is  due  to  the 
volatile  oil,  which  is  colorless  and  acrid,  and 
like  that  of  garlic,  to  which  it  is  probably 
otherwise  analogous,  contains  sulphur. 

OPAL.  Min.  Amorphous.  H.  =  55  —  6-5, 
G.  =2  —  2-21.  White,  yellow,  red,  green,  gray, 
brown;  vitreous,  sometimes  resinous  and  pearly. 
The  precious  opal  exhibits  a  beautiful  play  of 
colors ;  fire  opal  or  girasol  is  subtransparent, 
translucent,  bright  wine-red,  yellow,  and 
slightly  milky.  The  play  of  colors  is  destroyed 
by  heat.  Most  varieties  decrepitate  by  rapid 
heat,  yield  water  in  a  tube,  and  otherwise  be- 
have like  quartz,  except  that  opal  is  mostly 
soluble  in  caustic  potassa.  Opal  is  essentially 
silica,  probably  deposited  from  thermal  waters 
and  hot  aqueous  vapors,  resembling  gelatinous 
silica,  obtained  by  dissolving  some  silicates. 
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But  it  would  seem  as  if  there  were  a  definite 
hydrate,  3  SiOs  -f  HO,  and  that  other  opals 
are  mixtures  of  this  hydrate  with  silica  and 
very  acid  silicates. 

Besides  the  precious  and  fire  opal,  other  va- 
rieties are  common  opal  and  semiopal,  less  pure 
than  the  preceding;  hydrophone,  becoming 
transparent  by  immersion  in  water;  cacholon;/, 
milky  and  opake ;  hyalite,  or  Mailer's  glass,  in 
small  botryoidal  shapes,  found  in  the  United 
States  at  Phillips'  ore-bed,  Putnam  Co.,  N.  Y., 
and  in  the  Georgia  buhrstone ;  menilite,  brown 
and  opake;  alumo-calcite,  bluish,  milky;  michael- 
ite,  fibrous,  pearly  ;  pearl  sinter,  smooth,  globu- 
lar masses  in  volcanic  tufa ;  silicious  sinter, 
porous,  fibrous,  compact  deposits  from  the 
Geysers  of  Iceland;  wood  opal,  with  a  ligneous 
Structure. 

OPHITE.     See  Serpentine. 

OPIUM,  ('hem.  1'har/n.  The  juice  of  the 
Papaoer  somniferum,  which  exudes  from  inci- 
sions made  into  the  poppy  heads.  There  are 
several  varieties  of  opium,  of  which  the  prin- 
cipal are  : — 

Turkey  opium.  That  which  comes  from 
Smyrna  is  in  irregular,  soft  lumps,  covered  on 
the  surface  with  the  reddish  capsules  of  some 
species  of  Rumex.  The  color  in  the  interior  is 
reddish  brown,  but  darkens  on  exposure.  This, 
the  best  quality,  contains  from  G  to  9  pr.  ct. 
of  morphia. 

The  Constantinople  species  comes  in  regular 
flattened  cakes,  covered  with  a  poppy  leaf,  the 
medium  nerves  of  which  divide  the  disk  into 
two  parts.  It  is  drier  than  that  from  Smyrna, 
and  is  sometimes  even  hard;  but  softens  by 
Kneading,  giving  a  light  part  which  browns  in 
the  air.      Its  content  of  morphia  is  5  to  b'  pr.  ct. 

Egyptian  or  Alexdndrian  opium.  Is  found  in 
commerce  as  small  flattened  cakes,  with  smooth 
surfaces.  Its  color  is  brown,  and,  being  hard, 
it  breaks  readily  and  emits  a  feeble  odor.  It 
contains  but  3  to  4  pr.  ct.  of  morphia. 

In  lian  opium.  Of  this  there  are  two  varie- 
ties, that  from  Benares  and  the  other  from 
Bengal.  They  contain  from  22  to  4  pr.  ct.  of 
morphia. 

The  composition  of  opium  is  very  nearly  the 
same  in  each  variety,  though  the  amount  of 
the  several  constituents  vary  essentially.  Mor- 
phia and  Codein  are  the  active  principles,  but 
it  contains  also  Narcotin,  narcein,  Meconin, 
meconic  acid,  tuebaina  or  paramorphia,  papa- 
verin,  pseudomorphia,  porphyroxiu,  a  brown 
extractive  acid,  resin,  fat  and  volatile  oil,  bas- 
sorin,  gum-caoutchouc,  lignin,  and  salts. 

The  quality  of  the  opium,  even  from  the 
same  locality,  often  differs,  and  this  is  owing 
to  the  state  of  the  atmosphere  during  the  har- 
vest, clamp  or  wet  weather  greatly  impairing 
its  value.  The  usual  adulterations,  with  which 
it  is  not  unfrequently  contaminated,  are  Arme- 
nian bole,  grape  skins,  poppy  stalks,  and  the 
epidermis  of  the  capsule,  stone,  gravel,  sand, 
and  earthy  matters.  Opium  which  has  been 
exhausted  of  its  morphine  is  also  sometimes 
worked  into  cakes  and  sent  into  the  market. 

Narcein.  C28H20NO12?  (Couerbe.)  Crys- 
tallizes in  colorless,  silky  needles,  of  a  bitter 
metallic  taste.  Melts  at  198°,  but  decomposes 
at  a  higher  heat,  dissolves  readily  in  alcohol 
and  sparingly  in  water,  and  is  insoluble  in 
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ether.     Is  neutral,  and  drops  in  crystals  anal- 

tered  from  its  solution  in  acids.  Strong  IH'l 
acid  colors  it  azure  blue,  and  the  liquid,  on 
evaporation,  passes  successively  from  red  to 
violet,  and  ultimately  to  deep  blue.  Hygro- 
scopic substances,  such  as  chloride  of  calcium, 
produce  a  similar  reaction. 

Tlubaina.  Syn.  Paramorphia.  CasH,4NO.. 
(Kane.)  Crystallizes  in  colorless  grama  or 
needles,  of  a  sharp,  metallic  taste  and  alkaline 
reaction.  Fuses  at  30U°,  but  decomposes  at  a 
higher  temperature.  Dissolves  in  alcohol  and 
ether,  but  is  insoluble  in  water.  Its  salts  are 
crystallizablc. 

Papaverin.  C40II2INO8.  [Merck.)  Forms 
white  acicular  needles,  slightly  soluble  in  cold, 
more  soluble  in  boiling  alcohol.  It  is  insoluble 
in  water,  and  ether  takes  it  up  but  sparingly. 
Strong  sulphuric  acid  turns  the  crystals  birr. 

Its  salts  are  very  sparingly  soluble  in  water, 
and  the  muriate  crystallizes  in  right  rhombic 
prisms.     (Liebig's  Annalen,  April,  1848.) 

Pseudo-morphia.    C27iIlsN024(?)     (J',':' 
Crystallizes  in  brilliant  plates,  slightly  soluble 
in  water  and   dilute  alcohol,   but  insoluble  in 
absolute  alcohol  and  ether. 

Porpliyroxin.  Forms  brilliant  needles,  solu- 
ble in  alcohol  and  ether,  but  insoluble  in  water. 
Is  neutral,  and  when  treated  with  HC1  acid, 
giyes  a  purple  solution. 

OPOBALSAM.  j'harm.  Syn.  Balm  of  Gilead, 
Mecca  balsam.  A  whitish,  turbid  liquid,  flow- 
ing from  incisions  made  in  the  B'al 
Opobalsamum,  or  Eeshan  of  Arabia.  It  i*  \evy 
odorous,  and  on  exposure  resinifies.  It  coi 
of  30  pr.  ct.  volatile  oil,  and  70  pr.  ct.  resin  and 
extractive  matter. 

OPOPONAX.  Chem.  The  milky  juice  of 
the  root  of  the  Opoponax  chironium,  which  ex- 
udes from  incisions,  and  on  drying  becomes  a 
\ellow  gum  resin.  It  contains  volatile  oil, 
and  its  resin,  according  to  Johnston,  has  the 
formula  C40H2.O14.  The  latter  is  fusible  at 
122°,  and  soluble  in  alcohol,  ether,  and  the 
alkalies.  The  acids  precipitate  it  from  its 
alkaline  solutions  in  yellow  flocks. 

ORANGES,  OIL  OF.  Chem.  Syn.  Ess.  of 
Portugal.  The  distilled  essence  of  the  Citrus 
auranlium,  varying  in  title,  odor,  and  property 
with  the  part  of  the  plant  whence  extracted. 
Thus  the  peel  yields  the  oil  proper :  the  {low- 
ers give  the  essence  of  neroli.  The  oil  obtained 
from  the  orange-berries,  as  they  are  termed,  or 
from  the  leaves  of  the  Citrus  bigarea,  is  called 
essence  of  petit-grain. 

Portugal.  Spec.  grav.  0-835 ;  boiling  point, 
356°.  With  IIC1  acid  it  forms  a  compound 
analogous  to  that  from  oil  of  lemons. 

Neroli.  Nearly  colorless  when  fresh,  but 
reddens  on  exposure.  According  to  Souberain 
and  Capitaine,  it  consists  of  two  oils  : — one  of  a 
very  grateful  odor  and  soluble  in  water,  the 
other  nearly  insoluble.  The  first  is  reddened 
by  sulphuric  acid.  Boullay  and  PKsson,  by 
means  of  alcohol,  separated  a  Btearopten,  in- 
soluble in  water,  but  very  soluble  in 
According  to  Dobereiner,  this  essence  yields,  in 
contact  with  platina  black,  a  peculiar  acid, 

Hespereoin.  Obtained  from  the  spongy 
part  of  the  orange  and  lemon  peel.  Crystallizes 
in  groups  of  needles,  is  white,  tasteless,  inodor- 
ous, and  decomposes  by  heat  without  evolution 
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of  ammonia.  Is  insoluble  in  cold  water  and  in 
ether,  slightly  soluble  in  boiling  water,  and 
very  soluble  in  alcohol  and  acetic  acid. 

ORCHIL.     See  Litmus  in  Lichens. 

ORQIN.     See  Lichens. 

ORMOLU.  An  alloy  of  52  parts  of  zinc  and 
4S  of  copper,  much  used  in  the  manufacture  of 
the  ornamental  parts  of  lamps,  chandeliers,  &c. 

OROSELON.  Chem.  Formula  C14H503.  A 
body  acting  the  part  of  a  base  (replacing  gly- 
cerin) in  aUunnanliti.  (Chem.  Gaz.ni.)  A  sub- 
stance, analogous  in  composition  to  fats,  ob- 
tained from  the  Athamanla  ore  oselinum. 

Pnp.  When  dry  muriatic  gas  is  passed  over 
athainantin  at  the  ordinary  temperature,  it 
transforms  it  into  a  yellowish  brown  liquid, 
which  subsequently  solidifies  into  groups  of 
acicular  crystals.  By  the  distillation  of  these 
crystals,  hydrated  valerianic  acid  is  generated 
and  passes  over  as  a  clear,  colorless  liquid, 
while  the  mass  becomes  thick  and  gradually 
opake  from  the  separation  of  a  solid  body. 
This  mass,  as  soon  as  it  is  quite  stiff  and  dry, 
is  oroselon,  of  a  grayish  white  color.  Crystal- 
lization from  its  solution  in  alcohol  (which  dis- 
solves it  with  difficulty)  yields  it  in  purified 
acicular  crystals  aggregated  in  warty  groups. 

Prop.  It  is  tasteless  and  inodorous,  insolu- 
ble in  water,  and  as  soluble  in  ether  as  in  alco- 
hol, with  a  yellow  color.  In  strong  potassa 
solution,  with  the  aid  of  heat,  it  partially  dis- 
solves with  a  reddish  brown  color,  but  is  thrown 
down  again  by  the  acid  as  a  yellowish  white 
precipitate.  It  melts  at  374°  into  a  clear,  yel- 
low fluid,  which  solidifies  on  cooling  into  a 
crystalline  mass,  which  at  a  higher  heat  is 
destroyed.  According  to  theory,  100  parts 
athamantin  should  yield  -Gli -7  parts  oroselon, 
but  Wiuckler  and  Schuedderman,  the  chemists 
who  determined  the  aforementioned  results, 
obtained  50-2  per  cent. 

ORi'IMENT.  Mm,  Lat.  Auripigmentum. 
Ger.  Operment,  Rauschgelb.  Cryst.  Right 
rhombic,  cleaving  perfectly  parallel  to  a  lateral 
end-plane.  II.  =1-5—  2.  G.  =  3-48.  Yel- 
low ;  lustre  submetallic,  pearly  on  cleavage 
faces,  otherwise  resinous ;  subtransparent, 
translucent;  sectile,  with  gold-yellow  streak; 
thin  laminae  flexible,  not  elastic.  Sublimes  in 
a  closed  tube  to  a  dark  yellow  or  red  fluid, 
which  congeals ;  in  an  open  tube  it  yields  sul- 
phurous and  arsenious  acids;  soluble  in  aqua 
regia,  potassa,  and  ammonia.  Form.  AsS3. 
From  metalliferous  veins  in  Hungary. 

ORI'IMENT.     See  Arsenic. 

ORSELLIC  ACID.     See  Lichens. 

ORTHITE.  Mm.  Is  closely  allied  to  Al- 
LANITB.  Scheerer  unites  allanite,  cerine,  and 
orthitc  under  one  and  the  same  general  formula, 
3  (3  HO,  SiG3)  +  2  (K203,  Hi03),  in  which  RO 
=  CeO,  LnO,  FeO,  MnO,  MgO,  CaO,  YO,  and 
perhaps  GO  ;  R203  =  Al2Og,  Fc203. 

OSMAZONE.  The  extractive  matters  of 
flesh  which  impart  to  cooked  meat  its  savor. 
See  p.  HO,  Alimentary  Principles. 

OSMIUM.  Chem.  A  grayish  metal  disco- 
vered by  Tennant  in  1803.  When  precipitated 
from  its  solutions  by  organic  matters  it  is  often 
bluish.  Exists  native  in  Platinum  sand,  to 
which  article  refer  for  the  process  of  extraction. 

Prop.  Sym.  Os—  Eq.  100  (il.  =  1).  Spec, 
grav.  10.    Neither  volatile  nor  fusible.    Absorbs 


oxygen  by  exposure,  and  burns  when  heated 
in  the  air,  and  becomes  osmic  acid.  Nitric 
acid  dissolves  it,  forming  osmic  acid.  It  is 
also  transformed  into  osmiates  by  ignition  with 
alkalies  and  nitre.  It  combines  with  oxygen 
in  several  proportions,  as  follows  : — 

1.  Protoxide.  OsO.  Obtained  by  precipi- 
tating the  double  proto-chloride  of  osmium  and 
potassium  with  potassa.  A  dark-green  powder, 
which  retains  a  little  potassa,  difficultly  sepa- 
rable by  water.  When  heated,  water  is  given 
off,  but  no  oxygen  or  volatile  acid ;  if  air  is 
admitted,  it  oxidizes  and  sublimes.  Is  reduced 
by  hydrogen.  Unites  with  acids  and  forms 
green  salts. 

2.  Sesquioxide.  Os203.  Obtained  only  in 
union  with  ammonia  by  long  heating  of  a  mix- 
ture of  osmic  acid  and  ammonia  at  100°  to  120°. 
Nitrogen  is  eliminated  and  black  sesquioxide 
remains.  When  heated,  it  becomes  luminous 
and  reduced  to  metal.  By  boiling  with  po- 
tassa it  becomes  fulminating.  Dissolves  with 
difficulty  in  acids,  forming  yellowish  brown, 
uncrystallizable  compounds. 

3.  Binoxide.  Os02.  Obtained  by  the  action 
of  carbonated  alkalies  upon  the  double  bichlo- 
ride of  osmium  and  potassium.  Brownish  black. 
Heated  in  close  vessels  without  alteration,  but 
oxidizes  upon  the  admission  of  air.  Detonates 
when  heated  with  combustibles.  Is  easily  re- 
duced by  hydrogen.  Insoluble  in  acids  except 
in  its  nascent  state. 

4.  Osmious  acid.  Os03.  Known  only  in 
combination  with  bases.  The  osmite  of  po- 
tassa, KO,  Os03,  2  HO,  may  be  prepared  by 
deutoxide  of  osmium  in  osmiate  of  potassa,  or 
by  adding  alcohol  to  the  osmiate  of  potnssa 
which  is  thus  deoxidized.  This  salt  is  red, 
soluble  in  water,  insoluble  in  alcohol  and  ether, 
unalterable  in  dry  air,  but  changed  by  moist 
air  and  by  acids. 

5.  Osmic  acid.  0s04.  Prepared  by  heating 
osmium  in  air  or  in  oxygen,  or  with  nitric  acid, 
or  by  decomposing  an  osmiate  or  an  osmite 
with  an  acid.  Crystallizes  in  long  colorless 
prisms.  Has  a  pungent  odor  of  horseradish, 
and  is  very  poisonous.  Melts  below  212°,  and 
volatilizes  at  that  temperature.  Is  soluble  in 
water,  alcohol,  and  ether.  The  latter  two, 
however,  ultimately  reduce  it.  Does  not  unite 
with  acids,  but  forms  feeble  salts  with  the 
bases,  of  a  yellow  or  orange  color. 

Osman-osmic  acid.  OsN  -f-  Os04.  (Frit.se/ie 
and  Struve.)  A  combination  of  the  niturel  of 
osmium  with  osmic  acid.  Forms  crystalline 
salts,  which  are  more  or  less  soluble  in  water, 
and  detonate  when  heated.  The  free  acid  may 
be  obtained  by  decomposing  the  baryta  salt 
with  sulphuric  acid.  It  decomposes  carbon- 
ates with  effervescence.  The  potassa  salt 
(KO,  Os04  +  OsN)  forms  yellow  crystals  par- 
tially soluble  in  water,  and  still  less  so  ia 
alcohol. 

The  baryta  salt  crystallizes  in  yellow  needles, 
soluble  in  water. 

The  zinc  salt  is  very  soluble  and  uncrystal- 
lizable. 

Sulphur.  There  are  several  compounds 
with  sulphur — the  monosulphuret  OsS ;  the 
sesquisulphuret  Os203,  the  bisulphuret  OsS,, 
and  the  osmic  sulphuret  OsS4. 

Chlorine.     There  are  four  chlorides  corres- 
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ponding  with  four  oxides,  and  which  combine 
to  form  double  salts.  Their  formuhe  are  OsCl, 
OsgClj,  OsCl2,  OsCl3. 

Salts.  The  sulphate,  OsO,  S03,  is  grayish 
brown.  The  nitrate,  OsO,  N05,  forms  a  green 
translucent  varnish.  Of  the  osmic  salts,  only 
the  sulphate  is  known.  It  is  deep-brownish 
yellow,  and  of  syrupy  consistence,  and  soluble 
in  water. 

OSMIUM-IRIDIUM.     See  Iridosmin. 

OSTREOCOLLA.     See  Calcareous  Spar. 

OTTO  OF  ROSES.     See  Roses. 

OTTRELITE.  Min.  In  small  brilliant  plates. 
H.  =  6  (?)  G.  =  4-4.  Grayish  or  greenish 
black,  with  pale  green  streak  and  uneven  frac- 
ture. Yields  water  in  a  tube  ;  fuses  with  diffi- 
culty on  the  edges  to  a  black  magnetic  bead  ; 
slowly  soluble  in  borax,  giving  the  reaction  of 
iron,  and  showing  the  presence  of  manganese 
with  soda.  Form.  3  FeO,  2  Si03  +  2  (A1203, 
Si03)  -f-  3  HO.     From  Ottrez,  Luxemburg. 

OUVAROVITE.     See  Garnet. 

OXALATE  OF  LIME.  Min.  Cryst.  Oblique 
rhombic.  H.  =  2-5.  G.  =  2-75.  Very  brit- 
tle, with  conchoidal  fracture.  Locality  un- 
known. 

OXALIC  ACID.  Chem.  Tech.  This  acid  ex- 
ists as  binoxalate  of  potassa  in  the  juice  of 
certain  plants,  as  the  genera  Rumez  and  Ozalis. 
It  is  also  found  in  several  minerals  and  urinary 
calculi.  It  may  be  formed  artificially  by  the 
action  of  nitric  acid  upon  organic  compounds 
free  from  nitrogen.  It  is  used  in  calico  print- 
ing as  a  bleaching  and  discharge  agent. 

Prep.  1.  Digest  1  pt.  of  sugar  dried  at  212° 
with  8-25  pts.  nitric  acid  of  1-38  spec.  grav. 
Evaporate  the  mixture  to  a  sixth,  and  leave  to 
crystallize.  These  proportions  have  been  shown 
by  Bemiger  to  be  the  best,  as  the  process  yields 
50  to  GO  pr.  ct.  of  handsome  crystals  of  acid, 
and  requires  but  an  hour  or  two  for  its  com- 
pletion. 

2.  Add  144  parts  of  nitric  acid  (made  by 
mixing  the  acid  of  commerce  with  10  parts  of 
water)  very  gradually  and  portionwise  to  24 
parts  of  starch,  and  after  the  reaction  ceases 
apply  gentle  heat.  When  nitrous  vapors  cease, 
set  aside  to  crystallize.  This  process  (Robi- 
guefs)  yields  12  parts  of  acid.  The  mother 
waters  yield  more,  upon  further  treatment  with 
fresli  quantities  of  nitric  acid. 

Prop.  Forms  oblique  quadrilateral,  color- 
less, transparent  prisms,  with  two-sided  sum- 
mits, of  composition  C2H3  3  HO  and  spec, 
grav.  1-507.  At  212°,  and  even  by  exposure 
to  dry  air  at  105°  to  125°,  they  lose  2  equivs. 
HO  without  being  altered.  A  higher  heat  pro- 
duces decomposition,  carbonic  oxide  and  acid 
and  formic  acid  being  evolved. 

These  crystals  are  inodorous,  but  have  a 
strongly  acid  taste.  Are  soluble  in  water  and 
in  4  parts  of  alcohol.  Oxalic  acid  is  highly 
poisonous,  and  lime  and  magnesia  is  the  anti- 
dote, with  either  of  which  it  forms  an  insoluble 
compound.  For  the  bases  it  has  a  strong  affi- 
nity, and  unites  with  them  to  form  an  exten- 
sive class  of  neutral  and  acid  salts.  When 
pure,  it  should  completely  volatilize  upon  being 
heated,  and  give  no  precipitate  with  chloride 
of  barium,  insoluble  in  N05.  Sometimes  it 
may  contain  nitric  and  tartaric  acids ;  the  pre- 
sence of  the  former  is  detected  in  the  usual 
820 


manner.     If  it  contains  tartaric  aoid  it   will 
become  black  when   digested   with   sulphuric 

acid. 

Oxalates.  Excepting  the  alkaline,  nearly  all 
the  oxalates  are  insoluble  in  water.  M 
these,  with  metallic  oxides  as  bases,  are  easily 
reduced  to  metal  by  heat,  carbonic  acid  being 
evolved.  So  also  many  oxides,  when  heated 
with  an  oxalate,  are  reduced  by  the  carbonic 
acid  generated.  The  alkaline  oxalates  become 
carbonates  when  heated. 

Oxalic  forms  both  neutral  and  acid  Baits. 
Those  with  base  R203  are  sufficiently  soluble. 
Those  of  soda,  silver,  and  lead  arc  anhydrous; 
the  others  contain  1,  2,  or  3  equivs.  of  water. 
The  alkalies  form  acid  oxalates.  The  double 
oxalates  are  chiefly  an  alkaline  oxalate,  with 
one  containing  R203. 

Oxalic  ether.  The  neutral  oxalate  of  ethyl 
is  a  colorless,  transparent,  aromatic,  oily  fluid, 
of  spec.  grav.  1-0929  at  46°.  Its  composition 
is  AeO,  Ox.  Boils  at  370°,  mixes  with  alcohol 
and  ether,  and  is  sparingly  soluble  in  water. 
It  is,  when  not  perfectly  pure,  prone  to  decom- 
position. When  its  alcoholic  solution  is  neu- 
tralized, to  the  extent  of  one-half  of  its  content 
of  oxalic  acid,  with  potassa  dissolved  in  alco- 
hol, a  double  salt  is  formed,  containing  2  equivs. 
oxalic  acid,  1  equiv.  of  ethyl,  and  1  equiv.  of 
potassa. 

Binoxalate  of  oxide  of  ethyl.  Syn.  Oxalovinic 
acid.  Formula  AeO,  Ox  -f-  HO,  Ox.  A  very 
sour  liquid,  which  readily  changes  into  oxalic 
acid  and  alcohol.  The  oxalovinate  of  potassa 
(AeO,  Ox  -4-  KO,  Ox)  forms  anhydrous,  crys- 
talline scales,  perfectly  soluble  in  alcohol  of 
75  pr.  ct.,  decomposable  by  acids  and  alkalies, 
and  remaining  unaltered  up  to  212°.  The 
baryta  salt  is  very  soluble  in  water,  but  is  of 
difficult  crystallization.  Oxalic  ether,  when 
treated  with  an  excess  of  ammonia  in  presence 
of  water,  yields  oxamide.  (Bunhof.)  By  substi- 
tuting alcohol  for  the  water  and  lessening  the 
quantity  of  ammonia,  oxamethane  is  formed. 
Dumas  and  Balard. 

Oxamide.  A  white,  crystalline,  tasteless,  in- 
odorous powder,  (NH2-f-  C202),  slightly  soluble 
in  boiling  water,  but  nearly  insoluble  in  cold 
water,  alcohol,  and  ether. 

Oxamethane.  Syn.  Oxamate  of  oxide  of 
ethyl.  Oxalate  of  oxide  of  ethyl  and  oxamide. 
Forms  colorless,  transparent  scales  of  composi- 
tion, C8H7N06.  Is  soluble  in  water  and  alco- 
hol, melts  at  212°  and  distils  unaltered  at 
430°.  It  is  neutral,  and  does  not  precipitate 
metallic  salts. 

OXALITE.  Min.  Oxalate  of  iron,  Ilum- 
boldtin,  Eiscuresin.  Yellow,  earthy,  soft. 
G.  =  2-13  — 2-49.  Blackens  in  candle-flame, 
and  becomes  magnetic  ;  on  charcoal  it  becomes 
black,  then  red,  and  with  the  fluxes  gives  the 
reaction  of  iron;  soluble  in  acids,  decomposed 
by  alkalies,  with  separation  of  green  hydrate 
of  iron  which  browns  in  the  air.  Form. 
2  (FeO,  C203)  +  3  HO. 

OXALOVINIC  ACID.     See  Oxalic  Acid. 

OXALURIC  ACID.     See  Urine. 

OXAMIDE.     See  Oxalic  Acid. 

OXHAVERITE.     See  Apophylitr. 

OXIDATION.  \  Chem.     When  a  body  unites 

OXIDES.  J  with  oxygen,  oxidation  takes 


OXYCHLORIDES. 

place,  and  if  the  resulting  compound  con- 
sist only  of  a  radical  and  oxygen,  it  is 
termed  an  oxide.  As  some  bodies  have  the 
property  of  uniting  with  oxygen  in  several  pro- 
portions, the  degree  of  oxidation  is  designated 
by  the  prefixes  sub,  proto,  sesqui,  bi,  ter,  and  per, 
accordingly  as  the  oxygen  is  in  a  ratio  to  the 
radical  of  }  to  1,  1  to  1,  \\  to  1  or  3  to  2,  2  to 
1,  3  to  1,  or  higher.  Sometimes,  as  in  the 
case  of  several  metals,  the  oxides  have  acid 
properties,  and  then  take  the  name  of  acids,  as 
tantalic,  niobic,  and  arsenic  acids. 

OXYCHLORIDES.  Chem.  Those  compounds 
which  consist  of  chloride  and  oxide  of  the  same 
metal.  In  some  few  instances  the  chloride  is 
of  some  other  metal. 

OXYGEN.  Chem.  Ger.  SauerstofF.  Fr.  Eau. 
Syn.  Dephlogisticated  and  Vital  air,  Empyreal 
air.  A  gaseous  body,  discovered  by  Priestley 
in  1774,  and  taking  its  name  from  two  Greek 
words  c£uc,  acid,  and  ywda>,  I  produce,  because 
it  was  at  first  thought  to  be  the  sole  acidifying 
principle.  Modern  discoveries  soon  rectified 
this  error,  by  proving  the  existence  of  acids,  in 
the  composition  of  which  there  is  no  oxygen. 
A  similar  mistake,  assigning  to  it  exclusively 
the  property  of  supporting  combustion,  has 
also,  in  like  manner,  been  corrected.  Oxygen 
possesses  the  above  properties,  however,  in  a 
more  eminent  degree  than  any  other  body.  It 
is  found  largely  diffused  throughout  all  nature, 
being  an  important  element  of  Air  and  Water, 
rocks,  earths,  minerals,  and  organic  matters, 
the  proportion  of  substances  free  from  it  being 
very  limited.  Sym.  0.  Eq.  100  when  H  = 
12-50,  or  8  when  H  =  1. 

Prep.  1.  By  heating  chlorate  of  potassa 
(KO,  C105)  in  a  glass  retort,  which  gives  off 
all  its  oxygen,  and  becomes  KC1.  A  portion 
of  peroxide  of  manganese  or  of  oxide  of  cop- 
per facilitates  the  reaction.  2.  By  distilling 
the  red  oxide  of  mercury  in  an  earthen  retort : 
oxygen  is  eliminated,  and  metallic  mercury 
passes  over.  3.  By  decomposing  the  peroxide  of 
manganese  at  a  high  heat  in  an  iron  flask.  By 
this  process  the  peroxide  loses  one-third  of  its 
oxygen,  and  becomes  brown  oxide  of  manga- 
nese. 4.  By  carefully  heating  nitrate  of  po- 
tassa. 5.  From  a  mixture  of  chloride  of  lime 
and  peroxide  of  manganese.  {Lond.  Pharrn. 
Journ.  vii.  399.)  The  gas  generated  by  either 
of  these  processes  may  be  collected  in  the  pneu- 
matic trough  in  bell  glasses,  for  immediate 
experiment,  and  in  small  quantities ;  but  in 
larger  proportions,  as  stock  for  gradual  use,  it 
is  better  to  collect  and  preserve  it  in  gasome- 
ters, of  which  Pepy's  is  the  most  convenient. 

Prop.  A  permanent,  elastic,  transparent, 
colorless,  tasteless,  inodorous  gas,  of  spec, 
grav.  1-105.  Is  very  slightly  soluble  in  water. 
Is  a  powerful  supporter  of  combustion  and 
respiration,  and  refracts  light  less  than  any 
other  known  body.  Sulphur,  charcoal,  phos- 
phorus, and  all  substances  combustible  in  air, 
burn  with  increased  brilliancy  in  oxygen  gas. 
Indeed,  many  substances  not  combustible  in 
the  air,  when  previously  heated,  for  example 
many  of  the  metals,  are  rapidly  burned  in  this 
o-as.-  The  resultant  products  are  new  com- 
pounds, in  which  the  absorbed  oxygen  forms  a 
part. 

It   combines  with   other  elements   to   form 


OZONE. 

(electro-positive)  oxides  or  (electro-negative) 
acids,  accordingly  as  the  newly-formed  body  is 
acid  or  basic  in  its  properties.  When  it  unites 
in  more  than  one  proportion  with  a  body,  the 
degree  of  oxidation  is  designated  by  certain 
prefixes,  as  sub,  proto,  deuto,  per,  and  super, 
in  reference  to  bases,  or  by  hypo,  hyper,  or  the 
termination  ous  or  ic,  in  reference  to  acids. 
Most  of  the  oxides  act  the  part  of  a  salifiable 
base,  but  there  are  some  exceptions,  which  give 
rise  to  the  appellation  of  neutral  or  indifferent 
oxides.  The  affinity  of  bodies  for  oxygen  va- 
ries, and  serves  as  one  of  their  characteristics. 
A  mixture  of  oxygen  and  Hydrogen,  when 
ignited,  produces  an  intense  heat,  and  consti- 
tutes the  Hydrogen  Blowpipe,  invented  by  Dr. 
Hare.  When  this  ignited  flame  is  projected 
against  lime,  the  latter  becomes  intensely  lumi- 
nous,  and  forms   the  well-known   Drummond 


light. 

OXYHYDROGEN  BLOWPIPE. 


See  Blow- 


pipe. 

OXYMURIATES.  Chem.  Compounds  of 
bases  with  chloric  acid.     See  Chlorine. 

OZOKERITE.  Min.  Erdwachs.  Waxy  and 
resinous-like.  G.  =  0-946 —  0-953.  Brown, 
brownish  yellow  by  transmitted,  green  by  re- 
flected light ;  odor  feebly  bituminous.  Fuses 
at  143°  to  183°  in  the  flame  of  a  candle  to  a 
clear,  oily  liquid,  which  congeals  on  cooling ; 
boils  at  410° — 570°;  at  a  higher  heat  burns 
with  flame,  and  is  almost  wholly  volatilized. 
According  to  Johnston  it  fuses  at  140°,  and 
begins  to  boil  at  260°,  when  first  a  colorless, 
then  a  dark  distillate  passes  over.  Not  at- 
tacked by  strong  acids,  slightly  soluble  in  al- 
cohol; cold  ether  dissolves  |,  and  from  the 
remainder  boiling  alcohol  or  ether  extracts  a 
small  quantity,  which  they  leave  colorless  upon 
evaporation.  The  formula  of  the  whole  and  of 
that  soluble  in  ether  is  CH.     See  Hatchetin. 

OZONE.  Chem.  The  peculiar  matter  con- 
stituting the  odor  produced  in  oxygen  gas  and 
in  the  air  by  the  electric  spark  evolved  on  the 
discharge  of  an  electric  battery.  Hence  its 
name  from  the  Greek  word,  o£ee,  to  yield  odor. 

Marignac  obtained  it  readily  by  slowly  pass- 
ing a  current  of  moist  air  through  a  tube  of 
1  metre  in  length  and  6  millimetres  in  diame- 
ter, containing  pieces  of  phosphorus.  The 
phosphorus  exerts  only  a  catalytic  action. 
Perfectly  dry  air  will  not  yield  ozone. 

Comp.  Schonbein,  the  discoverer,  first  sug- 
gested that  it  was  a  new  element,  but  subse- 
quently announced  it  to  be  a  superoxide  of 
hydrogen,  formed  either  under  catalytic  influ- 
ences, or  in  the  establishment  of  the  electrical 
equilibrium  in  the  air,  when  a  portion  of  the 
atmospheric  oxygen  combines  with  aqueous 
vapor.  Williamson  [Chem.  Gaz.  iii.  358)  and 
Marignac  (Comptes  Rendus,  1845),  on  the  con- 
trary, regard  it  as  oxygen  in  a  different  allo- 
tropic  condition  from  ordinary  oxygen  gas ;  and 
in  this  view  they  are  supported  by  the  opinions 
of  Berzelius  and  Larive.  Recently,  however, 
Bunsen  has  examined  the  subject,  and  confirms 
Schonbein's  conjecture,  that  it  is  a  higher  oxide 
of  hydrogen  than  water,  and  shows  its  compo- 
sition to  be  either  H04  or  H05. 

Prop.     Ozone   is    eminently  oxidizing,    and 
when  inhaled  produces  irritation  of  the  mu- 
cous membrane  of  the  respiratory  organs.     It 
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is  absorbed  by  a  solution  of  iodide  of  potas- 
sium,  which  gradually  decomposes,  becoming 
yellow,  and  ultimately  colorless.  As  the  sepa- 
ration of  iodine  is  not  effected  by  nitrogen, 
oxygen,  or  a  mixture  of  atmospheric  air  and 
carbonic  acid,  this  reaction  serves,  when  a  so- 
lution of  starch  incorporated  with  iodide  of 
potassium  is  present,  to  detect  the  minutest 
quantity  of  ozone  in  any  amount  of  air,  the 
resulting  blue  color  having  an  intensity  pro- 
portionate to  the  quantity  of  ozone  present. 
Ozone  is  also  absorbed  by  certain  finely-divided 
metals,  but  without  oxidizing  them  or  losing 
its  odor,  provided  every  trace  of  moisture  has 
been  previously  removed  from  the  gaseous 
mixture.  Water,  strong  sulphuric  acid,  caus- 
tic ammonia,  baryta  water,  or  chloride  of  cal- 
cium do  not  absorb  it.  Ozone  decomposes 
indigo,  and  even  bromide  of  potassium.  In 
presence  of  water  it  converts  iodine  into  iodic 
acid,  protoxide  into  peroxide  of  iron,  and  sul- 
phuret  into  oxide  of  lead. 

Sulphuretted  hydrogen  and  sulphurous  acid 
immediately  decompose  it,  and  hence,  in  the 
vicinity  of  cesspools,  or  wherever  these  emana- 
tions are  given  off,  the  iodo-salt  starch-paste 
is  not  colored  blue.  Schonbein  has  remarked, 
after  numerous  experiments,  that  the  rapidity 
with  which  the  mixture  of  starch-paste  and 
iodide  of  potassium  is  turned  blue  by  ozonized 
air  varies  at  different  times :  a  deeper  color 
ensuing  at  one  period  in  a  few  hours  than  at 
another  in  as  many  days.  In  the  colder  sea- 
sons, during  a  fall  of  snow,  or  in  the  summer, 
during  thunder  storms,  the  blue  color  is  pro- 
duced of  greater  depth  and  with  more  rapidity. 
As  electrical  discharges  are  of  continual  occur- 
rence in  the  atmosphere,  ozone  is  always  pre- 
sent ;  but  the  quantity  augments  with  the  in- 
tensity of  the  charges,  and  with  the  diminution 
of  the  atmospheric  temperature.  Hence  it 
follows,  especially  when  there  are  but  few  or- 
ganic, oxidable,  or  other  matters  upon  or  near 
to  the  earth's  surface  capable  of  decomposing 
or  absorbing  it,  that  an  accumulation  takes 
place.  To  this  excess  of  ozone  as  affecting  the 
normal  condition  of  the  atmosphere,  certain 
epidemics,  particularly  those  of  a  catarrhal 
character,  have  been  attributed.  With  what 
truth  such  an  hypothesis  may  be  supported, 
remains  to  be  determined  by  further  investi- 
gations. 

P. 

PACKFONG.     See  Akgentan. 

PAGODITE.     See  Agalmatolite. 

PALAGONITE.  Geol.  The  characteristic 
Plutonic  rock  of  the  first  period  of  upheaval 
in  Iceland.  H.  =  5.  G.  =  2-43.  Amorphous, 
brown,  waxy,  translucent.  Form.  3  RO,  2  Si03 
-f-  2  (R203,  Si03)  +  9  HO,  in  which  RO  =  CaO, 
MgO,  KO,  NaO,  and  R203  +  Fe203,  A1203.  It 
bears  a  close  relation,  in  composition,  to  Ot- 
trelite  and  Scapolite.     Bunsen. 

PALLADIUM.  Mm.  In  grains  with  diverg- 
ing fibres.  H.  =  5.  G.  =  12.  Metallic,  be- 
tween silver  and  steel ;  ductile  and  malleable. 
With  the  platinum  sand  of  Brazil. 

PALLADIUM.  Chem.  A  grayish  white, 
rare  metal,  discovered  by  Wollaston  in  1803. 
It  exists  in  native  platinum,  constituting  about 
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1  pr.  ct.  of  the  Colombian,  ami  \  to  1  pr.  ct.  of 
the  Uraliaa  ores  of  this  metal.  Also  accompa- 
nies Brazilian  gold,  and  is  found  combined  with 
selenium  in  the  Harts,  near  Tilkorode. 

Prep.  Dissolve  platinum  Band  in  aqua 
expel  the  excess  of  acid  by  evaporation,  and 
then  add  solution  of  cyanide  of  mercury  until 
precipitation  ceases.  The  palladium  alone  if 
thrown  down,  the  mercurial  salt  not  being  de- 
composed by  any  of  the  other  metals  present. 
The  precipitate  is  bright  yellow,  and  when 
heated  to  redness  becomes  pure  palladium.  See 
Platinum. 

Prop.  Sym.  Pd.  Eq.  53-3  (II.  =  1),  or 
665-9  (0.  =  100).  Spec.  grav.  11-3  in  the 
melted  state, — 11-8  when  hammered ;  spec, 
heat  0-05927.  Difficultly  fusible,  ductile,  and 
very  malleable.  Oxidable  only  at  high  tem- 
peratures. 

Fischer  (Poggcndorff's  Annalen,  lxxi.  p.  431) 
reports  its  behavior  to  acids  and  alkalies  as 
follows : — Cold  nitric  acid  dissolves  it  slowly 
without  evolution  of  gas,  but  when  heated  the 
action  is  rapid,  and  nitrous  oxide  disengages. 
Sulphuric  acid  dissolves  the  filings,  but  not  the 
welded  metal,  with  the  disengagement  of  sul- 
phurous acid.  The  solution  is  not  rendered 
turbid  by  dilution  with  water.  The  better 
way,  however,  of  making  the  protosulphate,  is 
by  the  use  of  nitric  and  sulphuric  acids,  as 
recommended  by  Kane.  Hydrochloric  acid 
acts  slightly  upon  the  welded  metal,  but  dis- 
solves it  readily  in  the  state  of  filings  or  when 
porous,  that  is,  as  obtained  by  igniting  some 
of  its  salts.  The  better  plan,  however,  of  pre- 
paring the  chloride,  is  to  pass  chlorine  into  the 
metal  until  solution  is  complete.  The  other  acids 
are  without  action  upon  metallic  palladium. 

Salts.  Potash  and  soda  precipitate  from  neu- 
tral solutions  of  the  protonitrate  of  palladium 
a  basic  salt,  which  is  insoluble  in  an  excess  of 
the  precipitant,  and  is  converted  on  b< 
with  it  into  hydrated  protoxide.  Carb 
of  potash  and  soda  produce,  neither  in  acid 
nor  in  neutral  solutions  of  the  protoxide,  any 
precipitate,  and  no  carbonic  acid  is  disengaged 
on  their  addition  to  neutral  solutions ;  the 
liquid  merely  assumes  a  darker  color.  On 
boiling  this  liquid,  basic  protocarbonate  of 
palladium  subsides;  the  supernatant  liquid 
has  a  light  brown  color,  but  contains  mere 
traces  of  the  protoxide  in  solution.  The  above 
alkalies  behave  in  the  same  manner  towards 
solutions  of  palladium  in  sulphuric  and  muri- 
atic acids ;  but  the  caustic  alkalies  redissolvc 
the  precipitate  thrown  down  from  the  last  acid. 
Ammonia  and  carbonate  of  ammonia  act  in  a 
totally  different  manner  ;  they  precipitate  only 
a  portion  from  the  solution  of  the  protonitrate 
as  basic  salt ;  the  remainder  forms  a  double 
salt  with  the  nitrate  of  ammonia,  which  is  ob- 
tained in  colorless  prisms  on  evaporating  the 
solution.  If  a  solution  of  this  double  salt  has 
been  decanted  from  the  precipitated  basic  salt, 
the  latter  docs  not  dissolve  on  boiling  with 
ammonia,  but  is  left  in  the  state  of  proti 
containing  ammonia.  Solutions  of  the  i 
in  sulphuric  acid  behave  in  the  same  manner, 
only  that  none  or  very  little  basic  salt  is  de- 
posited on  the  first  addition  of  ammonia,  and 
this  dissolves  readily  on  a  further  addition. 
Ammonia  produces  in  the  solution  of  the 
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chloride,  at  first  a  brown  precipitate  of  the 
basic  salt,  which  is  converted  on  a  larger  ad- 
dition into  a  peach-red  double  salt ;  and  a  still 
greater  excess  dissolves  this  precipitate  to  a 
colorless  liquid,  from  which  white  prisms  crys- 
tallize on  evaporation.  This  complete  solution 
in  ammonia  occurs,  however,  only  when  the 
chloride  has  been  prepared  without  the  use  of 
nitric  acid ;  if  it  contain  any  protonitrate,  a 
corresponding  quantity  of  a  brown  residue  is 
left. 

Highly  characteristic  of  palladium  is  the  re- 
action with  protochloride  of  tin,  with  which  it 
forms  a  brown  precipitate,  which  dissolves  in 
muriatic  acid  with  a  green  color.  Protochlo- 
ride of  tin  consequently  produces  this  green 
color  immediately  in  muriatic  solutions  of  pal- 
ladium ;  and  even  when  but  a  millionth  of  pal- 
ladium is  contained  in  the  solution,  this  color 
is  still  distinct.      (Chem.  Gaz.  v.  460 — 162.) 

Oxygen.  Palladium  has  not  a  very  strong 
affinity  for  oxygen,  but  combines  with  it  in 
three  proportions. 

Suboxide.  Pd20.  The  bluish  coating  formed 
upon  the  metal  by  heating  it  to  redness  in  open 
air.     At  high  temperatures  it  is  reduced. 

Oxide.  PdO.  Obtained  black  and  anhy- 
drous by  igniting  the  protonitrate  ;  and  orange 
as  a  hydrate  by  precipitating  a  solution  of  pro- 
tonitrate with  alkali.  The  first  dissolves  slowly 
in  acids,  and  does  not  combine  with  alkalies. 
The  hydrate  is  not  only  soluble  in  acids  by 
heat,  but  is  also  taken  up  by  alkalies  and  by 
ammonia.  At  a  red  heat  it  loses  water,  but 
does  not  reduce  below  a  much  higher  tem- 
perature. 

Binoxidc.  Pd02.  Not  obtained  in  a  free 
state.  Results  as  a  compound  from  the  action 
of  potassa  upon  the  bichloride  of  palladium 
and  potassium.  In  this  state  it  is  brown,  and 
retains  a  portion  of  the  base.  Soluble  with 
difficulty  in  nearly  all  the  acids,  with  yellow 
color.  By  heat  it  loses  water,  and  at  a  higher 
temperature  changes  into  protoxide,  and  ulti- 
mately into  metal.  It  is  sometimes  called  pal- 
ladic  acid. 

Sulphuret.  PdS.  Formed  direct.  A  grayish 
white,  fusible  mass,  which  when  roasted  is 
slowly  decomposed  into  a  reddish  brown  pow- 
der, the  protosulphate  of  palladium  (?),  ob- 
tained also  as  a  black  powder  by  the  action  of 
sulphuretted  hydrogen  upon  palladium  salts. 
A  bisulphuret  has  not  yet  been  obtained. 

I'ko.iphuret.     A  fusible  compound. 

Carburet.  Readily  formed  by  heating  the 
foil  in  the  flame  of  a  spirit  lamp.  The  metal 
becomes  very  brittle. 

Alloys.  With  tin,  lead,  arsenic,  silver,  iron, 
and  bismuth,  it  forms  brittle,  fusible  alloys ; 
with  gold,  a  hard  alloy;  with  nickel  a  ductile 
alloy ;   with  mercury  a  fluid  amalgam. 

Haloid  Salts. 

Chlorine.  Subchloride.  Pd2Cl.  Prepared  by 
highly  heating  the  perchloride.  Garnet-red 
and  of  crystalline  fracture ;  deliquescent  on 
exposure  ;  dissolved  and  decomposed  by  water. 

Chloride.  PdCl.  Prepared  by  heating  the 
bichloride.  Crystallizes  in  deep  brown  prisms, 
which  are  soluble  in  water.  Decomposed  by 
heat  into  oxichloride.  Combines  with  other 
chlorides  to  form  double  salts,  of   which  the 


chloropalladiate  of  potassium  forms  golden- 
yellow,  quadrilateral  prisms.  The  double  soda 
salt  is  deliquescent.  That  of  ammonia  is  a 
flesh-colored  powder,  slightly  soluble  in  alcohol 
and  water,  and  crystallizing  in  colorless  prisms 
from  an  excess  of  ammonia. 

Bichloride.  PdCl2.  Obtained  by  dissolving 
and  heating  the  metal  in  an  excess  of  aqua 
reyia.  Is  deep  brown  and  readily  decom- 
posable by  water,  chlorine  being  disengaged 
and  protochloride  formed.  It  combines  di- 
rectly with  chloride  of  potassium,  forming  a 
red  precipitate  scarcely  soluble  in  water. 

Iodide.  Pdl.  Precipitates  in  brown  flocculae 
when  solutions  of  protochloride  of  palladium 
and  iodide  of  potassium  are  mixed  together. 

Cyanide.  PdCy.  The  affinity  of  cyanogen 
for  palladium  is  so  strong  that  the  cyanide  of 
mercury  precipitates  it  from  all  its  solutions. 
Is  white,  and  by  calcination  reduces.  Forms 
a  soluble,  crystalline,  double  salt  with  cyanide 
of  potassium. 

Oxtsalts. 

Sulphate.  PdO,  S03.  Brown,  crystalline, 
deliquescent  in  moist  air,  and  decomposable 
by  water  into  a  basic  sulphate,  PdO,  S03  -f- 
7  PdO.  Bears  a  moderate  heat  without  de- 
composing, but  at  high  temperatures  partially 
loses  S03,  and  becomes  a  sub-salt,  and  ulti- 
mately is  reduced  to  metal. 

Ammoniacal  Sulphate.  PdO,  S03  -f-  2  NH3, 
(or  PdNH2+ NH40,  S03?)  Crystallizes  in 
colorless,  rectangular  prisms  from  a  solution 
of  the  neutral  sulphate  in  ammonia.  At  a  gen- 
tle heat  it  becomes  opake,  and  at  a  higher 
temperature  loses  ammonia  and  changes  into 
a  yellow  powder,  PdO,  S03  +  NH3. 

Nitrate.  PdO,  N05.  A  reddish  brown,  sa- 
line mass,  soluble  in  small  quantities  of  water, 
but  decomposable  by  further  dilution  into  a 
basic  salt,  PdO,  N05  -f-  3  PdO,  a  deep  brown 
powder.  There  is  also  an  ammoniacal  nitrate, 
PdO,  N05  +  2  NH3,  in  soluble,  colorless,  rhom- 
bic tables. 

Carbonate.  PdO,  C02  -f  9  PdO  +  10  HO. 
When  a  solution  of  alkaline  carbonate  is  first 
added  to  one  of  chloride  of  palladium,  a  bright 
yellow  precipitate  is  formed,  without  disen- 
gagement of  carbonic  acid ;  but  on  continuing 
the  precipitation,  efflorescence  ensues,  and  the 
deposit  gradually  deepens  in  color  to  brown. 

Oxalate.  PdO,  0.  A  yellow  powder,  insolu- 
ble in  water.  The  ammoniacal  oxalate  crys- 
tallizes in  bronze-colored  needles. 

Tartrate.     PdO,  T.     A  yellow  powder. 

PALLADOXIDE.  Min.  The  oxide  PdO  ac- 
companies the  metal  in  the  platinum  sand. 

PAJ,MICAC.D.}seeCAStoROlt. 

PALM  OIL.  Chem.  Tech.  The  fixed  butter 
expressed  from  the  fruit  of  the  Elais  Guiniensis. 
This  tree  is  native  to  Africa,  but  is  also  culti- 
vated in  the  West  Indies  and  South  America. 
Most  of  the  oil  in  commerce  comes  from  Africa. 

It  is  yellow,  but  bleaches  by  exposure,  has 
a  violet  odor,  and  is  principally  used  for  mak- 
ing palm  soap,  and  for  coloring  yellow  (resin) 
soap.  When  rancid,  it  contains  free  acids,  and 
as  the  oil  ages  their  amount  increases,  whilst 
the  proportion  of  glycerin  decreases,  the  fusing 
point  at  the  same  time  ranging  upwards  from 
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85°  to  99°.  It  is  soluble  in  strong  alcohol  and 
ether,  and  contains  G9  pts.  of  olein  and  81  pts. 
of  palmitin.  Schwartz  (Chnn.  Qaz.  v.  17  4) 
also  found  a  new  acid,  C^HgjO^  of  fusing 
point  125°-126°,  and  in  white,  granular  masses, 
or  stellate  flakes. 

Palmitin.  C35H3304  (Stenhome).  A  compound 
of  palmitic  acid  and  Glycerin.  Is  white, 
crystalline,  melts  at  118°,  dissolves  readily  in 
hot  ether,  but  is  sparingly  soluble  in  hot 
alcohol. 

Palmitic  Acid.  CS2H3103+HO  (hydrated). 
Obtained  by  the  saponification  of  palmitin  or 
of  palm  oil.  Rochleder  (Liebig's  Ann.  i.  224) 
found  it  also  in  coffee  berries.  Forms  pearly 
scales,  melts  at  140°,  and  dissolves  in  alcohol. 
The  palmitate  of  potassa,  KO,  Pa  -4-  P<a>  HO 
■4-  2  Aq,  is  an  acid  salt,  and  crystallizes  in 
scales.  According  to  Schwartz,  when  exposed 
to  482° — 572°  in  the  air,  this  acid  passes  into 
water,  carbonic,  and  palmitonic  acids. 

Palmitonic  Acid,  C31H30O3,  HO,  melts  at 
124°,  and  like  the  palmitic  may,  over  a  care- 
fully regulated  heat,  be  distilled  unaltered. 
Its  potassa  salt  is  amorphous. 

PANAX  QUINQUEFOLIUM.  Syn.  Ginseng. 
A  plant  growing  in  the  Northern,  Middle,  and 
Western  States,  the  root  of  which,  its  officinal 
part,  is  largely  used  by  the  Chinese.  It  con- 
tains large  quantities  of  starch  and  gum,  some 
resin  and  essential  oil.  Its  medicinal  virtues 
are  problematical. 

PANCREATIC  JUICE.  Chem.  Physiol.  The 
fluid  secreted  by  the  pancreas  or  "salivary 
gland  of  the  abdomen."  Gmelin  and  Tied- 
man's  analyses  gives  as  its  composition — 

Dog.       Sheep. 

Water 917-2     963-5 

Extractive  matters  and  salts  solu- 
ble in  alcohol 36-8       15-5 

Caseous   matter   and  soda   salts, 

soluble  in  water 15-3         2-8 

Albumen  and  salts 35-5       22-4 

PANIFICATION.     See    Fermentation    and 

BREAD. 

PAPAVERIN.  C40H21NO8  (Merck).  See 
Opium. 

PAPIN'S  DIGESTER.     See  Digester. 

1'ARABANIC  ACID.     See  Urine. 

PARACYANOGEN.     See  Cyanogen. 

PARAFFIN.  Chem.  C24H25.  (Lew;/.) 
Found  in  the  petroleum  of  Rangoon,  and  is 
also  one  of  the  products  of  the  distillation  of 
Coal,  Wood,  and  Wax.  Spec.  grav.  0-870. 
A  white,  fusible,  waxlike,  indifferent  substance, 
crystallizable  in  scales  from  its  solution  in 
ether.  Is  inflammable  and  distils  unaltered. 
Chlorine  and  anhydrous  sulphuric  acid  both 
react  upon  it. 

PARAGONITE.  Mm.  The  so-called  talcose 
shite  of  St.  Gotthardt  contains  no  magnesia, 
and  is  not  talcose,  but  approaches  micas  in 
composition. 

PARAMALEIC  ACID.     See  Fumaric  Acid. 

PARAMENISPERMIN.  See  Cocculus  In- 
dicts. 

PARAMIDE.     See  Mellitic  Acid. 

PARAMORPHIA.     See  Opium. 

PARANTHIN.     See  Scapolite. 

PARATARTARIC  ACID.  See  Racemic  Acid. 

PARELLIC  ACID.  Extracted  from  the 
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Lichens  by  ether.  Crystallizes,  and  has  tlm 
composition Cj^HjO,,,  which,  at  212°,  is  changed 
to  CglH,0«. 

r.\i;i;  \sitk.     See  Hornblende. 
PARILLIN.     See  SarsapaRILLA. 
PARIS  BLUE      See  Iron  (Prussiate.) 
PARISITE.      Min.      Cryst.  Hexagonal;  the 

2  x   12-hedron;    cleavage  perfect,  par  all 
end-plane.     H.  =  4-5.    G.  =  4-85,     Brownish 
yellow;  vitreous,  pearly   on  cleavage;   trans 
parent,  translucent.     In  a  tube  it  yields  water 
and  carbonic  acid,  becoming  cinnamon-brown; 
infusible  and  phosphorescent;  with  boras 
a  yellow  glass,  becoming  colorless  mi  pooling; 
difficultly  soluble  in  muriatic  acid  with 
vescence.     A  highly  ingenious,  indirect  as  well 
as  direct,  analysis  leads  to  the  form.  2  QaFe-f- 
RO,  2  HO  -f-  8  (RO,  C02),   in   which    the   first 
110  expresses  CeO,  LnO,  DiO,  and  the  second 
RO  =  the  same  together  with  CaO. 

Local.  The  emerald  mines  of  New  Granada. 
(Bunsen.     Ann.der  Chem.  liii.  147.) 

PAULITE.     See  Augite. 

PEARL  ASH.     See  Potassium. 

PEARL  MICA.     See  Mica. 

PEARL  SINTER.     See  Opal. 

PEARL  SPAR.     See  Bittkuspar. 

PEARLSTONE.  See  Obsidian.  A  variety 
from  Iceland,  called  krablite  by  Forchhainmer, 
has  the  form.  NaO,  2  Si()3  +  Ra08,   1  Si03. 

PEASTONE.     See  Calcareous  Spar. 

PECTIN.  Chem.  Syn.  Vegetable  gelatin. 
Formula  C2SH21024.  The  gelatin  obtained  by 
Braconnot  from  the  juices  of  succulent  fruits. 
According  to  Chodnew,  it  may  be  extracted 
from  potatoes,  carrots,  celery,  and  all  plants 
and  roots  containing  pectose.  The  pectin  from 
different  sources,  however,  is  not  identical,  for 
that  from  persil,  and  which  Bracconnot  called 
apiin,  as  well  as  that  from  gentian,  present 
properties  differing  from  those  of  others.  Ac- 
cording to  Fremy,  pectin  does  not  exist  as  such 
in  young  fruits,  but  is  transformed  from  pectose, 
like  gelatin  from  histose  in  bones.  By  the  action 
of  a  nitrogenous  substance,  pectin  is  further 
modified  into  pectosic  and  pectic  acids,  and  as 
the  fruits  mature,  these  again  are  changed  into 
metapectic  acid. 

Prep.  Grated  pears  are  boiled,  the  juice 
filtered  first  through  linen  and  then  paper ; — 
the  clear  liquid  being  treated  with  absolute 
alcohol,  yields  a  gelatinous  precipitate.  By 
repeated  washings,  first  with  alcohol  and  finally 
with  ether,  and  pressure  after  each  between 
the  hands,  it  becomes  opake  and  fibrous. 

Prop.  Is  generally  transparent,  but,  pre- 
pared as  above,  it  is  opake,  reddish,  readily 
pulverizable  in  water.  The  solution  is  neutral 
to  test  paper,  and  gives  a  gelatinous  precipi- 
tate with  acetate  of  lead,  sulphate  of  copper, 
caustic  potassa,  and  lime,  but  with  most  other 
bases  has  no  reaction.  Dried  at  2o(J°,  it  yields 
8-7  pr.  ct.  of  ash,  consisting  of  lime,  potassa, 
magnesia,  oxide  of  iron,  sulphuric  and  phos- 
phoric acids,  and  chlorine.  The  smallest 
quantity  of  alkali  changes  it  into  pectic  acid. 
According  to  Souberain,  the  pectin  precipitated 
from  the  juice  of  fruits  as  well  as  that  extracted 
from  the  parenchyma,  with  acidulated  water, 
consists  of  a  soluble  (pectin  proper)  and  inso- 
luble portion.  This  latter  becomes  soluble, 
however,  by  the  prolonged  action  of  acidulated 
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water,  which  ultimately  converts  pectin  into 
metupectin,  soluble  in  water  and  insoluble  in 
alcohol,  and  into  parapectic  acid,  soluble  in  wa- 
ter. Water  alone,  but  assisted  by  continued 
heat  transforms  pectin  into  parapectin. 

Pectic  acid.  C28H20O26.  Formed  by  the  ac- 
tion of  alkalies  upon  pectin,  but  exists  also  in 
the  wood  and  bark  of  the  plants.  It  is  color- 
less, inodorous,  and  when  dry  in  transparent 
scales,  insoluble  in  water,  but,  by  prolonged 
ebullition,  becomes  parapectic  and  metapectic 
(<\SA2I)026)  acids.  Its  alkaline  salts  are  solu- 
ble, those  with  other  bases  insoluble.  (Fremy.) 
See  Mucilage  under  Gums. 

PECTOLITE.  Min.  Fibrous.  H.  =  4— 5. 
G.  =  2-69.  Grayish,  pearly;  opake.  Beha- 
vior like  the  zeolites.  Form.  3  (NaO  (KO), 
SiO„)  +  4  (3  CaO,  2  Si03)  -f-  3  HO.  It  occurs 
at  Monte  Baldo  and  Monzoni,  Tyrol. 

PEGANITE.     See  Wavellite. 

PEGANUM  HARMALA.     See  Harmalin. 

PELARGONIC  ACID.  C18H1703,  HO.  Ex- 
ists in  the  Pelargoncum  roseum,  but  is  also  one 
of  the  products  of  the  oxidation  of  Olein  by 
nitric  acid. 

PELIOM.     See  Cordierite. 

PELOKONITE.  Min.  Massive,  bluish  black, 
opake,  with  liver-brown  streak.  H.  =  3.  G. 
=  2-567.  It  is  hydrated  oxide  of  iron,  man- 
ganese, and  copper,  from  Chili. 

PELOPIUM.  Chem.  A  new  metal  found  by 
Hose  in  the  Columbite  of  Bodenmais,  in  Bava- 
ria. It  forms  with  oxygen  an  acid  very  analo- 
gous to  tantalic  acid.  The  chloride  is  yellow 
and  fusible  at  414°.  For  the  original  paper 
see  Chem.  Gaz.  iv.  349. 

PELOSIN.  Chem.  Obtained  by  Wiggers 
from  the  root  of  the  Cissampelos  pareira. 
Formula  C36H21N06.  {Bodeker.)  By  contact 
with  aqueous  vapor  it  becomes  hydrated  and 
insoluble  in  ether.  Forms  salts  with  the  bases. 
The  hydrate,  under  influence  of  air,  light,  and 
moisture,  disengages  ammonia,  changes  to 
yellow,  and  becomes,  by  boiling  in  water 
(PeUatein),  of  the  composition  C42H21NOr 
Bodeker. 

PENNIN.  Min.  Cryst.  Hexagonal,  rhom- 
bic, with  micaceous,  brilliant  cleavage;  thin 
leaves  transparent,  flexible,  not  elastic.  Color 
of  sides  brown ;  by  transmitted  light  emerald 
green,  by  reflected  blackish  green.  It  yields 
water ;  in  the  pincette  exfoliates,  becoming 
yellowish  white,  and  fuses  with  difficulty  on 
"the  edges  to  a  yellowish  white  enamel ;  soluble 
in  muriatic  acid  with  a  green  color,  leaving 
silica.  Form.  3  MgO  (FeO),  Si03  +  A1203, 
2  Si034-  7  (MgO,  HO).  It  occurs  on  the  Pen- 
nine Alps. 

PENTACLASITE.     See  Augite. 

PEPPER,  Chem.  Pharm.  The  berries  of 
the  Piper  rrigrum.  When  deprived  of  the  ex- 
ternal, fleshy  portion  of  the  pericarp  by  mace- 
ration in  water,  subsequent  friction  and  desic- 
cation in  the  sun,  they  become  white  pepper. 
The  constituents  are  soft  resin,  extractive, 
cum,  bassorin,  starch,  alkaline  and  earthy 
inalates  and  tartrates,  woody  fibre,  piperin, 
concrete,  and  volatile  oils.  The  white  pepper 
contains  much  less  piperin  than  the  black. 

Oil.  Very  fluid  and  colorless — obtained  by 
distillation.  Spec.  grav.  0-864 ;  boils  at  333-5°. 
SDec  arav.  of  vapor  4740.  According  to  Du- 
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mas,  it  is  identical  in  composition  with  oil  of 
terpentine.     Its  chlorine  compound  is  liquid. 

Piperin.  C40H20NO8  (Liebig)  and  C34H19N06 
(Regnault).  Forms  tasteless,  inodorous,  rhom- 
boidal  prisms  of  a  straw  color.  Fuses  at  212°, 
dissolves  in  alcohol  and  acetic  acid,  but  is  only 
slightly  soluble  in  water  and  ether.  It  is 
mostly  neutral,  but,  according  to  Varrentrapp 
and  Will,  it  forms  a  compound  with  HC1  acid, 
which  unites  with  bichloride  of  platinum.  Sul- 
phuric acid  colors  it  red. 

Prep.  Poutet's  method  is  to  treat  the  con- 
centrated tincture  of  pepper  with  a  solution  of 
caustic  potassa  of  20°  B.,  then  diluting  with 
water  and  filtering.  The  piperin  remains  upon 
the  filter,  and  requires  to  be  purified  by  solu- 
tion in  and  crystallization  from  alcohol. 

PEPPERMINT.  Chem.  Pharm.  The  aro- 
matic plant  Mentha  piperita,  consists  of  resin, 
bitter  principle,  tannin,  and  volatile  oil. 

Oil.  Is  distilled  from  the  fresh  herb.  In 
dry  seasons,  1|  drachms  are  obtained  from  a 
pound.  It  is  generally  yellow,  inclining  to 
green,  has  a  pungent,  aromatic,  cooling  taste. 
Spec.  grav.  -902  to  -91,  and  boiling  point  365°. 
Its  stearopten  C20H20O2  (  Walter)  is,  according 
to  Dr.  Kane,  isomeric  with  the  liquid  oil.  The 
stearopten  of  the  English  oil  consists  of  C21H20O2. 
Kane. 

Menthen.  C20H18.  The  carbo-hydrogen formed 
by  the  action  of  anhydrous  phosphoric  or  sul- 
phuric acid  upon  the  stearopten ;  with  chlo- 
rine it  yields  chloride  of  menthen,  C20H17C1, 
and  with  nitric  acid  a  compound  of  the  formula 
C14H909. 

PEPSIN.     See  Gastric  Juice. 

PER.  A  prefix,  signifying  the  combination 
of  a  larger  amount  of  one  body  with  another ; 
thus,  peroxide  of  iron  contains  more  oxygen 
than  protoxide.  The  term  is,  however,  defi- 
cient in  precision. 

PERCHA.  See  Gutta  Percha,  and  papers 
by  Kent  (Sittiman's  Journ.  1848)  and  by  Vogel 
(Chem.  Gaz.  vi.  236). 

PERCHLORIC  ACID.     See  Chlorine. 

PERICLASE.  Min.  Cryst.  Regular,  8-he- 
dron,  cleaving  perfectly  into  the  cube.  H.  =  6. 
G.  =  3-75.  Greenish,  vitreous,  translucent. 
Infusible ;  the  powder  is  soluble  in  acids. 
Form.  MgO,  a  small  part  being  replaced  by 
FeO.     Monte  Somma,  Italy. 

PERIDOTE.     See  Chrysolite. 

PERIKLINE.     A  variety  of  Albite 

PERIODIC  ACID.     See  Iodine. 

?KSim }  **-  *  ™»— 

Probably  allied  to  feldspar,  but  containing  too 
much  silica. 

PEROVVSKITE.  Min.  Cryst.  Regular;  cubic 
cleavage.  H.  =  5-5.  G.  =  4-017.  Grayish  to 
iron-black;  metallic-adamantine;  opake;  gray- 
ish white  streak.  Infusible,  and  shows  with 
fluxes  the  presence  of  titanic  acid.  Form.  CaO, 
Ti02.    From  Achmatowsk,  near  Slatoust,  Ural. 

PERSIAN  BERRIES.  Chem.  Tech.  The 
dried  berries  of  the  Rhamnus  infectorius,  much 
used  in  dyeing,  for  the  rich  yellow  color  which 
they  yield.  The  coloring  power  is  due,  accord- 
ing to  Preisser,  to  rhamnin. 

Rhamnin.  A  yellowish  white,  crystalline, 
bitter  powder,  soluble  in  water,  alcohol,  and 
ether.     On  exposure  to  air  it  becomes  yellow  • 


PERSPIRATION. 
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acids  also  turn  it  yellow,  and  alkalies  dark- 
brow  u.  When  Buhjeoted  to  the  action  of  oxidiz- 
ing agents,  it  becomes  rhatnnein. 

A  dark-yellow,  crystalline  pow- 
der, of  acid  reaction  and  forming  orange-yellow 
talis  with  the  bases.  By  exposure  it  darkens  to 
brown,  and  to  this  is  due  the  presence  of  red 
and  brown  matter  in  decoction  of  the  berries. 

PERSPIRATION.  Syn.  Sweat.  The  wa- 
tery fluid  secreted  by  the  sudoriparous  glands, 
and  under  the  influence  of  high  temperature, 
.active  exercise,  or  in  certain  morbid  states  of 
the  system,  elaborated  in  such  quantities  as  to 
form  drops  upon  the  skin.  Anselinino's  ana- 
lysis gives  as  the  composition  of  100  parts  of 
the  solid  residue  of  sweat — 
Substances  insoluble  in  water  and  alcohol, 

chiefly  salts  of  lime 2-0 

Water-extract  and  sulphates 21-0 

Spirit  extract,  with  chlorides  of  sodium  and 

potassium 48-0 

Alcohol  extract,  acetic  acid,  and  acetates 

(lactates) 29-0 

These  figures  must  be  regarded  merely  as 
approximative.  In  1000  parts  of  sweat  there 
are  contained,  according  to  Anselmino: 

Water 995-000     987-500 

Epidermis  and  salts  of  lime..  100  -150 

Water  extract  and  sulphates.  1-050  2-625 
Spirit   extract,    chlorides    of 

sodium  and  potassium 2-400         6-000 

Alcohol  extract,  acetates,  lac- 
tates, and  free  acetic  acid.     1-450         3-625 

From  100  parts  of  dried  residue  of  sweat 
Anselmino  obtained  22-9  of  fixed  salts,  con- 
sisting of  carbonates,  sulphates,  and  phosphates 
of  soda  and  (in  small  quantity)  of  potash,  chlo- 
ride of  sodium,  phosphate  and  carbonate  of 
lime,  and  traces  of  peroxide  of  iron. 

The  peculiar  odor  of  sweat  from  different 
parts  of  the  body  is  dependent  in  a  great  mea- 
sure on  the  secretion  of  the  sebaceous  glands 
in  those  parts :  thus  it  is  well  known  that  the 
sweat  from  the  feet  of  many  persons  has  a  very 
penetrating  odor,  that  the  sweat  from  the  axilla 
gives  off  a  peculiar  ammoniacal  smell,  and  that 
the  sweat  of  the  external  organs  of  generation 
contains  and  smells  faintly  of  butyric  acid. 
Simon's  Chemistry  of  Man,  p.  374. 

PERU  BALSAM.  Chem.  Pharm.  There 
are  two  kinds  of  balsam  of  Peru,  one  solid,  the 
other  liquid,  and  both  products  of  the  same  tree, 
Miroxylum  Peruiferum.  The  first,  said  to  re- 
semble Tolu  balsam,  is  the  natural  balsamic 
juice  in  a  concrete  state ;  the  latter  is  obtained 
by  boiling  the  bark  of  the  tree  in  water. 

Prop.  A  fragrant,  syrupy  liquid,  of  spec, 
grav.  1-14.  Tastes  bitter,  and  when  burned 
emits  an  agreeable  odor.  Is  soluble  in  a  large 
proportion  of  alcohol,  and  contains  slightly  so- 
luble, brown  resin. 

Cinnamic  acid  (Cinnamon),  extractive  acid, 
oil,  or  cinnamein,  CI44H6.O20  (Fremy),  (Cinna- 
mon), and pe rutin,  CI8fl1202,  alight,  colorless, 
oily  fluid.  According  to  Richter,  the  oil  of 
balsam  of  Peru  consists  of  a  liquid  oil  (myrospe- 
riuui),  soluble  in  alcohol  at  167°,  and  giving 
with  potassa  an  acid  different  from  the  cinna- 
mic. and  an  insoluble,  thick  oil,  myroxylin, 
transformed  by  the  alkalies  into  cinnamic  acid 
and  a  resinous  body. 
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PERUVIN.     See  Pi  ai    Bali 

PETALITE.      Min.  crystalline, 

cleaving  into  an  oblique  prism.     11.  =  6  —  8*5. 
(!.  =  '!■['!.     White,  gray;    vitreoi 
pearly  on  cleavage ;   transl 
haves  like  feldspar,  but  if  tlie  powder  be  mixed 
witli  bisulpbate  of  potassa,  it  tinges  the 
red,  from  the  presence  of  litliia  ;  nut  attacked 
by   acids.     Form,   ■)  LiO  (NaO),    I  Si<>3  -f  4 
(A1203,  4  Si03). 

Local.  Stockholm,  Sweden,  and  Bolton, 
Massachusetts.      See  SPODtJMEN. 

PETROLEUM.  Geol.  Chem,  Syn.  Rock  tar; 
Bergtheer;  naphtha;  Steim'il.  A  combustible 
liquid  exuding  from  the  earth  with  spring 
exuding  direct  from  various  format 
frequently  from  the  rock  salt  formations.  It 
is  composed  of  solid  and  liquid  constituents, 
according  to  the  preponderance  of  either  of 
which  it  approaches  the  solid  asphalt,  or  the 
fluid  naphtha.  By  dividing  the  distill 
substances  are  obtained  from  it,  having  differ- 
ent properties,  and  composed  chiefly  of  carbon 
and  hydrogen  in  somewhat  varying  propoi  | 
For  the  solid  portion,  see  Asphalt.  According 
to  Hess,  the  substances  of  different  volatility 
have  the  same  composition,  expressed  by  (II. 
Saussure  and  Dumas  give  the  form.  C3Hr).  Ac- 
cording to  the  fuller  examinations  of  Pelletier 
and  Walter,  fluid  petroleum  or  naphtha  is  a 
solution  of  paraffin  in  various  liquid  carbo- 
hydrogens ;  as  naphtha  C]4II26,  naphten  C1GI{33, 
naphtole  C24H44. 

Uses.  Petroleum  is  mainly  used  to  prepare 
naphtha  by  distillation,  the  residue  being  as 
phalt  or  pitch  naphtha.  The  latter  is  mainly 
employed  as  a  fluid  for  illumination,  as  on  the 
shores  of  the  Caspian  sea,  in  Burmab,  and  in 
a  few  parts  of  the  United  States.  It  dissolves 
resins  by  the  aid  of  heat,  and  is  hence  em- 
ployed for  varnishes.  Caoutchouc  swells,  but 
dissolves  to  a  very  limited  extent  in  it  (.J,,  in 
the  cold,  more  by  heat.)  Refer  to  Bitumen  for 
allied  substances. 

PETROSILEX.     See  Obsidian. 

PETUNTSE.  One  of  the  materials  employed 
by  the  Chinese  in  making  porcelain.  It  is  pro- 
bably ground  and  washed  feldspar. 

PETROLEN.  A  liquid,  volatile  oil,  C20H16, 
contained  with  asphalten,  C20II16O3,  and  resin 
in  Aspiialtum. 

PEUCEDANIN.     C4H20.     Extracted  by  al- 
cohol from  the  root  of  the  Peucedanum  ojfi 
Is  neutral,  and  crystallizes  in  white  prisms, 
soluble  in  alcohol  and  ether,  but  insoluble  in 
water. 

PEUCYL.       )  G      _  _ 

PEUCYLEN   i         Terpentine  Oil. 

PEWTER.  See  Alloy,  p.  121.  If  its  spec, 
grav.  exceeds  7-764,  it  contains  too  much  lead, 
and  is  therefore  unsafe  for  domestic  utensils. 

PILEORETIN.     Chem.     See  Rhubarb. 

PHAKOLITE.  Min.  Sec  Cuabazite,  with 
which  it  has  been  classed;  but  Rammelsberg's 
analysis  leads  to  the  form.  2  (110,  Si03)  -f 
2  A1203,  3  Si03+  10  HO,  which  may  be  viewed 
as  chabazite  with  a  mesolite,  less  1  equiv.  HO. 

?HARMAKANHYDRITE.  Mm.  Haidin- 
gerite.  Cryst.  Right  rhombic,  prismatic,  with 
a  perfect  cleavage.  II.  =  1-5  —  2-5.  Q.  = 
2-848.  White,  vitreous;  transparent,  trans- 
lucent;   sectile.      Behavior   and    formula   the 


PHARMAKOLITE. 


PHOSPHORESCENCE. 


same  as  pharmakolite,  less  water ;  2  CaO,  AsO, 
+  4  HO. 

PHARMAKOLITE.  Mm.  Cryst.  Oblique 
rhombic,  prismatic,  with  a  perfect  cleavage ; 
usually  fibrous.  H.  =  2  —  2-5.  G.  =  2-G4 
—  2-73.  White,  often  pink  from  arseniate  of 
cobalt ;  vitreous  ;  translucent ;  opake ;  frac- 
ture uneven.  It  yields  much  water ;  fuses  in 
the  pincette  and  outer  flume  to  a  white  enamel ; 
gives  arsenical  vapors  on  coal,  and  fuses  to  a 
translucent  bead ;  soluble  in  acids.  Form. 
2  CaO,  As05  -f  G  HO.  Usually  associated  with 
arsenical  cobalt.     See  Pharmaoariiydrite. 

PHARMAKOSIDERTTE.     See  Cube-ore. 

PHENAKITE.  ffin.  Cryst.  Hexagonal, 
rhombic.  H.  =  8.  G.  =  2-909.  Colorless, 
yellowish,    wine-red ;    -vitreous ;    transparent, 


opake ;  fracture  conchoidal.  Infusible ;  dis- 
solves in  the  fluxes  without  color;  fuses  with 
a  little  soda  to  white  bead,  with  more  soda 
merely  swells  up,  and  is  infusible.  Form. 
3  GO,  Si03  (or  G203,  Si03.  Berz.)  From 
Peru,  and  lately  found  near  Miask. 

PHENE.  Syn.  Benzene,  Benzole.  See  also 
Phenyl. 

PHENICIN.     See  Indigo  purple. 

PHENYL.  Chem.  A  hypothetic  radical. 
The  series  to  which  it  belongs  resembles  those 
of  indigo  and  salicyl  by  its  behavior  to  nitric 
acid,  and  by  other  reactions.  The  annexed 
table  by  Laurent  presents  his  views  as  to  the 
series  of  its  compounds,  the  nucleus  being 
a  carbo-hydrogen,  C12H6,  which  he  terms 
pkene.- 

H.  =  C!2H6 


Pkene  (Benzole) C12H5 

Phenyl  (unknown) C12H5 

Oxide  of  Phenyl  (unknown) C12H5,  0 

Hydrated  Oxide  of  Phenyl  (Carbolic  Acid) CI2H50,  HO 

Chlorophenesic  acid C12  I  }?  lo, 

Chlorophenisic  acid  (Chlorindoptenic  acid) CI2  ■<  c?  j-0, 

Chlorophenusic  acid  (Chlorinised  Chlorindoptenic  acid) C12C150,  HO 

Bromophenisic  acid C,„ 

Nitrophenesic  acid C,2 


HO 


HO 


HO 


Nitrophenisic  acid  (Nitropicric  acid)  C, 

Phenylamide  (Anilin,  Amaphenas) C,„H 


{ft.}* 

{JfcoJ  o,ho 
{fyn  jo,  ho 


N04 

Ad  =  C12H7N 
Sulphophenic  acid ] C^HjO,  HO  +  2  S03 


PHILLIPSITE.  See  Harmotojie,  Lime. 
PHILLYRIN.  A  vegetable  principle  ex- 
tracted by  Carbonieri  from  the  bark  of  the 
Phillyrea  media  and  latifolia.  Crystallizes  in 
silvery  scales,  leaving  a  bitter  after-taste. 
Dissolves  in  boiling  water  and  hot  alcohol,  but 
is  almost  insoluble  in  ether.  Sulphuric  and 
nitric  acids  decompose  it. 
PHLOGISTON.  See  Defhlogisticated. 
PHLORIDZIN.  Chem.  C24H16014.  Ex- 
tracted by  boiling  80  pr.  ct.  alcohol  from  the 
fresh  bark  of  the  apple,  plum,  cherry,  and  pear 
tree.  (Koninck.)  Crystallizes  in  four-sided, 
silkj'  prisms,  of  a  bitter,  astringent  taste,  solu- 
ble in  boiling  water  and  alcohol,  insoluble  in 
ether,  and  nearly  so  in  cold  water.  Spec.  grav. 
1-4298.  It  loses  water  at  212°,  melts  at  320°, 
and  decomposes  at  384°.  Dilute  sulphuric  acid 
changes  it  into  grape  sugar  and  phlorclin. 
When  moistened  with  ammonia  and  exposed  to 
the  air,  oxygen  and  ammonia  are  absorbed,  a 
blue  color  is  acquired,  and  in  the  ammoniacal 
solution,  upon  the  addition  of  acids,  yields  a 
red  powder,  phloridzein.  Between  phloridzin 
and  salicin  there  is  a  strong  analogy. 

Phloreiin.  C30H15G10.  (Stass.)  012H604. 
(Gerhardl.)  Crystallizes  in  white  plates,  of  a 
sweet  taste,  very  slightly  soluble  in  water  and 
anhydrous  ether,  but  -very  soluble  in  alcohol, 
wood-spirit,  and  boiling  acetic  acid.  Melts  at 
356°,  and  decomposes.  The  concentrated  acids 
dissolve  it  without  alteration ;  alkaline  solu- 
tions generate  new  compounds. 

Phloridzein.  C42H29026N2  (?).  Its  ammo- 
niacal solution  gives  a  purple  mass,  copper- 
colored  on  the  surface.  Remains  unaltered  on 
exposure,  and  forms  a  splendid  blue  solution 


with  water,  which  is  destroyed  by  sulphuretted 
hydrogen,  but  restored  again  by  the  absorption 
of  oxygen. 

PHLORETIN.     See  Phloridzin. 

PHOCENIC  ACID.  Chem.  Syn.  Delphinic 
acid.  The  volatile  acid  of  whale  oils,  and  found 
also  in  the  berries  of  the  Viburnum  opulus. 
Recent  researches  have  shown  it  to  be  Vale- 
rianic acid. 

PHOLERITE.  Min.  The  form,  is  A1203, 
Si03  +  2  HO.     See  Halloysite. 

PHONOLITE.  Geol.  Clinkstone.  A  com- 
pact rock  of  the  Trappean  series,  composed  of 
a  feldspar  and  a  zeolite  in  variable  proportion, 
the  feldspar  containing  both  potassa  and  soda. 

PHOSGENE.     See  Carbon. 

PHOSPHORESCENCE.  Chem.  A  lumi- 
nosity produced  by  certain  animals,  plants, 
and  minerals.  It  appears  that  animals  emit  a 
peculiar,  generally  a  liquid,  and  probably  com- 
bustible substance,  which  oxidizing  in  the  at- 
mosphere or  the  air  of  water,  emits  light,  and 
probably  heat.  Some  plants  emit  a  sudden, 
others  a  continuous  light ;  thus  the  leaves  of 
the  Phytolacca  decandra  (Poke)  has  been  ob- 
served, in  September,  to  shine  with  a  colored 
light,  until  midnight.  Light  is  also  emitted 
during  the  decay  of  animal  and  vegetable  sub- 
stances, probably  due  in  many  cases  to  the 
low  combustion  of  this  kind  of  fermentation. 
Light  is  also  emitted  by  the  sudden  compres- 
sion of  gases  and  liquids,  by  the  friction  or 
pulverization  of  barytes,  fluor-spar,  dolomite, 
milk-quartz,  loaf-sugar,  and  numerous  natural 
and  artificial  substances.  Rock-crystal,  tremo- 
lite,  spodumen,  and  many  mineral  substances 
emit  light,   sometimes  colored,  when   heated 

827 


PHOSPHOROCALCITE. 


PHOSPHORUS 


In  the  case  of  some  metals,  organic  bodies,  &c, 
it  may  be  ascribed  to  low  combustion.  Bald- 
win's, Canton's,  and  Romberg's  Phosphorus 
(see  these  Arts.),  the  diamond,  chlorophane, 
paper,  and  man}'  other  bodies,  both  simple  and 
compound,  do  not  shine  unless  previously  ex- 
posed to  the  sun's  rays,  or  to  a  strong  light. 

A  large  mass  of  facts  has  been  collected  in 
reference  to  phosphorescence,  but  we  are  still 
destitute  of  generalizations.  Doubtless  many 
cases  may  be  attributed  to  low  combustion, 
where  more  light  in  proportion  to  heat  is  emitted 
than  in  the  case  of  ordinary  combustion.  In 
other  cases  it  is  probably  due  to  electric  phe- 
nomena. But  there  are  many  facts  which  are 
at  present  inexplicable ;  thus,  some  minerals, 
already  oxidized,  emit  light  when  heated,  with- 
out having  suffered  alteration  of  bulk. 

PHOSPHOROCALCITE.  Mm.  Oblique 
rhombic ;  also  reniform,  massive,  subfibrous. 
II.  =4-5  —  5.  G.  =  4-205.  Emerald,  verdi- 
gris or  dark  green,  with  a  paler  streak ;  ada- 
mantine;  translucent,  subtranslucent ;  brittle 
with  small  conchoidal  or  uneven  fracture.  It 
colors  flame  slightly  green,  and  if  moistened 
with  muriatic  acid,  blue  ;  fuses  to  a  black  bead 
containing  copper,  and  fused  with  lead  gives 
a  copper  globule ;  soluble  in  nitric  acid  and 
ammonia.  Form.  3  CuO,  P05  +  3  (CuO,  HO), 
in  which  it  corresponds  to  Aphanesite,  which 
has  the  form.  8  CuO,  As06  +  (3  CuO,  HO).  It 
occurs  at  Rheinbreitenbach,  on  the  Rhine,  and 
at  Liebethen,  Hungary. 

PHOSPHORUS.  Chem.  Discovered  by  Brandt 
in  1669.  Phosphoric  acid  was  discovered  and 
obtained  from  bones  about  a  century  later. 
The  properties  of  most  of  its  compounds  were 
developed  towards  the  close  of  the  last,  and  be- 
ginning of  the  present  century.  It  occurs  in 
apatite  and  other  minerals,  in  rocks  of  all  ages ; 
is  an  important  constituent  in  plants,  and  passes 
from  them  into  the  animal  system,  in  which  it 
occurs  in  a  more  condensed  form ;  in  almost 
all  cases  it  occurs  as  phosphoric  acid. 

Prep.  Generally  from  bones.  3  pts.  bone- 
ash,  2  pts.  oil  of  vitriol,  and  16  pts.  water  are 
digested  in  a  lead  vessel,  the  liquid  strained  to 
free  it  from  sulphate  of  lime,  &c,  evaporated 
to  a  syrup,  mixed  to  a  paste  with  \  pt.  char- 
coal powder,  heated  to  ignition  in  an  iron  ves- 
sel, under  constant  stirring,  and  put  rapidly 
into  a  retort.  The  retort  is  earthen  or  stone- 
ware ;  a  copper  tube  passes  from  the  beak  into 
a  flask  with  two  openings,  where  it  dips  slightly 
under  water.  The  heat  is  gradually  increased 
to  whiteness,  whereby  the  phosphoric  acid  and 
charcoal  are  mainly  resolved  into  phosphorus 
and  carbonic  oxide,  the  former  of  which  con- 
denses under  the  water,  and  the  latter  escapes 
(together  with  some  phosphorus  and  phospho- 
hydrogen)  through  a  tube  in  the  second  open- 
ing of  the  flask. 

Other  proportions  of  materials  are  also  em- 
ployed, as  10  pts.  bone-ash  and  9  pts.  oil  of 
vitriol ;  1  pt.  bone-ash  and  1  pt.  oil  of  vitriol. 
Wohler  mixed  2  pts.  bone-black  with  1  pt.  fine 
quartz  sand,  and  distilled  in  the  same  way ; 
the  phosphoric  acid  being  set  free  by  the  silica, 
which  forms  a  silicate  of  lime,  and  being  de- 
composed by  the  charcoal  of  the  black.  Phos- 
phate of  lead,  prepared  from  bones,  also  yields 
phosphorus  by  distillation. 
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The  drops  and  lumps  of  phosphorus  arc 
melted  under  water,  and  pressed  under  the 
same  through  buckskin,  or  redistilled  al  a  l.iw 
temperature.     If  it  then  contain  arsenic,  from 

the  oil  of  vitriol  employed,  it  may  be  removed 
by  digestion  with  dilute  nitric  acid,  until  \  or 
\  of  the  phosphorus  remains,  which  is  pure. 
A  simpler  plan  is  to  fill  a  slightly  conical  tube 
with  cut  pieces  of  phosphorus,  to  pour  water 
on  it,  and  place  it  in  a  vessel  of  boiling  water. 
It  fuses,  the  impurities  flow  out,  and  alter  cool- 
ing the  phosphorus  is  removed  in  the  form  of 
a  round  stick.  To  remove  a  red  color,  it  may 
be  melted  under  caustic  ammonia,  and  then 
under  spirit  of  wine. 

Prop.  When  pure,  it  is  colorless  and  trans- 
parent, but  usually  appears  yellowish  and 
translucent;  soft  like  wax  when  warm,  brittle 
when  cold.  It  crystallizes  in  regular  8  and 
12-hedra;  they  maybe  obtained  by  dissolving  it 
in  boiling  naphtha  to  saturation,  or  in  hot  chlo- 
ride of  phosphorus,  and  letting  the  solution 
cool;  or  by  fusing  sulphur  with  more  than 
twice  its  weight  of  phosphorus,  under  water, 
and  letting  it  cool ;  in  all  these  cases  a  portion 
of  phosphorus  separates  in  crystals  on  cooling. 
Spec.  grav.  about  2-0;  fuses  between  130°  and 
115°,  forming  a  clear,  oily  liquid,  which,  when 
slowly  cooled,  remains  fluid  even  to  39°.  When 
heated  in  a  non-oxygenous  atmosphere,  it 
fumes  at  217°,  and  boils  at  554°;  spec.  grav. 
of  vapor  4335  to  4580,  by  direct  experiment. 

It  is  luminous  in  the  dark  at  common  tem- 
peratures, and  by  daylight  appears  surrounded 
by  a  light  cloud ;  but  although  it  partially  ox- 
idizes in  this  case,  yet  the  luminosity  is  not 
due  to  oxidation,  at  least  not  to  oxidation 
alone,  for  it  is  also  luminous,  and  gives  off  a 
light  vapor  in  nitrogen  and  hydrogen  gases. 

It  seems  to  enter  into  several  allotropic  con- 
ditions. When  kept  under  water,  it  becomes 
covered  with  a  white  film,  which  increases 
slowly  until  the  whole  mass  is  thus  trans- 
formed. It  is  a  white,  spongy  mass  of  phos- 
phorus alone,  fusible  at  109°,  and  not  com- 
bined with  water  or  oxygen.  When  phosphorus 
is  fused  under  a  solution  of  potassa  in  spirit 
of  wine  (of  70 — 80  pr.  ct.),  it  forms  a  clear 
liquid,  which  remains  long  after  the  solution 
has  cooled ;  but  if  the  latter  be  poured  off  and 
ice-water  be  then  thrown  on,  it  forms  a  snow- 
white  mass,  that  crumbles  between  the  fingers 
under  water.  When  fused  phosphorus  is  poured 
into  ice-water  it  becomes  black,  but  returns  to 
its  usual  state  by  fusion.  Phosphorus  is  red- 
dened by  sunlight  and  the  violet  ray,  in  vacuo, 
nitrogen,  hydrogen,  carburetted  hydrogen,  un- 
der water,  spirit,  &c,  sometimes  forming  an 
oxide,  and  sometimes  not.  Schroetter  has 
confirmed  Berzelius's  supposition,  that  there  is 
a  red  modification  of  phosphorus.  He  heated 
well-dried  phosphorus  in  an  inert  gas  to  464° 
— 482°  for  40  and  60  hours,  when  the  greater 
part  becomes  carmine-red,  from  which  common 
phosphorus  may  be  dissolved  out  by  sulphuret 
of  carbon.  It  is  not  altered  in  the  air,  not 
luminous  in  the  dark  ;  must  be  heated  to  490° 
before  it  inflames,  and  to  44ti°  before  it  com- 
bines with  sulphur.  It  is  insoluble  in  ether, 
alcohol,  naphtha,  and  chloride  of  phosphorus, 
sparingly  in  spts.  terpentine  by  the  aid  of  heat 
A  boiling  solution  of  potassa  disengages  non- 
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inflammable  phosphohydrogen,  while  the  rest  of 
the  phosphorus  is  changed  to  the  black  variety. 
Phosphorus  has  a  powerful  affinity  for  oxygen, 
attracting  it  slowly  at  ordinai-y  temperatures, 
and  even  below  32° ;  and  when  the  heat  is 
slightly  elevated,  it  burns  with  a  brilliant 
white  flame,  emitting  copious,  dense  fumes  of 
phosphoric  acid.  It  is  therefore  dangerous  to 
handle  it,  except  under  water,  where  it  is 
usually  kept,  and  in  which  it  is  cut  into  pieces 
of  required  size. 

Sym.  P.  Eq.  =  31  -4  (P  =  31  -363,  H.  =  1 ; 
or  392-041,  0.  =100,  Berz.). 

Phosphorus  is  employed  in  considerable  quan- 
tity in  the  manufacture  of  matches.  It  is 
finely  divided,  by  fusion,  under  mucilage  or 
gum,  &c,  with  stirring,  mixed  with  earthy 
matters,  clay,  chalk,  litharge,  &c,  to  a  paste, 
which  becomes  almost  solid  on  cooling.  The 
match-sticks  thrown  on  a  board,  fill  grooves  in 
it  singly,  and  being  pressed  by  another  board, 
are  simply  adjusted  to  the  same  length  project- 
ing beyond  the  boards.  They  are  then  dipped 
into  the  paste,  and  the  board  laid  on  a  shelf  to 
dry.  Some  matches,  Golsh's,  contain  mixed 
peroxide  and  nitrate  of  lead  (made  by  the  ac- 
tion of  nitric  acid  on  red  lead),  others  a  small 
amount  of  chlorate  of  potassa,  &c.  ;  and  as 
these  substances  yield  some  oxygen,  their  com- 
bustion is  more  ready  and  vivid  than  that  of 
others.  The  match-wood  is  previously  tipped 
with  sulphur,  or  imbued  with  terpentine  or 
other  combustible.  A  water-proof  match  may 
be  made  by  imbuing  the  wood  with  terpentine, 
&c,  and  melting  the  phosphorus  under  a  thick 
solution  of  rosin,  shell-lac  or  other  resins,  in 
alcohol,  and  adding  a  little  peroxide  of  lead, 
to  assist  combustion. 

1.  Compounds  with  Oxygen.  A  red  oxide  is 
fdtined  by  the  action  of  colorless  or  violet  light. 
A  piece  of  phosphorus  fumes  in  the  air,  form- 
ing phosphorous  acid ;  and  although  a  small 
amount  of  heat  is  perceived  during  this  oxida- 
tion, if  several  pieces  be  laid  together,  their 
joint  heat  mutually  communicated,  elevates  the 
temperature  so  that  it  inflames.  Inflammation 
produces  the  phosphoric  acid.  It  may  be  in- 
flamed at  much  lower  temperatures  in  rarify- 
ing  air,  under  the  glass  of  an  air-pump,  if  laid 
on  cotton  or  strewed  with  powdered  charcoal, 
sulphur,  rosin,  chalk,  &c.  Bache  observed  that 
the  part  on  which  these  powders  are  laid  rises 
in  temperature,  even  to  fusion  of  the  phos- 
phorus under  the  common  pressure  of  the  air, 
and  that  when  placed  under  the  air-pump  and 
the  air  is  rarified,  it  more  rapidly  bursts  into 
a  flame.  The  probable  cause  of  this  phenomena 
is,  that  these  porous  powders  contain  a  portion 
of  air  condensed  in  them,  which  hastens  the 
slow  oxidation  into  the  rapid  by  incipient  fu- 
sion, and  that  it  takes  place  more  rapidly  in 
rarifying  air,  because  the  condensed  air  is 
escaping  in  contact  with  the  same  points  on 
the  surface  of  the  phosphorus,  thereby  bring- 
ing more  oxygen  in  contact  with  it  in  a  given 
time.  Hence  charcoal,  which  condenses  the 
largest  amount  of  air,  was  found  to  produce 
ignition  most  readily.     J-  C.  B. 

Oxide  of  Phosphorus.  P20.  A  portion  of  red 
oxide  is  always  formed  when  phosphorus  is 
burned  in  the  air,  or  when  oxygen  is  passed 
into  phosphorus  fused  under  water.     The  best 


method  of  making  another  modification  of  it 
is  Leverrier's,  in  which  a  little  terchloride  of 
phosphorus  is  introduced  into  a  glass  flask  with 
a  narrow  neck,  then  pieces  of  well-dried  phos- 
phorus, and  lastly  terchloride  enough  to  cover 
the  phosphorus.  After  24  hours'  exposure  to 
the  air,  there  is  formed  a  thick  white  crust  of 
phosphatic  acid,  under  which  is  a  yellow  layer 
of  phosphate  of  oxide  of  phosphorus.  The 
chloride  being  poured  off,  the  pieces  containing 
the  yellow  compound  are  thrown  singly  into 
cold  water,  to  avoid  heating,  and  there  is 
formed  a  yellow  solution,  which  is  poured  off 
from  the  phosphorus  and  heated  to  176°,  when 
phosphoric  acid  goes  into  solution,  and  yellow 
hydrated  oxide  of  phosphorus  precipitates. 
The  latter  is  rapidly  washed  with  warm  water 
on  a  filter,  washed  into  a  porcelain  dish,  still 
moist,  and  dried  in  vacuo  over  oil  of  vitriol, 
when  it  loses  its  water.  It  is  a  yellow  or 
orange  powder,  inodorous  and  tasteless  in  dry 
air,  oxidizing  in  moist  air,  and  giving  off  phos- 
phuretted  hydrogen ;  gives  with  alkaline  solu- 
tions phosphate  of  alkali  and  phosphohydro- 
gen; may  be  heated  to  570°  in  dry  air,  and 
takes  fire  at  the  boiling  point  of  phosphorus ; 
slightly  soluble  in  water,  the  solution  blacken- 
ing salts  of  copper.  It  is  soluble  in  alkali, 
which  the  red  modification  is  not.  The  form, 
of  the  phosphate  of  the  oxide  of  phosphorus 
is  P20  -f  P05. 

IL/pophosphorous  Acid.  PO.  Phosphorus  is 
boiled  with  barytic  water  until  it  disappears 
and  the  vapors  have  no  longer  a  garlicky  odor, 
filtered,  the  baryta  wholly  removed  from  the 
filtrate  by  sulphuric  acid,  the  clear  filtrate 
shaken  for  a  short  time  with  some  excess  of 
oxide  of  lead,  filtered  again,  and  the  lead 
thrown  down  from  the  filtrate  by  sulphohydro- 
gen.  This  last  filtrate  yields,  by  evaporation, 
a  thick  liquid  of  the  hypophosphorous  acid, 
which  by  heat  is  resolved  into  noninflammable 
phosphohydrogen  and  phosphoric  acid,  2PO-f- 
3  HO  =  PO.  +  PH3.  The  hypophosphites  are 
made  direct  from  the  acid,  or  by  boiling  phos- 
phorus with  the  alkaline  bodies ;  they  are 
soluble  and  crystallizable,  decompose  by  heat 
similarly  to  the   acid,   and   have   the   formula 

2  (MO,  PO)  +  3  HO.  Their  solutions  do  not 
precipitate  barytic  or  lime-water. 

Phosphorous  Acid.  P03.  Bend  one  end  of  a 
glass  tube  (of  £  inch  diameter  and  10  inches 
length)  at  an  obtuse  angle,  and  draw  out  this 
end  to  a  point  with  a  fine  opening.  Lay  a 
piece  of  phosphorus  in  the  small  leg,  and  heat 
it  to  inflammation.  It  burns  with  a  greenish, 
somewhat  luminous  flame,  and  deposits  white 
flocks  of  phosphorous  acid  in  the  upright,  longer 
leg  of  the  tube.  By  attracting  water  in  the 
air,  it  burns  to  phosphoric  acid.  The  hydrated 
acid  is  formed  by  dissolving  terchloride  of 
phosphorus  in  water,  PC13  -f-  3  HO  =  P03  -f- 

3  HC1,  and  distilling  in  a  retort  to  rid  it  of  the 
generated  muriatic  acid.  By  evaporation  to  a 
thin  syrup,  it  crystallizes.  It  is  a  feeble  acid, 
uniting  with  2  and  1  equiv.  base  to  1  of  acid. 
The  salts  cannot  be  dried,  as  heat  decomposes 
the  water  present,  and  evolves  hydrosren :  thus 
the  barytic  salt,  2  BaO,  P03  -f  2' HO  =  2  BaO, 
P05+H2.  They  do  not  oxidize  in  the  air; 
they  precipitate  copper  from  the  chloride  by 
boiling;  in  the  cold,  calomel  from  the  chloride 
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of  mercury,  silver  and  gold  from  the  nitrate 
and  chloride  respectively.  The  acid  and  its 
soluble  salts  precipitate  barytic  and  lime-water, 
and  salts  of  these  and  other  oxides  ;  but  not  a 
dilute  solution  of  magnesia,  contain!] 
ammoniac  and  ammonia. 

Pelletier'a  phosphatic  acid,  made  by  the 
slow  combustion  of  phosphorus  in  moist  air, 
is  intermediate  between  phosphoric  and  phos- 
phorous acids,  and  may  be,  as  Lcvenier  sug- 
gest*, a  phosphate  of  oxide  of  phosphorus. 

phoric  Acid.  P05.  The  most  important 
acid  of  phosphorus,  occurring  in  some  quantity 
in  minerals,  plants,  and  animals.  It  is  formed 
b}r  heating  phosphorus  or  any  of  its  oxides  in 
the  air,  by  oxidizing  by  nitric  acid,  or  by  ex- 
traction from  bones.  It  presents  three  modi- 
fications of  differing  properties :  metaphos- 
phoric,  or  "  phosphoric  acid  ;  pyro-  or  para- 
phosphoric,  6  phosphoric  acid  ;  and  common 
phosphoric,  or  c  phosphoric  acid. 

"  phosphoric  Acid,  Metaphosphoric.  Formed 
by  igniting  phosphorus  in  the  air.  A  small  tin 
dish,  containing  a  piece  of  dry  phosphorus,  is 
placed  in  the  middle  of  a  porcelain  plate  and 
inflamed,  and  a  large  bell-glass  immediately 
inverted  over  it.  The  dense  white  fumes  of 
acid  condense  on  the  plate  and  glass,  and  may 
be  increased  by  successively  burning  pieces  of 
phosphorus  in  the  same  dish.  It  is  inodorous, 
very  acid,  but  not  caustic ;  fusible  at  a  red 
heat,  and  volatile  below  a  white  heat. 

The  hydrated  acid,  form.  HO,  "  P05,  may 
be  obtained  by  evaporating  the  solution  of 
either  of  the  other  phosphoric  acids,  until 
they  lose  no  more  weight ;  or  by  exposing  the 
preceding  anhydrous  acid  to  the  air,  and  dis- 
solving in  water.  It  precipitates  chlorides  of 
barium  and  calcium,  and  nitrate  of  silver,  and 
albumen  white.  By  standing  several  days, 
more  rapidly  by  boiling,  it  passes  into  common 
phosphoric  acid. 

6  Phosphoric  Acid.  Pyro-  or  paraphosphoric. 
Form.  2  IIO,  6PO-.  Its  solution  is  obtained 
by  precipitating  pyrophosphate  of  soda  by 
acetate  of  lead,  and  decomposing  the  filtered 
off  phosphate  of  lead  by  sulphohydrogen. 
The  solution  may  be  evaporated  until  its  tem- 
perature is  415°.  Its  solution  throws  down 
silver-salts,  white  and  earthy,  but  does  not 
precipitate  chlorides  of  barium,  or  calcium,  or 
albumen  ;  it  remains  unaltered  for  a  long  time, 
but  by  heat  passes  readily  into  the  common 
acid. 

c  Phosphoric  Acid.  Common  phosphoric  acid. 
Form.  3  HO,  CP06.  Prep.  1.  By  boiling  solu- 
tions of  the  preceding.  2.  Oxidation  of  phos- 
phorus by  nitric  acid  of  1-1 — 1-2,  forming  a 
mixture  of  phosphorus  and  phosphoric  acids, 
which  is  evaporated  with  the  addition  of  por- 
tions of  nitric  acid,  until  red  fumes  cease  to 
be  formed,  and  final  evaporation  to  remove  the 
last  portions  of  nitric  acid.  If  "  phosphoric 
acid  should  be  formed  by  too  strong  evapora- 
tion, it  may  be  dissolved  and  changed  to  CP05 
by  boiling.  3.  Digest  100  pts.  bone-ash  (or 
bones  burned  and  crushed)  with  96  pts.  oil  of 
vitriol,  diluted  with  10  to  15  times  its  weight 
of  water,  in  porcelain,  stone,  or  lead,  for  one 
or  more  days,  and  heat  at  last  to  boiling. 
Strain  through  linen,  to  separate  sulphate  of 
lime ;  evaporate,  and  after  cooling  again  strain, 
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to  remove  more  of  the  salt.     The  i 
may  be   purified   by   adding   ammonia, 

down  phosphate  of  lime  and  phospham- 
monia-magnesia,    evaporating    the   lilti  ,■ 

dryness,  and  heating  to  fusion,  to  decompose 
the  phosphate  of  ammonia.  Or  it  is  purified 
by  adding  alcohol  before,  or  still 
evaporation  to  a  syrup,  filtering  from  sulphate 
and  phosphate  of  lime  and  magnesia,  and  dis- 
tilling the  filtrate  to  regain  alcohol.  I.  Dis- 
solve bone-ash  in  the  smallest  amount  of  nitric 
acid,  mix  and  digest  the  hot  solution  with  a 
slight  excess  of  acetate  of  lead,  wash  the  pre- 
cipitated phosphate  of  lead  thoroughly  with 
hot  water  on  a  filter,  dry,  and  gently  ignite  it 
to  decompose  organic  matter  ; 
pts.  of  this  salt  with  33-25  pts.  oil  of  vitriol 
and  400  pts.  water,  filter,  evaporate,  expel 
sulphuric  acid  by  ignition  in  platinum,  dis- 
solve the  residue  in  water,  and  precipital 
by  sulphohydrogen. 

Prop.  It  may  be  evaporated  to  a  syrup,  but 
further  evaporated  becomes  a  P05.  100  ; 
spec.  grav.  1*85,  contain  50  pts.  acid;  of  ]ii, 
40  pts. ;  of  1-39,  30  pts.;  of  1-23,  20  pts. ;  of 
1-1,  10  pts.  acid.  It  gives  a  white  precipitate 
in  baryta,  strontia,  and  lime-waters,  and  in 
acetate  of  lead;  none  in  chlorides  of  barium 
or  strontium,  or  in  albumen  ;  and  with  nitrate 
of  silver,  with  the  addition  of  ammonia,  a  yel- 
low precipitate.  It  is  a  moderately  strong 
acid,  and  being  rather  fixed,  expels  strong 
acids  by  heat. 

Sails.  The  alkaline  are  soluble,  the  rest 
generally  insoluble  in  water;  all  are  soluble 
in  nitric,  and  most  of  them  in  muriatic  acid. 
They  are  very  fixed  in  the  fire,  if  the  base  be 
so,  and  mostly  fuse  to  a  glass  or  enamel.  They 
are  all  decomposed  by  sulphuric  acid  in  the 
wet  way,  and  boiling  potassa  extracts  more  or 
less  of  the  acid  from  most  of  them ;  in  the  dry 
way,  they  are  decomposed  by  potassium  and 
by  charcoal,  except  those  of  the  alkaline  bo- 
dies, which  require  silica  with  charcoal  for 
their  decomposition. 

Common,  or  'Phosphates.  They  are  formed 
direct  from  the  liquid  acid,  or  by  fusing  1  eq. 
of  any  phosphoric  acid  with  3  eq.  of  base,  or 
by  precipitation  with  common  phosphate  of 
soda.  The  c  P03  forms  neutral,  acid,  and  basic 
salts.  The  neutral  have  the  form.  2  MO, 
HO,  « P03,  the  acid  MO,  2  IIO,  '  P05,  and  the 
basic  3  MO,  cPO..  The  basic  have  a  strong, 
and  the  neutral  a  feeble  alkaline  reaction,  and 
the    acid    are    distinctly   acid.       By   expelling 

1  HO  from  the  neutral,  they  become  pyrophos- 
phates, and  2  HO  from  the  acid  salts,  they 
become  metaphosphates.  The  insoluble  salts 
are  soluble  in  nitric  acid,  most  of  them  in  acetic 
acid ;  slightly  soluble  in  ammoniacal  salts,  re- 
precipitable  by  ammonia. 

6  Phosphates  are  formed  direct  from  the 
liquid  6acid,  or  by  igniting  1  equiv.  acid  with 

2  equivs.  base,  or  by  precipitating  a  solution  of 
the  acid  or  its  soluble  salts.  The  neutral  salts 
are  2  MO,  *P05,  and  the  acid  MO.  IIO,  <>P06. 

"Phosphates  are  obtained  direct  from  the 
liquid  "acid,  or  by  igniting  the  arid  ""phos- 
phates, or  by  precipitation.     Form.   Mo,  «  PO.. 

The  analytic  determination  of  phosphoric 
acid  is  attended  with  many  and  great  difficulties 
which  have  not  been  overcome,  in  spite  of  num- 
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bci'less  experiments  made  by  chemists  to  effect 
this  object.  And  yet  the  important  part  it 
evidently  performs  in  the  animal  and  vegetable 
economy,  demands  a  perfect  method  of  deter- 
mination. See  a  critique  by  il.  Rose,  on  the 
methods  adopted,  in  Chan.  Gaz.  vi.  177. 

2.  Hydrogen.  a.  Phosphuretted  Hydrogen. 
These  two  bodies  do  not  unite  directly,  but 
when  nascent  hydrogen  comes  in  contact  with 
phosphorus,  the  gas  is  produced.  It  exhibits 
two  modifications,  one  spontaneously  inflam- 
mable in  the  air,  the  other  inflaming  with  more 
difficulty.  1.  The  inflammable  variety  is  ob- 
tained by  the  action  of  water  on  the  alkaline 
phosphurets,  most  conveniently  by  very  dilate 
muriatic  acid  on  phosphuret  of  calcium;  but 
the  gas  always  contains  free  hydrogen.  2.  By 
heating  phosphorus  in  strong  alkaline  solutions 
(1  pt.  phosphorus  with  2  pts.  strong  potassa 
lye,  or  milk  of  lime).  For  lecture  illustration, 
a  small  (2 — 4  oz.)  retort  is  filled  with  milk  of 
lime,  and  a  piece  of  phosphorus  of  £  an  inch 
length  dropped  into  it ;  water  is  poured  into 
the  neck,  the  end  of  which  is  placed  under  the 
water  of  the  pneumatic  trough.  Heat  is  ap- 
plied until  it  comes  to  boiling,  when  bubbles 
of  the  gas  begin  to  escape,  and  continue  for 
some  time.  The  larger  the  amount  of  phos- 
phorus, the  sooner  does  the  reaction  occur, 
and  the  more  free  is  the  gas  from  hydrogen. 
3.  Dry-slacked  lime  and  phosphorus  heated 
together  in  a  small  retort,  yield  the  same  gas, 
with  more  hydrogen.  To  avoid  explosion  in 
the  retort,  the  latter  should  be  tubulated,  and 
hydrogen  passed  through  it  for  some  time,  to 
expel  all  the  air. 

By  the  action  of  water  on  alkaline  phosphu- 
rets, a  hypophosphite  and  phosphuretted  hy- 
drogen are  generated,  2  MP  +  3  HO  =  2  MO, 
PO  -f-  PH3 ;  by  the  action  of  acid  water,  2  MP 
+  4  HO  +  HC1  =  MCI  -f-  MO,  P03  +  PH3  -f 
H2 ;  by  heating  phosphorus  and  alkali,  2  KO 
-f  3  P  +  6  HO  =  KO,  PO  +  KO,  P05  -f-  PH3 

The  less  inflammable  gas  is  made,  1.  by  heat- 
ing crystallized  phosphorous  acid  in  a  retort; 
4  P03*+  3  HO  =  3  P05  +  PH3.  2.  By  heat- 
ing phosphorous  acid  in  a  retort ;  2  PO  -j-  3  HO 
=  P05  -|-  PH3.  3.  By  the  action  of  strong 
muriatic  acid  on  phosphuret  of  calcium.  4.  By 
heating  phosphorus  in  a  solution  of  potassa 
in  somewhat  dilute  alcohol.  These  methods 
yield  a  much  purer  gas  than  those  for  the 
inflammable  kind,  so  that  the  first  portions 
in  the  two  first  processes  are  pure.  The  alco- 
hol vapor  of  the  last  process  is  removed  first 
by  passing  through  a  cooled  bulb,  and  then 
through  chloride  of  calcium.  Phosphuretted 
hydrogen  is  caught  over  mercury  or  over  a 
boiled  solution  of  salt  in  water. 

Both  are  colorless  gases,  of  a  disagreeable 
odor,  resembling  that  of  putrid  fish;  spec, 
grav.  =  1-17 — 1-19;  formula  of  each  PH3. 
The  former  explodes  spontaneously  in  the  air, 
and  with  brilliancy  in  oxygen ;  the  latter  does 
not  ordinarily  explode  in  air,  unless  heated  to 
300°,  or  unless  the  gas  be  rarified,  when  it  may 
explode  at  68°.  The  cause  of  these  differing 
properties  is  probably  to  be  sought  in  different 
allotropic  conditions  of  phosphorus,  and  it  is 
to  be  observed  that  the  circumstances  which 
favor  or  retard  the  inflammation  of  phosphorus 


in  the  air,  have  a  similar  effect  upon  this  in- 
flammable gas.  Rose  proved  that  they  were 
convertible  into  each  other  in  several  ways, 
the  best  of  which  is  the  absorption  of  the  gas 
by  chlorides  of  tin,  titanium,  aluminum,  and 
perchloride  of  antimony.  When  these  com- 
pounds of  the  gas  are  brought  into  contact 
with  water,  the  unexplosive  variety  escapes, 
whichever  variety  may  have  been  absorbed. 
If  ammonia  be  poured  over  the  compounds, 
the  self-inflammable  gas  escapes,  whichever 
may  have  been  absorbed. 

Very  slight  causes  arc  sufficient  to  prevent 
the  explosiveness  of  the  inflammable  variety. 
If  the  mercury  over  which  it  is  caught  con- 
tains one  grain  of  potassium  in  50  pounds  of 
the  metal,  it  ceases  to  be  explosive.  The  same 
effect  results  from  the  presence  of  very  minute 
quantities  of  petroleum  and  volatile  oils,  by 
porous  bodies,  as  gypsum,  burned  clay,  &c. 
By  moistening  the  inner  surface  of  the  glass 
with  a  little  sulphuric  acid,  by  passing  in  a 
little  ether  or  alcohol,  the  explosiveness  is  lost 
in  a  few  hours.  2'ff  of  its  volume  of  muriatic 
gas,  TI0-  of  nitric  oxide,  J  of  ammonia-gas,  or 
£  sulphohydrogen  have  the  same  effect.  On 
the  other  hand,  an  oxide  of  nitrogen  in  ex- 
ceedingly small  quantity,  makes  the  uninflam- 
mable variety  highly  inflammable. 

b.  Hydruret  of  Phosphorus,  PH,  is  made  by 
fusing  phosphorus  and  potassium  under  naph- 
tha, pressing  the  new  compound  to  remove  the 
adhering  naphtha,  and  throwing  it  in  water, 
when  the  hydruret  separates.  It  is  a  yellow 
powder,  not  luminous,  inflaming  in  the  air 
when  heated  to  300°. 

c.  Phosphohydrogen  combines  with  iodo  and 
bromohydric  acids,  when  the  gases,  fully  dry, 
are  brought  together,  to  form  colorless  crys- 
tals, PH3,  HI,  and  PH3  HBr,  which  are  fusible 
and  volatile  without  decomposition,  but  decom- 
pose readily  with  water  and  ammonia,  and  vio- 
lently with  nitric,  chloric,  &c.  acids.  When 
passed  through  many  metallic  solutions,  it  pre- 
cipitates metallic  phosphurets. 

Sulphuret  of  Phosphorus.  Both  substances 
fuse  together  in  all  proportions  with  violence, 
but  combinations  may  be  safely  made  by  fusing 
phosphorus  under  naphtha,  and  adding  sulphur 
gradually.  The  compound  is  more  fusible  and 
inflammable  than  phosphorus.  It  seems  as  if 
there  were  three  definite  compounds,  PS,  PS3, 
and  PS6.   (?) 

Phosphuret  of  Carbon  is  obtained  by  melting 
crude  phosphorus  under  water,  and  straining 
it  through  buckskin,  which  retains  this  orange- 
yellow  phosphuret  in  an  impure  state.  It  has 
not  been  closely  examined. 

Phosphuret  of  Nitrogen.  N2P.  1.  Pure  ter- 
chloride  of  phosphorus  artificially  cooled  i3 
saturated  very  slowly  with  ammoniacal  gas, 
and  the  compound  rapidly  transferred  to  a 
green  glass  tube,  in  which  it  is  highly  heated, 
while  carbonic  acid  is  passed  over  it  until  vapor 
of  salammoniac  ceases.  2.  Vapor  of  terchlo- 
ride  of  phosphorus  is  passed  over  salammoniac 
heated  nearly  to  sublimation  in  a  tube.  It  is 
a  white  powder,  infusible,  and  not  volatile  at 
a  red  heat  apart  from  the  air.  Slowly  oxid- 
ized even  by  strong  nitric  acid  to  phosphoric 
acid,  but  deflagrates  when  heated  witli  nitrates 
or  chlorates.     A  hydrate,  N2P,  2  HO,  is  formed 
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by  saturating  pentacliloride  of  phosphorus  with 
ammoniacal  gas,  extracting  the  greater  part 
of  the  salammoniac  with  water,  then  by  boil- 
ing with  potassa,  finally  by  nitric  acid  and 
water.  It  is  a  white  powder,  evolving  am- 
monia by  heat. 

Ilaloyens.  1.  Tcrchloride  of  P.  PC13.  Chlo- 
rine gas,  cooled  down  and  dried  by  chloride  of 
calcium,  is  passed  through  a  receiver  contain- 
ing phosphorus,  and  gently  warmed,  when  the 
chloride  distils  from  the  last  into  another  re- 
ceiver. A  clear  liquid,  of  1-45  spec,  grav., 
boiling  at  172°,  fuming  in  the  air  and  with  an 
odor  resembling  muriatic  acid,  slowly  decom- 
posing with  water,  and  combining  with  am- 
monia to  a  white  powder,  with  the  formula 
5  NII3,  PCI3. 

2.  Pentachlorida  of  P.,  PC15,  is  formed  by 
combining  chlorine  with  the  terchloride,  or  by 
burning  phosphorus  in  a  large  quantity  of 
chlorine.  It  is  a  white  powder,  fusible  by  heat 
under  pressure,  and  volatilizing  below  212°, 
decomposes  violently  with  water  into  phos- 
phoric and  muriatic  acids ;  PC15  -|-  5  HO  = 
P05  -f-  5  IIC1.  Persoz  has  observed  that  by 
the  action  of  nitric  and  nitrous  acids  upon  it, 
phosphoric  acid  and  chloroxynitrous  com- 
pounds are  produced.  When  this  chloride  of 
phosphorus  is  passed  into  sulphate  of  mercury, 
a  liquid  results  of  the  form.  PC15,  S03 ;  if 
passed  into  anhydrous  sulphuric  acid,  the  re- 
sulting liquid  is  PC15,  2  SCy  With  dry  sul- 
phurous and  phosphoric  acids  it  unites  also 
directly,  forming  PC15,  S02  and  PC15  P05. 

3.  Phosphohydrogen  with  subchloride  of  sul- 
phur gives  a  yellowish  syrup,  PS10C12  =  PS6 
-f-  2  SgGI.  By  the  action  of  sulphohydrogen 
on  pentacliloride  of  phosphorus,  an  oily  liquid 
is  formed,  of  the  form.  PS2C13  =  PCI,  2  SCI. 
By  heating  this  sulphochloride  in  a  retort  in 
a  water-bath,  with  caustic  soda  of  medium 
strength,  and  allowing  it  to  cool,  crystals  are 
obtained  with  the  form.  3  NaO,  P03S2  +  24  HO. 
This  sulphophosphate  may  be  viewed  as  2  NaS 
-f-  NaO,  P05.  Similar  in  composition  to  the 
sulphochloride,  an  oxychloride  may  be  made 
by  slowly  decomposing  perchloride  of  phos- 
phorus by  water ;  PC15  -f  2  HO  =  PC1302  + 

2  IIC1.      Wurtz. 

4.  Bromine  and  phosphorus  unite  with  ex- 
plosive violence,  forming  two  compounds,  the 
terbromide,  PBr3,  a  very  volatile,  thin  liquid, 
and  the  pentabromide,  PBr5,  a  yellow,  crystal- 
lizable  solid,  fusible  and  sublimable.  Iodine 
combines  similarly  with  phosphorus,  but  the 
definite  compounds  have  not  been  studied. 

PHOTIZITE.     See  Manganese  Spar. 

PHOTOGRAPHY.     See  Daguerreotype. 

PIITHALIC  ACID.     See  Naphthalin. 

PHYLLITE.  Mm.  A  micaceous  mineral, 
in  small,  black  scales,  from  Sterling,  Massa- 
chusetts. Dr.  Thomson's  analysis  leads  nearly 
to  the  form.  2  (3  MgO,  Si03)  +  6  (A1203,  Si03) 
-4-  5  HO,  part  of  the  MgO  being  KO,  and  part 
of  the  A1203  being  Fe203.  But  if  the  peroxide 
of  iron  be  protoxide,  it  approaches  the  form. 

3  (3  MgO,  Si03)  +  5  (A1203,  Si03)  +  5  HO. 
These  formulae  are,  however,  mere  approxi- 
mations.    J.  C.  B. 

PHYSALITE.     See  Topaz. 
liAUZITE.     Min.     A  bituminous  substance 
from  the  brown  coal  of  Piauze,  near  Neustadtt. 
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G.  =  1-22.    Blackish  brown,  burns  with  smoky 
flame,  soluble  in  ether,  alcohol,   and  1 
potassa. 
PICAMAR.     Chcm.     A  bitter,  nearlj 

less  oil,  found  by  Reiohenbach  in  tar.  It  tonus 
crystalline  compounds  with  the  alkalieB,  with- 
out neutralizing  them.  Spec.  grav.  IHi.  Boils 
at  518°.  Is  insoluble  in  water,  but  soluble  in 
alcohol  and  ether. 

PICKERINGITE.     See  Magnesia  Alum. 

PICOLIN.  C12H7N.  Found  by  Dr.  Ander- 
son in  coal  tar.  A  colorless,  oily  fluid,  of  spec. 
grav.  -955  at  50°.  Boils  at.  272°.  Is  so 
in  water,  but  separates  on  the  addition  of  po- 
tassa. Is  isomeric  with  anilin,  and  forms  crys- 
tallizable  salts  with  the  acids.  The 
obtained  by  Unverdorben  from  animal  empy- 
reumatic  oil.  most  probably  consists  of  picolin. 

PICQUOTAINE.  A  highly  nutritious  plant, 
growing  in  North  America,  and  used  by  the 
Indians  as  food.  It  belongs  to  one  of  the  dis- 
eases of  the  genus  Psorulea,  and  is  temporarily 
placed  by  Lamarc  Picquot,  who  first  introduced 
it  into  France,  under  the  species  Esculcnta  of 
Pursch,  though  it  differs  therefrom  in  many  of 
its  essential  characters.  In  the  proportion  of 
\  or  \  pts.  farina,  makes  excellent  bread  with 
wheat  flour.     Payen's  analyses  gave — 

Elongated  root.  Piriform  root 

Brown  bark 28-20  28-25 

Cellulose  and  lignin  ...24-59  25-80 

Sifted  farina 47-21  45-95 

The  normal  farina  gave — 

Nitrogen 0-02  pr.  ct. 

Water 1205  "     " 

Ashes 1-67  "     " 

From  which  he  deduced  the  composition  of 
the  farina  as  follows  : — 

Nitrogenous  matters 4-09 

Mineral  substance 1-61 

Starch 81-80 

Water 12-50 

(Comptcs  Rendus,  1848,  p.  320.) 

PICRIC  ACID.     See  Indigo,  p.  723. 

PICRIL.  Chem.  C42H)5N04.  Obtained  by 
the  distillation  of  the  hyduret  of  sulphobenzyl 
(p.  314).  Crystallizes  in  colorless  octahedra, 
soluble  in  ether,  but  insoluble  in  water.  By 
the  action  of  nitric  acid  it  is  transformed  into 
a  yellow,  crystalline  powder,  Kilropycryl,  C4i 
H12N04016. 

PICROLITE.     See  Serpentine. 

PICROMEL.     See  Bile,  p.  318. 

PICROPHARMAKOLITE.  Min.  Charac- 
ters and  behavior  the  same  as  pharmakolite. 
Form.  5  CaO,  2  As05  +  12  HO,  some  of  the 
CaO  being  replaced  by  MgO.  From  Riegels- 
dorf,  Hessia. 

PICROTOXIN.  According  to  Erdmann  and 
Marchand  it  contains  no  nitrogen.  See  Cocu- 
lus  Indicus. 

PIGOTITE.  Min.  A  brown  substance,  from 
the  granite  walls  of  a  cavern  in  Cornwall.  In- 
soluble in  water  and  alcohol ;  yields  empyreu- 
matic  products  by  heat,  and  burns  off,  leaving 
a  white  residue.  Form.  4  A1203  -f  Cl2H508  -f 
27  HO  ;  it  retains  10  HO  at  212°.  It  contains 
a  peculiar  acid,  the  mudeseous  acid.    Johnston. 

PIHLITE.     See  Pennin. 
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PIKROPHYLL.  Min.  Amorphous,  foliated, 
deep  greenish  gray.  G.  =  2-75.  It  yields 
water,  burns  white,  and  shows  magnesia  with 
cobalt  solution.  Form.  3  MgO,  2  Si03  +  2  HO, 
a  portion  of  MgO  being  replaced  by  FeO.  From 
Sala,  Sweden. 

PIKllOSMIN.  Min.  Cryst.  Right  rhombic, 
prismatic  ;  cleaving  perfectly  parallel  to  lateral 
end-plane.  H.  =  2-5  —  3.  G.  =  2-6  —  2-66. 
Light  and  dark  green  ;  pearly  ;  subtranslucent, 
opake.  Yields  water,  and  blackens,  with  em- 
pyreumatic  odor ;  infusible ;  soluble  in  borax 
and  mic.  salt,  leaving  a  skeleton  of  silex  in  the 
latter;  shows  magnesia  with  cobalt  solution. 
Form.  2  (3  MgO,  2  Si03)  +  3  HO.  See  Pik- 
rophyll.     From  Presnitz,  Bohemia. 

PIMARIC  ACID.     See  Colophony. 

PIMELIC  ACID.     See  Olein. 

PIMELITE.  Min.  Chrysopraserde,  (Klapr.) 
An  apple-green  earth,  colored  by  oxide  of 
nickel.  Schmidt's  analysis  of  an  earth  simi- 
lar in  appearance,  leads  to  the  form.  2  NiO, 
Si03  -f  HO,  with  part  of  NiO  replaced  by  MgO. 

PINGUITE.     See  Nontronite. 

PINITE.  Min.  Micarelle.  Cryst.  Hexago- 
nal. H.  =  2-25.  G.  =  2-757  — 2-78.  Gray, 
brown  ;  resinous,  glistening ;  opake  ;  uneven 
fracture  and  white  streak.  Yields  water ; 
fuses  on  the  edges  to  a  white  glass,  or  if  much 
iron  be  present  to  a  black  glass.  Form.  [3  RO, 
2  Si03  -f  3  (R203,  Si03)]  -j-  2  HO,  in  which  RO 
=  KO,  FeO,  MgO  (NaO,  CaO) ;  R203  =  A1203, 
Fe203.  It  seems  to  be  cordierite  with  2  HO. 
Rammelsberg  suggests  that  cordierite  may 
have  separated  into  mica  and  pinite.  From 
the  Puy-de-dome,  Auvergne ;  Schneeberg, 
Saxony ;  Linsenz,  Tyrol ;  Cornwall,  Aber- 
deenshire. 

PINIC  ACID.     See  Colophony. 

PIOTIN.     See  Saponite. 

PIPE-CLAY.     See  Clay. 

PIPERIN.     See  Pepper. 

PISOLITE.     See  Calcareous  Spar. 

PISSOPHAN.  Min.  Amorphous.  H.  =  l-5. 
G.  =  1-93  —  1-98.  Green,  vitreous,  transpa- 
rent ;  very  brittle.  Blackens  by  heat ;  yields 
alkaline  water  in  a  tube  ;  gives  acid  vapors  by 
ignition,  and  becomes  brownish  yellow ;  par- 
tially soluble  in  water,  wholly  in  muriatic  acid. 
Form.  2  R203,  S03  -f-  15  HO  (?),  (R203  = 
A1203,  Fe203).  From  Garnsdorf,  near  Saal- 
feld. 

PISTAZITE.     See  Epidote. 

PISTOMESITE.  See  Bitter-spar.  H.=4. 
G.=  34.  Form.  2  (FeO,  C02)  4-  3  (MgO,  C02). 

PITCH.  Chem.  Tech.  The  residue  after  the 
evaporation  of  the  volatile  products  of  Tar. 
It  consists  principally  of  a  resinous  matter 
(pyretin),  colophony,  and  pyrogenous  resin. 

PITTACAL.      Chem.      Tech.      Obtained   by 
Reichenbach,   by  the    action  of   baryta  on  a 
certain  portion  of  the  oil  of  tar.     The  process 
has  not  yet  been  published.     It  has  a  golden 
lustre  when  the  surface  is  polished,  but  it  is 
of  a  beautiful  blue  color,  and  hence  its  name 
(from  Trirrct,  pitch,  and  **\oc,  beautiful).     Is 
insoluble  in  water,  but  may  be  suspended  suffi- 
ciently to  pass  through  a  filter.     Acids  color  it 
red,   and    alkalies   restore  the  blue.     It  may 
probably  be  available  as  a  dye-stuff. 
PLASTERS.     See  Soaps. 
PLATINUM.     Chem.    First  sent  from  South 
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America  to  Europe  in  1741,  as  platinum  sand. 
The  sand  occurs  chiefly  in  alluvial  deposits  in 
the  vicinity  of  gold,  in  Brazil,  New  Granada, 
western  slope  of  the  Ural ;  smaller  quantities 
are  found  on  St.  Domingo,  in  S.  Carolina, 
France,  Germany,  Borneo,  Ava,  &c.  The  pla- 
tinum is  sometimes  alone,  sometimes  alloyed 
with  the  platinoid  metals,  palladium,  rhodium, 
osmium,  iridium,  and  ruthenium,  and  alloyed 
and  associated  also  with  gold,  silver,  iron, 
manganese,  copper,  lead,  titanic  iron,  chromic 
iron.  Among  the  characteristic  contents  are 
the  spangles  of  iridosmin,  flat,  silvery,  exceed- 
ingly hard  and  tough. 

Prep.  The  well-washed  sand  is  freed  from 
much  foreign  matter  mechanically ;  the  mag- 
netic portions  extracted  with  the  magnet,  and 
then  with  dilute  muriatic  acid,  to  remove  a 
large  portion  of  iron.  It  is  then  heated  in  a 
tubulated  retort,  with  a  cooled  receiver  at- 
tached, with  strong  muriatic  acid,  to  which 
strong  nitric  acid  is  gradually  added,  and  an 
excess  of  the  latter  avoided  to  prevent  precipi- 
tation of  oxide  of  iridium.  The  residue  is  dis- 
tilled to  a  syrup,  dissolved  in  a  little  hot  water, 
and  the  solution  poured  off.  The  distillate  is 
added  to  the  residue,  and  redistilled  without 
ebullition.  The  new  distillate  is  colorless,  and 
contains  osmic  acid ;  it  is  neutralized  by  am- 
monia, charged  with  sulphuretted  hydrogen, 
and  suffered  to  stand  for  some  days,  when  sul- 
phuret  of  osmium  separates.  The  residue  may 
be  retreated  with  nitromuriatic  acid,  if  neces- 
sary. 

The  solution  is  boiled,  to  rid  it  of  chlorine, 
filtered,  and  precipitated  by  an  excess  of  a 
saturated  solution  of  chloride  of  potassium  in 
water,  which  throws  down  the  double  chlorides 
of  platinum,  iridium,  and  ruthenium.  After 
washing  with  saturated  chloride  of  potassium, 
the  double  chloride  of  ruthenium  may  be  ex- 
tracted by  alcohol. 

The  double  chlorides  of  platinum  and  iridium 
are  dried,  mixed  with  twice  their  weight  of 
carbonate  of  potassa,  heated  gradually  to  be- 
ginning fusion,  extracted  witli  water,  then  with 
dilute  muriatic  acid,  and  finally  on  a  filter  with 
water.  Most  of  the  platinum  pure  is  then  ex- 
tracted with  slightly  warmed,  dilute  aqua  regia, 
then  the  rest  of  it  with  strong  acid,  evaporated 
to  dryness  with  common  salt,  dissolved  in 
water,  and  the  oxide  of  iridium  washed  on  the 
filter  with  dilute  common  salt  and  salammoniac 
solutions.  These  solutions  containing  iridium, 
are  treated  again  like  the  double  chlorides. 
The  pure  platinum  solutions  are  precipitated 
with  salammoniac  (yellow,  if  pure),  the  pre- 
cipitate heated  gradually  to  ignition,  and 
washed  with  water.  Pure  platinum  remains. 
The  balance  not  precipitated  by  salammoniac 
is  evaporated  to  dryness  and  ignited,  when 
more  platinum  is  obtained.  The  oxide  of 
iridium  is  kept  as  such,  or  reduced  to  metal 
by  hydrogen. 

The  liquid,  from  which  the  double  chlorides 
were  separated,  contains  palladium,  rhodium, 
copper,  and  iron,  with  some  platinum  and 
iridium.  It  is  acidulated  with  muriatic  acid, 
precipitated  by  zinc  or  iron,  the  precipitate 
digested  with  muriatic  acid,  washed  with  wa- 
ter, dissolved  in  aqua  regia,  exactly  neutral- 
ized by  carbonate  of  soda,  and  precipitated  by 
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cyanide  of  mercury.  The  cyanide  of  palla- 
dium, thrown  down  with  sonic  copper,  is  dis- 
solved in  aquaregia;  after  washing,  1.',  times 
as  much  chloride  of  potassium  is  added  as  there 
is  palladium,  evaporated  to  dryness,  adding  a 
little  aqua  regia  towards  the  last,  powdered, 
and  the  cuprochloride  extracted  by  alcohol, 
the  remainder,  palladochloride  of  potassium, 
may  be  precipitated  as  oxide,  or  ignited  with 
salammoniac,  when  pure  palladium  remains. 

After  throwing  down  cyanide  of  palladium, 
the  liquid  is  evaporated  to  dryness  with  muri- 
atic acid,  to  expel  prussic  acid,  the  dried  mass 
mixed  and  ignited  with  \\  times  as  much  car- 
bonate of  potassa,  the  potash  salts  extracted 
by  water,  the  oxide  of  copper  by  muriatic 
acid,  the  residue  mixed  with  5  times  as  much 
bisulphate  of  potassa,  and  kept  in  fusion  until 
it  begins  to  congeal,  extracted  with  boiling 
water,  evaporated  and  ignited  with  an  excess 
of  carbonate  of  potassa,  which,  after  washing, 
leaves  oxide  of  rhodium.  It  may  be  reduced 
to  metal  by  hydrogen,  or  by  a  high  heat,  or  by 
throwing  it  into  fused  saltpeter.  The  residue, 
alter  extraction  by  boiling  with  water,  is  again 
treated  with  bisulphate,  until  the  latter  ceases 
to  be  colored. 

The  residue  of  the  first  treatment  with  aqua 
regia  contains  iridium,  &c,  together  with  irid- 
osiniu.  The  latter  spangles  may  be  picked  out 
or  broken  to  powder  in  a  steel  mortar,  and 
treated  by  Wohler's  method,  which  consists  in 
mixing  it  with  an  equal  quantity  of  common 
salt,  and  passing  undried  chlorine  over  it  in 
an  ignited  tube;  double  chlorides  of  iridium 
and  osmium,  with  chloride  of  sodium  are 
formed,  while  a  portion  of  chloride  of  osmium, 
decomposing  with  water  into  muriatic  and 
osmic  acids,  the  latter  passes  into  a  recipient, 
which  is  connected  with  a  vessel  containing 
ammonia  or  potassa.  The  solid  osmic  acid 
may  be  fused  and  run  into  tubes  to  be  sealed 
up,  or  treated  with  alkali  and  decomposed,  as 
in  the  first  operation.  The  contents  of  the 
tube  are  extracted  by  water,  the  clear  solution 
evaporated  to  one-half  in  a  retort  (in  the  re- 
ceiver of  which  osmic  acid  is  caught),  the  fil- 
tered liquid  evaporated  to  dryness  with  the 
gradual  addition  of  carbonate  of  soda,  gently 
ignited,  and  washed  with  hot  water,  which 
leaves  sesquioxide  of  iridium,  with  iron,  os- 
mium, and  platinum.  It  is  reduced  to  metal 
by  hydrogen,  the  soda  extracted  by  water,  the 
iron  by  strong  muriatic  acid,  and  platinum  by 
nitromuriatic  acid.  The  powder  is  powerfully 
pressed,  and  heated  in  a  blast  furnace.  The 
first  residue  yields  more  iridium  by  a  similar 
treatment  with  salt  and  chlorine.  The  process 
might  be  varied  so  as  to  obtain  ruthenium. 

Fritzsche's  method  seems  to  be  more  perfect, 
for  dissolving  iridosmin  and  obtaining  ruthe- 
nium. Equal  parts  of  potassa  and  chlorate  of 
potassa  are  fused  in  a  spacious  iron  crucible, 
and  6  pts.  of  iridosmin  (not  powdered)  added. 
It  swells  and  puffs  from  the  escape  of  oxygen ; 
in  a  few  minutes  water  is  poured  over  the  black 
mass,  gently  warmed,  poured  into  a  flask,  and 
the  several  washings  added  to  the  same.  The 
residue  is  oxide  of  iridium  and  unaltered  irid- 
osmin, which  may  be  separated  by  washing 
over,  and  the  latter  retreated  in  the  same 
manner.  The  clear,  yellow  solution,  now  con- 
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treated  with  nitric  acid  (exactly  to  saturation), 
which  throws  down  oxide  of  ruthenium,  and 
leaves  osmiatc  of  potassa  in  solution.  The 
deposit  is  oxide  of  iridium,  with  some  osmium, 
and  with  the  washed-over  residue  ma\  be 
treated  by  salt  and  chlorine,  as  in  Wohler's 
method. 

The  Russian  method  of  making  massive  ]>l.i- 
tinum,  consists  in  precipitating  a  solution  of 
the  metal  by  salammoniac,  gently  heating  the 
double  salt  until  all  salammoniac  is  volatilized, 
rubbing  the  platinum  sponge  in  a  brass  mortar 
with  water,  sifting  it  through  a  fine  sieve, 
pressing  the  dry  powder  powerfully  into  a 
cast-iron  cylinder,  igniting  the  cylinder  of 
platinum  in  a  porcelain-fire  for  1.]  days,  and 
hammering  it  at  a  white  heat.  In  a  similar 
manner  the  large  masses  of  platinum  are  made 
for  platinum  retorts,  used  in  concentrating  oil 
of  vitriol.  For  smaller  utensils,  the  B] 
may  be  compressed  into  a  steel  mortar  or  an 
iron  ring,  and  heated  by  an  oxygen  or  hydroxy- 
gen  fire.  Dr.  Hare  employed  his  powerful 
hydroxygen  blowpipe  for  fusing  the  metal,  ami 
succeeded  in  fusing  28  oz.  at  once. 

Prop.  Platinum  is  a  soft,  flexible  metal. 
grav.  of  the  hammered  21-2 — -21-3,  of  fine  wire 
21*4 — 21-5.  It  is  very  malleable,  and  may  lie 
made  into  thin  leaf;  ductile,  and  may  be  drawn 
nearly  to  j^g  inch  thick  wire,  or  if  enclosed 
in  silver,  drawn  out,  and  the  silver  dissolved, 
to  ijon of* -inch  thick  wire.  A  small  quantity 
of  iridium  diminishes  its  softness,  malleability, 
and  ductility.  Infusible  in  the  highest  furnace 
heats,  perfectly  fusible  by  the  hydroxygen  or 
oxygen  and  alcohol  flames,  and  by  galvanism. 

Its  resistance  to  many  chemical  agents,  to 
oxidation  in  the  air  at  any  temperature,  and 
its  great  infusibility,  render  platinum  of  the 
highest  value  to  the  scientific  inquirer,  for  the 
construction  of  crucibles  and  other  utensils. 
But  in  their  use  in  the  laboratory,  the  follow- 
ing circumstances  should  be  carefully  attended 
to : — They  are  attacked  by  chlorine  and  such 
mixtures  of  muriatic  acid  as  evolve  chlorine; 
metals  heated  in  them  nearly  to  their  fusing 
point  are  liable  to  alloy  with  the  platinum,  es- 
pecially antimony,  arsenic,  tellurium,  bismuth, 
lead,  tin,  zinc,  and  cadmium  at  low  tempera- 
tures, copper,  silver,  and  nickel  at  higher  tem- 
peratures ;  the  oxides  of  these  metals  are  dan- 
gerous if  any  substance  (carbon,  &c.)  is  preseni 
which  may  reduce  them  to  the  metallic  state ; 
even  oxides  of  lead  and  bismuth  are  dangerous 
alone;  phosphoric  acid,  some  phosphates,  and 
silicic  acid,  if  a  reducing  agent  be  present, 
alkaline  sulphurets  and  alkaline  metallic  cya- 
nides are  dangerous ;  potassa,  soda,  and  salt- 
peter, by  continued  fusion  in  platinum,  corrode 
it.  But  the  acids  and  most  of  the  oxides  may 
be  heated  in  platinum,  provided  the  tempera- 
ture be  not  too  high,  and  the  air  have  free  ac- 
cess, to  burn  off  sulphur  and  carbon.  See 
Crucible. 

Platinum  sponge  is  made  by  heating  the  am- 
moniochloride  of  platinum  to  low  ignition,  until 
all  salammoniac  is  volatilized ;  it  becomes  more 
dense  in  proportion  to  the  heat  employed.  It 
is  employed  for  uniting  combustible  gases  with 
oxygen,  at  common  temperatures.  For  more 
vigorous  action  it  is  used  alone  (see  Hydrogen, 
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,),  for  producing  slower  combination  it 
is  powdered  by  a  wooden  pestle,  mixed  up  with 
uto  balls,  and  dried;  the  larger  the  pro- 
portion of  clay,  the  slower  the  action  on  mixed 
gases.  Platinum  black  is  a  very  finely-divided 
metal,  and  exhibits  a  much  more  powerful  ac- 
tion than  the  sponge.  It  is  made,  1.  by  fusing 
platinum  (or  even  platinum  sand)  with  copper, 
zinc,  or  potassium,  and  extracting  these  metals 
in  the  first  case  with  nitric  acid,  in  the  second 
by  dilute  sulphuric  and  nitric  successively,  and 
in  the  last  by  water.  2.  By  precipitating 
mixed  solutions  of  platinum  and  iron  by  am- 
monia, drying  and  reducing  by  hydrogen,  and 
extracting  iron  by  muriatic  acid.  3.  By  pre- 
cipitating a  dilute  and  acid  platinum  solution 
by  ziuc.  4.  By  precipitating  a  platinum  solu- 
tion by  organic  substances,  as  alcohol,  sugar, 
formic  and  tartaric  acids,  &c,  employing  an 
alkali  at  the  same  time,  to  take  up  the  chlo- 
rine, if  the  solution  contained  it.  Liebig's 
method  consists  in  dissolving  chloride  of  pla- 
tinum, PtCl,  in  hot,  concentrated  potassa,  in  a 
large  vessel,  and  adding  alcohol  to  it  while  hot, 
with  constant  stirring,  until  effervescence  from 
the  escape  of  carbonic  acid  takes  place.  After 
settling,  the  liquid  is  poured  off,  and  the  black 
boiled  successively  with  alcohol,  muriatic  acid, 
potassa,  and  several  times  with  water,  decant- 
ing each  time,  and  finally  drying  by  evapora- 
tion. It  should  always  be  washed  with  acid, 
alkali,  and  water. 

Platinum  sponge  and  black  absorb  gases 
powerfully,  so  that  if  extracted  by  heat  and 
the  air-pump,  and  then  suddenly  admitted,  the 
rapid  absorption  may  ignite  the  platinum. 
According  to  Dobereiner,  it  absorbs  oxygen 
and  not  nitrogen  from  the  air,  and  Liebig's 
black  is  said  to  absorb  250  times  its  volume 
of  oxygen,  which  gives  a  compression  of  1000 
atmospheres,  calculating  the  pores  at  Jth  of 
the  volume,  (compare  this  with  charcoal,  under 
Absorption.)  It  unites  gases,  as  oxygen  and 
hydrogen,  powerfully ;  and  even  fine  platinum 
wire,  heated  to  122°,  will  unite  them  so  ra- 
pidly as  to  become  ignited ;  it  unites  sulphur- 
ous acid  and  oxygen  to  sulphuric  acid  ;  it  ox- 
idizes alcohol  to  acetic  acid,  which  may  even 
go  to  carbonic  acid  and  water ;  sponge  and 
line  wire,  in  the  vapor  of  alcohol,  become  ig- 
nited, and  produces  acetic  and  acetous  acids; 
black,  in  the  vapor,  produces  acetic  acid  and 
acetal ;  from  methylic  alcohol  it  produces  for- 
mic acid.  It  also  produces  metamorphoses  in 
compounds :  in  a  mixture  of  saltpeter  with 
potassa  and  alcohol,  it  produces  carbonic  acid 
and  ammonia ;  in  a  mixture  of  cyanogen  and 
hydrogen,  with  heat,  it  yields  cyanide  of  am- 
monium, &c.  When,  after  use,  the  black  has 
lost  much  of  its  power,  it  may  be  restored  by 
boiling  with  sulphuric  acid,  washing  with  wa- 
ter, and  then  ammoniacal  water. 

Sym.  Pt.  Eq.  =  99,  (=  98-68,  H.  =  1  or 
1233-499.    0.  =  100,  Berz.) 

Compounds.  1.  Oxygen.  Oxide  of  Platinum, 
PtO,  is  obtained  by  decomposing  chloride  of 
platinum,  PtCl,  by  a  solution  of  potassa,  gently 
warmed,  and  washing.  It  is  a  black,  volumi- 
nous powder,  losing  its  water  by  a  gentle  heat, 
and  its  oxygen  by  ignition.  It  dissolves  in 
acids  to  salts,  which  are  red,  brown,  and  color- 
less, precipitable  by  sulphohydrogen,  and  solu- 


ble in  an  excess  of  sulphuret  of  ammonium ; 
colored  reddish  brown  without  precipitation, 
by  tin  salt ;  precipitated  black  by  nitrate  of 
suboxide  of  mercury;  excess  of  ammonia 
throws  down  green  chloride  of  platinum  and 
ammonia ;  carbonate  of  potassa  or  soda  a 
brownish  precipitate  and  brownish  red  solu- 
tion ;  not  affected  by  potassa,  carbonate  of 
ammonia,  phosphate  of  soda,  cyanide  of  mer- 
cury, yellow  or  red  prussiate  of  potash,  or 
oxalic  acid. 

Platinum-oxide-ammonia.  The  sulphate  (2NH3, 
PtO,  S03)  is  precipitated  by  barytic  water,  the 
filtrate  evaporated  apart  from  air,  and  then  in 
vacuo  to  crystallization.  Its  formula  is  2  NH3, 
PtO,  or  NH2Pt  4-  NH40;  of  the  crystallized, 
NH3,  PtO  -f-  NII40.  It  acts  as  a  strong  alka- 
line base,  is  deliquescent,  forms  neutral  salts 
with  acids,  from  which  bases  again  precipitate 
it  unaltered.  By  keeping  it  heated  to  212°,  it 
loses  1  equiv.  HO  and  ammonia,  forming  NH3, 
PtO  (or  NH3Pt,  0),  which  is  insoluble  in  wa- 
ter and  ammonia,  and  forms  explosive,  insolu- 
ble salts. 

Binoxide  of  Pt.,  Pt02,  is  precipitated  as  a 
hydrate  from  the  nitrate,  by  potassa,  or  from 
heated  sulphate  by  carbonate  of  lime,  and  ex- 
tracting the  lime  from  the  precipitate'  by  acetic 
acid,  and  then  water.  A  brown  powder,  which 
loses  water  by  heating  and  becomes  the  black 
oxide,  which  further  heating  resolves  into 
metal  and  oxygen.  The  salts  of  this  oxide 
are  made  by  adding  to  bichloride  of  platinum 
an  alkaline  salt,  sulphate,  &c,  as  long  as  the 
double  potassachloride  precipitates.  The  solu- 
tions are  yellow  or  brown,  and  reducible  to 
metal  (black)  by  metals  and  organic  bodies: 
precipitable  black  by  sulphohydrogen,  and 
soluble  in  excess  sulphohydrate  of  ammonium ; 
by  iodide  of  potassium,  brown  or  a  brown  red 
coloring;  tin  salt  a  similar  coloring,  and  gra- 
dually a  precipitate ;  nitrate  of  suboxide  of 
mercury,  reddish  yellow  precipitate ;  in  the 
chloride  solution,  potassium  and  ammonium 
chlorides  give  the  yellow,  double  alkaline  chlo- 
ride. They  are  not  precipitated  by  common 
salt,  phosphate  of  soda,  oxalic  acid,  nut  galls ; 
nor  by  phosphuretted  hydrogen  or  cyanide  of 
mercury,  which  distinguishes  it  from  palla- 
dium, nor  by  copperas,  which  distinguishes  it 
from  silver,  gold,  and  palladium. 

2.  Sulphur.  Sulphuret  of  Pt.,  PtS,  is  formed 
by  precipitating  a  protosalt  by  alkaline  sul- 
phuret, or  by  igniting  the  sponge  and  sulphur 
together.  A  blue  black  powder,  losing  all  sul- 
phur by  ignition  in  the  air,  alone  or  with  zinc, 
chlorate,  or  nitrate  of  potassa. 

Bisulphuret  of  Pt.,  PtS2,  formed  by  precipi- 
tating the  binoxide  salts  by  alkaline  sulphuret, 
or  by  heating  3  pts.  platinum-salammoniac  with 
2  pts.  sulphur,  is  a  black  gray  powder,  simi- 
larly decomposed  to  the  preceding. 

3.  Phosphuret  of  Pt.  Phosphorus  and  char- 
coal, or  phosphorus  alone,  heated  with  plati- 
num, yields  a  phosphuret,  white,  metallic, 
brittle,  and  fusible. 

4.  Nitruret  of  Pt.  When  platinoxide-am- 
monia  is  kept  at  356°  in  a  retort,  ammonia 
and  water  pass  off,  leaving  Pt3N,  which  at 
374°  is  suddenly  resolved  into  nitrogen  and 
platinum. 

5.  Alloys.      Platinum  readily   unites   with 
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other  metals  by  heat,  and  the  union  is  often  so 
violent  as  to  evolve  light  ami  heat ;  the  alloys 
are  quite  fusible.  The  alloy  with  potassium 
or  sodium  is  shining,  brittle,  decomposed  by 
water;  with  antimony  steel-gray,  brittle,  crys- 
talline; with  arsenic,  brittle  and  very  fusible 
(in  both  these  last  the  metals  may  be  oxidized 
by  heating  in  the  air,  leaving  malleable  plati- 
num) ;  with  molybdenum  and  tungsten,  gray, 
brittle;  with  bismuth  and  zinc,  bluish,  brittle, 
very  fusible  ;  with  lead,  reddish,  brittle;  with 
tin  and  cadmium,  silver-white ;  with  copper, 
pale-yellow,  malleable ;  with  nickel,  yellowish 
white,  malleable,  magnetic ;  with  iron,  hard, 
malleable  (99  pts.  iron  to  1  pt.  platinum  is  not 
attacked  by  common  nitric  acid) ;  with  steel, 
9  pts.  Pt  +  2  pts.  steel  a  perfect  alloy,  spec, 
grav.  15-88,  not  tarnishing  in  the  air; — 1  Pt  -4- 
1  steel,  spec.  grav.  9-802,  receives  a  good 
polish ; — 1  Pt  -f-  67  steel,  well  adapted  to  cut- 
ting tools ; — 1  Pt  +  100  steel,  less  hard,  but 
tougher  than  silver-steel ; — 1  Pt  -f-  200  steel, 
adapted  to  razors ;  it  also  unites  with  gold, 
palladium,  and  iridium. 

Haloid  Salts.  Chlorine.  1.  a.  Chloride  of  Pt., 
PtCl,  obtained  by  heating  the  bichloride  to  the 
melting  point  of  tin  ;  is  resolved  by  higher  heat 
into  chlorine  and  platinum,  and  by  boiling 
aqua-regia  into  bichloride,  soluble  in  strong 
muriatic  acid.  By  adding  chloride  of  potas- 
sium, sodium,  or  ammonium  to  this  last  solu- 
tion, the  red,  double  salt,  KC1  (NaCl  or  NH4C1) 
-j-  PtCl,  is  obtained. 

b.  Chloride  of  platinum  and  ammonia  is  ob- 
tained by  dropping  the  acid  solution  of  the 
chloride  into  hot  ammonia,  or  by  passing  sul- 
phurous acid  into  bichloride  until  it  ceases  to 
precipitate  with  salammoniac,  heating  to  boil- 
ing, and  super-saturating  with  ammonia  ;  green 
crystals  separate  from  the  cooling  solution,  in- 
soluble in  water,  alcohol,  and  muriatic  acid, 
with  the  form.  PtCl  +  NH3.  By  boiling  them 
with  water  for  some  time,  they  pass  into  a  yel- 
low modification  of  the  same  composition. 

c.  Reisefs  chlorammonium-platinamid  has 
the  same  composition,  with  the  addition  of  1 
equiv.  ammonia,  viz.,  2  NH3,  PtCl,  or  PtNH2 
-f-  NH4C1.  It  is  prepared  by  boiling  the  above 
green  variety  with  ammonia  (replacing  some 
of  the  latter  as  it  evaporates)  until  it  is  dis- 
solved. (Reisct.)  Or  by  dissolving  PtCl  in 
muriatic  acid,  saturating  with  carbonate  of 
ammonia,  heating  the  liquid  with  the  gradual 
addition  of  the  carbonate  of  ammonia  until 
the  red  color  of  the  liquid  (PtCl,  NH4C1)  has 
passed  into  yellow,  when  a  green  body  sepa- 
rates, from  which  the  liquid,  still  boiling,  is 
filtered.  The  cooling  solution  deposits  the 
above  yellow,  NH3,  PtCl,  and  the  new  salt  is 
precipitated  from  the  solution  by  alcohol.  By 
warming  the  NH3,  PtCl  with  ammonia,  it 
passes  into  the  same  body.  (Peyrone.)  It  is 
white,  soluble  in  water,  crystallizable,  and 
forms  salts  with  other  acids  besides  the  muri- 
atic. These  salts  are  conveniently  prepared 
by  adding  to  a  strong  solution  of  the  chloride, 
2  NH3,  PtCl,  another  acid,  when  the  salt  either 
precipitates  or  soon  separates  in  crystals. 
These  salts  are  neutral,  generally  colorless, 
and  have  no  taste  of  platinum.  The  form,  of 
the  nitrate  is  NH2Pt  +  NH40,  N05,  or  2  NH3, 
PtO,  N05.     Eeiset  $  Pcyrone. 
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d.  Gros's  base,  platinochloramid  oxide  of 
ammonium  is  only  known  in  combination  with 
acids.  The  nitrate  is  formed  b]  digesting  the 
green  chloride  of  platinum  and  ammonia  (b) 

with  nitric  acid,  until  it  becomes  wliiti',  dis- 
solving in  hot  water  to  saturation,  and 
tallizing;  several  crystallizations  purify  it; 
form.  NH2PtCl-r-  NH40,  No,.  The  sulphate 
and  oxalate  are  made  by  adding  these  acids  to 
the  nitrate,  and  crystallizing;  the  phosphate, 
carbonate,  formiate,  and  tartrate,  by  adding 
the  alkaline  salts  to  the  nitrate,  and  the  chlo- 
ride, NH2PtCl  +  NII4C1,  by  adding  common 
salt  or  muriatic  acid. 

2.  Bichloride  of  Pt.  Obtained  by  dissolving 
the  metal  in  aqua-regia,  and  evaporating  in 
a  water-bath  to  dryness ;  if  evaporated  too 
strongly,  some  chloride  is  produced,  which 
gives  a  darker  solution.  It  sometimes  orys- 
tallizes  with  10  HO.  Form,  of  the  dry  salt, 
PtCl2,  containing  58-3  pr.  ct.  platinum.  Red- 
dish brown  mass,  dissolving  in  water  with  a 
yellower  hue,  soluble  in  alcohol  and  ether,  re- 
duced by  heat  first  to  chloride,  and  then  to 
metal.  It  forms  double  salts  with  metallic 
chlorides,  of  which  those  with  chloride  of  po- 
tassium, ammonium,  and  sodium  are  the  most 
important.  The  two  former,  KC1  +  PtCL, 
(containing  40-51  pr.  ct.  platinum  -j-  30-52 
KC1  +  28-97  CI),  and  NII4C1,  PtCl2  (with  44-36 
pr.  ct.  platinum),  are  lemon-yellow  (orange  in 
crystals),  slightly  soluble  in  cold  water,  pure 
and  acidulated,  more  so  in  hot,  and  still  more 
in  alkaline  water,  insoluble  in  alcohol  of  60 
or  more  pr.  ct. ;  the  potassium  salt  is  decom- 
posed only  by  a  strong  heat,  more  readily  in 
hydrogen ;  the  ammonium  salt  more  readily 
decomposed.  The  sodium  double  salt,  NaCl, 
PtCl2  -f-  6  HO,  is  crystallizable  and  readily 
soluble  in  water  and  alcohol.  The  salt  of 
barium  has  4  HO,  of  strontium  and  of  calcium 
8  HO ;  those  of  magnesium,  manganese,  iron, 
zinc,  cadmium,  nickel,  cobalt,  and  copper  have 
6  HO,  and  are  isomorphic,  hexagonal  prisms; 
they  are  yellowish,  soluble,  some  of  them  deli- 
quescent; there  is  a  yellow,  basic,  insoluble 
silver  double  salt. 

3.  Bibromide  and  Biniodide  of  Pt.  PtBr2  and 
Ptl2.  Formed  by  solution  of  platinum  in  ni- 
tric mixed  acid  with  bromhydric  or  iodhydric 
acid ;  dark  brown  and  black,  crystalline,  form- 
ing double  salts  with  metallic  bromides  and 
iodides.  The  iodide,  PtI,  is  formed  by  heating 
chloride  of  Pt  with  iodide  of  potassium  in  so- 
lution ;  it  is  a  black  powder,  combines  with 
ammonia  by  boiling  the  following  amid-salt, 
forming  PtI,  NH3.  The  iodammonium-platin- 
amid  is  obtained  from  the  sulphate  of  Reiset's 
salt  (1.  c),  and  iodide  of  barium  ;  formula 
NH4I,  PtNH2.  The  bromide  and  its  amid  salt 
are  similar  and  similarly  formed. 

4.  Bifiuoride,  PtF2,  forms  double  salts  with 
alkaline  fluorides,  which  are  uncrystallizable. 

Oxysalts.  1.  Sulphate  of  Oxide  of  Pt.  is  ob- 
tained by  precipitating  a  solution  of  the  oxide 
in  potassa,  by  exactly  neutralizing  with  po- 
tassa,  and  dissolving  the  precipitated  oxide  in 
dilute  sulphuric  acid;  this  and  the  nitrate, 
similarly  made,  form  brown  solutions.  They 
unite  with  ammonia,  when  the  ammoniacal 
chloride  (1.  b.)  is  precipitated  by  sulphate  or 
nitrate  of  silver. 
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2.  Sulphate  of  Binoxide  is  obtained  by  de- 
composing bichloride  by  sulphuric  acid ;  it  is 
soluble  and  crystallizable. 

3.  Sulphite  of  Oxide  is  obtained  by  passing 
sulphurous  acid  through  water,  suspending  the 
oxide ;  it  forms  double  salts  with  soda  and 
ammonia.  There  is  also  a  sulphite  of  bin- 
oxide. 

4.  Nitrate  of  Binoxide  is  obtained  direct,  or 
by  decomposing  the  sulphate  by  nitrate  of 
baryta.  It  forms  basic  double  salts,  with 
potassa  and  soda. 

PLATINUM.  Min.  Generally  in  rounded, 
irregular  grains.  Cryst.  Regular,  cubic.  H. 
=  4—5.  G.  =  17  —  19.  Metallic,  steel-gray, 
ductile,  sometimes  magnetic  from  the  presence 
of  iron.  Soluble  in  nitro-muriatic  acid ;  un- 
altered by  blowpipe,  heat,  and  fluxes.  See 
Platinum,   Chem. 

PLEONAST.     See  Spinell. 

PLINIAN.  Min.  A  mineral  described  by 
Breithaupt,  belonging  to  the  Oblique  rhombic 
system,  of  G.  =  6-3,  from  St.  Gotthardt,  Eh- 
renfriedersdorf,  &c,  but  identical  in  composi- 
tion with  Arsenical  Pyrites,  which  is  there- 
fore dimorphic. 

PLUMBAGIN.  Chem.  A  neutral  substance, 
obtained  from  the  Plumbago  Europoza,  in 
orange-yellow  crystals.  Its  hot,  aqueous  so- 
lution is  reddened  by  alkalies,  but  acids  re- 
store the  yellow  color.  Is  also  soluble  in 
alcohol  and  ether. 

PLUMBAGO.     See  Graphite. 

PLUMBIC  OCHRE.  Min.  Ger.  Bleiglatte. 
G.  =  8.  Massive,  lemon-yellow,  and  fawn 
colored;  opake.  It  fuses  readily  on  charcoal, 
and  yields  metallic  lead.  Soluble  in  nitric 
acid,  usually  with  effervescence,  from  a  little 
white  lead,  and  sometimes  leaves  a  little  brown 
oxide,  from  the  presence  of  minium.  It  occurs 
at  Mine  a  la  Motte,  Madison  Co.,  Missouri, 
and  at  Austin's  mines,  Wythe  Co.,  Virginia. 

PLUMBOCALCITE.  Min.  It  is  only  a  car- 
bonate of  lime,  replaced  by  a  small  quantity 
(2 — 7  pr.  ct.)  of  carbonate  of  lead.  From 
Wanlockhead,  &c. 

PLUMBORESINITE.  Min.  Syn.  Plumbo- 
gummite,  Plombgomme,  Bleigummi,  Gummi- 
spath.  In  powder  and  columnar  aggregations. 
H.=  4— 4-5.  G.  =  4-88— 6-4.  Yellowish  and 
brown  ;  resinous  ;  translucent ;  resembles  Ara- 
bic gum.  Yields  water  in  a  tube,  and  decrepi- 
tates ;  on  coal  it  whitens,  swells,  and  partially 
fuses  in  a  strong  fire ;  soluble  in  fluxes ;  re- 
duced by  soda  to  lead  ;  cobalt  solution  gives  a 
pure  blue  ;  soluble  in  nitric  acid.  Berzelius 
makes  it  tj-hjdrous  bin-aluminate  of  lead,  but 
Damour's  analysis  gives  the  form.  3  PbO,  P05 
-f  6  (A1203,  3  HO).     From  Huel  Goet,  &c. 

PLUMBOSTIB.     See  Boulangerite. 

POL1ANITE  is  Pyroi.usite. 

POLLEN.  Bot.  The  pulverulent  matter 
enclosed  in  the  anthers  of  a  plant. 

POLLUX.  Min.  Crystalline.  H.  =  6.  G. 
—  2*87.  Colorless,  vitreous,  transparent. 
Gives  a  little  water  in  a  tube;  becomes  white 
and  opake  by  ignition ;  thin  splinters  are 
rounded  to  a  blebby  enamel,  coloring  the  flame 
reddish  yellow  from  lithia.  Soluble  in  muri- 
atic acid,  leaving  earthy  silica.  Plattner 
found  in  it  16-5  pr.  ct.  potassa  and  10-5  soda. 


The  analysis  is  imperfect,  but  Berzelius  gives 
the  probable  form.  RO,  Si03  4-  NaO,  Si03  -f- 
A1203,  Si03.  There  is  probably  some  error  in 
the  analysis,  or  the  large  percentage  of  alkali 
would  render  it  more  fusible.  (</".  C.  B.)  From 
the  granite  of  Elba,  associated  with  tourmalin 
and  beryl. 

POLYADELPHITE.     See  Garnet. 

POLYARGITE.  Min.  In  grains  and  foli- 
ated masses.  H.  =4.  G.  =  2-7.  Colorless, 
red,  violet ;  pearly  on  cleavage  plane ;  sub- 
transparent.  It  seems  to  be  the  same  as 
Rosellan.  From  the  granite  of  Tunaberg, 
Sweden. 

POLYBASITE.  Min.  Eugenglanz.  Cryst. 
Hexagonal.  H.  =  2  —  3.  G.  =  6-214.  Black, 
metallic,  opake.  It  gives  the  odor  of  sulphur 
heated  in  an  open  tube,  a  coating  of  antimony 
on  coal,  and  mixed  with  soda  and  coal,  the 
odor  of  arsenic.  Yields  a  large  bead  of  silver 
by  cupellation.  Form.  See  Antimonial  Ores  ; 
a  general  formula  would  be  RS3  -(-  8  RS,  in 
which  the  1st  R  =  As  and  Sb,  and  the  2d  R  = 
Ag  and  Cu,.     From  Guanaxuato,  Mexico. 

POLYCHROITE.     See  Saffron. 

POLYCHROME.  Chem.  Form.  C)6H9O10 
[Trommsdorff,  Jr.).  A  kind  of  coloring  matter 
obtained  from  quassia-wood,  horse-chestnut, 
and  several  other  plants.  Crystallizes  from 
solution  in  a  mixture  of  alcohol  and  ether.  Its 
solution  in  hot  water  gelatinizes  on  cooling. 
A  solution  of  1  pt.  in  1,500,000  of  water,  ex- 
hibits by  reflected  light  a  beautiful  play  of 
colors,  which  is  heightened  by  alkalies,  and 
destroyed  by  acids. 

POLYCHROMIC  ACID.    See  Aloetic  Acid. 

POLYCRASE.  Min.  Cryst.  Right  rhombic. 
H.  =  5-5  — G.  G.  =  5-1.  Black,  very  lus- 
trous ;  brown  streak.  Infusible,  giving  yellow 
glasses  with  the  fluxes  in  the  outer  flame,  and 
brown  in  the  inner.  Soluble  in  heated  sul- 
phuric acid.  It  contains  columbic  and  niobic 
acids,  and  oxide  of  uranium.  In  granite,  Hit- 
tero,  Norway. 

POLYGALA  SENEGA.  Syn.  P.  Virginea. 
The  root  contains  polygalic,  virgineic,  pectic, 
and  tannic  acids,  yellow  coloring  and  bitter 
matters,  gum,  albumen,  cerin,  fixed  oil,  and 
salts. 

Polygalic  Acid.  Syn.  Senegin,  Polygalin. 
CnH]SOn.  The  active  principle  of  the  root. 
A  white,  odorless,  poisonous  powder,  soluble 
in  hot  water  and  alcohol,  but  insoluble  in  ether 
and  the  oils.  It  is  a  weak  acid,  and  forms  salts 
of  which  those  with  the  alkalies  are  soluble, 
but  not  crystallizable. 

Virgineic  Acid.  A  volatile,  oily  liquid,  ana- 
logous to  valerianic  acid,  of  red  color,  disa- 
greeable, pungent  odoi',  and  acrid  taste.  Is 
insoluble  in  water,  but  soluble  in  alcohol, 
ether,  and  caustic  potassa. 

POLYHALITE.  Min.  Blodit.  Cryst.  Right 
rhombic,  and  fibrous.  H.  =  2-5  —  3.  G.  = 
2-77.  Flesh-red,  yellowish;  resinous;  trans- 
lucent, opake ;  taste  slight,  bitter,  astringent. 
It  yields  water,  and  fuses  on  coal  to  reddish 
globules  ;  soluble  in  borax  to  a  dark-red  glass. 
Soluble  in  water,  leaving  gypsum.  Form. 
(KO,  S03  +  MgO,  S03  +  HO)  -f-  2  (CaO,  S03) 
-4-  HO.     From  salt  mines  of  Ischel,  Aussee,  &c. 

POLYHYDRITE.    Min.    Liver-brown,  vitre- 
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ous,  opake.    G.  =212.    It  is  a  hydrous  pcrsili- 
catc  of  iron,  from  Breitcnbruun  in  Erzgebirg. 
POLYLITE,  allied  to  Hornblende  or  Au- 

GITE. 

^  POLYMERIC    ISOMORPHISM.      Min.      T. 

Scbeerer  has  endeavored  to  prove  that  a  par- 
ticular kind  of  isomorphism  plays  an  import- 
ant part  in  the  mineral  kingdom,  viz.  :  that  1 
equiv.  of  magnesia  or  its  isomorphous  bases, 
AlnO,  CoO,  &c,  may  be  replaced  by  3  equivs. 
of  water,  without  alteration  of  form.  Thus, 
chlorophaite  has  the  form.  3  FeO,  Si03,  and 
some  serpentines  are  nearly  2  Si03  +  5  MgO 
+  3  HO.  But  if  3  HO  =  MgO,  the  propor- 
tion becomes  simply  2  Si03  -f-  6  MgO,  or 
3  MgO,  Si03.  So  that  using  R  for  the  radi- 
cals, the  general  formula  for  serpentine,  chlo- 
vophaite,  deweylite,  dermatin,  &c,  would  be 
3  RO,  Si03;  but  Scbeerer  encloses  the  isomor- 
phic expression  RO  in  a  parenthesis,  signifying 
the  replacement  above  alluded  to,  writing  the 
form.  (RO)3,  Si03.  He  also  assumes  CuO  = 
2  HO,  and  these  views  are  applied  to  phos- 
phates, arscniates,  sulphates,  and  borates. 

Now,  although  simpler  formulae  result  from 
this  theory,  yet  it  is  a  mere  theory,  and  not 
well  grounded,  for  he  admits  that  it  is  not  of 
universal  application,  and  that  the  water  in 
zeolites  is  that  of  crystallization.  But  if  MgO 
=  '■'•  HO  in  compounds,  they  ought  to  have  the 
same  crystalline  form  alone.  Moreover,  most 
serpentines  cannot  be  brought  under  his  for- 
mula, without  rejecting  some  of  the  results  of 
analysis,  and  the  same  may  be  said  of  other 
silicates.  Rammelsberg  has  put  together  the 
results  of  13  analyses  of  serpentine,  from 
which  the  proportions  of  MgO  :  HO  :  Si03 
are  9:6:4,  and  by  putting  G  HO  =  2  MgO, 
the  formula  would  be  11  MgO,  4  Si03,  which  is 
incompatible  with  Scheercr's  formula.  More- 
over, his  illustrations  are  chiefly  taken  from 
minerals,  which  play  an  important  part  in 
pseudomorphism,  and  are  often  of  doubtful 
form  and  of  variable  composition. 

POLYMERISM.     See  Isomerism. 

POLYMIGNITE.  Min.  Cryst.  Right  rhom- 
bic, prismatic,  terminated  by  the  8-hedron. 
II.  =  0-5.  G.  =  4-77  —  4-85.  Black;  sub- 
inetallio,  brilliant;  opake;  brilliant  conchoidal 
fracture,  and  dark  brown  streak,  unaltered 
alone  by  heat ;  gives  iron  reaction  in  boras, 
and  with  mic.  salt  a  bead  becoming  reddish  in 
the  inner  flame.  Decomposed  in  powder  by 
oil  of  vitriol.  It  contains  Ti02,  Zr203,  Fe203, 
Mn203,  Ce203,  CaO,  YO ;  but  the  difficulties  of 
the  analysis  prevent  the  construction  of  a  for- 
mula. Friedericksviirn,  Norway,  and  Beverly, 
Massachusetts. 

POLYSPH.ERITE.     See  Pyromoephite. 

POLYXEN.     Sec  Platinum. 

POMPHOLIX.     See  Oxide  of  Zinc. 

POONAHLITE.  Min.  Cryst.  Right  rhom- 
bic. II.  =  5  —  5-5.  G.  =  2-162.  White, 
vitreous,  transparent,  translucent.  Behavior 
like  Mesotype.  Form.  3  (CaO,  Si03)  + 
•5(A1203,  Si03)  +  12  HO.  It  may  be  viewed 
as  3  equivs.  scolezite  (mesotype)  -f-  2  (A1203, 
Si03)  -f-  3  HO.     From  Poohnah,  Ilindostan. 

PUPULIN.  Chem.  Exists  in  the  bark  and 
leaves  of  the  Populus  tremula  and  other  species 
of  poplar.  Is  very  analogous  to  salicin,  though 
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differing  in  many  properties.     Crystallizes  in 

white,    silky  needles,    of  a    BWeetish    taste        I- 

soluble  in  alcohol  and  in  70  pts.  of  boiling  water, 

and  on  distillation  yields  an  oil  whirh  deposits 

benzoic  acid.     Sulphuric  acid  reddens  it. 
PORCELAIN  CLAY.    SeeCLA*  and  Kaolin. 
PORCELAIN    JASPER.     Geol.     Clay   beds 

which  have  been  semivitriliod  by  igneous  rocks. 
A  fine  locality  in  Hirschberg,  near  the  clay- 
beds,  whence  Hessian  crucibles  arc  made. 

PORCELAIN  Sl'Ai;.  Min.  In  square  prisms. 
II.  =  5-5.  G.  =  2-65  — 2-68.  White,  yellow- 
ish; pearly  on  cleavage  plane;  translucent. 
Puff  by  heat,  fusing  to  a  clear,  blebbj 
Decomposed  by  muriatic  acid.  Accordi 
Fuchs's  analysis,  the  form,  is  NaT]  -|-  f  (CaO, 
Si03  4"  A1203,  Si03).  From  Obernzell,  in 
Bavaria. 

PORPHYROXIN.     See  Opium. 

PORPHYRY.  Geol.  A  feldspathic  rock, 
characterized  by  distinct  and  disseminated 
crystals  of  feldspar.  Hence  granite,  Syenite, 
and  trap  limy  be  porphyrinic.  It  consi 
both  potassa  and  soda  feldspars,  of  silex,  ox- 
ide of  iron,  alumina,  &c. 

POTASH  COPPERAS.      See  5,  under  Co- 

QUIMISI  'IT.. 

POTASSIUM.  Chem.  Ger.  Kalium.  The 
name  pota  slum  is  from  potash,  and  this  from 
the  solution  of  ashes  of  plants,  boiled  down  in 
iron  pots.  A  crude  salt  is  still  called  potash 
and  pearlash.  Kalium  is  from  the  general 
word  alkali,  by  which  the  Saracens  d< 
the  ashes  of  sea  plants,  and  subsequently 
others  the  ashes  of  land  plants,  no  difference 
being  known  between  potasll  and  soda.  Their 
different  natures  were  hist  shown  about  the 
middle  of  the  last  century,  and  the  names 
vegetable  (potash)  and  mineral  (soda)  alkali, 
at  first  used,  gave  place  to  potash  and 
The  metal  potassium  was  first  separated  bj  II. 
Davy,  in  1807.  It  occurs  in  the  ashes  of  land 
plants  and  of  animals,  and  is  therefore  a  con- 
stituent of  all  soils,  in  neatly  all  clays,  and 
sands,  and  their  rocks;  in  large  quantity  in 
feldspar,  and  in  smaller  quantity  in  many 
other  simple  minerals;  in  minute  quantity  in 
most  limestones;  in  coal  and  iron  ores;  in 
sea-water  and  most  mineral  waters. 

The  Metal  and  its  Non-saline  Compounds. 
1.  Potassium.  Prep.  It  was  first  prepared 
by  Davy,  by  the  action  of  a  powerful  galvanic 
battery  on  caustic  potassa,  and  subsequently 
by  Gay-Lussac  and  Thenard,  by  igniting  caus- 
tic potassa  with  iron  filings  and  wire  in  an  iron 
tube.  The  best  method  is  that  of  Brunner, 
modified  by  Wohler,  which  consists  in  igniting 
a  mixture  of  charred  cream  of  tartar  and 
charcoal  in  a  mercury  flask  (of  wrought  iron). 
4  pts.  purified  potash  may  be  dissolved  in  wa- 
ter, 1  pt.  fine  and  then  1  pt.  coarse  charcoal 
stirred  in,  and  the  whole  evaporated  to  dry- 
ness; and  such  a  mixture  answers  a-  v.ell  as 
the  preceding.  The  flask  is  laid  horizontally 
in  the  fire,  an  iron  tube  (•">  inches  long)  being 
screwed  in  the  opening.  The  receiver  consists 
of  two  copper  vessels,  the  lower  one  op,  n 
above  and  larger,  and  ^  or  more  filled  with 
naphtha;  the  upper  one  open  below  and  pass- 
ing into  the   other,  so   that  the  napht! 
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its  interior  from  the  air.  This  upper  one  has 
three  openings  towards  its  upper  part,  into 
one  of  which  the  iron  tube  of  the  flask  is  to  be 
passed,  and  opposite  it  another,  closed  by  a 
cork,  which  is  now  and  then  opened  to  insert 
an  auger  or  wire,  to  clean  out  the  iron  tube ; 
the  third  is  designed  for  the  escape  of  carbonic 
oxide,  &c,  and  may  be  provided  with  a  tin 
tube  passing  into  a  cold  iron  vessel,  to  con- 
dense croconic  acid  from  the  gas.  The  larger 
vessel  is  set  in  a  shallow  water  vessel  to  cool 
it.  The  charged  flask  is  heated  until  greenish 
vapors  and  self -igniting  gas  appear ;  the  iron 
tube  is  then  joined  to  the  receiver,  and  a  strong 
heat  given,  but  not  sufficient  to  burn  away  the 
iron  flask  too  rapidly.  The  tube  must  be  bored 
as  often  as  it  appears  to  be  stopping ;  if  stopped, 
and  if  it  cannot  be  opened  by  the  augur,  the 
heat  should  be  removed,  for  if  opened  after 
stopping,  there  is  great  danger  of  compressed 
gas  in  the  flask  suddenly  bursting  through  and 
driving  out  ignited  potassium.  The  operator 
should  therefore  stand  on  one  side,  and  have 
his  hands  protected.  When  the  operation  has 
ceased,  the  water  vessel  is  removed,  the  re- 
ceiver separated  from  the  iron  tube,  and  the 
openings  closed  with  corks.  After  cooling  a 
little  the  inner  vessel  is  taken  out,  the  deposits 
quickly  moistened  with  naphtha,  and  scratched 
down  into  naphtha.  If  the  naphtha  take  fire, 
it  is  extinguished  by  covering  the  whole  with 
a  cloth  or  boards.  The  black,  carbonaceous 
mass  is  either  redistilled  to  gain  potassium,  or 
by  solution  in  water  is  used  for  preparation  of 
rhodizonate  and  croconate  of  potassa.  Potas- 
sium and  the  black  substance  is  also  extracted 
from  the  iron  tube,  in  a  similar  manner.  The 
apparatus  should  not  be  allowed  to  stand  many 
hours  before  collecting  the  potassium,  as  the 
moisture  of  the  air  condensing  in  it,  may  give 
rise  to  dangerous  explosions.  In  the  best 
operations,  nearly  one-half  of  the  potassium 
present  in  the  potash  may  be  obtained.  The 
metal  thus  obtained,  and  the  coaly  matter, 
may  be  purified  by  distillation  from  an  iron 
retort,  the  metal  being  received  under  naph- 
tha as  before.  It  is  always  preserved  in 
naphtha. 

Prop.  A  silver-white,  lustrous  metal,  crys- 
tallizing in  cubes  by  sublimation  ;  spec.  grav. 
0-8G5  ;  brittle  at  32°,  ordinarily  like  wax,  per- 
fectly liquid  at  136°,  volatile  at  low  redness  in 
green  vapors.  One  of  its  most  striking  pro- 
perties is  its  affinity  for  oxygen,  which  it  at- 
tracts from  the  moisture  of  the  air,  and  soon 
becomes  white.  When  thrown  on  water  it  in- 
stantly inflames  with  a  purplish  light,  giving 
oft'  light  vapors,  and  continues  floating  on 
the  surface  until  nearly  all  consumed ;  in  this 
action  it  decomposes  water,  taking  up  oxygen, 
and  giving  off  hydrogen,  which  inflames  from 
the  intense  heat  evolved,  while  a  portion  of  the 
metal  volatilizing  gives  the  purple  hue  to  the 
flame  ;  K  -f  HO  =  KO  +  H.  By  its  powerful 
affinity  for  oxygen,  it  decomposes  the  mineral 
acids  and  their  salts,  except  borates,  nearly  all 
the  oxides  of  the  proper  metals,  and  by  its 
affinity  for  chlorine  the  chlorides  of  the  earthy 
metals.  Sym.  K.  Eq.  =  39-11,  (488-856,  0. 
=  100). 

2.  Oxygen,  a.  Oxide  of  P.  Syn.  Potassa ; 
when  hydrated,    Caustic  Potash.     Ger.  Kali. 


The  dry  oxide  may  be  formed  by  igniting  the 
peroxide.  The  hydrate  or  caustic  potassa  is 
usually  made  from  the  carbonate  (potash  and 
pearlash,  crude  or  purified),  by  the  action  of 
hydrate  of  lime  ;  KO,  C02  +  CaO  =  KO  + 
CaO,  C02 ;  the  carbonate  of  lime  is  insoluble, 
and  the  caustic  alkali  remains  in  solution.  To 
make  pure  potassa,  3  pts.  of  pure  carbonate 
of  potassa  are  brought  to  boiling  in  12  pts. 
water,  and  lime  gradually  added  (from  2  pts. 
lime  previously  slacked  with  6  pts.  water).  It 
is  boiled  a  few  moments  after  each  addition  of 
lime,  and  after  adding  the  whole,  boiled  for  \ 
hour.  A  little  is  then  filtered  off,  and  tested 
with  lime  water,  for  carbonate  of  potassa;  if 
the  latter  be  present  more  lime  must  be  added, 
and  the  whole  boiled  again.  After  settling,  the 
clear  solution  is  syphoned  into  corked  bottles, 
and  the  residue  once  or  twice  boiled  with  wa- 
ter to  extract  all  the  potassa,  settled,  and 
drawn  off.  The  clear  liquor  of  the  bottles  is 
again  drawn  off  into  an  iron  kettle,  rapidly 
boiled,  and  if  it  become  cloudy,  again  drawn 
into  bottles  to  settle.  It  is  finally  evaporated 
in  a  silver  capsule,  until  the  oily  liquid  begins 
to  rise  in  white  vapors,  and  poured  into  moulds 
or  on  a  plate,  apart  from  carbonic  acid.  Dur- 
ing the  evaporation  (and  filtering,  if  that  be 
employed  instead  of  decantation),  carbonic  acid 
will  be  absorbed  from  the  air,  but  the  carbon- 
ate floats  on  the  oily  liquid,  and  may  be  re- 
moved. 

A  pure  potassa  may  likewise  be  obtained 
from  common  or  partially  purified  potash  and 
pearlash,  by  proceeding  with  the  lime  and  pot- 
ash as  above,  evaporating  to  an  oil,  decanting 
into  bottles,  and  shaking  it  up  with  -J  alcohol. 
By  standing  it  forms  two  strata,  the  lower  con- 
taining oxide  of  iron  and  silex,  with  an  aque- 
ous solution  of  carbonate,  sulphate,  and  muri- 
ate of  potassa,  the  upper  stratum  containing 
caustic  potassa  and  a  little  chloride.  The 
upper  stratum  is  distilled  to  save  alcohol,  then 
evaporated,  and  cast  as  before. 

Pure  potassa  may  also  be  obtained  by  dis- 
solving sulphate  of  potassa  in  concentrated 
barytic  water,  then  adding  the  latter  carefully 
until  it  no  longer  throws  down  the  sulphate. 
The  clear  liquid  is  evaporated  as  before. 

Caustic  lye,  for  soap-boiling,  is  made  by 
rendering  15  pts.  common  potash  caustic  by  7 
to  13  pts.  of  caustic  lime,  previously  slacked. 
A  good  method  is  to  mix  the  dry-slacked  lime 
and  ash  together,  to  drench  with  water,  and 
blow  steam  through  the  mixture.  The  com- 
mon sticks  of  caustic  potash  are  very  impure, 
and  cannot  be  employed  in  fine  chemical 
operations. 

Prop.  Fused  potassa  is  a  simple  hydrate, 
KO,  HO,  with  84  pr.  ct.  dry  potassa ;  it  is 
white,  hard,  and  tolerably  brittle,  fusible  be- 
low, volatile  above  redness,  and  dissolving  in 
water  with  the  evolution  of  much  heat.  By 
cooling  a  concentrated  solution,  crystals  are 
obtained  of  the  formula  KO,  HO  -f-  4  HO. 
1  pt.  hydrate  will  dissolve  in  J  pt.  water,  with 
which,  and  even  more  water,  it  forms  an  oily 
liquid.  Even  when  quite  dilute,  it  feels  very 
soapy  between  the  fingers.  The  following 
table,  by  Tiinnermann,  shows  the  quantity  of 
dry  potassa  in  solutions  of  different  specific 
gravities : — 
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Sppc.  prav. 


Potassa 
in  100. 

1-330 28-29 

1-313 27-16 

1-297  26-03 

1-280 24-89 

1-265 23-76 

1-249 22-63 

1-234 21-50 

1-227 

1-212 19-80 

1-198 18-67 

1-184 17-54 

1-170   16-41 

1157  15-28 


Bpecg™ 

M44 1  115 

1-131  13-01 

1-118 11-88 

1-106 10-75 

1-094 9-62 

1-082 8-49 

1-070 7-36 

1-059 C-22 

1-048 5-00 

1-037 3-96 

1-026 2-83 

1-015 1-70 

1-005 0-57 


Use.  Potassa,  in  solid  form,  is  employed  as 
a  powerful  escharotic,  and  for  this  purpose  its 
solution  may  be  boiled  down  in  a  clean  iron 
vessel,  and  poured  into  moulds.  Both  in  solid 
form  and  in  solution,  it  is  one  of  the  most  valu- 
able agents  in  the  laboratory  for  scientific  re- 
search, from  its  powerful  basic  qualities.  In 
solution  it  is  largely  employed,  for  the  decom- 
position of  fatty  bodies  in  the  manufacture  of 
soap,  but  its  use  for  this  purpose  is  at  present 
limited  by  the  greater  cheapness  of  soda. 

Salts.  Potassa  is  the  most  powerful  base, 
neutralizing  strong  acids  perfectly,  while  salts 
of  feebler  acids  have  alkaline  reaction.  The 
salts  are  colorless,  unless  the  acid  be  colored ; 
fixed  in  the  fire,  unless  the  acid  be  decom- 
posable ;  generally  soluble  in  water.  When 
the  solutions  are  not  too  dilute,  they  give  a 
precipitate  with  bichloride  of  platinum,  and 
with  carbazotic  acid,  yellow;  with  excess  of 
tartaric  acid,  perchloric  acid,  and  fluosilicic 
acid,  white,  the  latter  almost  transparent ; 
with  sulphate  of  alumina  and  a  little  sul- 
phuric acid,  white  crystals  of  alum.  In  alco- 
hol the  double  salt  of  platinum  is  insoluble. 

b.  Peroxide  of  P.  K03.  It  forms  by  burn- 
ing potassium  in  the  air,  or  by  continued  igni- 
tion of  caustic  potassa  in  the  air.  It  is  orange- 
yellow,  fusible,  and  oxidizes  metals  and  other 
combustibles  by  the  aid  of  heat.  There  is 
probably  a  suboxide,  K20. 

:;.  Sulphur,  a.  Sulphuret  of P.,  KS,  is  formed 
when  sulphate  of  potassa  is  ignited  with  char- 
coal or  in  hydrogen  gas.  It  is  red,  crystalline, 
soluble  in  water.  The  solution  may  also  be 
made  by  dividing  a  solution  of  potassa  into  two 
equal  parts,  passing  sulphohydrogen  through 
one  to  saturation,  apart  from  the  air,  boiling 
it  to  expel  the  excess  of  gas,  and  then  mixing 
the  two  together.  It  is  a  colorless,  strongly 
alkaline  liquid,  which  evolves  sulphohydrogen 
with  muriatic  acid,  without  deposition  of  sul- 
phur. It  is  a  strong  sulpho-base,  forming 
many  sulphosalts,  of  which  three  now  follow, 
and  the  others  will  be  found  under  tellurium. 
arsenic,  &c. 

Sulphydrate  of  P.,  or  Salphohydrate  of  Sul- 
phuret  of  P.,  KS,  HS,  is  formed  dry  by  passing 
sulphohydrogen  over  carbonate  of  potassa,  at 
low  redness,  until  effervescing  carbonic  acid 
ceases  to  rise;  or  in  solution  bypassing  the 
same  gas  through  a  potassa  solution  to  satura- 
tion, apart  from  the  air,  and  boiling  to  expel 
the  excess  of  gas.  If  the  saturation  be  per- 
in  strong  lye  in  a  retort  and  an  atmo- 
sphere of  hydrogen,  and  it  be  evaporated  to  a 
syrup  in  the  same,  it  forms  large,  colorless 
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the  air,  first  to  penta-sulphurel  and  potassa, 
and  then  to  hyposulphite  of  potassa. 

Sulphonitrite  of/'..   ELS,  NS«,   is  obtained  as 

a  deep  red  solution  by  dissolving  tersulphuret 

of  nitrogen  in  a  solution  of  potassa;    exposure 
to  air  resolves  it  into  dithionate  of  potassa  and 
ammonia. 
Sulphocarbonate  of  /'.,  KS,  CS«,  is  formed  by 

adding   bisulpliurot  of  carbon   to   an   alcoholic 

solution  of  sulphuret  of  potassium,  as  long  as 
it  dissolves  ;  the  liquid  divides  into  three 
the  lowest  being  the  salt  in  question,  the  mid- 
dle the  excess  of  sulphocarbon,  and  the  upper 
a  persulphuret  of  potassium,  with  sulphocar- 
bon. Evaporated  to  a  syrup,  it  yields  a  yel- 
low, crystalline  salt,  very  soluble  in  water, 
scarcely  in  alcohol. 

b.  Bisulphuret  of  I'..  KS,,,  is  formed  by  ex- 
posing the  alcoholic  solution  of  sulphydrate  of 
potassium  to  the  air,  until  it  becomos  cloudy 
from  the  formation  of  dithionite,  and  then 
evaporating  in  vacuo.  It  may  be  obtained  im- 
pure by  heating  a  mixture  of  8|  pts.  carbonate 
of  potassa  with  3|-  pts.  sulphur.  Its  solution 
also  oxidizes  into  dithionite. 

c.  Tersulphuret  of  P.,  KS3,  is  formed  impure 
by  heating  8|  pts.  sulphur  with  5  pts.  of  sul- 
phur, or  purer  by  passing  sulphuret  of  carbon 
in  vapor  over  ignited  carbonate  of  potassa,  as 
long  as  a  fixed  gas  rises.  Its  solution  forms 
the  dithionite,  and  sulphur  precipitates. 

d.  Quadrisulphuret  of  P.,  KS4,  is  formed  by 
passing  vapor  of  sulphocarbon  over  ignited 
sulphate  of  potassa.  It  changes  in  the  air 
like  c,  depositing  more  sulphur. 

e.  5-fold  Sulphuret  of  P.,  KS5,  is  formed  im- 
pure, by  heating  gradually  to  ignition  nearly 
equal  weights  of  sulphur  and  carbonate  of 
potassa ;  or  more  exactly,  4  equivs.  carbonate 
(69-11  X  4  =  276-44)  and  16  equivs.  sulphur 
(16  x  16  =  256) ;  4  (KO,  C02)  +  16  8  =  3  KS, 
4-  KO,  S03  +  4C02.  By  gently  heating  the 
carbonate  with  an  equal  amount  of  sulphur,  it 
forms  the  pentasulphuret  and  dithionite  ;  3  K<  > 
-f  12  S  =  2  KS.  -f  KO,  S202.  A  solution  of 
this  sulphuret  is  also  made  by  boiling  caustic 
potassa  for  a  short,  or  the  carbonate  for  a 
longer  time,  with  excess  of  sulphur;  the  ex- 
cess of  sulphur  separates  on  cooling.  The 
solution  changes  in  the  air  like  d,  depositing 
more  sulphur.  Acids  liberate  sulphohydrogen, 
precipitate  sulphur,  and  form  a  salt  with  po- 
tassa. It  precipitates  metallic  solutions,  like 
all  the  preceding  sulphurets,  and  forms  a  con- 
venient qualitative  test  for  the  metals. 

/.  By  passing  sulphohydrogen  over  ignited 
sulphate  of  potassa  as  long  as  water  forms,  a 
peculiar  sulphuret  is  formed,  composed  of  K  ,S-. 
By  passing  the  same  gas  through  an  ignited 
mixture  of  quadrisulphuret,  d,  and  sulphur, 
another  compound  forms,  K2S9.  Bcrzelius  re- 
gards them  as  definite  compounds,  and  if  so, 
we  have  potassium  uniting  with  1,  2,  8,  3£,  4, 
4£,  and  5  equivs.  sulphur. 

4.  Nitrogen,  a.  Amide  of  P.,  K,  NH2.  Po- 
tassium is  gently  heated  in  ammoniac:) 
until  after  passing  through  blue  and  green,  it 
becomes  olive-green,  when  the  operation  is  dis- 
continued ;  K  -f  NIF3  =  K,  NHj  +  II.  It  de- 
composes with  water,  acids,  and  alcohol  into 
potassa  and  ammonia;  K,  NII2  -4-  IK)  =  KO 
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4-  NH3.  By  ignition  to  low  redness,  apart 
from  the  air,  it  evolves  ammonia  and  becomes 
b. ;  3  (K,  NII2)  =  3  KN  +  2  NH3.  b.  Nitropo- 
tassium,  K3N,  is  greenish  black,  decomposing 
by  a  high  heat  into  potassium  and  nitrogen, 
and  by  water  into  ammonia  and  potassa.  K,N 
+  3  HO  =  3  KO  +  NH3. 

5.  Phosphuret  of  P.  is  formed  by  heating  po- 
tassium and  phosphorus  in  a  thin  glass  flask, 
in  ifn  atmosphere  of  dry  hydrogen,  passing  the 
gas  through  until  the  excess  of  phosphorus  has 
sublimed.  Copper-red,  with  metallic  lustre, 
decomposing  violently  with  water. — A  carburet 
of  potassium  seems  to  form  in  the  preparation 
of  potassium.  Silicium  and  potassium  unite 
by  heat,  and  the  vapor  of  potassium  decom- 
poses silica. 

G.  Alloys.  These  are  readily  obtained  by 
strongly  igniting  a  mixture  of  cream  of  tartar 
with  the  finely  powdered  metal,  as  antimony, 
lead,  &c.  ;  but  they  may  also  be  formed  by  di- 
rect fusion  of  the  two  metals.  They  generally 
decompose  with  water  into  potassa  and  the 
other  metal,  in  a  spongy  state.  Mercury,  with 
only  1£  pr.  ct.  potassium,  forms  a  crystalline 
amalgam  ;  with  less  than  that  quantity,  a  fluid. 
Potassium  combines  readily  with  arsenic,  anti- 
mony, bismuth,  tin,  lead,  and  zinc ;  has  a 
strong  affinity  for  platinum,  and  combines  at  a 
high  temperature  with  iron. 

Haloid  Salts. 
1.  Chlorine.  Chloride  of  P.,  KC1.  Potas- 
sium spontaneously  burns  in  chlorine,  and 
even  decomposes  chlorohydric  acid,  evolving 
hydrogen  ;  but  the  salt  is  either  made  by  solu- 
tion of  potassa  or  its  carbonate  in  chlorohydric 
acid,  or  it  is  obtained  as  a  residuary  product 
in  chemical  processes.  Taste,  form,  and  other 
properties  like  common  salt,  but  rather  more 
volatile  and  soluble,  1  pt.  dissolving  in  2-85  pts. 
water  at  60° ;  somewhat  soluble  in  alcohol. 
It  is  a  strong  chlorobase,  forming  double  salts 
with  many  metallic  chlorides.  Chloriodate  of 
Chloride  of  P.,  KC1,  IC13,  is  obtained  by  the 
action  of  chlorine  on  a  solution  of  iodine  and 
chloride  of  potassium,  or  on  a  saturated  solu- 
tion of  iodide  of  potassium,  by  solution  of  hy- 
(lriodate  and  chlorate  of  potassa  in  hot,  or  of 
iodine  and  chlorate  in  warm  muriatic  acid. 
The  cooling  solutions  deposit  crystals,  golden, 
lustrous  prisms,  smelling  and  acting  on  the 
skin  like  chloride  of  iodine ;  soluble  in  water, 
in  which  they  change  into  muriate  and  iodate 
of  potassa,  with  other  products.  Sulphate  of 
Chloride  of  P.,  KG,  S03,  is  formed  by  passing 
vapor  of  dry  sulphuric  acid  into  the  powdered 
salt.  Bichromate  of  Chloride  of  P.,  KC1,  2  Cr03, 
is  obtained  by  boiling  bichromate  of  potassa, 
for  a  short  time,  with  an  excess  of  muriatic 
acid ;  on  cooling  it  separates  as  orange-red 
prisms,  permanent  in  air,  decomposing  in  wa- 
ter into  its  original  constituents. 

2.  Bromine.  Bromide  of  P.,  KBr.  The  two 
elements  unite  powerfully.  The  salt  is  made 
impure  from  the  mother  liquor  of  some  salines, 
by  crystallization ;  purer  by  neutralizing  po- 
tassa with  bromhydric  acid ;  by  decomposing 
a  solution  of  bromide  of  iron  by  a  due  propor- 
tion of  carbonate  of  potassa ;  by  dissolving 
bromine  in  potassa  until  a  color  ensues,  evapo- 
rating and  igniting,  dissolving  in  water,  and 
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saturating  with  bromhydric  acid ;  by  passing 
an  excess  of  sulphohydrogen  through  the  same 
solution  of  bromine  in  potassa,  expelling  the 
excess  by  boiling,  filtering  off  sulphur,  and 
neutralizing  an  excess  of  bromhydric  acid  or 
potassa,  by  potassa  or  the  acid,  as  the  case 
may  require.  Colorless,  regular  crystals,  of  a 
pungent,  saline  taste,  quite  soluble  in  water, 
slightly  in  alcohol,  fusible  without  decom- 
position ;  decomposed  by  chlorine  with  heat, 
changed  by  fusion  with  chlorate  of  potassa 
into  bromate  of  potassa.  A  bibromide  is  said, 
by  Lowig,  to  be  formed  when  bromide  is  added 
to  a  solution  of  1  pt.  of  bromide  in  6  pts.  wa- 
ter, and  a  terbromide  when  bromine  is  added 
to  equal  pts.  of  bromide  and  water. 

3.  Iodine,  a.  Iodide  of  P.  Besides  the  me- 
thods given  for  bromide,  which  serve  for  iodide, 
the  following  for  iodide  may  be  followed:  1.  A 
mixture  of  iodine,  zinc,  and  water,  forming 
iodide  of  zinc,  is  exactly  precipitated  by  car- 
bonate of  potassa.  2.  To  1  pt.  iron  filings  in 
10  or  20  pts.  water,  add  2 — 3  pts.  iodine  gra- 
dually, filter  as  soon  as  the  liquid  is  colorless, 
precipitate  by  caustic  potassa  while  boiling, 
filter,  and  evaporate.  3.  Add  an  alcoholic  or 
aqueous  solution  of  sulphuret  of  potassium  to 
a  tincture  of  iodine  until  the  latter  becomes 
colorless,  filter,  and  evaporate.  4.  Dissolve 
sulphuret  of  barium  in  water,  add  iodine  as  long 
as  it  dissolves,  filter,  precipitate  by  carbonate 
of  potassa,  filter  again,  and  evaporate.  5.  Add 
3  pts.  iodine  to  4  pts.  of  a  fresh  potassa  lye 
(of  1-333),  until  the  solution  has  a  brownish 
yellow  color,  pour  the  whole  solution  ami  sedi- 
ment into  a  capsule,  evaporate  to  dryness, 
grind  to  a  fine  powder,  mix  with  ,'j  its  weight 
of  fine  charcoal,  transfer  it  by  small  portions 
into  an  iron  crucible  at  a  red  heat,  heat  for  \ 
hour  when  fully  charged,  empty  the  contents 
into  an  iron  vessel,  and  transfer  the  mass, 
when  cold,  into  a  porcelain  capsule,  pour  over 
it  an  equal  weight  of  water,  assisting  solution 
by  warmth,  filter,  and  evaporate  slowly,  to 
crystallize.  The  mother  liquor  may  be  evapo- 
rated several  times  to  crystallize,  and  finally 
treated  with  spirit  of  wine  (80  pr.  ct.),  which 
leaves  carbonate  of  potassa. 

Prop.  Cryst.  regular  cubes  and  8-hedra ; 
fusible  ;  volatilizing  below  redness  in  the  air  ; 
deliquescent  in  very  moist  air,  when  pure; 
soluble  in  0-735  pts.  water  at  54£°,  in  0-709  at 
Gl°,  in  5-5  pts.  alcohol  (of  0-85)  at  54.],  in  40 
pts.  absolute  alcohol.  Form.  KT,  containing 
76-3  pr.  ct.  iodine.  Chlorine  decomposes  it 
into  chloride  of  potassium  and  iodine,  but 
more  chlorine  forms  the  chloriodate  of  chloride 
of  potassium  ;  it  is  decomposed  by  evaporation 
with  nitric  acid ;  by  fusion  with  chlorate  of 
potassa,  it  forms  iodate  of  potassa. 

b.  Biniodide  of  P.  100  pts.  iodide  in  400  pts. 
water,  dissolve  76£  pts.  iodine,  to  form  this 
compound.  100  pts.  iodide  in  200  water,  dis- 
solve 153  pts.  iodine,  to  form  a  teriodide. 

c.  Arsenite  of  Iodide  of  P.,  KI  +  3  As03  A 
white  salt,  formed  by  boiling  the  iodide  with 
arsenious  acid,  or  by  adding  iodine  to  a  solu- 
tion of  neutral  arsenite  of  potassa. 

4.  Fluorine,     a.  Neutral  Fluoride  of  P.,    KF. 

Obtained  by  nearly  saturating  fluohydric  acid 

with  carbonate  of  potassa,  and  evaporating  at 

about  100°,  to  crystallize,  forms  cubes,  very 
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deliquescent,  of  alkaline  reaction;  by  mixing 
a  strong  solution  with  alcohol,  it  crystallizes 
with  4  HO. 

b.  KF  -|-  ITF.    Bifluoride  is  obtained  by  add- 

ric  acid  to  the  preceding,  and  eva- 
Bj  heating;  to  ignition  it  becomes  a, 
•  id:  ia  soluble  in  water,  scarcely 
in  fluohydric  acid. 

e.  J"  of  /'.,    KF,  BF3,  is  precipi- 

tated by  dropping  borofluobydric  acid  into  a 
i  of  fluoride  of  j>otassiuni  ;  it  is  trans- 
parent and  gelatinous,  but  when  dry  a  white, 
powder,  soluble  in  70  pts.  cold,  and 
much  1"  s  hot  water,  slightly  in  alcohol,  from 
both  which  it  crystallizes;  soluble  in  ammonia 
and  in  caustic  and  carbonated  potassa  and 
soda. 

(!.  Silicojluoride  of  P.,  3  KF,  2  SiF?,  obtained 
by  dropping  silicofluohydric  acid  into  a  salt 
of  potassa,  forms  a  translucent  precipitate, 
nrhite  powder  on  filtering  and  dry- 
ing :  very  similar  to  the  borofluoride  in  its 
behavior  to  water,  alkali,  and  by  heat,  but  it 
is  decomposed  by  ammonia. 

OXYSALTS. 

1.  Sulphur,    a.  Sulphate  of  P.     It  is  obtained 
by  a    direct  union  of  acid  and  base,   or  as  a 
try   product  in   many  chemical   opera- 
tion-- s,   right  rhombic  crystals,   de- 
crep      ting  by  heat,  and  fusing  at  a  red  heat; 
solo     .•  in  12  pts.  water  at  32°,  and  uniformly 
i                Increasing  heat ;  insoluble  in  caustic 
grav.  1-35.     Form.  KO,  S03,  con- 
5-l'l  2  pr.  ct.  potassa.     By  ignition  with 
■  ■-■  <nlphuret  of  potassium;  most 
half  of  the  potassa,  and  leave — 
f  P.      A  secondary  product  in 
extrac  ting  nitric  acid  from  saltpeter,  by  oil  of 
vitriol.     The  dry  salt,   KO,  2  S03,  is  made  by 
1  equiv.  oil  of  vitriol  to  a  solution  of  1 
equiv.  of  the  neutral  salt,  a.,  and  evaporating. 
The  hydrated  salt,  KO,  S03  +  HO,  S03,  made 
by  adding  more  oil  of  vitriol,   crystallizes  in 
rhombs,  fuses  at  4 — 500°,  forming  a  clear  li- 
quid, from  which  vapors  of  dry  sulphuric  acid 
escape;   soluble  in  \  pt.  boiling  water ;  if  much 
water  be  used,  the  neutral  salt,  a.,  crystallizes 
out. 

c.  NitrosulphgieofP.  is  obtained  by  cooling 
a  solution  of  </.  in  warm  and  strong  nitric  acid  ; 
form.  2  (KO,  S03)  +  HO,  N05.  A  similar  so- 
lution in  warm,  syrupy,  phosphoric  acid,  yields 
an  analogous  salt,  2  (KO,  S03)  +  3  HO,  P05. 
Both  salts  may  be  viewed  as  phosphate  and 
nitrate  of  potassa,  with  the  hydrated  bi- 
sulphate. 

d.  Sulphite  of  P.,  KO,  S02,  is  formed  by 
passing  sulphurous  acid  gas  into  aqueous  car- 
bonate of  potassa,  until  carbonic  acid  ceases 
to  escape,  and  evaporating.  It  changes  readily 
to  sulphate,  and  reduces  to  metal  the  oxides 
of  mercury,  silver,  gold,  and  to  a  lower  oxide 
those  of  copper,  iron,  lead,  and  manganese ; 
precipitable  by  baryta  or  lime-water.  The 
bisulphite  crystallizes  more  readily.  The  sul- 
phite, with  a  little  potassa,  absorbs  nitric  oxide 
gas,  forming  a  neutral,  crystallizable  salt,  KO, 
S02,  N02,  which  by  heat,  by  all  acids,  and 
many  metallic  oxides  and  salts,  is  resolved 
into  80  pr.  ct.  sulphate  of  potassa  and  20  pr. 
ct.  nitrous  oxide  gas. 
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t.  DUhtimatt  of  P.    Hyposulphate,   KO, 
is  obtained  by  precipitating  sulphate  of  po 

by  dithionate   of  baryta,   filtering,    and   evapo- 
rating.     The  crystals   are  permanent  In  air, 
soluble  in  162  pts.  water   at    *i'»c',    and   in    l»68 
boiling  water  ;   insoluble  in  alcohol. 
/.  Dithionite  of  J'.    3  (KO,  S208)  +  110.  (See 

mode   of    making   the    same   salt    of  soda.)     It 
forms    clear,   inodorous,    1-sided  prisms,   deli- 
quescent, oxidizing  in  the  air,  and  resolvi 
heat  into  1  equiv.  6-sulphuret  of  potassium, 
.and  3  equivs.  sulphate  of  potassa. 

g.  Trithionate  of  I'.,  KO,  S30„  obtained  bj 
digesting  a  saturated  solution  of  bisulphite  of 
potassa  with  flowers  of  sulphur  for  3  or  4  days 
(without  ebullition),  until  the  yellow  coloring 
disappears ;  the  hot  liquid  deposits  cr 
of  trithionate,  with  a  little  sulphate,  and  by 
solution  in  a  little  warm  water,  filtering,  and 
cooling,  the  salt  is  obtained  pure. 

2.  Nitrogen,  a.  Nitrate  of  P.  Nitre,  Salt- 
peter. Found  native  in  some  soils,  especially 
in  tropical  climates,  or  obtained  from  nitrate 
of  lime,  similarly  found  native,  by  potash.  It 
is  from  these  nitrates  that  nitric  acid  and  other 
compounds  of  nitrogen  are  obtained.  Small 
quantities  of  nitric  acid  are  doubtless  formed 
by  the  direct  union  of  nitrogen  and  oxygen  in 
the  air,  by  electrical  discharges ;  for  it  has 
been  found  in  the  air,  and  has  been  made  arti- 
ficially in  a  similar  manner.  It  is  also  formed 
when  ammonia  gas  is  passed,  with  oxygen  or 
air,  through  an  ignited  tube,  or  over  heated 
oxide  of  iron  or  of  manganese ;  or  when  milk 
of  lime  and  a  little  ammonia  are  frequently 
shaken  in  a  closed  flask  full  of  air,  for  some  6 
weeks  in  summer.  In  these  cases  nitric  acid. 
or  oxide  of  nitrogen,  or  nitrate  of  ammonia  is 
formed,  and  the  oxide  oxidizes  to  nitric  acid. 
Some  soils  containing  nitrogenous  organic  mat- 
ter, together  with  lime,  potassa,  or  other  alka- 
line base,  slowly  generate  nitrates;  and  it  is 
probable  that,  by  the  putrefaction  of  the  or- 
ganic matter,  ammonia  is  first  generated,  and 
then  nitric  acid,  according  to  the  above  obser- 
vations. It  is  also  probable  that  in  these  soils 
the  nitrogen  of  the  air  assists  in  forming  nitric 
acid,  for  it  is  found  in  situations  (chalk  forma- 
tion) where  there  is  but  little  organic  matter. 

Prep.  Saltpeter  is  prepared  by  leaching  the 
natural  soils  containing  it,  previously  adding 
some  carbonate  of  potassa  to  decompose  ni- 
trates of  lime  and  magnesia ;  or  it  is  leached 
from  artificial  saltpeter-beds.  These  beds  are 
made  by  mixing  nitrogenous  organic  matter 
(after  putrefaction  has  commenced)  with  mor- 
tar of  decayed  buildings,  soil  containing  car- 
bonate of  lime,  &c,  into  heaps,  and  moistening 
them  from  time  to  time  with  urine,  &c.  Whan 
the  lye  is  partly  evaporated,  the  remaining  ni- 
trates of  lime  and  magnesia  are  thrown  down 
by  carbonate  of  potassa,  filtered  or  drawn  off, 
and  evaporated,  to  crystallize  out  the  chlorides, 
and  further  evaporated  and  cooled.  Crude 
saltpeter  crystallizes  out.  By  repeated  crys- 
tallization it  is  refined  or  rendered  purer,  but 
still  retains  chloride.  It  may  be  obtained 
absolutely  pure  by  dissolving  the  refined  salt 
in  boiling  water  to  saturation,  stirring  it  as  it 
cools  to  produce  a  crystalline  powder,  and 
washing  this  with  a  saturated  solution  , 
saltpeter  until  it  no  longer  tests  of  chloi 
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nitrate  of  silver.  It  may  be  kept  in  this  state 
of  powder,  or  fused  and  cast  into  blocks. 

Prop.  Saltpeter  is  dimorphous,  crystalliz- 
ing in  two  forms,  the  right  rhombic,  pris- 
matic, which  is  the  usual  form,  and  the  hex- 
agonal, an  obtuse  rhomb,  the  last  the  same  as 
soda-saltpeter.  It  is  soluble  in  13-32  pts.  wa- 
ter at  32°,  in  3-4  at  64°,  in  1-34  at  113°,  and 
in  0-424  at  207° ;  the  presence  of  nitrate  of 
lime  or  common  salt  is  said  to  make  it  more 
soluble ;  it  is  soluble  in  100  pts.  spirit  of  wine. 
It  fuses  below  a  red  heat  without  losing  oxygen, 
but  by  increase  of  heat  pure  oxygen  passes  off, 
leaving  nitrite  of  potassa,  and  by  still  further 
heat  nitrogen  and  oxygen  pass  off,  leaving  ox- 
ide and  peroxide  of  potassium.  Mixed  with 
charcoal,  sulphur,  iron,  or  other  combustible, 
it  deflagrates  when  thrown  on  glowing  coals, 
and  even  oxidizes  platinum  when  fused  in  it. 
(See  Gunpowder.)  Form.  KO,  N05,  contain- 
ing 46-6  pr.  ct.  KO  +  53-4  pr.  ct.  N05. 

b.  Nitrite  of  P.,  KO,  N03,  obtained  by  heat- 
ing saltpeter  until  a  portion  of  oxygen  is 
evolved,  dissolving  the  residue  in  water,  eva- 
porating to  crystallize  out  saltpeter,  and  still 
further  to  obtain  the  nitrite.  It  is  a  neutral, 
deliquescent  salt. 

3.  Phosphorus,  a.  Phosphate  of  P.  When  com- 
mon c  phosphoric  acid  is  neutralized  with  car- 
bonate of  potassa  until  it  has  an  alkaline  re- 
action, and  evaporated,  the  neutral  salt,  2  KO, 
P05  -4-  HO,  crystallizes.  When  this  salt  is 
heated  to  ignition,  HO  passes  off,  and  the  dry 
c  phosphate  (not  the  *  phosphate)  remains, 
soluble  in  water,  and  precipitating  yellow, 
basic  c  phosphate,  with  nitrate  of  silver.  If 
this  salt  be  mixed  with  as  much  more  acid  as 
it  contains,  and  evaporated,  large  crystals  of 
the  acid  salt  are  formed,  or  biphosphate,  KO, 
P05  +  2  HO.  It  loses  its  water  by  ignition, 
and  becomes  b  phosphate,  with  anhydrous 
phosphoric  acid  as  its  pairling  or  conjugate. 
(Bcrzelius.)  This  is  usually  called  neutral 
"phosphate.  A  basic  phosphate,  3  KO,  P05  is 
formed  by  adding  potassa  to  any  of  the  above, 
and  removing  the  excess  of  alkali  by  alcohol. 
b.  Phosphite  of  P.,  2  KO,  P03,  is  deliquescent, 
insoluble  in  alcohol,  c.  Hypophosphite  of  P., 
KO,  PO,  is  obtained  by  boiling  phosphorus 
with  potassa,  when  water  is  decomposed  and 
phosphuretted  hydrogen  liberated.  By  its  solu- 
bility in  alcohol,  it  is  freed  from  any  of  the 
foregoing  salts,  d.  Phosphoric  oxide  Potassa, 
KO,  P20,  is  obtained  by  pouring  potassa  over 
oxide  of  phosphorus,  and  when  it  becomes 
black,  pouring  it  off  again. 

4.  Halogens,  a.  Per  chlorate  of  P.,  KO,  C107. 
It  is  obtained  by  heating  the  chlorate  b  to  fu- 
sion, and  maintaining  it  at  the  point  where 
oxygen  passes  off,  until  it  has  lost  8 — 8.}  pr.  ct. 
of  its  weight  of  gas.  It  then  consists  of  about 
65  pr.  ct.  perchlorate  and  35  of  chloride  of 
potassium ;  the  former,  by  its  inferior  solu- 
bility, is  separated  from  the  latter  by  crystal- 
lization. It  is  soluble  in  65  pts.  water  at  59°, 
and  in  much  less  hot  water ;  insoluble  in  alco- 
hol ;  it  detonates  slightly  with  sulphur,  and 
deflagrates  less  with  ignited  coals  than  its 
content  of  oxygen  would  indicate. 

b.  Chlorate  of  P.  Oxymuriate  of  potash. 
Prep.  1.  Obtained  by  passing  chlorine  into 
carbonated  or  caustic  potassa  as  long  as  it  is 


absorbed,  whereby  chloride  of  potassium  and 
chlorate  of  potassa  result,  and  are  separated 
by  crystallization.  To  prevent  the  stoppage 
of  the  end  of  the  tube  in  the  solution,  a  small 
funnel  may  be  attached  to  it  by  a  caoutchouc 
tube.  2.  Mix  1  pt.  carbonate  of  potassa  with 
2  pts.  dry-slacked  lime  (hydrate  of  lime),  pass 
chlorine  through  to  saturation,  dissolve  in  boil- 
ing water,  filter,  and  let  the  chlorate  crystal- 
lize out.  In  this  process  chlorate  of  potassa 
and  chloride  of  calcium  are  chiefly  formed, 
and  the  latter  being  very  soluble,  the  former 
is  more  easily  purified.  3.  Evaporate  a  solu- 
tion of  bleaching  salt  (old  and  spoiled  salt  is 
good)  to  dryness,  to  convert  the  hypochlorite 
into  chlorate  of  lime,  extract  with  water,  pre- 
cipitate boiling  with  carbonate  of  potassa,  filter 
hot,  and  let  chlorate  of  potassa  crystallize  out. 
Recrystallization  in  all  these  processes  purifies 
the  chlorate. 

Prop.  KO,  C105,  containing  61-5  pr.  ct. 
chloric  acid.  It  generally  crystallizes  in  flat 
plates,  is  soluble  in  30  pts.  water  at  32°,  in 
16-7  at  59°,  in  8-33  at  95,  in  5-26  at  120°,  in 
1-67  at  219°  ;  soluble  at  61°  in  120  pts.  alcohol 
(of  83  pr.  ct.) ;  fuses  by  heat,  evolves  oxygen 
with  effervescence,  but  requires  ignition  to 
drive  off  all  the  oxygen,  which  is  39-16  pr.  ct. 
of  the  salt;  by  previously  mixing  it  with  on 
equal  bulk  of  binoxide  of  manganese,  it  parts 
with  all  its  oxygen  at  a  much  lower  tempera- 
ture, and  without  puffing.  From  its  large 
content  of  oxygen  and  the  readiness  with 
which  it  yields  the  gas,  it  is  used  for  making 
detonating  mixtures  with  combustibles,  as 
friction  matches,  percussion  caps,  some  co- 
lored fires  in  fire-works,  and  in  obtaining  oxy- 
gen. A  few  grains  of  flowers  of  sulphur  and 
of  this  salt  rubbed  in  a  mortar,  produce  a 
succession  of  crackling  deflagrations.  It  is 
dangerous  to  bring  it  in  contact  with  phospho- 
rus, as  it  explodes  with  slight  friction.  The 
fusing  salt  changes  litharge  to  binoxide  of  lead, 
and  fused  with  potassa  and  binoxide  of  man- 
ganese, forms  green  manganate  of  potassa. 
Its  solution  is  a  convenient  mean  of  oxidizing 
lower  oxides  in  solution,  especially  by  heat; 
and  if  sulphuric  or  nitric  acid  be  added,  it 
oxidizes  still  more  powerfully. 

c.  Chlorite  of  P.,  KO,  C103,  obtained  by  satu- 
rating potassa  slowly  with  chlorous  acid  until 
it  begins  to  be  reddish,  when  it  is  evaporated 
rapidly  in  a  water  bath  ;  it  has  no  permanency. 

d.  Hypochlorite  of  P.,  KO,  CIO.  Obtained 
like  c,  with  hypochlorous  acid,  or  by  passing 
chlorine  into  a  solution  of  potassa  for  a  short 
time.  If  passed  into  carbonate  of  potassa 
until  carbonic  acid  ceases  to  escape,  the  solu- 
tion contains  2  equivs.  chloride  of  potassium 
and  1  equiv.  bi-hypochlorite  of  potassa ;  and 
by  neutralizing  with  potassa  until  the  yellow 
color  disappears,  the  neutral  salt  is  formed. 
It  cannot  be  obtained  in  a  dry  state  without 
decomposition. 

e.  Bromate  of  P.,  KO,  Br05.  Obtained  by 
saturating  potassa  or  its  carbonate  with  bro- 
mine, forming  bromide  and  bromate,  and  crys- 
tallizing (like  b.).  By  fusion  it  gives  off  oxy- 
gen, and  leaves  bromide  of  potassium. 

/.  Periodate  of  P.,  KO,  I03.  If  chlorine  be 
passed  through  a  solution  of  iodate,  g.,  con- 
taining potassa,    the   periodate   separates   in 
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small  white  crystals,  difficultly  soluble  in  wa- 
ter, yielding  27-14  pr.  ct.  oxygen  by  heat.  If 
potassa  be  ad. led  to  a  solution  of  the  periodate 
and  evaporated,  a  subiodate  crystallises,  com- 
posed of  2  KO,  I05. 

g.  Iodate  of  P.,  KO,  I05.  Obtained  by  add- 
ing iodine  to  potassa  lye,  until  the  brown  color 
begins  to  be  permanent  (6  KO  +61  =  KO,  I05 
+  o  KI),  evaporating  to  dryness,  and  extract- 
ing the  iodide  by  alcohol  of  0-81 ;  or  by  fusing 
1  pt.  iodide  of  potassium  in  a  crucible,  and 
when  cooled  until  it  is  half  liquid,  adding  1£ 
pts.  chlorate  of  potassa ;  purified  by  crystal- 
lization. It  is  soluble  in  13  pts.  water  at  57°, 
more  so  in  water  containing  iodide ;  insoluble 
in  alcohol.  By  adding  muriatic  acid  and  then 
alcohol  to  a  solution  of  iodate,  a  biuiodate, 
KO,  2  I05,  separates,  crystallizable,  soluble  in 
75  pts.  water  at  59°,  not  in  alcohol.  By  heat- 
ing a  solution  of  iodate  with  a  large  excess  of 
dilute  sulphuric  acid,  and  leaving  it  to  evapor- 
ate at  77°  in  the  air,  a  triniodate,  KO,  3  I06, 
crystallizes,  soluble  in  25  pts.  water  at  59°. 

5.  Carbonates  of  P.  a.  Neutral.  Syn.  Pearl- 
ash,  Potash,  Mild  alkali,  Fixed  vegetable  al- 
kali, Salt  of  Tartar.  Common  potash  and 
pearlash  are  obtained  from  the  ashes  of  plants, 
and  when  purified,  the  salt  is  termed  Salt  of 
Tartar.  It  is  sometimes  made  by  heating  salts 
of  potassa  with  vegetable  acids,  or  by  defla- 
grating nitre  and  charcoal. 

Potash,  Pearlash.  See  the  article  Ashes  for 
their  composition.  The  ashes,  sifted  from  the 
charcoal,  are  moistened  and  pressed  into  lixi- 
viating tubs,  on  a  false  bottom  perforated  with 
holes  and  covered  with  straw.  These  are  con- 
veniently placed  in  two  rows,  one  above  the 
other,  and  the  liquor  of  the  upper  one  run 
through  the  lower,  and  then  into  the  receiving 
cisterns  or  wells.  After  water  has  once  passed 
through,  fresh  water  is  added,  and  this  weaker 
liquor  is  passed  through  fresh  ashes.  Water 
is  thus  passed  through  all  until  the  ashes  are 
spent,  and  each  time  becomes  fully  charged  by 
being  passed  through  fresh  ashes.  The  dense 
liquors  are  then  evaporated  in  an  iron  pan, 
fresh  liquor  being  constantly  added,  until  a 
large  quantity  collects  as  a  syrupy  liquid, 
Avhich  congeals  rapidly  on  cooling  in  a  sample 
taken  out.  It  is  then  evaporated  to  dryness  at 
a  moderate  heat,  and  the  solid  mass  finally 
broken  out  by  chisels.  This  black  crude  ash  is 
sometimes  brought  to  market.  To  whiten  it, 
it  is  calcined  in  a  reverberatory  furnace,  simi- 
lar tn  those  for  making  red  lead,  first  at  a  red 
heat  to  expel  water,  and  then  at  a  higher  heat 
to  burn  off  carbonaceous  matter.  The  calcined 
potash  consists  of  a  portion  soluble  in  water, 
containing  carbonate,  sulphate,  muriate,  and 
silicate  of  potassa  (sometimes  with  soda),  usu- 
ally with  smaller  quantities  of  manganate  and 
phosphate  of  potassa,  sulphuret  of  potassium, 
and  organic  matter ;  and  a  portion  insoluble 
in  water,  containing  silica,  silicate,  phosphate, 
and  carbonate  of  lime  and  of  magnesia,  oxides 
of  iron  and  manganese,  alumina,  sand,  and 
charcoal.  In  the  American  manufacture,  the 
bottoms  of  the  tubs  are  covered  with  brush- 
wood to  the  depth  of  6 — 8  inches,  then  with 
several  inches  of  straw,  and  the  ashes  placed 
on  the  latter.  The  lye  is  evaporated  as  usual 
in  iron  pans,  to  make  brown  salts,  which  are 
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redissolved  in  water,  and  the  solution  evapo- 
rated to  dryness  and  calcined  in  a  reverbe- 
ratory, constitutes  l'earlash.  A  stronger  lye 
is  obtained  by  mixing  a  little  lime  with  the 
ashes. 

The  value  of  Pot  and  Pearlash  is  ascertained 
by  the  processes  of  Alkai.imkthy.  The  pro- 
cess by  determining  the  amount  of  carbonio 
acid,  is  not  to  be  relied  on  either  for  Bod 
or  for  potash,  because  both  caustic  potassa  and 
soda  are  contained  in  them. 

A  purer  carbonate  is  made  by  calcining 
cream  of  tartar  (bitartrate  of  potassa),  which 
destroys  the  tartaric  acid,  and  forms  carbonate 
of  potassa.  But  it  may  be  also  obtained  from 
pearlash  by  solution  in  a  small  amount  of  wa- 
ter, filtration,  evaporation  until  a  pellicle  forms 
on  the  surface,  and  cooling,  to  separate  the 
sulphate  and  most  of  the  chloride  by  crystal- 
lization. The  mother  liquor  yields  a  purer 
carbonate,  which  may  be  further  purified  by  a 
repetition  of  the  process ;  but  the  carbonate 
will  still  retain  some  chloride. 

Prop.  Pure  carbonate  of  potassa  is  white, 
alkaline  to  taste  and  test,  fusible  at  a  red  and 
volatile  at  a  white  heat,  deliquescent  in  the  air, 
forming  an  oily  liquid,  soluble  in  1  -05  pts.  water 
at  371Q,  in  0-9  at  55°,  in  0-747  at  79°,  and  0-49 
at  158°.  The  following  table  shows  the  per  cent- 
age  content  of  dry  salt,  at  different  gravities : — 

Sp.  grav.  Pr.  ct. 

1-475 40 

1-409 35 

1-353 30 


1-302 25 

1-234 20 


?p.  grav.  Pr.  ct. 

1-170 15 

1-111 10 

1-066 5 

1-035 3 

1-009 1 


Dry,  pure  carbonate  contains  68-16  pr.  ct. 
potassa  -f-  31-84  carbonic  acid.  It  sometimes 
crystallizes  from  strong  solutions  with  2  HO. 

b.  Scsquicarbonate  of  P.  It  crystallizes  from 
mixing  a.  and  c.  together. 

c.  Bicarbonate  of  P.,  KO,  2  C02  -f-  EO. 
Formed  by  passing  carbonic  acid  through  a 
concentrated  solution  of  a.,  or  over  a.  moist- 
ened. It  forms  rhombic  crystals  of  a  feeble, 
alkaline  reaction,  permanent  in  air  when  dry, 
soluble  in  4  pts.  cold,  in  0-83  pts.  boiling  wa- 
ter, in  1200  pts.  alcohol. 

6.  Borates  of  P.  a.  Neutral.  61 -8  pts.  (1  eq.) 
cryst.  boracic  acid  is  fused  with  69-1  pts.  (1  eq.) 
dry  carbonate  of  potassa.  It  is  fusible,  caus- 
tic, alkaline,  decomposing  by  the  carbonic  acid 
of  the  air  into  biborate.  b.  Biborate,  KO, 
2  B03  +  5  HO,  is  made  by  saturating  carbon- 
ate of  potassa  boiling,  with  boracic  acid,  add- 
ing potassa  until  it  is  alkaline,  and  crystalliz- 
ing. Alkaline,  very  soluble,  fusible.  Crystals 
of  a  terborate,  c,  KO,  3  B03  -f-,8  HO,  some- 
times form  in  the  liquid  b.  d.  Sexborate  of  J'.. 
KO,  6  B03  -f  10  HO,  crystallizes  from  the  so- 
lution made  neutral  by  acid.  Permanent  in 
air,  with  feeble  acid  reaction,  slightly  soluble 
in  cold,  readily  in  hot  water. 

7.  Silicates  of  P.  These  important  com- 
pounds form  the  basis  of  various  kinds  of 
glass,  but  silicic  acid  has  the  power  of  fusing 
in  so  many  proportions  with  potassa,  that  its 
definite  compounds  are  little  known.  1  equiv. 
silica  heated  with  carbonate  of   potassa,  will 
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expel  no  more  than  3  equivs.  carbonic  acid, 
forming  soluble  glass,  3  KO,  Si03.  In  the 
mineral  kingdom  there  are  many  determinate 
degrees  of  saturation,  but  they  are  contained 
in  double  silicates,  as  in  feldspar,  labradorite, 
&c.     See  Chemical  Relations  of  Glass. 

POTATO,  IRISH.  The  tubers  of  the  Sola- 
rium tuberosum.  The  following  analyses  show 
their  composition : — 

Hardy.  Henry. 

Water 74-00  73-12 

Starch 12-50  13-30 

Woody  fibre 7-50  6-79 

Gluten,  albumen 1-00     (Albumen)  0-92 

Sugar 2-40  3-30 

Fatty  matter 0-60  1-12 

Salts 200  1-40 

Volatile  poisonous  matter —    0-05 

Payen  and  Persoz  found  Diastase  in  the 
neighbourhood  of  the  bud,  and  Otto  discovered 
Solanin  in  the  bud  itself.  To  the  presence  of 
the  latter  is  attributed  the  ill  effects  from  the 
use  of  germinated  potatoes,  as  food. 

The  ashes,  as  analyzed  by  Prof.  J.  W.  Hardy, 
of  Va.,  contain — . 

Roots.         Tops. 

Silica 6-8         12-5 

Potassa 52-5        ;45-3 

Soda 0-5  0-7 

Lime 2-0  2-5 

Magnesia 4-5  2-0 

Oxide  of  iron  and  alumina..    1.0  6-0 

Carbonic  acid 12-5         12-0 

Phosphoric  acid 12-5  9-6 

Sulphuric  acid 7-0  9-0 

Vogel  found  17-5  pr.  ct.  of  insoluble,  and 
82-5  pr.  ct.  of  soluble  salts,  but  no  silica. 
[Ann.  de  Chem.  et  Pharm.  xlix.  245.) 

Among  the  products  generated  by  the  fer- 
mentation of  potatoes  are  Alcohol,  Fousel 
Oil  (see  Amyl),  and  Butyric  Acid. 

Potato  flour  is  sold  as  arrow-root.  Its  ad- 
mixture with  wheat  flour,  in  limited  propor- 
tion, improves  the  quality  of  bread,  renders 
it  lighter,  prevents  crumbling,  and  enables  it 
to  retain  sweetness  and  moisture  for  a  long 
time. 

Kemp's  investigations  as  to  the  changes  ac- 
cruing in  the  tuber,  while  diseased  with  the 
"potato  blight,"  are  recorded  in  Vol.  v.  Chem. 
Gaz.,  p.  69.     His  conclusions  are — 

1.  "  That  the  morbid  affection  consists  of  a 
premature  tendency  to  assume  the  organic 
changes  which  are  consentaneous  with,  and 
essential  to  the  process  of  germination. 

2.  "That  the  presence  of  fungi  and  insects 
do  not  account  for  these  changes,  and  cannot 
therefore  be  considered  as  their  exciting  cause. 

3.  "That  the  cause  must  be  sought  for 
amongst  those  agents  which  induce  the  pro- 
cess of  germination  in  seeds  and  tubers. 

4.  "  That  further  analytic  investigation  is 
necessary,  in  order  to  elicit  the  mode  of  action 
of  such  agents,  as  well  as  the  peculiar  condi- 
tions under  which  their  agency  becomes  de- 
veloped." 

POTATO,  SWEET.  (Yam.)  The  tuberous, 
nutritious  root  of  the  Convolvulus  batatas. 
Hardy's  analyses  of  its  ashes  give  the  follow- 
ing result: — 


Root.  Tops. 

Potassa 54-6  46-8 

Soda 0-8  0-6 

Silica 5-4  10-5 

Lime 3-5  4-0 

Magnesia 4-3  3-4 

Oxides  of  iron  and  alumina...    1-5  7-0 

Phosphoric  acid 15-5  11-0 

Sulphuric       "    8-4  8-7 

Carbonic        "    6-0  8-0 

POTSTONE.     See  Talc. 

POUDRETTE.  Agric.  A  manure  made  by 
separating  the  liquid  from  the  solid  portion  of 
animal  excrements,  and  drying  the  latter  by 
exposure  to  air.  The  objection  to  this  power- 
ful fertilizing  agent,  on  account  of  the  disa- 
greeable taste  which  it  imparts  to  the  growing 
plant,  is  obviated  by  previous  disinfection. 
This  is  accomplished  by  the  use  of  a  mixture 
of  neutral  protosulphate  of  iron,  gypsum,  and 
charcoal  dust,  which  effectually  checks  all 
offensive  emanations,  and  at  the  same  time 
fixes  the  ammonia  as  sulphate.  Charred  saw- 
dust and  tan  are  sometimes  substituted  for  the 
coal-dust ;  but  a  still  better  material  than  all 
is  the  "animalized  black"  prepared  by  calcin- 
ing peat  or  river-mire.  The  highly  disinfect- 
ant powder  thus  made,  completely  deodorizes 
foccal  matters,  by  absorbing  and  confining  the 
volatile  and  odorant  products  of  decomposition 
as  fast  as  they  are  generated.  See  Dumas, 
"The  Farmer's  Guide,"  vol.  viii. 

PRASE.     See  Quartz. 

PRASEOLITE.  Min.  Prismatic.  H.  =  3-5. 
G.  =  2-754.  Green,  with  feeble  lustre.  Yields 
water,  fuses  with  difficulty  on  thin  edges  to  a 
bluish  green  glass,  and  with  the  fluxes  shows 
the  presence  of  silica  and  iron.  Form.  3  MgO, 
Si03  +  2  (A1203,  Si03)  -f  3  HO.  From  Bre- 
vig,  Norway. 

PRASILITE.     A  variety  of  Chlorite. 

PREHNITE.  Min.  Cryst.  Right  rhombic, 
with  distinct  basal  cleavage  ;  also  globular  and 
other  imitative  forms,  and  pseudomorphs  of 
analcime,  &c.  H.  =6  — 6-5.  G.  =  2-8  —  2-95. 
Green,  generally  light ;  vitreous ;  subtrans- 
parent,  translucent ;  somewhat  brittle,  with 
uneven  fracture.  Behaves  like  the  zeolites. 
After  strong  ignition,  it  dissolves  readily  in 
dilute  muriatic  acid,  leaving  gelatinous  silica. 
Form.  2  CaO,  Si03  +  R203,  Si03  +  HO,  in 
which  R  =  Fe  and  Al.  Found  in  granite, 
gneiss,  and  trap  rocks,  in  many  localities. 

PRINCE'S  METAL.     See  Alloys. 

PROTEIN.  Chem.  Physiol.  Formula  C40 
H31N5012  {Mulder),  C48H36N6014  (Liebig).  De- 
rives its  name  from  veurwce,  I  am  first,  because 
Mulder,  its  discoverer,  regards  it  as  the  basis 
of  Albumen,  Fibrin,  and  Casein,  whether  of 
animal  or  vegetable  origin. 

Prep.  Either  of  the  three  above-named  sub- 
stances that  may  be  selected,  is  to  be  freed  of 
extractive,  fatty,  and  soluble  matters  by  suc- 
cessive washings  in  water,  alcohol,  and  ether, 
and  then  treated  with  dilute  HC1  acid  for  the 
removal  of  phosphate  of  lime  and  insoluble 
salts.  The  residue  is  treated  with  moderately 
strong  potassa  or  soda  ley  at  140°,  which  after 
a  time  converts  the  sulphur  and  phosphorus 
into  phosphate  and  sulphuret.  The  filtered 
solution  being  now  treated  with  acetic  acid,  in 
4  b  2  845 


PROTEIN. 


PROTEIN. 


very  slight  excess,  yields  a  gelatinous  precipi- 
tate of  protein.  After  being  thoroughly  washed 
upon  a  filter,  it  is  in  the  form  of  grayish  ftoc- 
culae,  which  contract,  on  drying,  into  a  hard, 
brittle,  yellowish  mass. 

Prop.  Forms  an  inodorous,  tasteless,  amber- 
colored,  hygroiuctric  powder,  which  burns  on 
exposure  to  air  without  leaving  ash.  Is  in- 
soluble in  water,  alcohol,  ether,  and  the  essen- 
tial oils.  Combines  with  both  acids  and  liases. 
Is  precipitable  from  any  of  its  acid  solutions 
by  ferro-  and  ferrid-cyanide  of  potassium,  by 
tannin,  anhydrous  alcohol,  various  metallic 
salts,  and  by  the  alkalies. 

Action  of  Potassa.  When  protein  is  boiled 
with  a  concentrated  solution  of  potassa  until 
ammonia  ceases  to  be  given  off,  the  resultant 
liquor  will  be  found  to  contain  carbonate  and 
formiate  of  potassa,  with  three  new  products. 

1.  En/throprotid.  C13H8N05  {Mulder).  ,  A 
reddish  brown,  deliquescent  extract,  soluble  in 
water  and  boiling  alcohol,  and  precipitable 
from  its  aqueous  solution  by  the  metallic  salts 
and  tannin,  of  a  rose-red  color. 

2.  Protide.  C13H9N04  (Mulder).  A  straw- 
yellow,  amorphous  solid.  Is  soluble  in  water 
and  alcohol  without  color.  Is  precipitated  by 
the  basic  acetate  of  lead. 

3.  Leucin.  C]2HI2N04  (Mulder).  Crystal- 
lizes in  brilliant,  inodorous,  tasteless  scales,  of 
less  spec.  grav.  than  water,  which  sublime 
without  change  at  340°,  and  are  soluble  in 
water  and  alcohol,  but  not  in  ether.  Leucin 
is  also  formed  by  the  action  of  nitric  acid  upon 
Gelatin,  and  of  sulphuric  acid  upon  flesh. 
It  combines  with  nitric  acid,  and  forms  nitro- 
leu.de  acid. 

Action  of  Sulphuric  Acid.  Boiling,  dilute  sul- 
phuric acid  produces  a  beautiful  purple  color- 
ing. When  protein  is  treated  with  strong  sul- 
phuric acid,  it  swells  and  gelatinizes,  and  on 
the  addition  of  cold  water  contracts  without 
dissolving.    This  new  acid  compound  is  called — 

Sulphoproteic  Acid,  C40H31N5O12,  S03.  When 
dried,  it  is  a  yellow  mass,  insoluble  in  water, 
alcohol,  and  ether,  but  soluble  in  ammonia,  and 
potassa,  and  capable  of  union  with  bases. 

If  the  sulphuric  is  diluted  and  added  to  an 
acetic  solution  of  protein,  Mulder's  Sulpho-bi- 
proteic  Acid  (C80H62N10O24  +  H202  +  S03)  is 
formed.  It  is  in  flocculae  when  fresh,  but  be- 
comes white  and  readily  pulverizable  on  dry- 
ing. With  the  alkalies  it  forms  solutions  from 
which  many  of  the  metallic  salts  precipitate 
insoluble  compounds. 

Action  of  Chlorine.  When  this  gas  is  passed 
through  water  holding  any  of  the  protein  com- 
pounds, it  gives  a  white,  flocculent  precipitate 
of— 

Chloro-proteic  Acid.  Syn.  Chlorite  of  protein, 
C40H31N5O12  +  C103.  When  washed  and  dried 
at  212°,  it  is  a  straw-yellow  powder,  nearly  in- 
soluble in  water  and  wholly  insoluble  in  alcohol 
and  ether.  It  dissolves  in  HC1  acid,  and  nitric 
acid  transforms  it  into  xanthoproteic  acid. 

The  action  of  boiling  hydrochloric  acid  gene- 
rates Hydrochloro-proteic  Acid,  C80H62N10O24  -f- 
H202  -4-  HC1.  During  the  boiling,  the  solution, 
at  first  yellow,  gradually  changes  to  blue,  pro- 
vided the  air  is  admitted. 

Action  of  Nitric  Acid.  Nitric  acid  transforms 
protein  or  any  of  its  modifications,  with  the 
846 


evolution  of  nitrogen,  into  nitrate  of  amir, 
oxalic  and  xanthoproteic  acids. 

Xanthnpro!,        I        ..'.  kHa4N  ,<>,_,+  2  1 1<  >.     \n 

orange-colored,  pulverulent,  inodorous  matter, 
insoluble  in  water,  alcohol,  and  ether.  It 
combines  with  both  acids  and  bases.  The 
alkaline  salts  are  dark  red,  andBoluble:  the 
precipitates  which  they  give  with  metallic  salts 
are  yellow. 

Action  of  Wdtet.  Contact  for  several  tours 
with  boiling  water  and  air,  converts  protein 
into  a  soluble  and  insoluble  portion,  which  are 
termed  respectively  binoxide  and  tritoxide  of 
protein. 

a.  Binoxide.  Syn.  Protoxide.  C40H«jN6O]4. 
Is  the  undissolved  residue.  Exists  in  the  bufly 
coat  of  the  blood.  Von  Laer  has  also  obtained 
it  from  hair.  Is  pale  yellow  while  moist.  but 
on  drying  forms  a  dark,  resinous  mass,  which 
gives  a  deep  amber-yellow  powder,  insoluble 
in  alcohol  and  cold  water.  Dilute  acetic,  hy- 
drochloric, nitric,  and  sulphuric  acids  di 
it  readily;  from  these  solutions  it  is  precipi- 
tated by  acetate  of  lead,  tannin,  ferro  and 
ferridcyanide  of  potassium.  It  is  also  soluble 
in  potassa  and  ammonia.  Treated  with  chlo- 
rine gas  it  becomes  C40H31N4O17. 

6.  Tritoxide.  Syn.  Oxyprotein.  C40H31N5OI6, 
HO.  Exists  in  the  soluble  portion.  Is  found 
also  in  the  buffy  coat  of  blood,  and  may  be  ob- 
tained from  the  chlorite  of  protein  by  the  ac- 
tion of  ammonia.  A  yellow  powder,  soluble 
in  water  and  acids,  but  insoluble  in  alcohol, 
ether,  and  the  oils.  With  the  metallic  oxides 
it  forms  a  class  of  double  salts  of  the  formula 
(C40H31N5O15  +  RO)  +  (C40H3IN5()1S  +  HO). 
Nitric  acid  converts  it  into  xanthoproteic  acid. 
Dilute  acetic  acid,  neutral  salts  of  potassa  and 
soda,  chloride  of  barium,  hydrochlorate  of  am- 
monia, and  ferrocyanide  of  potassium  do  not 
precipitate  it,  but  it  is  always  thrown  down  in 
the  same  manner  from  its  aqueous  solution  by 
diluted  nitric,  sulphuric,  hydrochloric,  phos- 
phoric, and  tannic  acids,  by  solutions  of  chlo- 
rine, bi-chloride  of  mercury,  neutral  and  basic 
acetate  of  lead,  nitrate  of  silver,  sulphate  of 
zinc,  and  peroxide  of  iron. 

The  most  recent  researches  of  Mulder  lead 
to  different  views  of  protein  and  its  derivatives 
or  allied  bodies.  He  regards  protein  or  its 
bihydrate  as  C36H25N4OI0  -f-  2  HO;  that  the 
sulphur  and  phosphorus  present  in  albuminoids 
are  in  the  form  of  sulphamide  and  phospha- 
mide,  SNH2  and  PNH2  ■  and  that  these  albu- 
minoids are  compounds  of  Oj6H2.N4O10,  with 
different  proportions  of  sulphamide  and  phos- 
phatide. When  albumen  is  treated  with  po- 
tassa, NH3  passes  off,  and  the  sulphur  of  its 
sulphamide  becomes  hyposulphurous  acid, 
S202,  which  unites  with  the  protein ;  the 
phosphamide  becomes  PO,  which  combines 
with  the  potassa.  The  properties  of  the  salts 
of  albumen  and  protein  are  almost  identical. 
The  sulphate  has  the  form.  C36H2rN4O10  -f 
(0-4  SNH2)  -f  S03HO.  The  muriate  is  5 
equivs.  albumen  -f  2  HC1.  The  action  of 
chlorine  is  most  clear ;  when  passed  into  a 
solution  of  albumen  and  the  action  is  not  con- 
tinued too  long,  it  consists  of  chlorite  of  albu- 
men =  <VI23N7>io+ (•'•»  NNIJ,)  +  C103,  HO; 
if  the  action  be  prolonged,  it  forms  chlorite  of 
protein  =  C86H26N4O10  +  (0-2  S,08)  +  2  CIO,. 


PROTOGINE. 


PSEUDOMORPHISM. 


Biroxyprotein  should  be  termed  protoxyprotein, 
and  its  form.  C36H27N4012,  0.  Vitellin  is  a 
compound  of  oxyprotein  with  sulphamide. 
Tritoxyprotein  is  obtained  by  boiling  albumen, 
fibrin,  &c,  with  water,  and  exhausting  with 
alcohol  the  residue  from  evaporation ;  its  form. 
is  CG6H25N40IO  +  03. 

Millon  (Comptes  Rendus,  1849)  proposes  as  a 
delicate  test  for  the  protein  compounds  the 
very  acid  liquor  obtained  by  dissolving  mer- 
cury in  its  weight  of  nitric  acid  with  4J  equivs. 
of  water.  This  liquid  communicates  to  albu- 
minous substances  a  very  deep  red  color,  and 
in  this  way  will  detect  even  less  than  a  hun- 
dred thousandth  part  of  albumen  in  water. 
Xanthoproteic  acid,  the  chlorites  and  oxides 
of  protein,  derived  from  the  chlorites,  are  ex- 
ceptions, and  consequently,  he  infers,  that  the 
buffy  coat  of  the  blood  is  not  identical  with 
the  oxides  of  protein,  obtained  by  acting  with 
potassa  upon  chlorites  of  protein. 

PROTOGINE  is  granite  with  talc,  instead 
of  mica. 

PROUSTITE.     See  Ruby  Silver. 

PRUSSIAN  BLUE.     Min.     See  Vivianite. 

PRUSSIAN  BLUE.  ) 

PRUSSIC  ACID.       I  See  Cyanogen. 

PRUSSIATES.  J 

PSEUDOALBITE.  Min.  Andesin.  Very  simi- 
lar to  albite  in  external  characters.  H.  =  G. 
G.  =  2-7328.  Form.  3  RO,  2  Si03  -f  3  (R203, 
2  Si03).     From  Marmato,  in  the  Andes. 

PSEUDOMALACHITE.        See     Phosphor- 

CHALC1TE. 

PSEUDOMORPHISM.  Geol.  Also  Pseudo- 
morphs.  Ger.  Afterkristalle.  A  pseudomorph 
is  a  mineral  body  in  a  crystallized  form  that 
belongs  to  some  other  mineral.  Thus  quartz, 
of  the  hexagonal  system,  is  found  in  the  form 
of  fluor  spar,  of  the  regular  system.  This  is 
the  more  commonly  received  definition  at  pre- 
sent, but  it  is  evident  that  we  must  expand  our 
view  of  the  subject,  when  it  can  be  shown  that 
the  same  causes  of  a  pseudomorph  have  pro- 
duced metamorphoses  of  rocky  masses  without, 
and  perhaps  often  with  changes  of  form.  To 
embrace  the  whole,  I  have  employed  the  term 
Pseudomorphism. 

The  full  essay  of  Dr.  Blum,  Pseudomorphosen 
des  Miner  air  eichs,  1843,  and  Appendix,  1847, 
Haidinger's  essays,  Pog.  An.  xi.  and  lxii ; 
especially  BischofF's  Chemische  und  Physika- 
lisehe  Geologie,  1847,  Bd.  II.  pp.  186—508,  to- 
gether with  smaller  detached  essays,  by  vari- 
ous authors,  have  greatly  enlarged  this  sub- 
ject, and  promise  to  make  it  the  most  important 
branch  of  geology,  in  explaining  the  changes 
undergone  by  minerals  and  mineral  masses,  on 
the  surface  of  the  earth. 

When  great  effects  are  observed,  our  first 
inclination  is  to  ascribe  them  to  powerful  and 
suddenly-acting  causes,  such  as  the  elevation 
of  hills  and  mountain  chains ;  but  a  more  de- 
liberate  view  of  facts  leads  to  the  conclusion 
that  the  same  results  may  be  obtained  by  slowly- 
acting,  long-continued,  but  perhaps  not  less 
powerful  causes.  In  like  manner  the  first  ten- 
dency of  those  who  examined  pseudomorphs, 
way  to  attribute  them  to  the  agency  of  heat, 
electric  currents,  and  the  like.  But  Bischoff 
has  shown  very  clearly  that  heat  is  not  the 
cause  of  pseudomorphous  changes.     Dana,  in 


an  essay,  Sill.  Jour,  xlviii.  81  (which  it  is  to 
be  wished  he  had  lengthened),  has  resorted  to 
two  causes,  according  to  which  he  divides 
pseudomorphs,  those  formed  at  the  ordinary 
temperature,  and  those  requiring  an  elevated 
temperature.  Haidinger  and  Blum  seem  in- 
clined to  ascribe  many  of  these  changes  to 
powerfully  heated  vapors  rising  from  beneath, 
and  impregnating  mineral  substances  near  the 
surface. 

Doubtless  some  few  changes  of  this  kind 
have  occurred,  but  the  amount  of  thermal  ac- 
tion with  which  we  are  actually  acquainted,  on 
the  surface  of  the  globe,  is  too  limited  in  its 
sphere  to  account  for  the  wide-spread  changes 
we  witness.  Moreover,  the  greater  number  of 
pseudomorphs  contain  water,  or  are  found  in 
such  positions  as  give  no  other  evidence  of 
such  an  action,  or  are  of  such  a  nature  as  to 
preclude  it.  But  in  answer  to  all  views,  other 
than  those  which  ascribe  the  changes  to  ordi- 
nary operations  with  which  we  are  familiar,  it 
may  be  asked,  why  resort  to  causes  with  which 
we  are  less  acquainted,  if  those  with  which  we 
are  be  sufficient  to  account  for  the  phenomena? 

Calcareous  spar  is  found  in  the  form  of  gay- 
lussite,  and  we  may  readily  conceive  that  it 
was  formed  by  the  simple  removal,  through 
water,  of  hydrated  carbonate  of  soda ;  but  we 
must  at  the  same  time  allow  that  carbonate  of 
lime  has  also  entered,  or  the  calc.  spar  would 
be  very  porous.  So  we  may  conceive  anglesite 
(sulphate  of  lead)  to  take  the  place  of  galena 
by  simple  oxidation;  but  the  much  greater 
bulk  which  the  galena  would  thus  assume,  re- 
quires us  to  assume  that  a  portion  of  the  galena 
has  been  carried  away.  Where  we  find  calc. 
spar  in  the  form  of  gypsum,  kaolin  in  that  of 
feldspar  and  leucite,  steatite  in  that  of  quartz, 
feldspar,  spinell,  garnet,  augite,  &c,  since  the 
pseudomorph  contains  one  or  more  of  the  con- 
stituents of '  the  body  it  imitates,  we  might 
suppose  that  a  portion  of  the  original  matter 
has  been  removed,  and  other  matter  introduced. 
But  we  cannot  positively  assert  this,  for  it  is 
very  possible  that  the  whole  of  the  original 
body  may  have  been  removed,  and  entirely  new 
matter  may  have  replaced  it. 

The  above  examples  include  what  Blum 
terms  Umwandlungs-Pseudomorphosen,  Ps.  by 
alteration,  which  he  divides  into  those  where 
a  part  of  the  original  substance  is  removed, 
those  where  something  new  is  added,  and  those 
where  both  operations  have  taken  place. 

The  second  of  Blum's  two  classes,  Verdrang- 
ungs-Pseudomorphosen,  Ps.  by  supplanting  or 
removal,  he  divides  into  those  by  incrustation, 
and  those  by  substitution :  that  is,  where  a 
body  has  become  incrusted  by  another  mineral, 
and  is  then  removed,  leaving  its  cast ;  and  where 
there  is  a  gradual  removal  of  a  mineral  and 
simultaneous  deposition  of  other  matter.  But 
it  is  often  difficult  to  say,  when  a  pseudomorph 
has  any  one  of  the  constituents  of  the  original 
body,  whether  it  is  a  part  of  the  original,  or 
whether  the  whole  substance  of  the  pseudo- 
morph has  been  substituted  for  the  original ; 
it  might  therefore  be  formed  by  alteration.  It 
may  also  happen  that  a  crystal  may  become 
incrusted  and  then  gradually  removed,  while 
the  same  matter  as  the  incrustation  fills  up  the 
cavity. 
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The  minute  distinctions  drawn  by  Blum  are 
not  to  be  considered  as  perfectly  correct,  if 
received,  for  the  pseudomorphic  changes  have 
been  studied  with  too  little  accuracy,  and  a 
closer  chemical  examination  will  probably  lead 
to  better  arrangement, — a  classification  which 
shall  point  out  the  maimer  of  the  change. 
Thus  we  find  brown  hematite  in  the  form  of 
calc.  spar,  and  we  may  conceive  the  former  to 
have  precipitated  from  solution  by  the  latter 
as  a  basic  salt,  which  has  subsequently  lost  its 
acid ;  and  we  can  further  conceive  this  oxide 
of  iron  to  have  become  pyrites,  which  also 
occurs  in  the  form  of  calc.  spar.  A  classifica- 
tion on  chemical  principles,  where  they  occur, 
will  be  the  best.  There  are  cases  among  the 
changes  by  substitution,  where  the  operation 
is  merely  mechanical,  where  matter  is  depo- 
sited in  the  cavity  of  a  crystal,  which  has  long 
since  disappeared. 

There  are  considerable  difficulties  attending 
the  study  of  pseudomorphic  changes.  The 
change  cannot  be  observed.  The  inferences 
drawn  from  the  composition  of  the  crystal  or 
body  replaced,  and  that  of  the  replacing  mat- 
ter, are  to  be  drawn  with  great  caution,  since 
we  know  but  little  of  the  nature  of  chemical 
interchanges,  excepting  by  laboratory  experi- 
ments, and  there  may  be,  and  probably  is,  a 
wide  difference  between  the  rapid  decomposi- 
tions of  the  laboratory,  and  the  slow  changes 
of  nature.  We  lack  the  important  element  of 
time,  ages,  to  attempt  results  in  the  laboratory 
similar  to  those  observed  in  nature.  Never- 
theless, much  may  be  done  by  experiment,  and 
this,  combined  with  close  and  extended  obser- 
vation, is  sure  to  lead  to  good  results.  The 
waters  of  the  earth  have  not  yet  been  ex- 
amined (with  few  exceptions)  with  that  mi- 
nuteness which  this  subject  requires.  But 
still  enough  is  known  to  satisfy  us  that  almost 
all,  if  not  all,  pseudomorphic  changes  may  be 
referred  to  gradual  alteration  by  the  simplest 
aqueous  causes  now  in  action.  It  can  even 
now  be  shown  with  much  plausibility,  that 
most  of  our  rocks  which  are  termed  plutonic, 
have  not  been  heaved  up  in  the  state  in  which 
we  observe  them  ;  that  they  must  have  under- 
gone important  internal  changes  from  the  in- 
fluence of  aqueous  solutions,  and  that  some 
not  stratified  but  apparently  fused,  may  be 
shown  not  to  be  plutonic  at  all,  but  sedimentary 
rocks,  altered  by  aqueous  action. 

To  give  a  rather  more  complete  view  of  pseu- 
domorphism, I  give  a  catalogue  of  pseudo- 
morphs,  from  Blum's  work,  taken  from  Sill. 
Jour.,  xlviii.,  p.  67.  But  I  refer  to  the  very 
full  view  of  aqueous  pseudomorphic  changes, 
in  Bischoff's  work,  cited  above : — 

Class  I. 


Pseudomorph. 
Calc.  spar, 
Kyanite, 
Steatite, 
Native  copper, 
Vitreous  silver, 


Gypsum, 
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Subdivision  1. 
Form  imitated. 
Gay-lussite. 
Andalusite. 
Hornblende. 
Red  copper  ore. 
Red  silver  ore. 

Subdivision  2. 
Anhydrite. 


Pseudomorph. 

Form.  Imitated. 

Mica, 

Pinite. 

Antimony  bloom, 

Native  antimony. 

Anglesite, 

Galena. 

Specular  iron, 

Magnetic  iron. 

Brown  iron  ore, 

Specular  iron. 

Malachite, 

Red  copper  ore. 

Variegated  copper 

ore, 

Vitreous  copper. 

Copper  pyrites, 

Vitreous  copper. 

Subdivision  3. 

Heavy  spar, 

Witherite,      baryto-calcite, 

and  calc.  spar. 

Calc.  spar, 

Gypsum. 

Dolomite, 

Calc.  spar. 

Chalcedony, 

Datholite. 

Jasper, 

Hornblende. 

Opal, 

Augite. 

Quartz, 

Garnet. 

Cimolite, 

Augite. 

Lithomarge, 

Topaz,  feldspar. 

Kaolin, 

Feldspar,    porcelain    spar, 

leucite. 

Mica, 

Andalusite,  wernerite,  tour- 

maline. 

Prehnite, 

Analcime,  leonhardite. 

Talc, 

Kyanite,  feldspar,  pyrope. 

Steatite, 

Dolomite,  spinel,  quartz,  an- 

dalusite, topaz,  feldspar, 

mica,  wernerite,  tourma- 

line,   staurotide,    garnet. 

idocrase,  augite. 

Serpentine, 

Augite,    hornblende,   chry- 

solite. 

Chlorite, 

Garnet,  hornblende. 

Hornblende, 

Augite. 

Green  earth, 

Augite. 

Pyrolusite, 

Manganite. 

Hausmannite, 

Manganite. 

Antimony  bloom, 

Gray  antimony. 

Antimony  ochre, 

Gray  antimony. 

Antimony  blende, 

Gray  antimony. 

Bismuth  ochre, 

Needle  ore. 

Minium, 

Galena,  white  lead  ore. 

Pyromorphite, 

Galena,  white  lead  ore. 

White  lead  ore, 

Galena,   anglesite,  leadhil- 

lite. 

Molybdate  of  lead 

,  Galena. 

Red  iron  ore, 

Pyrites,   cube  ore,   spathic 

iron. 

Brown  iron  ore, 

Ankerite,      pyrites,     white 

iron    pyrites,    scorodite, 

cube  ore,  spathic  iron. 

Gothite, 

Pyrites. 

Pyrites, 

Mispickel. 

Green  vitriol, 

Pyrites. 

Pseudotriplite, 

Triphyline. 

Wolfram, 

Scheelite. 

Cobalt  bloom, 

Smaltine. 

Black  copper, 

Vitreous  copper. 

Malachite, 

Azurite,  copper  pyrites. 

Chrysocolla, 

Copper  mica  and  red  cop- 

per ore. 

Class  II. 

Common  salt, 

Dolomite. 

Anhydrite, 

Common  salt. 

Gypsum, 

Common  salt. 

Polyhalite, 

Common  salt. 

Carbonate  of  stron 

. 

tian, 

Gypsum. 

PSEUDOQUININE. 


PUZZOLANA. 


Pseudomorph. 

Form  imitated. 

Quartz, 

Heavy  spar,  fluor  spar,  gyp- 

sum,  calc.  spar,  baryto- 

calcite,    dolomite,    schee- 

lite,    galena,    white   lead 

ore,  specular  iron,  pyrites, 

spathic    iron: — as   Prase, 

calc.     spar : — as     Chalce- 

dony,   heavy   spar,    fluor 

spar,  calc.  spar,  dolomite, 

pyromorphite : — as     Car- 

nelian,     calc.     spar  : — as 

Hornstone, fluorspar,  calc. 

spar,  mica,  spathic  iron: — 

as  Semiopal,  calc.  spar. 

Lithomarge, 

Fluor  spar. 

Feldspar, 

Calc.  spar. 

Meerschaum. 

Calc.  spar. 

Pyrolusite, 

Calc.  spar. 

Hausmannite, 

Calc.  spar. 

Manganite, 

Calc.  spar. 

Psilomelane, 

Heavy     spar,     fluor    spar, 

cube  ore. 

Calamine, 

Fluor  spar,  calc.  spar. 

Electric  calamine, 

Fluor  spar,  calc.  spar,  dolo- 

mite,    galena,     pyromor- 

phite. 

Tin  ore, 

Feldspar. 

"White  lead  ore, 

Heavy  spar,  fluor  spar. 

Peroxyd  of  iron, 

Fluor  spar,  calc.  spar. 

Brown  iron  ore, 

Heavy  spar,  fluor  spar,  calc. 

spar,     dolomite,     quartz, 

comptonite,    blende,    ga- 

lena, pyromorphite,  white 

lead  ore,  red  copper  ore. 

Pyrites, 

Heavy     spar,     calc.     spar, 

quartz,  brittle  silver  ore, 

red  silver  ore. 

White  iron  pyrites, 

Brittle  silver  ore. 

Spathic  iron, 

Calc.  spar,  dolomite. 

Malachite, 

Calc.  spar,  white  lead  ore. 

Chrysocolla, 

White  lead  ore. 

Green  earth, 

Haydenite. 

Chlorophyllite  anc 

fahlunite, 

Iolite. 

Rensselaerite, 

Augite. 

PSEUDOQUININE.  A  new  alkaloid,  found 
by  Mcngarduque  in  a  bark  of  unknown  origin. 
(Liebig's  Annalen,  lxvi.,  p.  128.) 

PSEUDOTRIPLITE.  Min.  Accompanies  the 
triplite  of  Bodenmais,  and  its  formula  is  3  Fe2 
03  (Mn203),  2POs  +  2HO. 

PSILOMELAN.  Min.  Black  iron  ore.  Mas- 
sive and  botryoidal.  H.  =  5  —  6.  G.  =  4  — 
4*328.  Black,  passing  into  dark  steel-gray; 
submetallic ;  opake ;  streak  brownish  black, 
shining.  Yields  water  in  a  tube,  and  behaves 
like  oxide  of  manganese  to  the  fluxes.  Soluble 
in  muriatic  acid  with  strong  evolution  of  chlo- 
rine. Rammelsberg  gives  as  its  form.  RO, 
2  Mn02-r-  HO,  in  which  RO  is  BaO,  CaO,  KO, 
CoO,  CuO,  and  probably  MnO.  It  is  an  abun- 
dant ore  of  manganese,  usually  accompanying 
pyrolusite,  and  affords  a  tolerable  amount  of 
chlorine;  but  the  RO  bases  are  wasteful  of 
acid. 

PUCHA  PAT.  A  plant  of  the  genus  Labiates, 
growing  wild  in  Malaga,  and  used  in  Hindostan 
as  an  ingredient  in  tobacco  for  smoking,  and 
for  scenting  the  hair  of  the  women.  Its  per- 
fume is  due  to  volatile  oil.  The  Arabs  employ 
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the  dried  leaves  for  stuffing  matresses,  under 
the  belief  that  it  prevents  contagion.  (Chem. 
Gaz.  i.  408.) 

PUDDING-STONE.  Geol.  A  name  some- 
times given  to  a  conglomerate  of  rolled  pebbles. 

PUMICE.  Geol.  A  porous,  spongy,  volca- 
nic scoria,  lighter  than  water.  It  is  probably 
a  mixture  of  several  minerals,  and  of  different 
mineral  compositions,  in  different  localities, 
and  possibly  at  different  eruptions.  There  car. 
be  little  doubt  that  it  is  formed  by  the  contai 
of  water  with  fused  mineral  matter,  and  can 
be  imitated  by  watering  the  slag  of  an  iron- 
furnace. 

PUNICIN.  Obtained  in  crystals  by  Righini. 
from  the  root-bark  of  the  Punka  granatum,  by 
precipitating  the  alcoholic  tincture  with  water. 

PURPLE  COPPER.  See  Variegated  Cor peh. 

PURPLE  OF  CASSIUS.     See  Goed,  p.  693. 

PURPURIC  ACID.     See  Urine. 

PURPURIN.     See  Madder. 

PURREE.  A  yellow  substance,  from  India, 
which  yields  the  pigment  known  as  "  Indian 
yellow."  When  treated  with  acetic  acid  it 
gives  a  liquor  that,  after  filtration  and  pre- 
cipitation by  acetate  of  lead,  gives,  on  the  de- 
composition of  the  lead  salt  by  sulphuretted 
hydrogen,  a  yellow,  crystalline  body,  which 
Stenhouse  has  named — 

Porreic  acid,  C20H9Olr  Crystallizes  in  long, 
silky,  yellow  needles,  soluble  in  boiling  alcohol 
and  water,  and  in  ether.  It  colors  the  alkalies 
deep  yellow,  and  forms  yellow  precipitates  with 
most  of  the  metallic  solutions.  When  heated 
above  212°,  it  gives  a  crystalline  sublimate, 
Purrenon  (C13H404),  slightly  soluble  in  water, 
soluble  in  alcohol  and  ether,  but  without  acid 
properties. 

PUS.  The  matter  secreted  by  ulcerated 
textures,  and  particularly  by  the  cellular  mem- 
brane. In  the  normal  state  it  is  a  thick,  viscid 
liquid,  yellowish  or  greenish,  and  consists  of  a 
fluid  portion,  or  liquor  puris,  filled  with  float- 
ing, oval,  insoluble  corpuscles,  and  precipitated 
upon  the  addition  of  water.  Heat  and  acids 
both  coagulate  it.  It  may  be  distinguished 
from  mucus  by  its  forming  a  thick,  ropy  solu- 
tion with  caustic  potassa.  Gutterbock's  ana- 
lysis gives,  as  its  composition, — 

Water 861-0 

Solid  constituents 139-0 

Fat  soluble  only  in  hot  alcohol 16  0 

Fat  and   extractive   matter   soluble  in 

cold  alcohol 43-0 

Albumen,  pyin,  and  pus-corpuscles 74-0 

Pyin.  According  to  Eicholz,  it  is  identical 
with  mucin  ;  and  Mulder  considers  it  the  same 
as  tritoxide  of  protein ;  but  Eicholz's  pyin  dif- 
fers from  the  protein  compounds  in  being  pre- 
cipitated from  an  alkaline  solution  by  an  aque- 
ous solution  of  iodine,  and  by  distilled  water. 
Is  soluble  in  water  and  weak  alcohol,  and  dots 
not  coagulate  when  boiled.  By  drying  it  be- 
comes a  gray  powder,  and  then  its  solubility 
is  impaired.  Acetic  acid,  tannin,  and  alum 
give  precipitates  insoluble  in  an  excess  of  the 
reagent. 

PUSCHKINITE.     See  Epidote. 

PUTREFACTION.     See  Fermentation. 

PUZZOLANA.     Geol.     Volcanic  ashes  from 
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PYCNITE. 


PYROMETER. 


Vesuvius,  }  decomposable  by  muriatic  acid, 
and  :]  not  decomposed;  the  latter  is  probably 
a  potassa-soda-feldspar. 

PYCNITE.     See  Topaz. 

PYIN.     See  Pus. 

PYRALLOLITE.  Mm.  Cryst.  Triolinate, 
with  distinct  prismatic  cleavage;  generally 
granular.  H.  =  3-.">  —  4.  G.  =  2-65  ~  2-59. 
White,  greenish;  dull;  subtranslucent,  opake. 
It  blackens  on  coal,  then  becomes  white;  in- 
tumesces  and  fuses  on  the  edges  to  a  white 
enamel ;  gives  with  soda  a  clear  glass,  usually 
colored  green  by  iron.  Its  formula  is  doubtful, 
but  Kobell  suggests  MgO,  Si03,  with  MgO,  HO. 
It  occurs  in  Pargas,  Finland. 

PYRANTIMONITE.     See  Red  Antimony. 

PYRARGILLITE.  Min.  Massive,  occasion- 
ally as  a  4-sided  prism,  probably  a  pseudo- 
morph.  Black  and  shining,  or  bluish  and  dull. 
Yields   water,    gives   by   heat   an   argillaceous 

is  infusible,  swells  up  with  soda  to 
scoria.      Form.     FeO,   SiOa  +   A1203,   Si03  -\- 
4  110.     Helsingfors,  Finnland. 

PYRENA1TE.     Sec  Garnet. 

PYRETHRIN.  A  soft,  acrid  resin,  the  ac- 
tive principle  of  the  Anthemis  Pyrethrum.  Is 
insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  According  to  Koene,  it  consists  of  three 
different  substances: — 1.  a  very  acrid,  resin- 
ous, brown  matter,  soluble  in  alcohol  and  in- 
soluble in  water  and  potassa;  2.  a  fixed  oil, 
vefj  soluble  in  alcohol;  and  3.  a  yellowish  oil, 
soluble  in  potassa,  alcohol,  and  ether. 

PYRGOM.     See  Augite. 

PYRITES.     Min.     Yellow  or  white  sulphu- 
me times  with  arsieniurets  of  iron,  cop- 
per,  cobalt,  nickel.     See  Iron  P.,   Copper  P., 
Cobalt  P.,  Copper  nickel,  Mispickel,  &c. 

PY 110.  When,  in  certain  instances,  a  body,  by 
the  action  of  heat,  is  modified  into  a  new  pro- 
duct, die  title  of  the  latter  has  a  prefix  of  pyro, 
to  distinguish  it  from  the  original  substance. 
Thus,  for  example,  gallic — pyrogallic  acids. 

PVROACETIC  SPIRIT.     See  Acetone. 

PYROCHLORE.  Min.  Microlite  (?).  Cryst. 
Regular,  8-hedron,  PI.  VIII.,  fig.  1,  also  fig.  3, 
and  a  combination  of  figs.  1  and  10.  II.  =  5 
—  5-25.  G.  =  3-8  —  4-32  (5-5  microlite). 
Honey -yellow,  brown;  vitreous  or  resinous; 
subtransparent,  opake ;  conchoidal  fracture. 
On  coal  it  becomes  yellow,  and  fuses  with 
great  difficulty  to  blackish  brown  scoria ;  in 
borax  in  the  outer  flame  to  reddish  yellow,  in 
the  inner  dark  red;  in  mic.  salt,  in  the  outer 
yellow  while  hot,  green  on  cooling,  in  the  inner 
flame  dark  red  to  violet;  some  show  uranium, 
some  manganese  with  soda.  Decomposed  by 
oil  of  vitriol,  readily  by  warming.  If  the  co- 
lumbic  acid  =  Ta203,  Wohler's  formula  is 
NaF  +  2  CaO,  Ta203 ;  but  if  it  be  Ta02  (Rose), 
it  is  NaF  -f  2  (4  CaO,  3  Ta02).  The  CaO  in- 
cludes ThO  and  CeO.  There  are  also  present 
Ti02,  Ur203,  FeO,  MnO,  YO  (KO,  LiO 
Herrmann's  view  that  the  thorina  is  zirconia 
and  lithia,  is  disproved  by  Wohler  and  Bcr- 
zelius.  It  occurs  at  Friedericksv'arn,  Laurvig, 
in  Norway;  Miask,  Siberia.  Microlite 
from  Chesterfield,  Massachusetts,  is  placed  by 
Shepard  and  Hayes  with  pyrochlore,  but  the 
formulae  are  different. 

PYROCITRIC  ACID.     See  Citric  and  Aco- 
HITIC  Acids. 
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PYROG  LLLIC    ICID.     S<  Lorn. 

PYROLIGNEOUS  ACID.      See  Anne    \. I1D, 

p.  22. 

PYROLTJSITE.  Min.  Gray  manganese, 
Glasamakers'  soap.  Cryst.  Right  rhi 
with  a  vertical  cleavage;  also  columnar  and 
granular.  H.  =  2—  26.  G.  =  4-8  1-97. 
Black,  sometimes  bluish  ;  metallic  lustre,  if 
crystalline;  opake.  rather  sectile,  with  black 
streak.  Distinguished  from  psilomelan  by 
hardness  and  streak.  Yields  little  or  no  wa- 
ter, and  behaves  like  oxide  of  m 
the  fluxes.  Soluble  in  muriatic  acid  with 
strong  evolution  of  chlorine.  Form.  MnO«. 
An  abundant,  and  the  most  valuable  ore  of 
manganese,  and  is  largely  used  in  making 
chloride  of  lime,  and  in  decolorizing  glass, 
whence  one  of  its  names. 

PYROW  \.RIC  ACID.     See  Colophony. 

PYROMETER.     An  instrument  for  the  mea 
Burement  of  high  temperatures.     It  will  not 
indicate  the  amount  of  contained  heat,  but  like 
the  Thermometer,  determines  only  the  com- 
parative temperature  of  two  or  more  b 

Pyrometers    are   constructed  of  i  olid   sub- 
stances, though  gaseous  bodies,  on  account  of 
their  sensitiveness  to  heat  and  cold,  or  g] 
uniformity  of  expansion,  would  be 
Wedgwood's  pyrometer  is  the  oldest  instrument, 
but  Daniell's  instrument  is  the  most  ap] 
and  by  skilful  management  may  be  made  to 
give  accurate  indications.     lis  principal  appli- 
cation is  in  furnace  operations.     In   assaying, 
where  the   required  temperature  varres  with 
the   metal   under   process,    it   is   particularly 
available  in  determining  the  heat  of  the  fur- 
nace; for  much  of  the  accuracy  of  th 
depends  upon  the  temperature  at  which  it  is 
made.     Fig.  89  represents  the  apparatus. 

Fig.  89. 


It  consists  of  two  parts,  which  may  be 
distinguished  as  the  register  1,  and  the  scale  2. 
The  register,  a,  is  a  solid  bar  of  black  lead 
earthenware,  highly  baked.  In  this  a  hole,  a  a, 
is  drilled,  into  which  a  bar  of  any  metal,  six 
inches  long,  may  be  dropped,  and  which  will 
then  rest  upon  its  solid  end.  A  cylindrical 
piece  of  porcelain,  c,  called  the  index,  is  then 
placed  upon  the  top  of  the  bar,  and  confined 
in  its  place  by  a  ring  or  strap  of  platinum,  d, 
passing  round  the  top  of  the  register,  which 
is  partly  cut  away  at  the  top,  and  tightened 
by  a  wedge  of  porcelain,  e.  When  such  an 
arrangement  is  exposed  to  a  high  temperature, 


PYROMETER. 


PYROSMALITE. 


it  is  obvious  that  the  expansion  of  the  metallic 
bar  will  force  the  index  forward  to  the  amount 
of  the  excess  of  its  expansion  over  that  of  the 
black  lead,  and  that  when  again  cooled  it  will 
be  left  at  the  point  of  greatest  elongation. 
What  is  now  required,  is  the  measurement  of 
the  distance  which  the  index  has  been  thrust 
forward  from  its  first  position,  and  this,  though 
in  any  case  but  small,  may  be  effected  with 
great  precision  by  means  of  the  scale. 

This  is  independent  of  the  register,  and 
consists  of  two  rules  of  brass,  //  and  g,  accu- 
rately joined  together  at  a  right  angle  by  their 
edges,  and  fitting  square  upon  two  sides  of  the 
black  lead  bar.  At  one  end  of  this  double 
rule  a  small  plate  of  brass,  h,  projects  at  a 
right  angle,  which  may  be  brought  down  upon 
the  shoulder  of  the  register  formed  by  the 
notch  cut  away  for  the  reception  of  the  index. 
A  movable  arm,  d,  is  attached  to  this  frame, 
turning  at  its  fixed  extremity  on  a  centre,  i,  and 
at  its  other  carrying  the  arc  of  a  circle,  whose 
radius  is  exactly  five  inches,  accurately  divided 
into  degrees  and  thirds  of  a  degree.  Upon  this 
arm,  at  the  centre  of  the  circle,  k,  another 
lighter  arm,  c,  is  made  to  turn,  one  end  of  which 
carries  a  nonius,  h,  with  it,  which  moves  upon 
the  face  of  the  arc,  and  subdivides  the  former 
graduation  into  minutes  of  a  degree  ;  the  other 
end  crosses  the  centre,  and  terminates  in  an 
obtuse  steel  point,  m,  turned  inwards  at  a  right 
angle. 

When  an  observation  is  to  be  made,  a  bar 
of  platinum  or  malleable  iron  is  placed  in  the 
cavity  of  the  register ;  the  index  is  to  be 
pressed  down  upon  it,  and  firmly  fixed  in  its 
place  by  the  platinum  strap  and  porcelain 
wedge.  The  scale  is  then  to  be  applied  by 
carefully  adjusting  the  brass  rule  to  the  sides 
of  the  register,  and  fixing  it  by  pressing  the 
cross  piece  upon  the  shoulder,  and  placing  the 
movable  arm  so  that  the  steel  part  of  the 
radius  may  drop  into  a  small  cavity  made  for 
its  reception,  and  coinciding  with  the  axis  of 
the  metallic  bar.  The  minute  of  the  degree 
must  then  be  noted,  which  the  nonius  indicates 
upon  the  arc.  A  similar  observation  must  be 
made  after  the  register  has  been  exposed  to 
the  increased  temperature  which  it  is  designed 
to  measure,  and  again  cooled,  and  it  will  be 
found  that  the  nonius  has  been  moved  forward 
a  certain  number  of  degrees  or  minutes.  The 
scale  of  this  pyrometer  is  readily  connected 
vuth  that  of  the  thermometer,  by  immersing 
the  register  in  boiling  mercury,  whose  tem- 
perature is  as  constant  as  that  of  boiling  wa- 
ter, and  has  been  accurately  determined  by  the 
thermometer.  The  amount  of  expansion  for  a 
known  number  of  degrees  is  thus  determined, 
and  the  value  of  all  other  expansions  may  be 
considered  as  proportionate. 

The  following  is  a  list  of  the  melting  points 
of  some  of  the  metals,  and  it  is  obvious  that 
in  an  assay  of  each  particular  metal,  the  tem- 
perature employed  must  exceed  by  a  consider- 
able number  of  degrees  its  melting  point.  The 
table  is,  therefore,  very  useful. 

Fahrenheit. 

Tin  melts  at 422° 

Bismuth 497 

Lead 612 

Zinc 773 


Fahrenheit. 

Cadmium 442° 

Silver 1860 

Copper 1996 

Gold 2016 

Cast  iron 2786 

Cobalt  and  nickel  rather  less  fusible  than 
iron.     (Morjil's  Manipulations,  pp.  136 — 138.) 

PYROMORPHITK.  Mm.  Phosphate  of  lead; 
Griin-  and  Braunbleierz.  Cryst.  Hexagonal; 
also  in  imitative  forms,  fibrous  and  granular. 
H.  =  3-5  —  4.  G.  =  6-587  —  7-018.  Green, 
yellow  and  brown  ;  resinous  ;  subtransparent, 
subtranslucent ;  brittle  with  white  or  yellow- 
ish streak.  For  behavior  see  Mimetesite; 
but  it  may  not  yield  an  arsenical  odor.  For- 
mula, see  Arseniophosphates.  It  occurs  not 
rarely  in  lead  mines ;  fine  specimens  of  green 
and  gray  from  Washington  mine,  Davidson  Co., 
N.  Carolina,  and  a  few  from  Perkiomen,  near 
Philadelphia. 

PYROPE.     See  Garnet. 
PYROPHORUS.     From  ™g,  fire,  and  p=ga,  to 
bear,  because  of  its  property  of  igniting  spon- 
taneously when  exposed  to  air. 

Homberg's  pyrophorus  is  made  by  mixing 
thoroughly  one  part  of  sugar  with  three  of 
alum,  evaporating  to  dryness,  and  then  heat- 
ing to  redness  in  a  retort,  until  flame  ceases  to 
be  emitted.  Wackenroder  prepares  a  very 
dangerous  pyrophorus  by  igniting  tartar  emetic 
in  a  closed  crucible. 

PYROPHOSPHORIC  ACID.  See  Phos- 
phorus. 

PYROPHYLLITE.  Min.  Foliated  ;  II.  =  1 ; 
white,  greenish,  yellowish ;  pearly ;  translu- 
cent. Yields  water,  swells  in  the  pincette  into 
distorted  forms,  of  a  white  color,  and  gives  a 
fine  blue  with  cobalt  solution.  Form.  3  MgO, 
2  Si03  +  9  (A1203,  2  Si03)  +  9  HO  (empirical 
MS2  -\-  9  AS2  -f-  3  Aq).  It  occurs  near  Bere- 
sof,  Ural.  The  vermiculite  of  Milbury,  Mas- 
sachusetts, is  probably  the  same. 
PYROPHYSALITE.  See  TorAz. 
PYRORTHITE.  Min.  Crystalline.  H.  less 
than  3.  G.  =  2-15  —  2-25.  Brownish  black  ; 
resinous;  opake;  fracture  conchoidal,  splint- 
ery, earthy.  Resembles  orthite.  Yields  wa- 
ter and  empyreumatic  matter,  and  becomes 
black ;  heated  on  coal  it  continues  ignited  of 
itself,  burning  white  and  porous ;  behaves 
otherwise  like  orthite.  Berzelius  regards  it 
as  orthite  mixed  with  |  silicates  of  RO  bases, 
and  coal  and  water.  The  carbon  and  water 
amount  to  31-41  pr.  ct.  It  occurs  near  Fahlun, 
Sweden. 

PYROSIDERITE.  See  Brown  Hematite. 
PYROSKLERITE.  Min.  Rhombic  prism. 
H.  =  3.  G.  =  2-74.  Green;  pearly;  trans- 
lucent; fracture  uneven,  splintery.  Yields 
water  ;  fuses  with  difficulty  to  a  grayish  glass ; 
o-ives  a  chrome-green  bead  with  borax  ;  decom- 
posed by  muriatic  acid.  Form.  2  (3  MgO, 
Si03)  +  A1203,  Si03  +  4  HO.  Hartwall  gives 
the  same  formula  for  kammererite,  which  con- 
tains 6  HO.  From  Elba  and  Aker,  in  Siider- 
manland. 

PYROSMALITE.  Min.  Cryst.  Hexagonal, 
with  perfect  vertical  cleavage ;  also  massive. 
H.  =  4  —  4-5.  G.  =  3-81.  Liver-brown,  pass- 
ing into  gray  and  green ;  pearly ;  brittle  with 
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PYROTARTARIC  ACID. 


ninriTRON. 


uneven  fracture.  In  a  closed  tube  it  yields 
water,  and  then  yellow  drops  of  chloride  of 
iron;  fuses  on  coal,  and  with  the  fluxes  gives 
the  reactions  of  iron,  manganese,  and  silox  ; 
with  mic.  salt,  containing  copper,  it  shows  the 
presence  of  chlorine.  Decomposed  by  nitric 
acid.  Formula,  (Fe2Cl3,  Fe203  +  OHO) + 
4  (3  FeO,  2  Si03  +  3  MnO,  2  Si03),  or  Fe2 
(OCl)3,  3  HO  -f  4  (3  110,  2  SiOs).  From  an 
iron  mine  of  Nordmark,  Warmeland,  Sweden. 

PYROTARTARIC  ACID.  See  Tartaric 
Acid. 

PYROXANTIIIN.  Chem.  Syn.  Eblanin. 
Obtained  by  Scanlan  from  crude  pyroxylic 
spirit.  Form.  C2,H904  [Gregory).  According 
to  Schweizer  (Journ.  fiif  Frakt.  Chem.  1848), 
pyroxantbin  does  not  exist  as  such  in  the  crude 
pj'rolignic  liquor,  but  is  generated  by  the  ac- 
tion of  alkalies  and  alkaline  earths  upon  py- 
roxanthogen,  one  of  the  constituents  of  the 
empyreumatic  oil,  a  neutral  resin  and  a  vola- 
tile acid  being  simultaneously  formed. 

It  crystallizes  in  yellow  needles,  soluble  in 
hot  alcohol,  ether,  and  acetic  acid,  but  insolu- 
ble in  water,  caustic  potassa,  and  ammonia. 
Its  solution  in  sulphuric  acid  is  bluish  red,  and 
that  in  HC1  acid  purple,  gradually  passing 
into  brown.  Heated  to  273°  in  the  open  air,  it 
sublimes  unaltered ;  but  if  confined,  it  de- 
composes. 

PYROXEN.     See  Augite. 

PYROXYLIC  SPIRIT.  Hydrate  of  oxide 
of  Methyl. 

PYROXYLIN.     See  Gun  Cotton. 

PYRRHITE.  Mm.  Cryst.  Regular,  8-he- 
dron.  H.==6.  Orange-yellow;  subtranslucent; 
vitreous.  Infusible;  splinters  of  it  blacken  on 
the  end,  and  color  the  flame  yellow.  Insoluble 
in  muriatic  acid.     From  Mursinsk. 

PYRROLE.  Chem.  An  alkaloid  found  by 
Runge  and  Anderson  in  coal  tar.  It  is  yet  to 
be  examined. 
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QUARTATION.     See  Gold. 

QUARTZ.  Min.  Syn.  Silex,  Rock  crystal, 
Flint,  Agate,  Jasper,  Heliotrope,  Chalcedony, 
Cat's  eye,  Amethyst,  Prase,  Chrysoprase,  Ba- 
sanite,  Hornstone.  Ger.  Bergkrystal,  Kiesel, 
Feuerstein,  &c. 

Cryst.  Hexagonal,  usually  in  prisms,  termi- 
nated by  6-sided  pyramids ;  the  latter  often 
elongated ;  also  granular,  compact  (as  in  chal- 
cedonies and  jaspers),  rarely  fibrous.  H.  =  7. 
G.  =  2-64  —  2-67.  Color  white,  if  pure,  but 
presenting  nearly  every  color,  and  of  different 
shades  in  its  numerous  varieties  ;  lustre  vitre- 
ous, rarely  resinous  ;  transparent,  opake ; 
tough,  rather  brittle  with  conchoidal  to  sub- 
conchoidal  fracture. 

In  its  purest  state  it  is  infusible ;  fuses 
with  borax  to  difficultly  fusible  glass ;  is 
scarcely  dissolved  by  mic.  salt ;  and  fuses  rea- 
dily with  soda  to  a  clear  bead.  Iron  is  fre- 
quent in  the  colored  varieties.  It  is  insoluble 
in  every  acid  except  fluohydric ;  the  crystal- 
lized variety  is  scarcely  soluble  in  boiling  po- 
tassa lye,  the  amorphous  variety  much  more 
8u.     It  is  essentially  silica  or  silicic  acid,  Si03. 

Varieties,  Localities.  There  are  two  sub-spe- 
cies, the  crystallized  and  the  amorphous,  the 
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former  mostly  transparent,  and  with  a  | 
vitreous  lustre,  the  latter  tranaluoent  to  opake, 
with  a  Buhvitreous,  resinous,  or 

aud  often  dull. 

a.  Crystalline.  Rock  crystal  is  applied  to  that 
nearly  or  quite  colorless ;  Amethyst  to  the  violet 
colored;  Rose  quart:  to  the  rose  colored  . 
Topaz  to  the  yellow;  Smoky  Q.  to  that  having 
a  carbonaceous  color,  often  so  deep  as  to  be 
nearly  black;  Milky  Q.  to  a  white  variety, 
which  sometimes  has  a  greasy  lustre  ;   / ' 

the  green ;  Avent urine  Q.  to  a  reddish  brown 
variety,  filled  with  spangles  of  mica  and  As- 
sures ;  Ferruginous  Q.  to  a  brownish  red  or 
ochrey  variety,  containing  oxide  of  iron. 

b.  Amorphous.  Chalcedony  includes  those  of 
a  milk-white  or  bluish  white  tint,  and  when 
traversed  by  asbestus  and  cut  in  a  peculiar 
way,  it  is  Cat's  eye  ;  Carnelian,  bright  to  brown- 
ish red,  and  when  very  deep  in  color  is  Sard; 
Chrysoprase,  green,  colored  by  nickel ;  Agate 
consists  usually  of  concentric  or  parallel  layers 
of  different  colors,  and  presents  different  ap- 
pearances, according  to  the  mode  of  cutting 
it ;  dendritic  appearances  in  it  constitute  moss- 
agate  ;  Onyx  consists  of  flat  layers  of  white 
and  black,  or  brown  ;  and  if  the  latter  be  deep 
brown,  it  is  Sardonyx. 

The  above  varieties  are  usually  more  or  less 
translucent,  but  the  following  are  more  or  less 
opake.  Jasper  shows  a  mixture  of  many  colors, 
of  which  red  and  green  predominate ;  when  in 
bands,  it  is  Striped  Jasper.  Green  jasper,  with 
yellow  and  whitish  dots,  is  Plasma;  with  blood- 
red  spots,  is  Heliotrope.  Flint  is  gray,  smoky, 
and  nearly  black,  and  is  characterized  by  its 
perfect  and  large  conchoidal  fracture.  Horn- 
stone  is  more  brittle  than  flint,  and  has  a  more 
splintery  fracture  ;  when  tough  and  of  a  black 
color,  it  is  Basanite,  Lydian-slone,  or  Touchstone. 

Crystalline  quartz,  usually  colorless  and 
white,  occurs  in  rock  formations  of  every  geo- 
logical age.  The  chalcedonic  varieties  gene- 
rally occurs  lining  cavities  in  various  rod 
Flint  occurs  in  nodules  in  chalk,  and  hornstone 
seems  to  be  its  equivalent  in  other  limestones. 
The  purer  varieties,  including  flint,  arc  largely 
employed  in  the  manufacture  of  glass  and  tine 
pottery.  Basanite  is  used  to  try  the  streak  of 
gold  and  silver  alloys.  The  rest  are  more  or 
less  employed  as  gems. 

QUASSIA.  Pharm.  The  wood  of  the  Q. 
excelsa.  It  contains  volatile  oil,  quassin,  gum- 
my extractive,  pectin,  lignin,  and  salts. 

Quassin.  Syn.  Quassite.  The  bitter  prin- 
ciple, C10H6O3.  (Wiggers.)  Crystallizes  in 
small  white  prisms,  of  bitter  taste.  Ycry 
soluble  in  alcohol,  and  but  slightly  in  water 
and  ether.  Though  neutral,  it  is  soluble  in 
nitric  and  sulphuric  acids. 

QUERCIN.  A  white  or  yellowish  crystal- 
line solid,  extracted  from  the  Qucrcus  robur,  by 
Gerber,  (Chem.  Gaz.  i.  50D).  It  is  a  neutral, 
bitter  principle,  soluble  in  water  and  alcohol, 
but  insoluble  in  ether,  strong  alcohol,  ami  oil 
of  terpentine.  Its  solution  is  precipitated  by 
salts  of  lead,  silver,  tin,  and  protoxide  of 
mercury. 

QUERCITRON.  Chem.  Tech.  The  bark  of 
the  Quercus  tinctoria,  or  black  oak.  Much  used 
as  a  dye-stuff,  because  of  its  yellow  coloring 
principle,  which  is  called— 
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Quercitrin.  Syn.  Quercitric  acid,  C,6H809 
+  HO.  (Bolley.)  Crystallizes  in  light  grayish 
scales,  which  yellow  on  exposure  to  air.  Is 
volatile  and  very  soluble  in  water,  alcohol,  and 
ether,  and  leaves  a  bitter  after-taste.  Both 
acids  and  alkalies  yellow  it.  The  red  and 
brown  coloring  matters  accompanying  it  in  the 
bark  are,  according  to  Preisser,  modifications 
of  quercitrin. 

The  formula  of  its  lead  salt  is  C16H809-}- 
PbO  {Bolley),  2  (C32II15014)  +  PbO  (Preisser). 
By  boiling  it  deposits  small  acicular  crystals 
of— 

Quercitrein.  Less  soluble  in  water  than  the 
above,  and  forms  a  beautiful  golden-yellow 
lead  salt,  of  the  composition  C32H150,3  -f-  PbO 
(Preisser).      Chem.  Gaz.  ii.  412. 

QUICKSILVER.     See  Mercury. 

QUINCKE.     See  Meerschaum. 

QU1NIC  ACID.  Syn.  Kinic  acid,  Cinchonic 
acid.  C7H606  (crystallized).  Exists  in  the 
different  quinquina  barks,  in  natural  combina- 
tion with  quhiiu  and  cinchonin.  Berzelius  an- 
nounced its  existence  in  the  alburnum  of  the 
Pinus  sylvestris,  but  Wohler  and  Stenhouse  have 
recently  proved  to  the  contrary.  Forms  color- 
less, transparent  crystals,  soluble  in  alcohol 
and  water.  Heated  to  536°  in  a  retort  with 
manganese  and  sulphuric  acid,  it  is  decomposed 
into  new  products,  among  which  is — 

Quinone  ( Quinoyle).  Crystallizes  in  beautiful 
yellow  prisms,  fusible  and  volatilizable  without 
alteration.  Is  soluble  in  water.  Wohler  and 
Stadler's  recent  analyses  have  confirmed  Wos- 
kresensky's  original  formula,  C24Hg0g. 

QUINIDIN.  Exists  with  quinin  in  one  of 
the  new  barks  resembling  huamalies.  Crys- 
tallizes in  very  minute,  rhombic  tablets.  Solu- 
ble in  alcohul,  and  sparingly  in  water.  Its 
sulphate  strongly  resembles  that  of  quinin. 

QUININ.  Chem.  Phurm.  Syn.  Chinin, 
Quinia.  An  alkaloid,  existing  in  the  bark  of 
several  species  of  It  is  generally 

found  with  Cinchona,  combined  with  Quinic 
acid  and  cinchonic  red.  The  three  principal 
kinds  of  genuine  bark  are — 

1.  The  royal  yellow  or  Calasaya,  from  the 
Cin  cho  n  id  co  rdifo  lia. 

2.  The  crown  or  Loxa  bark,  from  the  C.  con- 
dam  i. 

3.  The  red  bark,  from  the  C.  oblongifolia. 
Qui; un  predominates    in  the  Calasaya,   cin- 

chona  in    the  gray,  while  in  the  red  the  two 
in  nearly  equal  proportions. 
Quinin  has  also  been  found  by  Coxe  in  the 
Pine  i  •■  •  /,  a  pubens,  and  by  Pelletier  and  Carenton 
in  th<  i  hezandra. 

)  a  hark  yields  24  to  32  grammes  of  sul- 
:    of  quinin  to  the  kiliogramme. 

yields  12  to  16  grins,  sulphate  of 
liona. 
Lima  (gray)  yields    12  .arms,   sulphate  of  cin- 
i   , 

ed  yields    •   grots,  sulphate  of  quinin, 
sulph  iti   of  cinchonin. 
pa]  rms.  sulphate  of  quinin, 

!  ulphate  of  i  tnchonin. 

i  ds  3  to  4  grins,  sulphate 

i    tin. 

Calasaya   bark,  coarsely 
for  tilling  three- 


fourths  the  capacity  of  the  Displacement 
apparatus,  fig.  42,  p.  522,  and  continue  to  ex- 
haust it  of  soluble  matter  with  acidulated  wa- 
ter (10  lbs.  oil  of  vitriol  to  30  galls,  water), 
until  the  liquid  passing  through  is  colorless, 
tasteless,  and  gives  no  reaction  with  ammonia. 
To  the  warmed  liquors  thus  obtained,  add  milk 
of  lime,  little  beyond  neutralization.  By  this 
reaction  the  quinin  is  precipitated  with  the 
lime,  and  after  subsidence  may  be  freed  of  the 
supernatant  liquor  by  decantation.  The  pre- 
cipitate is  then  to  be  drained  upon  a  filter, 
pressed,  broken  into  small  pieces,  dried,  and 
powdered.  This  powder  is  now  to  be  placed 
in  a  displacing  cylinder,  and  treated  with  alco- 
hol of  34°  B.,  until  it  ceases  to  give  soluble 
matter  to  the  liquor.  The  charged  liquor  is 
then  to  be  distilled  so  as  to  recover  three- 
fourths  of  the  alcohol,  and  the  residue  trans- 
ferred to  a  basin,  and  exactly  neutralized  with 
dilute  sulphuric  acid.  In  several  hours  the 
whole  will  have  crystallized,  and,  in  order  to 
separate  the  black  mother  waters,  must  be  en- 
closed in  a  linen  cloth  and  tightly  pressed. 
The  impure  cake  of  quinin,  upon  resolution 
and  repeated  crystallization  from  water,  by  the 
aid  of  bone-black,  acquires  a  sunny  white- 
ness. These  crystals  are  to  be  very  carefully 
removed,  placed  upon  frames,  and  dried  in  a 
warm,  not  a  hot  room,  else  effervescence  will 
ensue,  and  the  beauty  of  the  crystals  be  im- 
paired. From  a  solution  of  these  crystals  qui- 
nin may  be  precipitated  by  ammonia,  and 
crystallized  from  solution  in  alcohol  of  90  pr. 
ct.  In  order  to  separate  the  total  content  of 
alkaloids  from  the  mother  water  (which  retains 
any  cinchonin  that  may  have  been  in  the  bark), 
they  must  not  be  evaporated,  but  precipitated 
by  carb.  soda.  The  precipitate  thus  produced, 
after  being  drained  upon  a  cloth  and  pressed, 
is  to  be  mixed  with  a  quantity  of  water,  not 
too  great  to  make  a  dilute  solution,  and  neu- 
tralized while  boiling  with  sulphuric  acid.  By 
repose  the  sulphate  crystallizes,  and  may  be 
purified  as  above  directed.  In  the  same  way, 
another  portion  of  quinin  may  be  separated 
from  the  residual  liquors,  and  when  they  cease 
to  yield,  by  this  mode,  any  more  crystalline 
salt,  they  are  to  be  set  aside  to  be  made  into 
Quinoidin.  The  last  products  are  more  or  less 
mixed  with  cinchonin,  though  the  most  of  the 
alkaloid  remains  in  the  extract.  The  last  pre- 
cipitations therefore,  instead  of  being  neutral- 
ized with  S03,  may  better  be  treated  with 
alcohol  of  64°,  which  dissolves  out  the  quinin 
and  leaves  the  cinchonin.  The  alcoholic  tinc- 
ture can  be  neutralized  as  before,  and  set  aside 
to  crystallize. 

To  exhaust  the  extract  entirely,  Guibourt 
adds  an  equal  weight  of  solution  of  common 
salt  of  15°  B.,  boils  the  mixture  for  a  quarter 
of  an  hour,  decants,  and  subjects  the  brown 
residue  again  and  again  to  the  same  treat- 
ment. 

The  liquors  are  then  to  be  united,  filtered, 
and  when  cold  precipitated  by  ammonia.  The 
brown  precipitate  is  to  be  redissolved  in  water 
and  dried,  portionwise,  with  ammoniacal  solu- 
tion of  salt,  to  partial  saturation  only.  The 
soft  brown  deposit  first  formed  is  to  be  sepa- 
rated, and  the  precipitation  afterwards  com- 
Ipleted  with  ammonia.  From  this  precipitate 
4  C  853 


QUININ. 


QUINOIDIN. 


alcohol  dissolves  the  sulphates  of  quinin  and 
oinchonin. 

Some  chemists,  in  the  preceding  process, 
a  'itute  IIC1  lor  sulphuric  acid,  which  gives 
[vantage  of  less  precipitate  to  dry  and 
powder,  as  the  chloride  of  calcium  is  entirely, 
while  the  sulphate  is  only  partially  soluble. 
ISoiling  in  kettles  by  the  direct  application  of 
fire,  as  is  practised  in  many  of  the  laboratories, 
is  less  economical  and  more  laborious  than  ex- 
hausting by  displacement.  Displacing  appa- 
ratus are  made  with  outer  jackets,  for  the  ap- 
plication of  heat  by  means  of  steam ;  but  a 
previous  warming  of  the  acidulated  water,  in 
this  instance,  suffices. 

b.  Lebourdais  (Ann.  de  Chim.  et  Phys.  1848) 
prepares  quinin  by  passing  the  sulphated  de- 
coction, made  as  above  directed,  through  bone- 
black.  The  charcoal,  when  washed,  dried,  and 
treated  with  alcohol  of  0-848,  yields  a  liquid 
which,  ou  evaporation,  becomes  milky,  and 
drops  crystals  of  quinin. 

Prop.  C20H12NO2.  Eq.  412,  or  C20III2NO4 
(Dujlos).  A  hard,  white  mass,  of  a  resinous 
fracture.  May  be  obtained  in  prisms  by  crys- 
tallization from  its  solution  in  absolute  alcohol. 
Contains  14-1  pr.  ct.  of  water,  which  it  loses 
by  fusion.  Is  soluble  in  alcohol  and  ether,  and 
but  very  slightly  in  water,  and  forms  salts  with 
the  acids.  Tannin  and  gallic  acid  precipitate 
an  aqueous  solution  of  quinin,  but  the  most 
delicate  test  is  that  of  Andre.  To  the  muriated 
or  sulphuretted  solution  add  chlorine  water, 
and  then  aqua  ammonia ;  a  beautiful  green 
tint  is  assumed,  which  is  changed  to  deep  red 
by  an  acid.  Quinin  is  the  only  alkaloid  known 
to  give  this  characteristic  reaction.  One  part 
of  crystallized  quinin  is  equivalent  to — 

1-15  parts  of  sulphate, 
1-01       "      "    acetate, 
1-01       "       "    citrate, 
1-05       "       "    tartrate, 
0-95       "       "    chlorhydrate, 
1-01      "      "   ferrocyanate. 

Salts.  1.  Sulphate.  Light,  feathery  crystals, 
of  snowy  whiteness.  The  salt  of  commerce, 
the  most  important,  is  basic,  and  has  the  for- 
mula 2  Q  +  S03  +  HO.  It  is  soluble  in  alco- 
hol and  hot  water,  but  not  so  readily  in  the  bi- 
salt. 

2.  Muriate.  Pearly  needles,  more  soluble 
than  the  sulphate. 

3.  Acetate.     Crystallizes  in  silky  needles. 

4.  Curate.     Nearly  insoluble. 

5.  Tartrate.     Nearly  insoluble. 

G.  Ferrocyanide.  C20H12NO2+ CfyH2+ 3  IIO 
(Dujlos).  Crystallizes  in  groups  of  yellow, 
efflorescent  needles,  soluble  in  alcohol,  but 
nearly  insoluble  in  water. 

7.  Fa  .  2  (C20II12NO2)  +  cfy2H3 
4-  3  HO.  Crystallizes  in  lamina;,  readily  solu- 
ble in  water. 

8.  Valerianate.  Crystallizes  in  colorless, 
rhombic,  tasteless,  or  opake  octahedral  prisms, 
soluble  in  water,  alcohol,  ether,  and  oil.  It 
contains  2  equivs.  of  water,  one  of  which  it 
loses  at  lfJ4°,  becoming  a  resinous  mass,  in- 
soluble in  water.  Prolonged  ebullition  has 
the  same  action.     (Chem.  Gaz.  iii.  320.) 

9.  Kmaic.     Exists  naturally  in  the  bark,  and 
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forms  crystals  soluble  in  water  and  dilute  alco- 
hol, but  insoluble  in  alcohol  of  86°. 

a  upon   Quinin.     When  qui- 
nin   is    heated    in    a    retort   with    a  yen     dense 

solution  of  caustic  potassa,  hydi  Ived, 

an  oily  liquid  of  basic  properties  p 
Qerhardt  (Joum.  fiir  Prakt.  Clam,  xxviii.  til) 
called  it  Chinolein  (Syn.  Quinolein);  and  recent 

researches   have   shown    its    identity  with    LbD- 
oole  (Leucolin),  found  in  coal  tar. 

Adulterations  of  Quinin  and  its  Sulphate,  Sul- 
phate of  lime,  magnesia,  boraoic  and 
acids,  cinchonin,  salicin,  mannite,  Bugar,  and 
starch  arc  the  usual  sophistications.  Cincho- 
nin is  frequently  more  or  less  mixed  with  qui- 
nin  made  from  inferior  barks  ;  but  when  the 
proportion  exceeds  1  pr.  ct.,  its  presence  may 
he  considered  a  fraud.  To  detect  it,  the  salt 
is  to  be  dosed  witli  ammonia,  and  the  precipi- 
tate treated  v.ich  ether,  which  dissolves  the 
quinin  ami  leaves  the  cinchonin.  It  may  be 
detected  by  the  direction  in  which  it  rotates 
upon  the  plane  of  polarization,  which  is  to  the 
right,  while  quinin  rotates  to  the  left. 

Salicin  is  detected  by  the  red  color  which  it 
gives  to  sulphuric  acid,  while,  during  this  reac- 
tion, if  any  stearic  acid,  starch,  or  sulphate 
of  lime  is  present,  it  will  remain  undissolved, 
and  any  sugar  will  be  charred.  (Chem.  Gaz. 
iii.  107,  395.)  Alcohol  leaves  gypsum,  chalk, 
and  magnesia  untouched,  and  when  tinctured 
with  boracic  acid,  imparts  a  green  color  to 
flame.  Starch  is  also  detected  by  iodine,  and 
sugar  and  mannite  may  be  extracted  by  cold 
water. 

Another  very  prevalent  fraud  is  to  mix  the 
acid  with  the  neutral  salt,  by  which  the  de- 
crease of  the  amount  of  quinin  proper  is  in  a 
ratio  with  the  excess  of  water  and  sulphuric 
acid.  The  fraud  may  be  detected  by  the  % 
solubility  of  the  former,  which  requires  but  11 
pts.  of  water,  whereas  the  neutn 
have  740  pts.  Moreover,  it  loses  10-75  pr.  ct. 
of  water  by  efflorescence  (at  212°),  and  the 
acid  salt  21  pr.  ct. 

QUINOIDIN.       Syn.     Amorphous     Quinin, 
Chinoidin.    This  name  is  given  to  the  extractive 
matter  or  uncrystallizable  mother  water  ob- 
tained in  the  manufacture  of  sulphates  of  qui- 
nin and  cinchonin.     Setuerner,  among 
described  it  as   a  new   alkaloid  with   j 
properties,  but  Liebig  afterwards  anno; 
to   be    quinin  in   an   amorphous   or   unc 
lizable  state.    The  more  correct  view,  probably, 
is,   that  it   consists  of   quinin   and   cinchonin, 
accompanied  by   resinous   matter,    which   pre- 
vents  their  crystallization.     Wi  tickler 
the  presence  of  crystalline  alkaloids  in  quinoi- 
din,   by   adding   hyposulphite   of    sola    to   the 
muriate,   which   precipitates    hyposulphite  of 
quinin    in    dazzling    while    i  1    the 

same  salt  of  cinchonin   in   four-sid    I 
whereas,   under   the   same    ci  3,   the 

amorphous  alkaloii 
tales.      Roder  gives  the 
the  separation  of  the  fil 
in  a  crystalline  form  :  — 

1  pt.  of  commercial  quinoidin  : 
4  pts.  alcohol  of  0-865,  and 
part  of  protochlori  le  of 
added  to  it.     This   pre  i     I 
ous  mass,  while  tl 
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faintly  colored ;  it  is  separated  from  the  pre- 
cipitate, and  quickly  precipitated  with  am- 
monia. The  precipitate  is  then  well  washed 
and  dried,  and  exhausted  with  alcohol  as  long 
as  this  removes  any  thing ;  the  united  extracts 
are  again  mixed  with  half  the  former  amount 
of  protochloride  of  tin,  again  quickly  precipi- 
tated with  ammonia,  and  the  well-washed  and 
dried  precipitate  exhausted  with  alcohol,  when 
an  almost  colorless  solution  of  pure  quinin  is 
obtained,  which,  carefully  saturated  with  dilute 
sulphuric  acid,  affords  on  evaporation  crystals 
of  sulphate  of  quinin. 

In  the  liquid  filtered  from  the  precipitate  of 
protoxide  of  tin  and  quinin,  as  well  as  in  the 
wash-water,  cinchonin  is  contained,  if  ordinary 
quinoidin  has  been  employed  which  has  not 
been  previously  purified  by  precipitation  with 
an  alkali.  These  liquids,  containing  cinchonin, 
are  precipitated  with  tincture  of  galls,  to  ob- 
tain the  cinchonin  in  the  usual  manner. 

The  precipitated  resinous  substance  still  re- 
tains some  quinin,  to  obtain  which  it  is  dis- 
solved in  alcohol,  again  mixed  with  a  strong 
solution  of  protochloride  of  tin,  and  then  fur- 
ther treated  in  the  above-mentioned  manner. 
The  resinous  substance  so  obtained  is  of  an 
alkaline  nature,  of  a  bitter  taste,  and  possesses 
the  peculiar  odor  of  quinoidin ;  it  would  pro- 
bably yield  more  quinin  on  further  treatment. 

The  author  obtained,  by  this  process,  from 
two  different  samples  of  quinoidin,  in  one  case 
43  pr.  ct.  quinin,  9  pr.  ct.  cinchonin,  and  28 
pr.  ct.  resin;  and  in  the  second  40  pr.  ct.  qui- 
nin, 10  pr.  ct.  cinchonin,  and  30  pr.  ct.  resin; 
the  water  amounted  to  20  pr.  ct.  On  precipi- 
tating 100  pts.  of  commercial  quinoidin  in  so- 
lution with  an  alkali,  the  precipitate  obtained 
weighed  G9  grs.     [Chem.  Gaz.  vi.  295,  296.) 

This  quinoidin  is  of  the  same  composition 
and  atomic  weight  as  quinin,  and  seems  to  be 
the  product  of  the  action  of  heat  on  the  latter, 
in  the  presence  of  an  excess  of  sulphuric  acid. 
Cinchonin  yields  it  more  readily  than  quinin, 
and  hence,  perhaps,  the  greater  proportion  of 
this  product  from  barks  in  which  the  cinchonin 
predominates.  It  is  insoluble  in  water,  soluble 
in  alcohol,  and  precipitated  therefrom  in  dark 
brown  flocculpe.  It  unites  with  the  acids  and 
forms  soluble  compounds,  which  are  bitter, 
viscid,  and  uncrystallizable. 

QUINOLIN.     See  Leucolin. 

QUIORIC  ACID.       1   c        tt  ■    ■      v  •  x 

QUIORIC  BITTER.  }  ^  Kmonc-  Exists 
in  calasaya  and  other  quinin  barks.  A  pe- 
culiar bitter,  non-nitrogenous  principle,  solu- 
ble in  alcohol  and  ether,  and  almost  insoluble 
in  water.  According  to  Schnedderman,  knioric 
acid  and  bitter  are  identical.  (Journ.  fur 
Ptakt.  Chem.  xxviii.  p.  327.) 

QUINOVIN.  Obtained  by  Winckler  from 
Jean  cinchona,  and  found  by  that  chemist  to  be 
identical  with  x\ricin. 
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RACEMIC  ACID.  Chem.  Syn.  Acid  of  the 
Vesges,  Paratartaric  acid.  Formula  C8H4O10 
-\-  2  HO.  Accompanies  tartaric  in  the  juice 
of  the  grape,  and  is  not  only  isomeric  with  it 
and  of  the  same  atomic  weight,  but  produces  a 


series  of  salts  analogous  in  composition,  and 
in  some  instances  isomorphic  with  the  tartrates. 

Crystallizes  in  oblique  prisms  with  rhombic 
base,  which  effloresce  in  dry  air,  and  lose  1 
cquiv.  of  water  at  212°.  Is  soluble  in  6  pts. 
of  water  at  60°,  and  thus  differs  from  tartaric 
acid,  from  which  it  is  further  distinguished  by 
its  property  of  precipitating  chloride  of  cal- 
cium, nitrate,  and  even  sulphate  of  lime. 

By  distillation  it  yields  products  similar  to 
those  from  Tartaric  Acid. 

It  is  yet  undecided  whether  this  acid  is 
mono-  or  bi-basic. 

The  double  racemate  of  potassa  and  soda 
crystallizes  in  colorless,  rhombic  prisms,  of 
composition  C8H6012,  KO,  NaO,  G  HO. 

RADEOLITE.     See  Mesotype. 

RADICAL.     See  Compound  Radical. 

RADIOGRAPHY.  The  art  of  imprinting  by 
rays,  first  invented  by  Moser,  of  Konigsburg. 
Prof.  P.  G.  Page,  of  the  U.  S.  Patent  Office, 
repeated  the  experiments  of  the  originator  in 
manner  as  follows  :  — 

A  highly  polished  silver  plate  was  placed  at 
a  very  short  distance  (say  one-thirtieth  part  of 
an  inch)  above  an  ornamental  design  upon  the 
cover  of  a  book,  and  allowed  to  remain  in  this 
condition  in  a  dark  place  about  eight  hours. 
At  the  end  of  this  time  nothing  was  visible  upon 
the  plate,  nor  could  any  picture  be  perceived 
by  breathing  upon  it.  The  plate  was  then 
iodized,  as  if  for  Daguerreotype  impression, 
and  then  submitted  to  the  vapor  of  mercury, 
when  the  whole  picture  appeared  with  distinct- 
ness. The  design  was  a  stamped  vignette 
upon  the  cover  of  a  book,  enclosing  the  words 
"  Year  Book  of  Facts,  1842,"  all  of  which  were 
legible  upon  the  plate. 

Images  of  seals  and  cameos  were  also  ob- 
tained, perfect  in  the  minutest  details  ;  and  it 
Wiis  found,  when  the  first  condition  of  the  plate 
was  sufficiently  prolonged,  that  simply  breath- 
ing on  the  plate  developed  the  picture  while  the 
moisture  remained  upon  the  plate  ;  but  that 
the  impression  remained  permanent  by  submit- 
ting it  to  the  vapor  of  mercury. 

The  picture  may  be  produced  by  mercury, 
without  the  intervention  of  iodine,  or  even  by 
iodine  without  the  mercury.  By  iodizing  the 
plate  in  the  dark,  and  then  exposing  it  to  dif- 
fuse daylight,  or  still  better  to  direct  sun- 
light, the  image  appears,  and  is  rendered  per- 
manent. 

The  most  perfect  pictures  are  produced  by 
direct  contact,  and  in  the  shortest  time  ;  while, 
as  the  distance  increases  between  the  plate 
and  the  object,  the  image  becomes  weak  and 
diffused,  and  is  finally  lost  entirely,  when  the 
distance  is  great. 

RADISH  ROOT.  The  root  of  the  Raphanus 
sativus,  used  as  an  esculent.  Herapath's  ana- 
lysis gives,  as  the  constituents  of  1000  grains 
of  the  fresh  root, — 

Water 959-742 

Lignin 17017 

A  nitrogenous  substance,  containing  a 

little  starch 2-043 

Albumen 0-903 

Extractive  matter 2-261 

Gum 4-299 

Sugar 1-143 

Purple  red  coloring  matter 1-768 
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Fixed  oil 0-401 

Sinapin  '.'  0-037 

Earthy  phosphates  and  carbonates,  with 

a  little  sulphate  of  lime 0-740 

s  of  potash  and  soda 0*223 

Nitrates  of  potash  and  soda 6-169 

Chlorides  of  potassium  and  sodium 4-155 

999-116 

And.  upon  incineration,  1000  grs.  would  yield 
8-285  grs.  of  ash,  which  would  be  composed 
of— 

mate  of  soda 2-174 

Carbonate  of  potash 2-252 

Sulphate  of  soda 0-534 

Chlorides  of  sodium  and  potassium 0-889 

Carbonate  of  lime 0-571 

Carbonate  of  magnesia 0-148 

Sulphate  of  lime  . 0-011 

Phosphate  of  lime    1-440 

Phosphate  of  magnesia 0-114 

Perphosphate  of  iron 0-011 

Silica 0-022 


8-166 
(Chem.  Gaz.  v.  282.) 

RAJA  CLAVATA,  Oil  of.  See  Skate  Liter 
Oil. 

RAPE  OIL.  Syn.  Oil  of  Naven.  Is  ex- 
pressed from  the  seeds  of  the  several  species 
of  the  genus  Brassica,  belonging  to  the  family 
Cruciferce.  The  B.  napus  yields  33,  B.  Campes- 
tris  39,  B.  prceeox  30,  B.  luipobrassica  33,  and 
the  B.  rupa  only  16  pr.  ct. 

lias  a  yellow  color  and  peculiar  smell,  and 
is  used  for  purposes  of  illumination.  It  con- 
tains 46  pr.  ct.  of  solid  fat,  which  congeals  at 
25°,  and  fuses  at  45°. 

The  spec.  gray,  of  the  oil  from  the  campes- 
tris  is  -9136,  of  that  from  the  napus  -9128. 
RAPHILITE.     Allied  to  Hornblende. 
RATOFFKIT.     See  Fluor  Spar. 
REALGAR.     Min.     Red  orpiment,  Red  sul- 
phuret  of  arsenic.     Cryst.    Oblique  rhombic, 
cleaving  perfectly  parallel  to  main  end  plane, 
rfeot  in  other  directions ;  also  granular. 
H.  =  1  -5  —  2.    G.  =  3-54  —  3-64.     Color  and 
i    flame-red,    bright    orange ;    resinous ; 
rent,   translucent;   sectile,  yielding  to 
1,  and  with  conchoidal  fracture.     Sub- 
limes by  heat  in  a  closed  tube  unaltered,  and 
in  an  open  tube  gives  white,   crystalline,  ar- 
acid  ;   fuses  on  charcoal,  burning  with 
l  white  flame,;  soluble  with  difficulty 
in  aqua  regia,  and  changed  to  brown  by  po- 
lye.     Form.  AsS2.     It   occurs   in  Hun- 
Bohemia,  Saxony,   and  the  Hartz.     See 
uret  of  Arsenic. 

iXGAR.     ■'  'hem.     Sulphuret  of  Arsenic. 

RED   ANTIMONY.      Min.      Pyrantimonite ; 

;laserz;  Antimonblende.    Crystalliz., 

iii  rhombic,  with  perfect  lateral  cleavage. 

I  —  1-5.    G.  =  4-4  —  4-6.     Cherry-red  ; 

u      oantine  ;     s ub translucent  ;     sectile,    with 

■i      break.      It  behaves  like  gray 

tony.     Form.  SbOs  +  2  SbSg.     It  occurs 

i.  jing,  Hungary;   Freiberg,  Saxony,  &c. 
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RED  COBALT.     See  Cobalt  Blooh. 

RED  COPPER  ORE.     Min.    Rothkupft 
Tile-ore;   Ziegelerz.      Cryst.    Regular;    gene- 
rally the  8-hedron,  but  also  exhibiting  combi- 
nations of  most  of   the  Bimple   forms  of   the 
regular  system.     Also   fibrous,  granular,     n. 

=  3-5—4.     G.  =  6-992.      Deep   bl 1  red, 

brownish  red;  adamantine,  Bubmetallie ;  sub- 
transparent,  subtraiislucent ;    brittle  with  con- 
choidal   fracture    and    brownish    red 
Heated  on  coal  it  blackens,  then  fuses,  yii 
a  globule  of  copper;   heated  in  the  pincette  it 
colors    the    flame   green,    and    moistened    with 
muriatic  acid,  blue.      Soluble  in   nitric  a.  id  to 
a  blue  solution,  in  muriatic  brownish,  precipi- 
table  from  the  latter  by  water,  as  white  sul>- 
chloride ;    soluble  in  ammonia.     Form.  Cu.O. 
Found  in  many  copper  mines.     When  min 
with  a  large  proportion  of  silica  and  oxide  of 
iron,  it  is  tile-ore,  of  an  ochrey-red  and  yel- 
low color. 

RED  IRON  VITRIOL.     See  Botuyoqen. 

RED  LEAD-ORE.     See  Chromatis  ob  Lbad. 

RED  SILVER.     See  Ruby  Silver. 

RED  ZINC-ORE.  Min.  Cryst.  Right  rhom- 
bic. H.  =  4  —  4-5.  G.  =  5-43  — 5-523.  Dull 
orange,  deep  red,  brownish  red ;  vitreous ; 
translucent,  subtraiislucent ;  brittle,  with  sub- 
conchoidal  fracture  and  orange-yellow  streak. 
Infusible ;  heated  with  soda  on  coal,  it  gives  a 
coating  of  zinc,  and  with  the  fluxes  shows  man- 
ganese. Form.  ZnO  (MnO  or  Mn203),  contain- 
ing nearly  90  pr.  ct.  oxide  of  zinc.  It  occurs 
in  great  abundance  at  Franklin  and  Sterling, 
N.  Jersey. 

REFINING.  Tech.  The  purification  of  sub- 
stances: as  refined  sugar,  refined  cobalt,  silver, 
gold,  &c. 

REFRACTION.  Min.  The  refraction  of 
light  is  sometimes,  but  rarely  used  in  miner- 
alogy. A  crystal  of  Iceland  spar  (transparent 
calcareous  spar)  exhibits  two  images  of  a  black 
point  on  white  paper,  in  every  direction  except 
in  that  of  the  vertical  axis,  where  the  ordinary 
and  extraordinary  rays  coincide.  This  is  the 
axis  of  double  refraction,  of  which  there  is  but 
one  in  the  quadratic  and  hexagonal  systems; 
and  two  in  the  right  and  oblique  rhombic,  and 
triclinate  systems.  Crystals  of  the  regular 
system  have  no  axis  of  double  refraction. 

R.EGULUS.  The  term  applied  to  pure  metal, 
entirely  free  from  combined  and  extraneous 
matter.  The  title  originated  with  the  alchem- 
ists, and  was  given  to  the  metallic  residuum 
left  in  their  crucibles  after  the  expulsion  of 
volatile  portions  by  fusion,  under  the  supposi- 
tion that  it  contained  gold,  the  king  of  metals. 

RENNET.     The  mucous   membrane  of  the 
fourth  stomach  of  the  calf.     Possesses  the  pro- 
perty of  coagulating  milk,  which  is  due  to  the 
presence  of  pepsin.     See  Gastric  .1i  ICE. 
RENSSELAERITE.     See  Augite. 
RESIN.      Chem.     A  natural    constituent  of 
plants,  sometimes  held  in  solution  by  essential 
oil   (Balsams),  and   when  in  large  prop* 
exuding  through  incisions  made  into  the  trees. 
If  the  amount  is  small,  alcohol  is  used  to  ex- 
tract it,  and  from  its  spirituous  solution  the 
resin    may   be   precipitated   by   water.     Some 
resius  are  called  soft,  in  contradistinction  to 
the  hard,  which  retain  but  little  or  no  volatile 
oil.     Some  resins  are  colorless,  others  yellow, 
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brown,  red,  or  bluish  green,  but  mostly  trans- 
lucent. They  are  generally  mixtures  of  one 
or  more  resins,  of  different  characteristics. 
None  are  soluble  in  water,  but  nearly  all  dis- 
solve, either  wholly  or  partially,  in  alcohol, 
ether,  the  essences,  fat  oils,  and  sulphuret  of 
carbon.  Some  are  entirely  neutral,  others 
have  acid  properties,  but  in  a  weak  degree, 
though  they  form  compounds  with  the  alkalies, 
and  run  with  metallic  bases,  and  hence  a  means 
of  distinguishing  the  two  classes.  In  powder 
or  fusion  they  become  altered  in  composition 
by  exposure.  They  dissolve  in  strong  HC1  and 
acetic  acid,  but  are  precipitated  by  water.  The 
action  of  concentrated  sulphuric  acid  changes 
them  into  artificial  Tannin.  Nitric  acid  forms 
oxalic  acid  and  a  series  of  new  products. 

Owing  to  the  analogy  of  the  reactions  of 
oxygen  and  oxidizing  agents  upon  volatile  oils 
and  their  resins,  the  latter  are,  by  some  che- 
mists, considered  as  oxides  of  the  former ;  but 
as  it  has  been  shown  that  the  portion  of  hydro- 
gen avidiously  seized  upon  by  iodine,  when  in 
contact  with  the  essence,  is  in  a  different  state 
of  combination  from  the  remainder,  it  is  most 
probable  that  the  atmospheric  oxygen  removes 
this  loosely-combined  hydrogen,  forming  water, 
and  that  the  removed  hydrogen  is  also  replaced 
by  oxygen.  "The  water  thus  formed  may 
either  remain  in  combination  with  the  new 
oxidized  compound,  or  be  separated.  Hence, 
when  an  Essential  Oil  is  resinified  by  expo- 
sure, the  composition  of  the  resin  must  be  equal 
to  that  of  the  oil,  less  a  certain  quantity  of  hy- 
drogen, and  plus  a  certain  quantity  of  oxy- 
gen." 

RETINALITE.  Min.  Probably  a  variety 
of  serpentine. 

EETINITE.  Min.  Retinasphalt.  Several 
bituminous  substances  have  been  included  un- 
der this  name.  They  consist  of  from  50  to  90 
pts.  soluble  in  absolute  alcohol,  10  to  40  pts. 
insoluble  in  the  same,  and  more  or  less  ashes. 
Johnston's  examination  of  one  from  Bovey  coal, 
in  Devonshire,  is  the  most  complete.  It  gave 
13  pr.  ct.  ash,  consisting  of  alumina  with  some 
silica,  27 2  organic  matter,  insoluble  in  alcohol, 
and  59  resin,  soluble  in  alcohol.  The  latter  is 
soluble  in  ether  and  alcohol,  precipitable  by 
alcohol  from  the  former,  by  water  from  the 
latter ;  fusible  at  250°,  perfectly  fluid  at  320°  ; 
form.  C21IIl403;  it  combines  with  bases,  and 
is  termed  retinic  acid.     See  Berengelite,  Co- 

PALITE,  GUYAQUILLITE,  MlDDLETOXITE,  PlAU- 
ZITE. 

RETINYL.     See  Resin. 

RETORT.  A  glass  vessel  used  in  Distilla- 
tion.    See  figs.  45,  46,  p.  523. 

REVBRBERATORT.     See  Furnace. 

1ULEDIC  ACID.  Chcm.  A  constituent  of 
the  coloring  principle  of  red  poppy  flowers, 
first  obtained  by  Meier  {Buck.  Rep.  xli.  235). 
It  exists  along  with  papaveric  acid. 

When  pure  is  a  shining,  dark  red,  amorphous 
mass,  inodorous,  and  of  an  acid  taste.  Soluble 
in  cold  water  with  a  red  color,  and  in  cold,  ab- 
solute alcohol,  but  insoluble  in  ether.  Its  salts 
are  brownish,  bluish  gray,  or  violet,  inodorous, 
mostly  tasteless,  amorphous,  and  all  insoluble 
in  absolute  alcohol. 

RBUETIZITE.     See  Kyanite. 

RHAMNIN.     See  Persian  Berries. 
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RHAPONTICIN.  )  0      „ 
RHEIN  t         Rhubarb. 

RHODEORETIN.     See  Jalap. 

RHODIUM.  Chem.  A  metal  discovered  by 
Wollaston  in  platinum  sand,  and  most  accu- 
rately investigated  by  Berzelius.  Prep.  Sec 
Platinum.  The  metal  is  difficult  of  fusion,  but 
it  may  be  obtained  in  small  beads  by  throwing 
the  oxide  into  fusing  saltpeter.  It  is  silver- 
white,  hard  and  brittle,  of  spec.  grav.  about 
11-0.  Sym.  R.  Eq.  52  (or  651-96,  O.  =  100; 
52-16,  H.  =  1,  Berz.) 

1.  Oxide  of  Rhodium,  RO.  Obtained  by  ig- 
nition of  the  powdered  metal  to  redness  in  the 
air;  forms  a  black  powder,  which  is  again  re- 
duced by  a  higher  heat.  If  a  lower  heat  be 
continued  it  takes  up  more  oxygen,  but  not 
sufficient  to  form  the  sesquioxide. 

2.  Sesquioxide  of  R.,  Rz03.  The  hydrate, 
R203,  HO,  is  obtained  by  igniting  the  powdered 
metal  with  potassa  and  a  little  saltpeter,  wash- 
ing with  cold  and  then  hot  water,  and  a  little 
muriatic  acid;  or  by  evaporating  the  double 
alkaline  chloride  with  carbonated  alkali,  and 
washing  with  water.  It  is  greenish  gray  or 
brown,  and  holds  its  water  so  firmly  as  to  re- 
quire ignition  to  obtain  the  dry  oxide.  It  is 
reduced  by  hydrogen  at  common  temperatures. 
Its  salts  are  usually  rose-red  in  acid  solution; 
reducible  by  the  metals  ;  precipitable  by  chlo- 
ride of  tin,  or  colored  yellow,  if  very  dilute; 
precipitated  by  the  fixed  alkalies  and  their 
carbonates  brownish  red  ;  by  sulphuretted  hy- 
drogen or  sulphammonium,  brown  by  heat,  and 
after  some  time,  and  not  soluble  in  excess  of 
sulphammonium;  not  precipitated  by  chloride 
of  potassium  or  ammonium,  or  by  cyanide  of 
mercury. 

3.  Sulphvret  of  R.,  ES,  is  formed  by  heating 
the   precipitated    sesquisulphuret   in   ci 

acid,  or  by  heating  the  chloi  rhod-ammonium 
with  sulphur.  It  is  bluish  white,  metallic,  fusi- 
ble, losing  its  sulphur  by  roasting.  The  pre- 
cipitated sesqui  is  brown,  soluble  in  nitric  acid. 

4.  Alloys.  Rhodium  form!  a  brittle  alloy 
with  arsenic,  from  which  the  latter  may  be 
roasted  off.  It  forms,  with  3  pts.  of  bismuth, 
lead  or  copper  alloys,  soluble  in  aquaregia; 
with  silver  and  with  gold,  malleable  alloys, 
from  which  aqua  regia  does  not  extract  rho- 
dium. Equal  parts  rhodium  and  steel  forma 
beautiful  speculum  mett  ;:  hinginthe 
air;  1  R.  with  50  to  100  steel,  gives  a  tough 
alloy,  which  requires  a  higher  he  t  for  temper- 
ing than  steel. 

5.  Salts.     The  hydrate  is  soluble  in  caustic 

i  or  soda  with  a  yellow  color,  and  forms 
a  yellow  precipitate  after  some  time,  with  am- 
monia, a.  The  finely-powdered  metal  is  mixed 
with  an  equal  quantil      of  potas- 

sium or  sodium  and  chlorine  ,  ssed  over  as 
long  as  it  is  absorbed ;  it  is  then  -  :dwith 
water,  filtered,  precipitati  ■!  by  alcohol,  and  the 
chloride  of  potassium  wa  ihed  out  with  alcohol 
of  0-84.     This  washed]  double 

chloride  of  rhodium  an  '  >dium, 

both  soluble  in  ystals, 

the  former  with   thi  I     '.'(13  -f- 

2  HO,    and   the     INa  10;  the 

latter  i  .  'ible  in 

alcohol 

li.  If  the  sal  I  in  water,  and 
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i  be  precipitated  by  fl'uosilicio  acid, 
a  brown  solution  of  the  sesquichloride  is  ob- 
tained, soluble  in  strong  muriatic  acid  with  a 
yellow  color. 

c.  When  chlorine  is  passed  over  finely-divided 
rhodium,  a  rose-red,  insoluble  chloride  is  ob- 
tained, 2  RCl,  R2C13.  When  decomposed  by 
boiling  potassa,  and  the  precipitated  hydrate 
of  RO,  R2O3  is  obtained,  from  which  muriatic 
acid  extracts  the  sesquichloride  and  leaves 
violet  chloride,  RC1. 

d.  Bj  fusing  (below  redness)  powdered  rho- 
dium with  glacial  phosphoric  acid,  a  solution 
of  phosphate  is  obtained,  brown  when  concen- 
trated, yellow  when  dilute.  The  solution  of 
the  hydrated  oxide  in  nitric  acid  is  yellow.  A 
double  nitrate  with  soda  is  erystallizable. 

e.  By  heating  the  sesquisulphuret  with  fum- 
ing nitric  arid,  the  dark  brown  residue,  sul- 
phate of  sesquioxide,  is  soluble  in  water;  and 
by  heating,  it  becomes  black  sulphate  of  pro- 
toxide, which  is  insoluble  in  water  and  acids. 
By  mixing  solutions  of  rhodochloride  of  po- 
tassium and  sulphurous  acid,  a  white  powder 
is  formed  after  some  time,  of  the  composition 
KO,  S03  -f  R203,  3  S03.  By  fusing  the  metal 
or  its  oxide  with  bisulphite  of  potassa,  in  a 
covered  crucible,  a  double  sulphate  is  formed, 
which  is  extracted  readily  with  hot,  more  slowly 
with  cold  water,  and  is  perfectly  decomposed 
by  ignition  with  carbonated  alkali,  extraction 
with  water,  then  with  muriatic  acid,  which 
leaves  all  the  o>  ide. 

RHODIUM  (.OLD.  Min.  Gold  containing 
variable  quantities  of  rhodium,  averaging  31 
pr.  ct.      From  Mexico. 

RH0D1ZITE.  Min.  Tryst.  Regular.  H. 
above  6.  Grayish  or  yellowish  white;  vitre- 
ous, b  translucent;  pyroelectric ; 
scarcely  fusible  on  the  edges;  colors  the  flame 
green  and  red;  yields  no  water  in  a  closed 
tube;  iflu  1  a  clear  glass ;  fuses 
with  fluor  spar  to  a  clear  glass,  but  does  not 
show  sulphuric  acid  by  treatment  with  silica 
and  soda  ;  difficultly  soluble  in  muriatic  acid, 
showing  much  lime  iu  the  solution.  It  seems 
to  be  a  llme-boracite.  See  Boractte.  It  oc- 
curs on  red  tourmaline,  from  Sarapulsk  and 
Schaitansk,  Siberia. 

RHODIZONIC  ACID.  07H3010,  or  C-TL  -f 
3  Aq.  Obtained  bypassing  a  stream  of  dry 
carbonic  oxide  over  potassium,  and  exposing 
the  black,  porous  mass  thus  formed,  to  the  air, 
and  treating  it  afterwards  with  alcohol.  The 
resulting  solution  is  of  a  scarlet  color,  and 
contains  rhodizanate  of  potassa  =  C707  -j- 
3  KO.  Upon  the  addition  of  alcohol  acidulated 
with  oil  of  vitriol,  decomposition  takes  place, 
sulphate  of  potassa  precipitates,  and  rhodizonic 
acid  remains  in  solution,  and  may  be  obtained 
in  crystals  hy  evaporation. 

Prop.   Forms  col  -dies  of  an  astrin- 

gent taste,  soluble  in  water,  alcohol,  and  ether. 
It  reddens  litmus,  and  bears  a  heat  of  212° 
without  alteration.  All  its  salts  are  red,  and 
by  boiling  in  watei  altered  into  croco- 

nate  and  oxal  ite  of  pot: 

Croconic  Acid.  C604,  MO.  Separated  from 
the  potassa  saltbj  cidulated  with  sul- 

phuric acid.  the  croconic  acid, 

while  the  sul  cipitates.     It 

crystallizes  in  small,  brilliant,  vellow  piisms, 
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soluble  in  water,  alcohol,  and  ether,  and  which 
bear  212°  of  heat  without  dei 

All  of  its  salts  are  yellow.     That  of  potassa 
crystallizes  in  six-sided  prisms. 
RHODOCHROSITE,  RHODONITE.  S( 

ganksr  Spa  it. 

RHOMB  SPAR.     Pee  Bittbb  Spab. 

RHUBARB.    Chern.   Pkarm.    Therool 
several  species  of  Rheum,  varying  in   composi- 
tion with  the  soil,  climate,  and  mode  of  culture. 

Ordinary   rhubarb   root,    as    found    in   com- 
merce, contains,  according  to  the  anal] 
Schlossberger   and  Dopping  : — {l.hhiif  ■ 
len,  i.  p.  496.) 

1.  Aporetin.  A  brilliant  black,  resinous  body, 
easily  pulverizable  when  dry,  and  decomposable 
if  heated,  without  fusing. 

2.  Phaoretin.  016HS09.  A  yellowish  brown 
powder,  difficultly  soluble  in  water  and  ether, 
but  readily  soluble  in  alcohol.  Alkalies  dis- 
solve it  with  a  deep  red  brown  color,  and  the 
minerals  acids  reprecipitate  it  yellow. 

3.  Erythroretin.  CI9Hg07.  A  crystallized  re- 
sin, soluble  in  ether  and  alcohol,  and  slightly 
soluble  in  water,  imparting  a  faint  yellow  tinge. 
Gives  a  yellow  powder,  which  volatilizes  with 
only  partial  decomposition.  Forms  a  brown 
red  solution  with  strong  (cold)  sulphuric  acid, 
from  which  it  is  precipitated  in  yellow  flocculse 
by  water. 

4.  Rhcin.  Syn.  Rheumin,  Rhabarberic  acid, 
Rhubarb  yellow.  Supposed  to  be  the  active 
principle  of  the  plant.  A  yellow,  granular, 
crystalline  body,  somewhat  analogous  to  chry- 
sophanic  acid.  Is  tasteless,  inodorous,  insolu- 
ble in  cold  water,  slightly  soluble  in  hot  water, 
more  so  in  hot  ether.  The  presence  of  sugar 
does  not,  as  Jonas  has  asserted,  increase  the 
solvent  power  of  water  as  to  this  substance. 
Hot  alcohol  of  -803  is  the  most  ready  solvent. 
Strong  nitric  acid  dissolves  it  with  a  yellow 
color;  strong  sulphuric  with  a  splendid  red 
tint;  and  alkalies  with  an  intense  red  of  great 
beauty.  From  its  sulphated  solution  water 
precipitates  yellow  flakes. 

In  addition  to  the  foregoing  constituents 
there  arc  chrysophanic  acid,  water,  starch, 
sugar,  pectin,  tannin,  gallic  acid,  oxalic,  sul- 
phuric, IIC1,  phosphoric,  and  carbonic  acids, 
iron,  lime,  magnesia,  potassa,  and  soda. 

The  Caphopicrite  (Rhabarberin),  or  rhubarb 
bitter  of  Pfaff,  is  a  mixture  of  coloring,  resin- 
ous matters  and  other  components  of  the  root; 
and  Rhaponticin,  announced  as  one  of  the  con- 
stituents of  the  root,  is  only  found  in  the 
European  variety.  It  is  in  yellow,  inodorous, 
tasteless  crystals,  soluble  in  large  excess  of 
absolute  alcohol  and  boiling  water,  but  insolu- 
ble in  cold  water,  ether,  and  the  volatile  oils. 
RHUS  COTINUS.  See  Fustic. 
RICE.  The  highly  nutritious  grain  of  the 
Oryza  saliva,  an  annual  plant;  cultivated  ex- 
tensively in  South  Carolina  and  Georgia.  The 
hulled  grain  consists,  according  to  Braconnot,  of 

Starch  8"v07 

Gluten  8-60 

Gum  .71 

Uncrystallizable  sugar  -29 

Fixed  oil -13 

Uignin 4  so 

Water 5-00 

Salts  .40 


RICINOLEIC  ACID. 


RUBINIC  ACID. 


RICINOLEIC  ACID.     See  Castor  Oil. 

RIEMANNITE.     See  Allophane. 

RIONITE.  Min.  Eulebrite,  Selenquicksil- 
berziuk,  Selenid  of  zinc.  Massive.  G.  =  5-56. 
Red,  metallic,  and  earthy.  It  is  chiefly  sele- 
niuret  of  mercury  and  zinc ;  it  gives  the  odor 
of  selenium  on  coal  or  in  an  open  tube,  and 
sublimes  mercury  and  selenium  in  a  closed 
tube.  From  Culebras,  Mexico.  A  gray  speci- 
men was  mixed  with  selenium  and  perhaps 
sulphur,  from  the  same  locality. 

ltll'lUOLITE.     See  Chlorite. 

RIVULIN.  The  mucilaginous  matter  of  a 
fresh  water  algae,  Rivularia  tubulosa,  consisting 
of  microscopic,  green  globules  ;  these  caught 
upon  a  linen  filter  exhibit,  under  the  micro- 
scope, a  movement  like  infusory  animals. 

ROBINIA.     See  Robinic  Acid. 

ROBINIC  ACID.  Chem.  A  body  of  un- 
known properties,  extracted  by  Reinsch  in 
acicular  crystals,  from  the  root  of  the  Robinia, 
wherein  it  exists  as  an  ammoniacal  combina- 
tion, with  sugar,  fat,  essential  and  fat  oil, 
chlorophylle,  wax,  tannin,  yellow  coloring 
principle,  mucilage,  albumen,  starch,  salts, 
and  an  alkaloid  not  yet  isolated.  (Jahr.  fur 
Prakt.  Pharm.  xi.  423.) 

ROCELLIC  ACID.  C24H2306.  From  the  Ro- 
cella  tinctoria,  which  contains  also  Erythric  acid, 
C34H19015  (Schunck).  Crystallizes  in  fine,  white 
needles,  fusible  at  295°,  soluble  in  ether,  and 
forms  salts.     See  Lichens. 

ROCELLININ.     See  Lichens. 

ROCHELLE  SALT.  The  tartrate  of  soda 
and  potassa.     See  Tartaric  Acid. 

ROCK  CORK.     See  Asbestus. 

ROCK  CRYSTAL.     See  Quartz. 

ROCK  MILK.  A  white,  earthy,  Calcareous 
Spar. 

ROCK  OIL  and  TAR.     See  Petroleum. 

ROCKS.  Geol.  In  its  narrower  significa- 
tion it  denotes  the  hard  and  stony  portions  of 
the  crust  of  the  globe,  and  in  its  wider  em- 
braces also  the  softer  clays  and  sands.  The 
latter,  by  lapse  of  time  with  other  causes, 
hardens  into  true  rocky  masses.  Rocks  are 
generally  composed  of  more  than  one  simple 
mineral,  except  limestone,  which  is  often  nearly 
pure  carbonate  of  lime.  Some  few  are  fused 
by  volcanic  action,  but  the  greater  part  are 
formed  from  sands  and  clays  by  cementation 
with  water  holding  lime,  iron,  silica,  &c,  in 
solution.  As  rocks  are  cemented  masses,  in 
like  manner  they  are  disintegrated  by  a  mixed 
chemical  and  mechanical  action, — a  chemical 
decomposition  of  the  simple  minerals  by  atmo- 
spheric agents,  water,  air,  and  heat,  and  a 
mechanical  breaking  up  by  frost,  and  washing 
away  by  water.     See  Geology. 

RUCK  SALT.     See  Common  Salt. 

ROCK  SOAP.     A  variety  of  Bole. 

RODOCHROME.  Min.  Massive,  and  in  fine 
scales.  II.  =  3-5.  G.  =  2-668.  Dark  green; 
pearly ;  subtranslucent ;  streak  reddish  white, 
becomes  grayish  white  by  heat,  yields  water, 
and  is  scarcely  fusible;  dissolves  in  fluxes, 
showing  chrome  and  silica,  and  with  cobalt  so- 
lution the  blue  of  alumina.  G.  Rose  compares 
it  to  a  serpentine,  containing  chrome.  From 
the  Ural,  between  Kyschtimsk  and  Syssersk. 

ROMANZOVITE.     See  Garnet. 

ROMEITE.    Min.    Cryst.  Regular.    Yellow, 


and  scratches  glass.  It  is  chiefly  antimonite 
of  lime,  from  St.  Maveel,  Piedmont,  with  the 
form.  4  CaO,  3  Sb03. 

ROSACIC  ACID.  Chem.  Physiol.  Found 
by  Proust  in  the  red  sediment  of  urine,  from 
intermittent  fever  patients. 

ROSELLITE.  Min.  Cryst.  Right  rhombic. 
H.  =  3.  Deep  rose-red;  vitreous;  translucent; 
streak  white.  It  resembles  Cobalt  Bloom 
in  nearly  all  its  properties  except  its  crystallo- 
graphic.     From  Schneeberg,  Saxony. 

ROSE  QUARTZ.     See  Quartz. 

ROSES,  OIL  OF.  Syn.  Attar,  Otto  of  Roses. 
A  colorless  or  yellow  essence,  obtained  by  the 
distillation  of  rose  leaves  with  water.  It  dif- 
fuses an  intense  odor.  Spec.  grav.  8-32  at  90°. 
Does  not  redden  litmus,  and  is  partially  resini- 
fied  by  the  slow  action  of  iodine.  Alcohol  of 
•806  takes  up  1\  pts.  at  58°  in  1000,  and  33 
pts.  at  72°.     Water  dissolves  1  in  1000  pts. 

Its  stearopten  or  solid  portion  (CH2)  crys- 
tallizes out  below  60°.  It  is  fusible  at  95°, 
dissolves  slightly  in  alcohol  and  readily  in  ether 
and  essential  oils.  Is  also  soluble  in  potassa, 
acetic  acid,  and  in  sulphuric  acid  with  a  brown 
color,  but  is  scarcely  acted  upon  by  HC1  or 
nitric  acids. 

Its  falsifications  with  other  essences  and  fat 
oils  may  be  detected,  the  first  by  not  concreting 
in  the  cold,  the  latter  by  the  greasy  stain  which 
they  leave  upon  paper  when  heated. 

ROSIN  OIL.  \  n,         „   .      _.     .       ,.       ,. 

KOSTN  (  Vhem.   Tech.     Destructive  dis- 

tillation transforms  rosin  (Colophony)  into  a 
large  number  of  gaseous  and  liquid  carbo-hy- 
drogens.  The  three  principal  products,  how- 
ever, are  a  dry,  resinous  residuum,  a  volatile, 
yellow  oil,  and  a  very  consistent  fatty  oil.  The 
two  latter  pass  over  into  the  receiver,  and  con- 
sist of  Resinein  (C20H13O),  Retinaptha  (C7H4), 
Retinyl  (C9H6)  in  the  first,  and  Retinole  (CSI14) 
and  metanaphthalin  or  Retesterbne,  of  the  com- 
position of  naphtha,  in  the  latter  or  more  oily 
part  of  the  distillate. 

The  essential  oil  (yivc  essence)  is  a  very  fluid 
pyroelaine,  of  a  yellow  color  and  very  pungent 
odor,  and  contains  water,  acetic  acid,  and 
pitch.  When  freed  of  these  impurities  by  dis- 
tillation over  caustic  lime,  it  is,  according  to 
Louyet,  a  preferable  substitute  for  camphine 
or  oil  of  terpentine,  either  as  a  burning  fluid, 
or  as  a  dryer  and  thinner  of  mixed  paints. 
By  allowing  the  molten  resin  to  fall  into  a  re- 
tort containing  incandescent  coke,  the  yield  of 
this  product  will  be  augmented. 

Resins  are  bleached  by  dissolving  them,  in 
contact  with  steam,  in  a  weak,  alkaline  lye, 
continuing  the  direct  application  of  steam,  and 
precipitating  by  dilute  acid. 

ROSITE.  Min.  Rosellan.  In  grains.  II. 
=  2-5.  G.  =  2-72.  Red;  subtransparent ; 
foliated,  shining  fracture.  It  behaves  like  am- 
phodelite,  but  is  softer,  more  fusible,  and  fuses 
with  an  excess  of  soda.  Form.  3  RO,  2  Si03 
-j-  6  (A1203,  Si03)  4-  6  HO.  From  limestone, 
in  Sodermanland.     See  Polyargite. 

ROSOLIC  ACID.  A  body  of  unknown  pro- 
perties, found  by  Runge  in  coal  tar. 

RUBELLAN.     See  Hexagonal  Mica. 

RUBELLITE.     See  Tourmalin. 

RUBICELLE.     See  Spinell. 

RUBINIC  ACID.     See  Catechu. 
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RUBY.  See  Spinell.  Oriental  Ruby.  See 
Corundum. 

RUBY  SILVER.  Kin.  Dark  red  silver, 
silver,  Dunkles  Rbthgiiltigerz.  Light 
red  silver,  Pronstite,  Lichtes  Rothgtiltigerz. 
Cryst.  Hexagonal,  usually  the  hemiforms, 
skalenohedron  and  its  prism,  terminated  by 
an  obiuse  rhumb.  Also  granular.  B.  =  2  — 
2-6.  G.  of  the  dark  =  5-7  —  5-9  ;  of  the  light 
5-422  —  5*56.  Color  blaek  and  cochineal  red, 
which  last  is  the  streak;  metallic,  adamantine; 
suhtransparent,  opake;  fracture  conchoidal; 
sectile.  Decrepitates  by  heat,  fuses  on  coal, 
giving  off  sulphurous  acid,  and  in  the  dark 
red,  vapors  of  antimony,  and  leaving  a  globule 
of  silver  ;  the  light  red  gives  vapors  of  arsenic. 
The  formula  is  3  AgS,  RS8,  in  which  R  is  anti- 
mony in  the  dark  red,  and  arsenic  in  the  light. 
According  to  Zinken,  some  light  red  contains 
no  arsenic.  It  is  one  of  the  most  valuable  ores 
of  silver,  and  when  pure  contains  57  to  00  pr. 
ct.  It  occurs  in  many  silver  mines,  Saxony, 
Hertz,  Bohemia,  Hungary,  Norway,  Spain, 
Mexico,  California. 

RUBY  SULPHUR.     See  Realgar. 

RUE,  OIL  OF.  Chem.  C28H2803  {Will). 
The  volatile  essence  of  the  Ruta  graveolens.  Is 
yellowish  or  greenish.  Spec.  grav.  -837  ;  boils 
at  425°  to  438 ;  density  of  vapor  7-69.  Its  so- 
lution in  sulphuric  acid  is  brown  red,  and  water 
separates  the  oil  unaltered. 

Gerhardt's  recent  investigations  {Ann.  de 
Chem.  ct  de  Phys.  1848)  show  that  it  is  com- 
posed mostly  of  an  oxygenated  oil,  C20H20O2, 
which  behaves  like  the  aldehyde  of  capric  acid, 
and  is  converted  by  nitric  acid  either  directly 
into  capric  acid,  C20H20O4,  or  into  homologous 
acids,  containing  less  carbon,  the  principal  of 
which  are  the  rutic  and  pelargonic  acids. 

Oil  of  rue  has  recently  been  formed  artifi- 
cially from  cod  liver  and  train  oils  (  Wagner, 
Chim.  (raz.  vii.),  by  mixing  them  with  sul- 
phuric acid,  saturating  with  alkali  or  lime,  and 
distilling. 

RUFIN.  Chem.  By  distilling  phloridzin,  a 
red  body  remains,  which  Mulder  terms  Rutin; 
and  by  the  action  of  oil  of  vitriol  on  phloridzin, 
rufin-sulphuric  acid  is  formed. 

RUSOT.  Pharm.  The  aqueous  extract  of 
the  root  and  stem  of  the  Berberis  lycium  of 
India.  A  pale  yellow,  uniform,  pasty  extract, 
soluble  in  water  and  alcohol.  It  is  very  bitter, 
and  contains  tannin.  It  is  much  used  by  the 
native  practitioners  as  a  febrifuge,  and  as  a 
substitute,  to  a  certain  extent,  for  cinchona 
bark.     [Chem.  Gaz.  i.  523.) 

RUST.  The  oxidation  of  iron  in  moist  air. 
It  commonly  contains  sesquioxide  of  iron,  car- 
bonic acid,  water,  and  ammonia. 

RUTHENIUM.  Chem.  Surmised  by  Osann 
to  exist  in  platinum  sand ;  discovered  and  fully 
studied  by  Glaus.  Its  prep.,  see  Platinum. 
Claus  observes  that  ruthenium  is  to  rhodium 
like  iridium  to  platinum.  It  has  a  stronger 
affinity  for  oxygen  than  all  the  other  platinoid 
metals,  and  hence,  while  it  oxidizes  by  ignition 
in  the  air,  the  oxide  is  not  reducible  by  heat 
alone.  It  tends  to  form  a  salt  with  potassa, 
the  ruthenate,  and  hence  its  mode  of  ex- 
traction. 

The  hydrated  sesquioxide,  Ru203,  is  obtained 
by  precipitating  the  sesquichloride  by  alkali, 
8G0 


or  the  dry  oxide  by  fusing  (he  metal  wit! 

peter  in  a  silver  crucible.       B; 

water,  ruthenate  of  potassa  dissolves,  and 
leaves  some  sesquioxide.  D  this  '"lotion  be 
neutralized  by  nitric  acid,  binoxide,  RuO.,  is 
deposited,  while  oxygen  escapes.  The  drj  bin- 
oxide  is  obtained  by  heating  the  sulphurct,  or 
bisulphate  (RuO«,  -  S08)  to  ignition.  The 
hydrated  binoxide  is  obtained  by  evaporating 
the  chloride  double  salt,  KC1,  RuCl2,  with 
bonate  of  soda  to  dryness,  and  washing  out. 
The  oxide,  RuO,  is  obtained  by  igniting  the 
dry  chloride,  RuCl,  with  carbonate  of  soda  La 
carbonic  acid,  and  extracting  with  water. 
When  the  metal  is  heated  in  the  air,  it  forma 
an  oxide  like  rhodium,  RuO,  Ku2()3;  and  by 
continuing  the  heat,  blue  sesquioxide  is  formed. 

The  sulphuret,  Ru2S3,  is  precipitated  brown- 
ish yellow  by  sulphuretted  hydrogen,  from  the 
chloride;  and  is  rapidly  soluble  in  nitric  add, 
of  1-22,  to  a  reddish  yellow  solution  of  sul- 
phate of  sesquioxide.  Ru  is  not  perfectly  pre- 
cipitable  by  sulphohydrogen,  but  the  remain- 
ing solution  is  bluish,  probably  from  blue 
chloride. 

When  the  metal  is  heated  in  chlorine,  a  little 
sesquichloride  at  first  sublimes,  and  the  black 
mass  remaining  is  chloride,  RuCl ;  insoluble  in 
acids.  When  the  oxide  obtained  by  precipi- 
tating ruthenate  of  potassa  by  nitric  acid  is 
dissolved  in  muriatic  acid  and  evaporated  to 
dryness,  soluble  sesquichloride  is  obtained, 
Ru2Cl3. 

Double  salts  with  potassium,  sodium,  and 
ammonium,  are  obtained  by  mixing  them  to- 
gether ;  the  former  is  crystallizable,  insoluble 
in  alcohol  of  80  pr.  ct. 

When  sesquisulphuret  of  ruthenium  is  treated 
with  dilute  nitric  acid,  a  yellow  solution  of  sul- 
phate of  binoxide  is  formed,  Ru02,  2  S()3. 
[Berz.  Jahresb.  1846-8.) 

RUTLLE.  Mm.  Titanic  ore,  Crispite,  Gal- 
lizinite,  Lagenite.  Cryst.  Quadratic,  prisms 
terminated  by  8-hedra,  and  often  twinned  by 
turning  180°  on  an  8-hedral  plane.  H.  =  6 
—  6-5.  G.  =  4-18  — 4-249.  Brownish  red  to 
dark  brown;  metallic,  adamantine;  subtrans- 
parent, opake;  subbrittle,  with  subconchoidal 
and  uneven  fracture,  and  light  brown  streak. 

Infusible  and  unaltered  by  heat ;  gives  with 
borax  in  the  outer  flame  a  greenish,  in  the  inner 
a  violet  glass;  in  mic.  salt,  in  the  inner  name, 
a  red  glass  (from  titaniferous  iron),  and  some- 
times with  the  addition  of  tin,  a  blue  or  violet 
glass ;  fuses  with  soda,  with  effervescence  to  a 
bead,  and  sometimes  shows  manganese ;  it 
usually  shows  tin,  when  treated  as  directed 
with  carbonate  of  soda,  p.  350.  It  is  titanic 
acid,  Ti02,  with  more  or  less  oxide  of  iron, 
often  less  than  2  pr.  ct. 

Rutile  occurs  in  primary  rocks,  and  in  older 
limestones,    in   many   localities.      Verj 
crystals   have   been   found  in   Lancaster  Co. 
Pennsylvania. 

RUTILIN.  Chem.  Ts  the  name  given  by 
Braconnot  to  the  red  substance  produced  by 
solution  of  salicin  in  oil  of  vitriol,  but  it  is 
Rufin-sulphuric  acid. 

RUTIN.     Chem.    A  principle  extracted  from 
the  leaves  of  the  Hutu  graveolens,  by  alcohol, 
evaporation,  and  treatment  with  ethi 
rutin  is  insoluble.     It  appears  to  have  an  acid 


RYACOLITE. 


SAGO. 


character.  Borntrager  examined  a  principle 
from  the  same  root,  which  he  termed  Rutic  acid. 
It  is  a  pale,  greenish,  crystalline  powder, 
scarcely  soluble  in  water,  soluble  in  alcohol, 
giving  orange-yellow  compounds  with  alkali, 
bright  yellow  with  lead  salts.  Its  form,  is 
C12H606,  2  HO,  which  2  HO  is  replaced  by  one 
of  PbO  in  the  lead  salt.  (Berz.  Jahresb.  1846.) 
RYACOLITE.  Mia.  Cryst.  Oblique  rhom- 
bic, in  glassy  crystals.  H.  =  6.  G.  =  2-55 
—  2-68.  Color  grayish  white  and  colorless; 
vitreous,  pearly;  transparent;  fracture  con- 
choidal.  It  behaves  like  Feldspar.  Form. 
see  Feldspathic  Minerals.  From  the  Dolo- 
mite of  Lomma,  and  the  Eifel. 

RYE.  Syn.  Secale  cereale.  The  grains  con- 
tain— 

24-4  pr.  ct.  of  husks  or  bran, 

6-5-6  "     "    "   flour, 

10-2  "     "    "   water. 

The  flour  consists  of — 

61-00  pr.  ct.  of  starch, 

9-48  "     "    "   gluten, 

3-28  "     "    "    albumen, 

3-28  "     "    "   uncrystallizable  sugar, 
11-09  "     "    "   gum, 

6-38  "     "    "   lignin. 

Fresenius'  and  Will's  analyses  of  the  ashes 
of  the  straw  and  grain  gave,  as  the  constitu- 
ents : — 

Straw.  Grain. 

Potassa 17-19  11-43 

Soda —  18-89 

Magnesia 2-41  10-57 

Lime 9-06  7-05 

Phosphoric  acid 3-82  51-81 

Sulphuric  acid 0-83  0-51 

Silica 64-50  0-69 

Peroxide  of  iron 1-36  1-90 

Chloride  of  sodium 0-57  — 

Chloride  of  potassium 0-26  — 


s. 


SABADILLA.  Chem.  Pharm.  Syn.  Ceva- 
dilla.  The  seeds  of  the  Veratrum  sabadilla, 
containing  fatty  and  yellow  coloring  matters, 
gum,  wax,  lignin,  saline  matters,  and  silica, 
gallate  of  Yeratrin,  Cevadic  or  Sabadillic  acid, 
Sabadillia  and  veratric  acid. 

Cevadic  acid.     See  Hellebore. 

Sabadillia.  A  white,  crystallizable  acrid  base, 
readily  soluble  in  hot  water  and  alcohol,  but 
insoluble  in  ether. 

Veratric  acid.  Allied  to  the  volatile,  fatty 
acids.  Forms  fusible  and  volatilizable,  color- 
less crystals.  Is  soluble  in  alcohol,  less  so  in 
water,  and  insoluble  in  ether.  (Merck.)  For- 
mula of  the  hydrated  acid  CiaH907,  HO. 
(Schrotter.)     Its  salts  are  mostly  soluble. 

SABADILLIC  ACID.  See  Cevadic  acid,  in 
Helleboj  e. 

SACCHARIC  ACID.     See  Sugar. 

SACCHARITE.  Min.  Granular,  white.  G. 
=  2-068.  Infusible  alone,  and  difficultly  so 
with  soda ;  soluble  to  clear  glasses  with  borax 
and  mic.  salt,  leaving  a  skeleton  of  silica  in 
the  hitler.  Form.  2  [3  RO,  2  SiOs  +  3  (A1203, 
2  Si08)]  +•  3  HO.  RO  =  NaO,  CaO,  MgO,  KO. 
The  first  part  of  the  formula  is  that  of  andesin 


and  of  leucite.  It  occurs  near  Frankenstein, 
Silesia. 

SACCHULMIN.     See  Sugar. 

SAFFLOWER,     See  Carthamus. 

SAFFRON.  The  flower  of  the  Crocus  sativus, 
a  plant  indigenous  to  Asia  Minor,  but  cultivated 
in  Europe.  Spanish  saffron  is  the  most  prefer- 
able. The  Crocus  orientalis  is  one  of  several 
species  about  which  but  little  is  known.  Ac- 
cording to  Aschoff,  the  Crocus  sativus  is  com- 
posed of — 

Volatile  Oil 1-4 

Wax 40 

Polychroite 52-0 

Gum 10-4 

Woody  fibre 19-0 

Water 10-0 

Balsamic  matter,  soluble  in  ether  and 
alcohol 2-0 


The  oil  is  bitter,  slightly  soluble  in  water 
but  of  greater  specific  gravity,  and  by  age  be- 
comes lighter,  and  solidifies  into  a  white  mass. 

Polychroite.  Syn.  Saffron  yellow.  The  co- 
loring matter  of  the  plant  is  so  termed,  from 
ttoms,  many,  and  %£ool,  color,  expressive  of  its 
susceptibility  of  numerous  changes.  When  pure, 
it  is  soluble  in  alcohol  and  the  oils,  and  slightly 
so  in  water  and  ether.  Its  color  is  changed  by 
the  acids,  and  entirely  bleached  by  the  hypo- 
chlorites.     (Henry.) 

As  saffron  is  often  adulterated,  Mulder  re- 
commends concentrated  sulphuric  acid  as  the 
most  certain  test  of  purity,  for  it  immediately 
turns  the  color  of  pure  saffron  to  blue.  The 
leaves  of  the  Crocus  vermis,  a  frequent  adulte- 
ration, are  changed  to  a  dark  green. 

Winckler  and  Gruner  detect  safiiower  and 
marigold  petals  by  means  of  a  solution  of  sil- 
ver or  perchloride  of  iron,  which  renders  their 
solutions  opake,  and  ultimately  precipitates 
them,  while  an  infusion  of  true  saffron  is  not 
altered  by  either  reagent. 

SAGAPENUM.  Chem.  Pharm.  The  gum 
resin  or  concrete  juice  of  an  unknown  species 
of  Ferula,  belonging  to  the  family  of  the  Urn- 
belli/erce,  growing  in  Persia.  It  consists  of 
resin,  volatile  oil,  gum,  mucilage,  water,  salts, 
and  foreign  matters. 

Volatile  oil.  Pale  yellow,  very  fluid  and 
lighter  than  water,  with  garlicky  odor  and 
bitter  taste.     It  appears  to  consist  of  two  oils. 

Resin.  A  mixture  of  two  resins  differing  in 
characteristics :  one  brittle,  inodorous,  and 
tasteless,  soluble  in  alcohol,  but  insoluble  in 
ether  and  the  oils ;  the  other  soft  and  bitter, 
soluble  in  both  alcohol  and  ether. 

SAGE.  The  leaves  of  the  Salvia  officinalis 
yield  oil  by  distillation.  Rochleder  found  in 
an  8  year  old  oil  that  the  essence  passing  over 
at  263°  is  C12H50,  that  passing  over  at  212° 
is  C18HI502.  From  a  two  year  old  oil,  the  es- 
sence distilling  at  about  280°,  is  of  the  same 
formula  as  the  last ;  that  passing  at  300°,  is 
C12HjpO.  The  results  of  his  analyses  show 
that  they  are  oxides  of  a  radical  which  is  the 
multiple  of  C6H5. 

SAGENITE.     See  Rutii.e. 

SAGO.  Pharm.  Used  as  a  nutritive  article 
of  diet.     The  prepared  fecula  of  several  spe- 
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SAHLITE. 
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eies  of  palm,  among  which  *M  the  Sfa^tM  rttm- 
phu,  Phoenix  farinifera,  and  Sa^u«  gentium.  It 
is  extracted  from  the  pith. 

/'"'  v'./'  is  formed  by  granulating  the 
meal,  and  when  in  large  and  brown  grains,  is 
called  Common  Sago.  The  latter  is  insoluble 
in  cold  water,  hut  forms  a  gelatinous  solution 
after  long  boiling.  The  pearl  variety  is  par- 
tially dissolved  by  cold  water.  In  a  chemical 
view,  it  has  the  properties  of  starch,  and  is 
sometimes  adulterated  with  potato  starch. 

SAHLITE.     See  Atjgite. 

SAL  ALEMBROTH.     See  Alembroth. 

SAL   AMMONIAC.     Muriate  of  Ammonia. 

SALAMMONIAC.  Min.  ffer.Salmiak.  Cryst. 
Regular;  also  stalactitic  and  in  crusts.  H.  = 
1*5  —  2.  G.  =  1-528.  White,  sometimes  yel- 
lowish ;  vitreous,  translucent;  taste  saline, 
pungent ;  inodorous.  Readily  soluble  in  water ; 
volatilizing  by  heat;  mixed  with  lime  and 
moistened,  it  gives  a  strong  odor  of  ammonia. 
It  is  essentially  muriate  of  ammonia,  NH4C1, 
with  some  sulphate  of  ammonia.  It  occurs  in 
fissures  near  volcanoes,  and  about  coal-mines. 

SALICIN.  Chem.  Discovered  by  Le  Roux 
and  Buchner  in  the  bark  of  several  species  of 
willow  (Salix)  and  of  poplar.  Wohler  recently 
found  it  in  castor. 

Prep.  Merck's  process  is  to  add  litharge  to 
the  boiling  concentrated  decoction  of  the  bark, 
until  it  becomes  colorless.  This  removes  the 
gum,  tannin,  and  extractive  matter.  The  dis- 
solved oxide  of  lead  is  then  to  be  removed, 
first  by  sulphuric  acid,  and  subsequently  by 
sulphuret  of  barium  (not  in  excess).  Filter 
and  evaporate.  The  crystals  thus  obtained  by 
recrystallization  and  treatment  with  bone-black, 
become  perfectly  white. 

Prop.  C26HlB014  =  C14H804  +  CIgHI0O10. 
Crystallizes  in  transparent,  inodorous,  silky 
needles  or  lamina;,  of  a  bitter  taste,  permanent 
in  the  air,  and  without  action  upon  vegetable 
colors.  Heated  above  212°  it  loses  weight, 
melts  at  2o0°,  and  at  a  higher  heat  becomes 
yellow  and  resinous  in  appearance,  and  de- 
composes. Is  soluble  in  alcohol  and  hot  water, 
partially  in  cold  water,  but  insoluble  in  ether 
and  the  oils.  Neither  tannin,  gelatin,  nor  sub- 
acetate  of  lead  precipitate  it. 

When  warmed  to  10-1°  with  synaptase,  it  is 
resolved,  according  to  Piria,  into  its  two  con- 
stituents, grape  sugar  (C12H10O10)  and  a  new 
body,  Saligenin.  The  latter  may  be  separated 
from  the  mixture  by  ether,  which  dissolves  it 
without  touching  the  sugar,  and  yields  it  in 
crystals  by  spontaneous  evaporation.  The  pro- 
duct of  the  salicylic  or  gaultheric  Fermenta- 
tion forms  a  series  analogous  to  the  benzoic. 

Saligenin.  Formula  of  the  crystallized  acid, 
C14H804  =  CI4H602,  2  HO.  In  brilliant,  pearly, 
rhomboidal  tables,  greasy  to  the  touch,  and  by 
spontaneous  evaporation  solidifying  into  an 
opake  mass.  Is  soluble  in  alcohol  and  ether, 
more  readily  in  hot  than  cold  water,  and  its 
solution  gives  a  deep  indigo  color  with  aqueous 
solutions  of  salts  of  sesquioxide  of  iron.  Does 
not  alter  on  exposure  to  air,  melts  at  180°, 
volatilizes  at  212°,  and  by  continued  action  of 
heat  is  changed  into  Salirelin,  water  and  hydru- 
ret  of  salicyl.  The  dilute  acids  also  transform 
it  into  saliretin. 

Dilute  nitric  acid  colors  it  red,  as  also  does 
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sulphuric  acid,  but  more  intensi '.       P 

appears  to  combine  with  it.  but   potaSBO    in   fu- 
sion disengages  hydrogen,  and  forms  salicylic 

acid.      Caustic    ammonia    dissolves    it,    and   the 

liquid  on  exposure  to  air  becomes  gi u.  but 

loses    color    when    heated,    and    resume 
cooling.     According  to  Piria,  the  only  two  pro- 
ducts of  the  oxidation  of  Baligenin   are  water 
and  hydrurel  of  salicj  1. 

Saliretin.  CMHjOa  +  2  HO.  Formed  bythe 
action  of  dilute  SO.  and  HC1  acids  upon  salicin 
or  saligenin.  A  resinous  substance,  in 
in  water  and  in  ammonia,  soluble  in  alcohol, 
ether,  and  concentrated  acetic  acid.  Frota  its 
alkaline  solutions  the  acids  precipitate  it  us  a 
white,  gelatinous  precipitate. 

Action  of  Chlorine  upon  Salicin.  The  action 
of  this  gas  generates  three  crystallizable 

pounds:  Chlorosalkin,  C26  <  p,17  >014,  Bichhro- 
salicin,    C26  -j  p,16  >014,    and     Perchlorosalkm, 

Action  of  Nitric  acid.  When  the  acid  is  strong, 
salicin  is  converted  into  oxalic  and  nitropicric 
acids;  but  if  dilute,  anilotic  and  anilic  acids, 
helicin  and  helicoidin  are  previously  formed. 

Relicin.  Formula  of  the  anhydrous.  C28H160,. 
=  Ci2II.p°io+  Ci4n6°4-       A    neutral    body, 
crystallizing  in  fine  white  needles,  and   ■ 
with  chlorine   Chlorohelicin,  and  with  bromine 
Bromohelicin. 

Helicin  is  soluble  in  hot  water  and  alcohol, 
but  insoluble  in  ether.  In  crystals  it  contains 
3  equivs.  of  water,  which  are  lost  at  212°. 

Helicoidin.  Obtained  by  the  action  of  nitric 
acid  of  spec.  grav.  1-08,  upon  salicin.  A 
crystalline  compound,  composed  of  C52H34028 
[Piria),  or  2  equivs.  of  sugar,  1  of  hydruret 
of  salicyl,  and  1  equiv.  of  saligenin. 

Action  of  Sulphuric  acid. — Rulilin.  A  dark 
brown,  brittle  substance,  tasteless,  insoluble 
in  water  and  alcohol.  Strong  acids  color  it 
deep  red,  and  alkalies  violet.  (Braconnot.) 
The  deep  red  coloring  which  cold  sulphuric 
acid  imparts  to  salicin,  serves  to  detect  its 
presence  in  barks  containing  it.  The  red  color- 
ing matter  thus  formed,  when  precipitated,  and 
freed  of  sulphuric  acid,  by  water,  is  soluble  in 
that  liquid. 

SALICOR.  The  ash  of  the  Salicornia  annua, 
a  plant  cultivated  on  the  French  coast  of  the 
Mediterranean,  for  the  manufacture  of  soda. 
It  contains  12  to  15  pr.  ct.  of  carbonate. 

SALICYL.  Chem.  Formula,  C14H504.  The 
hypothetic  radical  of  a  series  of  compounds 
analogous  to  the  benzoic,  and  so  called  from 
salicin,  the  origin  of  the  salicylic  products. 
It  has  also  been  found  in  the  Gaultheria  Pbo- 
ouMHr.NS,  as  salicylate  of  mether.  Pagenste- 
cher  likewise  obtained  its  hydruret  by  distilling 
the  flowers  of  meadow  sweet  ( >'/// 
and  Proctor,  Jr.  considers  its  mether  formed 
by  water  in  the  bark  of  Betula  lenta.  In  a 
separate  state  it  has  not  yet  been  isolated,  but 
the  identity  of  the  composition  of  its  hydruret 
and  that  of  crystallized  benzoic  acid,  to 
with  their  similarity  in  behavior  to  chlorine 
and  caustic  alkalies,  led  Dumas  to  consider 
this  radical  a  higher  degree  of  oxidation  of 
benzoyl. 


SALICYL. 


SALIVA. 


Hydruret  of  Salicyl.  Syn.  Hydruret  of  Spi- 
royl  [Loin';/),  Salicylous  acid,  Spirylous  acid. 
C)4H504 -f- II  =  SaH.  Exists  in  nature  as 
above  mentioned,  and  may  be  prepared  by 
oxidizing  salicin  with  chromic  acid  in  manner 
as  follows : — Dissolve  1  pt.  of  salicin  in  10  of 
water,  add  1  pt.  of  bichromate  of  potassa,  2£ 
pts.  oil  of  vitriol,  and  10  additional  parts  of 
water,  and,  after  the  mixture  has  calmed,  dis- 
til over  a  moderate  fire.  The  distillate  con- 
tains water  and  hydruret.  The  latter  sepa- 
rates as  an  oleaginous  stratum  of  a  reddish 
color,  and  may  be  purified  by  digestion  first 
with  water,  then  with  chlorcalcium,  and  sub- 
sequently, after  decantation,  by  distillation. 

Prop.  When  pure  it  is  a  colorless,  inflamma- 
ble, oily  liquid,  which  reddens  on  exposure  to 
air,  and  emits  the  odor  of  bitter  almonds.  It 
has  a  burning  taste,  and  colors  the  skin  yellow. 
•Spec.  grav.  1-93  at  56°.  Boils  at  380°;  den- 
sity of  vapor  4276  ;  solidifies  at  — 4°.  Is  very 
soluble  in  alcohol  and  ether,  less  so  in  water. 
Its  solution  reddens  litmus,  and  then  bleaches 
it.  Concentrated  sulphuric  acid  decomposes  it. 
When  heated  with  potassa  in  excess,  hydrogen 
is  evolved,  and  salicylic  acid  formed. 

It  is  isomeric  with  benzoic  acid,  but  does  not, 
according  to  Wohler,  become  hippuric  acid  by 
transit  through  the  urine. 

Its  compounds  with  the  bases  are  definite 
salts  (salicylurets),  of  the  general  formula 
SaR,  that  is,  viewing  it  as  an  hydrogen  acid 
with  the  reaction  as  follows,  SaH  -4-  RO  = 
Sail  4-  HO.  But  if  considered  as  a  hydrated 
oxygen  acid,  its  salts  are  termed  salicylites, 
and  the  reaction  on  the  base  is  according  to 
the  hydratic  theory  of  acids,  C14H503,  HO  -4- 
RO  =  C14H503,  RO  +  HO. 

Potassa  compounds.  The  hydruret  of  salicyl 
forms  two  salts  with  potassa,  the  salicylite,  C14 
H503,  KO,  2  HO,  in  golden-yellow  crystals, 
soluble  in  water,  and  bisalicylite,  C14H503,  KO, 
CI4H604,  in  colorless,  acicular  crystals,  less 
alterable  than  the  former. 

When  the  first-mentioned  salt  is  exposed  to 
air  it  becomes  green,  and  ultimately  black,  by 
transformation  into  acetate  of  potassa  and  a 
black  powder,  melanic  acid  (C10H4O5),  which 
unites  with  bases.      {Piria.) 

Ammonia  compounds.  There  are  two, — 1.  Sali- 
cylite of  ammonia,  CI4H503,  NH3,  HO  {Lowig), 
a  yellow,  crystalline  mass,  soluble  in  hot  alco- 
hol, and  crystallizable  therefrom  in  yellow 
needles,  which  blacken  by  absorption  of  mois- 
ture, and  decompose ;  and  2.  Salicylimide  or 
Salhydramide,  C14H602N2.  Crystallizes  in  bril- 
liant yellow  prisms,  insoluble  in  water,  and 
soluble  in  large  excess  of  alcohol. 

Copper  compounds.  The  salicylite  of  copper, 
C4H503,  CuO,  is  a  very  light,  green  powder, 
insoluble  in  water  and  in  alcohol.  By  distilla- 
tion it  yields  Parasalieyl,  C14H503  {Etlliny), 
which  crystallizes  in  prisms  soluble  in  alcohol 
and  in  ether,  but  insoluble  in  water.  They 
melt  at  248°,  and  sublime  at  356°. 

Salicylic  acid.  Piria  first  obtained  it  by 
heating  hydruret  of  salicyl  with  caustic  po- 
tassa It  exists  with  oxide  of  methyl,  in  the 
oil  of  Gaulxhbma  Frocumbens,  from  which 
it  is  obtained  by  potassa,  and  may  be  made, 
by  heating  salicin  with  fused  potassa.  Dela- 
landes  has    recently   procured  it  by  the  ac- 


tion of  potassa  on  Coumarin,  and  Cahours 
found  it,  among  other  products,  in  the  distil- 
late of  a  mixture  of  indigo  and  potassa  with 
sulphuric  acid. 

Prop.  C14H606  =  C12H602  +  C204.  Sub- 
limes in  crystals  soluble  in  alcohol,  ether,  and 
hot  water.  Reddens  litmus,  and  decomposes 
carbonates.  By  rapid  distillation  over  lime, 
is  changed  into  carbonic  and  phenic  acids. 
The  persalts  of  iron  impart  an  inky  color  to 
its  aqueous  solution.  The  salts  are  generally 
crystallizable. 

When  acted  on  by  nitric  acid,  Nilrosalicylic, 
Carbazotic  (see  Indigo),  and  Carbolic  acius 
are  formed. 

Chloride  of  Salicyl.  Syn.  Chlorosalicylic  acid, 
Chloride  of  Spiroyle.  Formed  by  the  action 
of  dry  chlorine  upon  anhydrous  hydruret  of 
salicyl.  Crystallizes  in  pale  yellow,  rhombic 
tables,  of  a  peculiar  aromatic  odor.  Volatil- 
izes without  decomposition,  and  burns  with  a 
green  flame.  Dissolves  in  alcohol  and  ether, 
but  is  insoluble  in  water.  It  combines  with 
the  alkalies,  and  is  separated  from  them  un- 
changed, by  acids.  Ammoniacal  gas  converts 
it  into  Chlorosalicylimide,  a  deep  yellow  mass, 
insoluble  in  cold  water,  and  decomposed  by 
hot  water,  acids,  and  alkalies. 

Mcthosalicylic  ether.  (Salicylate  of  Mether.) 
C14H505,  C2H30.  See  Gaultheria  Procum- 
bens. 

SALICYLIMIDE.     See  Salicyl. 
SALIFIABLE    BASE.     Chem.     A  term  be- 
longing to  any  body  capable  of  uniting  defi- 
nitely with  an  acid  or  a  salt,  to  form  a  salt. 
See  Salts. 

SALIGENIN.  )  a      „ 
SALIRETIN.|SeeSALICIN- 
SALINE.      Min.      A  substance   having   the 
taste  of  common  salt,  saltpeter,  &c.     It  may 
be  saline  and  cooling,  as  saltpeter ;   or  saline 
and  styptic,  as  copperas ;   or  saline  and  pun- 
gent, as  salammoniac.     In  the  arts,  a  saline  is 
a  salt  spring,  or  one  containing  common  salt 
as  its  most  important  ingredient.     See  Water. 
SALIVA.     Chem.  Physiol.     The  transparent, 
slightly-viscid   fluid   secreted   by  the   parotid, 
submaxillary,  and  sublingual  glands,  and  con- 
veyed from  them  by  Steno's  and  other  ducts 
into  the  mouth,  where  it  becomes  mixed  with 
the  buccal  mucus. 

Dr.  S.  Wright's  analysis  {Chem.  Gaz.  iv.  242) 
of  healthy  saliva  gave,  as  its  composition, — 

Water 98810 

Ptyalin 1-80 

Fatty  acid 0-50 

Chlorides  of  sodium  and  potassium .     1  -40 

Albumen,  with  soda 0-90 

Phosphate  of  lime 0-G0 

Albuminate  of  soda 0-80 

Lactates  of  potassa  and  soda 0-70 

Sulphocyanide  of  potassium 0-90 

Soda 0-50 

Mucus,  with  ptyalin 2-60 

Ptyalin.  When  dry,  is  a  brittle  substance, 
of  a  sickly  taste,  without  color,  and  transpa- 
rent. Is  soluble  in  water,  but  insoluble  in 
alcohol  and  ether. 

According  to  Miahle  and  Lassaigne,  a  ma- 
terial is  obtained  from  saliva  by  filtration,  pre- 
cipitation by  alcohol,  washing,  and  drying  at 
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SAL  MIRABILE. 


SALT. 


from  100°  to  120°,  which  acts  similarly  to  Di- 
astase, changing  boiled  starch  into  sugar  at 
from  100°  to  150°,  but  is  almost  without  action 
upon  raw  starch.  Lassaigne  has  observed  the 
same  properties  in  pancreatic  juice,  but  it  is 
destroyed  by  a  temperature  of  212°. 

SAL  MIRABILE.     Sulphate  of  Soda. 

SAL  PERLATUM.     Phosphate  of  Soda. 

SAL  PRUNELLA.  Fused  Nitrate  of  Potassa. 

SALSEPARIN.     See  Sarsapabilla. 

SALT.  Ghent.  Ger.  Salz.  Fr.  Sel.  The 
simplest  definition  of  a  salt  would  be,  "  a  com- 
pound of  an  acid  with  a  base,"  were  it  not 
that  the  very  type  of  all  salts — common  salt — 
consist  of  a  metal  and  an  electronegative  ele- 
ment, neither  of  the  two  elements  being  either 
acid  or  base.  Thus,  sulphate  of  soda,  NaO,  S03, 
is  a  salt  composed  of  the  base  soda,  NaO,  and 
the  acid  sulphuric,  S03 ;  so  that  both  acid  and 
base,  containing  one  element  in  common,  oxy- 
gen, the  salt  is  composed  of  three  elements, 
sodium,  Na,  sulphur,  S,  and  oxygen,  O.  Now 
common  salt,  NaCl,  consists  of  but  two  ele- 
ments, chlorine  and  sodium.  It  is  true  that 
by  dissolving  common  salt  in  water,  it  might 
be  regarded  as  hydrochlorate  of  soda  ;  thus, 
NaCl  -f-  HO  =NaO,  HC1,  which  therefore  brings 
it  under  the  above  definition  of  "an  acid  with 
a  base."  But  even  in  this  case,  the  acid  is 
very  different  from  the  oxygen  acids,  and  the 
salt  would  then  be  composed  of  four  elements. 
There  are,  however,  other  sufficient  objections 
against  considering  such  salts  as  hydrochlo- 
rates  (as  the  insolubility  of  chloride  of  silver 
in  water),  and  they  are  more  properly  regarded 
as  solutions  of  chlorides  in  water.  It  is  then 
evident  that  we  have  two  classes  of  salts,  those 
consisting  of  an  acid  and  a  base,  and  those  con- 
sisting of  two  elements,  a  metal  and  a  halogen 
body,  such  as  chlorine.  The  former  are  termed 
amphid  salts,  and  the  latter  haloid  salts. 

Again,  if  we  pass  sulphohydrogen  gas  through 
a  solution  of  arseniate  of  potassa,  2  KO,  As05, 
and  evaporate  the  yellow  solution,  a  yellow 
crystalline  mass  is  obtained,  having  all  the 
characters  of  a  salt ;  but  analysis  shows  it  to 
be  2  KS,  AsS5 ;  that/is,  each  equivalent  of 
oxygen  in  the  former  is  now  replaced  by  an 
equivalent  of  sulphur.  The  2  KS  acts  the  part 
of  a  base,  and  AsS5  the  part  of  an  acid.  The 
latter  is  a  sulpho-salt.  In  like  manner  we 
have  seleno-  and  telluro-salts,  but  they  have 
not  been  minutely  studied.  Amphid  salts  then 
consist  of  an  acid  and  a  base,  but  both  of  these 
have  either  oxygen,  sulphur,  selenium,  or  tel- 
lurium common  to  them,  and  give  as  many 
divisions  of  amphid  salts.  However,  only  oxy- 
salts  and  sulpho-salts  are  usually  mentioned. 
Hence  the  above  oxysalt  is  called  arseniate  of 
potassa,  and  its  corresponding  sulpho-salt  sulph- 
arseniate  of  potassium ;  but  to  distinguish  the 
former  with  more  precision,  it  may  be  termed 
oxyarseniate.  The  base  is  termed  an  oxy  or  sul- 
phobase,  and  the  acid  an  oxyacid  or  sulphacid. 


We  must  still  further  extend  the  idea  of  salts 
to  certain  bodies  containing  a  compound,  which 
arts  the  part  of  an  element.     Thus  ammonia, 
N1I3,  with  one  of  water,  HO,  onifa 
phuric  acid  to  form  a  salt   analogous  I 
isomorphic  with  sulphate  of  potassa.     If  their 
formulas  be  compared,  KO,  BOg  and  NH40,  8( '.,. 
we  observe  at  once  that  Nil ,  acts  the  part  of 
the  metal,  K,  potassium,  and  in  Cut  it  i>  called 
ammonium.     Its  chlorhaloid  salt  is  "Nit.,  -f-  IK'l 
=  NH4C1,  which  is  similar  to  chloride 
tassium,  KC1.     As  ammonium,  Nil,,  acts  like  a 
metal,  so  cyanogen,  Cy  =  NC2)   acts  like  the 
halogens,   chlorine,  bromine,  &c,  aud  tip    <■- 
anide  and  chloride  of   potassium  are  written 
KCy  and  KC1.     When  we  speak,  therefore,  of 
a  salt  consisting  of  two  or  three  elements,  v.e 
must  extend  this  notion  to  embrace  compounds 
acting  like  elements. 

Salts  are  either  neutral,  acid,  or  basic.  If  to 
a  solution  of  potassa  or  soda  sulphuric  or  muri- 
atic acid  be  gradually  added,  a  point  arrives 
when  the  solution  has  neither  an  alkaline  nor 
acid  taste,  when  it  ceases  to  redden  turmeric 
or  litmus  paper.  A  neutral  salt  is  formed,  and 
in  this  case  it  consists  of  one  equivalent  of  acid 
and  one  of  base.  If  the  acid  be  feeble,  as  car- 
bonic, the  salt  it  forms  with  an  alkali  will  have 
a  strong  alkaline  reaction  ;  and  if  the  base  be 
feeble  and  the  acid  a  strong  one,  as  the  sul- 
phuric, the  salt  will  test  acid.  Still  it  is  called 
a  neutral  salt,  if  it  consist  of  one  equiv.  of 
acid  and  one  equiv.  of  a  protoxide  base.  The 
general  definition  of  a  neutral  amphid  salt  is, 
that  it  consists  of  one  equiv.  of  base  with  as 
many  equivs.  of  acid  as  there  are  equivs.  of 
oxygen  (or  sulphur)  in  the  base.  Thus,  FeO, 
S03  is  neutral  sulphate  of  iron  (meaning  pro- 
toxide of  iron),  and  Fe203,  3  S03  is  neutral 
persulphate  of  iron  (meaning  sulphate  of  per- 
oxide). Neutral  haloid  salts  consist  of  as  many 
equivs.  of  metal  and  the  halogen  body,  as  there 
are  equivs.  of  metal  and  oxygen  in  the  corre- 
sponding oxide ;  thus,  chloride  of  iron  is  FeCl, 
and  perchloride  of  iron  Fe2Cl3. 

Acid  amphid  salts  contain  more  equivs.  of 
acid  than  there  are  in  the  neutral  salts,  usu- 
ally 12,  2,  3,  or  4  times  as  many.  The  most 
common  are  those  containing  twice  as  much 
acid  as  the  neutral  salt.  Thus,  sulphate  of 
potassa  is  KO,  S03,  the  acid  or  bisulphate  KO, 
2  S03.  Acid  haloid  salts  are  compounds  of  a 
haloid  salt,  with  a  hydracid.  Basic  sail 
more  base  than  the  neutral  salt,  and  that  usu- 
ally in  a  simple  ratio,  as  \,  \,  \,  &c.  of  base, 
compared  with  that  in  the  neutral  salt.  The 
silicates  of  the  mineral  kingdom  present  the 
greatest  variety  of  combination  of  any  other 
acid,  and  a  table  is  subjoined  to  show  tin-  no- 
menclature. RO  and  R203  represent  protoxide 
and  sesquioxide  bases.  The  first  two  columns 
of  figures  represent  the  proportions  between 
the  equivs.  of  oxygen  in  the  base  and  acid,  the 
first  in  the  base,  the  second  in  the  acid  :  — 
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Acid  Silicates. 

Quadrisilicates RO,  4  Si03  or  R2Oa,  12  SiO. 

Trisilicates RO,  3  SiOa  "  R203,     9  SiO, 

Bisilicates RO,  2  Si03  "  R2;>3,    6  SiO. 

Sesquisilicates 2RO,3SiOa  "  2  H203,     9  SiO. 

^silicates 3  RO,  4  SiOa  "  B203,     4Si<>3 


Neutral  Silicates RO,     SiO,     or        R„0„    3  SiO, 
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Basic  Silicates. 

I  silicates  for  i-basic) 3  RO,  2  Si03  or  R203,  2  Si03 

£  silicates  (or  unibasic) 2  RO,      Si03  "  2  R203,  3  Si03 

|  silicates  (or  bibasic) 3  RO,     Si03  "  R203,     Si03 

i  silicates  (or  tribasic) 4  RO,     Si03  "  4  R203,  3  Si03 

I  silicates  (or  3'-basic) 9  RO,  2  Si03  "  3  R203,  2  Si03 

i  silicates  (or  5-basic) 6  RO,     Si03  "  2  R203,     Si03 

l (Silicates  (or  8-basic) 9  RO,     Si03  "  3  R203,     Si03 


Basic  haloid  salts  are  composed  of  the  haloid 
salt  with  the  oxide  of  the  same  metal,  as  the 
compound  oxide  and  chloride  of  lead,  PbCl  -f- 
PbO  ;  they  are  sometimes  termed  oxychlorides. 
2  equivs.  of  the  haloid  and  1  equiv.  oxide,  is 
J-basic  ;  1  equiv.  to  1  equiv.  oxide,  is  unibasic; 
1  to  2,  bibasic,  &c.  Both  haloid  and  amphid 
neutral  salts  produce  basic  salts  by  union  with 
sulphuret,  phosphuret,  nitruret,  and  amiduret 
of  the  metal. 

Two  or  more  salts  may  combine  with  each 
other,  producing  double  and  triple  salts.  They 
are  usually  composed  of  one  acid  and  two 
bases,  and  more  rarely  of  one  base  and  two 
acids.  Thus,  alum  has  the  formula  KO,  S03 
+  A1203,  3  S03  -f  24  HO.  Haloid  salts  may 
also  be  doubled,  in  which  case  the  same  halo- 
gen is  usually  common  to  both,  as  chloride  of 
copper  and  potassium,  KC1,  CuCl ;  more  rarely 
the  metal  is  the  same,  and  the  halogen  different, 
as  chlorofluoride  of  lead,  PbF,  PbCl.  There 
are  a  few  rather  anomalous  double  salts,  such 
as  the  mineral  leadhillite,  a  sulphate  and  car- 
bonate of  lead,  2  (PbO,  C02)  -f  PbO,  S03; 
the  mineral  corneous  lead,  also  made  artifi- 
cially, PbCl  +  PbO,  C02.  There  are  but  a 
few  triple  salts. 

Salts  are  of  very  different  solubility,  and  no 
law  has  yet  been  found  by  which  we  can  deter- 
mine a  priori  either  the  solubility  of  a  salt  at 
all,  or  the  amount  of  that  solubility.  "When 
water,  which  is  the  usual  solvent,  ceases  to 
dissolve  any  more  of  a  salt  at  a  certain  tem- 
perature, it  is  said  to  be  saturated  at  that 
temperature.  M6st  salts  increase  in  solubility 
with  the  increasing  temperature  of  the  water; 
some  in  a  greater  ratio  than  the  increase  of 
heat,  as  nitrate  of  potassa  and  of  baryta,  and 
chlorate  of  potassa ;  others  with  a  uniform  in- 
crease, as  sulphate  of  potassa  and  the  chlorides 
of  potassium  and  barium.  Common  salt  dis- 
solves equally  at  all  observed  temperatures. 
Some  salts,  as  citrate  of  lime,  basic  borate  of 
magnesia,  and  hydrate  of  lime,  are  more  solu- 
ble in  cold  than  in  hot  water.  Sulphate  of  soda, 
Glauber's  salt,  increases  in  solubility  to  91°, 
and  then  diminishes  at  a  higher  heat,  so  that 
a  portion  of  it  precipitates. 

Some  salts  crystallize  without  combining 
water,  such  as  nitrate  of  potassa,  chloride  of 
sodium,  and  most  of  the  very  insoluble  pre- 
cipitated salts,  as  sulphate  of  baryta,  chloride 
of  silver.  The  salts  of  potassium  and  silver 
are  more  frequently  anhydrous,  those  of  soda 
usually  hydrous ;  but  no  law  has  yet  been 
evolved  on  this  point.  Most  salts  take  up  wa- 
ter of  crystallization,  and  always  in  equivalent 
proportions ;  but  the  number  of  equivalents  is 
very  different  for  different  salts.  A  few  take 
up  less  than  1  equiv.  water  for  1  equiv.  of  the 
salt,  but  the  most  general  proportion  is  1  equiv. 
salt  to  from  1  to  7  equivs.  water.  Some  have, 
however,  8,   10,  and  25  equivs.  water.     It  is 


somewhat  remarkable,  that  many  of  the  salts 
of  soda  contain  10  equivs.  water,  as  the  car- 
bonate, biborate,  sulphate,  pyrophosphate,  and 
iodate ;  the  common  phosphate  has  25  equivs. 
water. 

SALT  OP  LEMONS.  Binoxalate  of  potassa. 
See  Oxalic  acid. 

SALT  OF  SATURN.     Acetate  of  Lead. 

SALT  OF  SORREL.   Binoxalate  of  Potassa. 

SALT  OF  TARTAR.  Purified  and  granu- 
lated Carbonate  of  Potassa. 

SALTPETER.     Chem.     Nitrate  of  Potassa. 

SALTPETER.     Min.     See  Nitre. 

SAND.  Gcol.  Sand  generally  consists  of 
particles  of  quartz  (silica),  but  there  is  also 
granitic  sand,  containing  particles  of  feldspar 
as  well  as  quartz,  where  it  has  not  been  long- 
enough  exposed  to  meteoric  agents  to  decom- 
pose the  feldspar.  Sand  usually  consists  of 
grains  more  or  less  rounded,  but  they  are 
sometimes  angular,  and  are  then  preferable  for 
mortar.  Sand  generally  contains  some  oxide 
or  silicate  of  iron,  but  that  which  is  most  free 
from  such  impurities  is  required  for  the  manu- 
facture of  glass. 

SANDARAC.  Syn.  Juniper  resin.  The 
odorant  resin  of  the  Thuja  articulata,  entirely 
soluble  in  ether  and  absolute  alcohol,  and  con- 
sisting, according  to  Unverdorben,  of  three  re- 
sins differing  as  to  solubility  in  alcohol,  ether, 
and  spirits  of  terpentine.  The  Sandaracin  of 
Geise  is  a  mixture  of  two  of  these  resins. 

SANDARACA.     See  Realgar. 

SAND  BATH.     See  Baths. 

SANDERS.  The  wood  of  the  Pterocarpus 
santalinus,  distinguished  from  Brazil  wood  by 
not  imparting  its  color  to  water. 

Santalin  [Chem.  Gaz.  ii.  371).  The  resinous 
matter  extracted  by  alcohol,  and  termed  its 
red  coloring  principle,  is  a  compound  of  several 
principles. 

Meier's  (Archiv.  dcr  Pharm.  lv.  and  lvi.)  and 
Bolley's  [Chem.  Gaz.  v.  423)  recent  investiga- 
tions show  the  presence,  in  the  wood,  of  six 
different  substances,  which  may  be  extracted 
in  part  by  water  and  in  part  by  alcohol. 

1.  Santalic  acid.  Crystallizes  in  microscopic 
prisms  of  a  beautiful  red  color,  and  forming 
with  alcohol  solutions  which  are  red  when  con- 
centrated, and  yellow  if  dilute.  Is  insoluble 
in  water,  but  soluble  in  ether,  imparting  a  yel- 
low shade.  The  ethereal  solution  does  not 
redden  litmus.  Melts  at  219°,  and  decomposes 
beyond  that  temperature.  Cold,  concentrated 
sulphuric  acid  dissolves  it  with  a  dark-red 
color,  but  water  separates  it  unaltered. 

Nearly  all  its  salts  are  dark  violet,  and  those 
of  the  alkalies  and  alkaline  earths  are  soluble 
in  water. 

2.  Santalic  oxide.  A  brown,  amorphous,  vis- 
cous mass,  unalterable  in  the  air,  tasteless, 
inodorous,  and  imparting  a  brown  color  to  ita 
alcoholic  solution.     Is  insoluble  in  water,  and 
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but  sparingly  soluble  in  ether.     Is  neutral  to 

test  paper.      The  acids  change  the  brown  color 
of  its  solution  to  a  reddish  yellow. 

3.  Santalide.  A  dark  red,  tasteless,  Inodor- 
ous mass,  insoluble  in  water,  but  soluble,  with 
a  red  color,  in  alcohol  and  ether.  The  acids 
do  not  change  its  color,  but  the  alkalies  render 
it  brown. 

4.  San/a/oidc.  A  yellow  mass,  insoluble  in 
ether,  but  soluble  in  water  and  in  alcohol,  leav- 
ing a  brown  deposit.     Alkalies  brown  the  color. 

o.  Santaloidide.  A  dark  brown,  resinous 
mass,  unalterable  by  exposure,  soluble  in  boil- 
ing alcohol  of  -863,  and  insoluble  in  ether  and 
water.  Caustic  alkalies  change  the  brown 
color  of  its  solutions  to  red. 

6.  Santalidide.  An  amorphous,  brown  mass, 
insoluble  in  ether  and  absolute  alcohol,  but 
soluble  in  water  and  hot  alcohol  of  -912.  The 
brown  color  of  its  solutions  is  darkened  by 
alkalies,  and  rendered  yellow  by  acids. 

SAXDiYER.  Syu.  Glass  -all.  The  saline 
scum  which  rises  to  the  surface  of  molten 
Glass  during  the  process  of  manufacture. 

SANDSTONE.  Gcol.  Sand  formed  by  the 
disintegration  of  rocky  masses,  is  washed  down 
by  streams,  and  forms  large  deposits  in  the 
beds  of  rivers  and  in  the  ocean.  When  such 
beds  are  raised  up  above  water-level,  the  oxide 
of  iron  they  contain  is  carried  through  it  by 
springs,  deposits  it  among  the  sand,  and  ce- 
ments the  whole  together  into  yellow  or  red 
sandstones.  If  calcareous  matter  be  deposited, 
it  wiil  form  a  calcareous  sandstone.  And  in 
like  manner  siliceous  matter  deposited  from 
solution,  will  produce  a  siliceous  sandstone. 
Siliceous  sandstones  are  harder  and  tougher 
than  the  others.  Where  a  sand}'  deposit  con- 
tains clay  intermixed,  an  argillaceous  sand- 
stone will  result;  and  spangles  of  mica  pro- 
duce a  micaceous  sandstone. 

SANGL'INARIN.  Chem.  Pharm.  The  me- 
dicinal principle  of  Puccoon  or  Blood-root  (San- 
ia  Canadensis),  first  extracted  by  Dana. 
Formula  C37H16N08  (Scfieele).  A  tasteless, 
yellow  powder,  reddened  by  acids.  Is  insolu- 
ble in  water,  but  soluble  in  alcohol  and  ether. 
Its  -alts  are  red,  bitter,  and  soluble  in  water. 
Riegel  found  another  principle  accompanying 
it  in  the  root,  which  forms  colorless  salts. 

SANTALIN.     See  Sanders. 

SANTONIN.  Pharm.  Chem.  Used  in  medi- 
cine as  a  vermifuge.  It  exists  in  several  spe- 
cies of  the  genus  Artemisia,  and  particularly 
in  those  producing  the  flower  heads  known  in 
commerce  by  the  name  of  Semen  contra.  Is 
doubtless  a  resin. 

Prop.  C5H30  (Heldt).  Crystallizes  from  its 
alcoholic  solution  in  nacreous  prisms,  which 
though  neutral  to  test  paper,  combine  with 
base-,  and  form  salts.  These  crystals  become 
yellow  on  exposure  to  light.  Is  insoluble  in 
water,  but  soluble  in  alcohol,  ether,  and  acids, 
from  which  latter  water  precipitates  it  un- 
altered. 

min-soda,  C30H1S06,  NaO  HO  +  7  HO, 
and  at  212°  C30H1S06,  NaO,  HO  (Ileldt).  Forms 
acicular  crystals,  unalterable  by  air  or  light. 

Santonin-baryta.  C30H18O6,  BaO  -4-  2  HO  at 
212°. 

Chlorinated  santonin.     C3£|H1606,   Cl2.     {Lie- 
big's  Ann.  lxiii.  p.  10.) 
866 


SAPONIN.  A  peculiar  principle  extracted 
from  the  Saponaria  ojjtcinalis  or  Soapwort.  It 
has  also  been  found  by  Malapert  in  tin 
phylla  struthium,  dgrottemma  githago,  Silent 
nutans  and  inflaia,  lhwims.  Caryophylliut, 
CcBsius,  Carthusianorum,  Proliferus;  Lychnis 
deoica,  chatcedonica,  fios  cuculi;  in  the  Cucubaltu 
Hi  Inn.  and  in  the  AngaUu  arvensis,  and  eo 
Fremy  also  obtained  it  from  borse-chestnuts. 
According  to  Martins  and  Bly,  it  is  identical 
with  the  quillagin  from  the  bark  of  the  Quillaia 
saponaria  of  Chili, 

Is  a  white,  brittle,  sternutative  mass,  of  an 
acrid  after-taste,  forming  a  frothy  solution  with 
water.  Is  less  soluble  in  strong  alcohol,  and 
insoluble  in  ether.  By  the  action  of  acid-  and 
alkalies,  it  is  changed  into  saponie  or  esetlUe 
acid,  ('2g^230i2'  a  white  powder,  soluble  in 
alcohol,  and  sparingly  in  water. 

SAPONITE.  Min.  Soapstone,  Pionite,  Sei- 
fenstein,  Massive,  whitish,  greasy,  very  soft. 
It  yields  water  in  a  tube,  fuses  to  a  blebby 
glass,  and  is  wholly  decomposed  by  sulphuric 
acid.  Form.  2  (3  MgO,  2  Si03)  +  Al2<>3.  SiO, 
-f-  6  HO.  From  Lizard  Point,  Cornwall,  and 
Svardsjo  in  Dalarne,  Sweden.  See  also  Stea- 
tite. 

SAPPAR.     See  Ktanite. 

SAPPHIRE.     See  Corundum. 

SAPPHIRINE.  Min.  In  small  grains.  II. 
=  7  —  8.  G.  =  3-428.  Pale  blue  or  green; 
vitreous;  translucent.  Infusible  alone  or  with 
borax.  Form.  A1203,  Si03  -f  3  (MgO,  A1203); 
the  last  member  is  spinell.  From  Fiskendes, 
Greenland. 

SARCOCOLLIN.  The  purer  portion  of  Sar- 
cocolla,  a  peculiar  vegetable  product,  which 
exudes  spontaneously  from  the  Pencea  sarcocolla 
and  P.  mi/cronata,  and  other  species  of  Pencea. 

SARCOLITE.     See  Chabazite. 

SARCOSIN.     See  Kreatin. 

SARD,  SARDONYX.     See  Quartz. 

SARSAPARILLA.  Pharm.  The  root  of  the 
Smilaz  sarsaparilla  and  other  species  of  Smilaz. 
Marquart  (Chem.  Gaz.  i.  548)  has  given  a  table 
of  the  comparative  examination  of  the  several 
commercial  varieties. 

The  general  constituents  are — volatile  oil, 
bitter  resin,  salseparin,  oily  and  extractive 
matters,  starch,  albumen,  and  salts. 

Salseparin.  Syn.  Smilacin,  Parillin,  Sarsa- 
parillin,  Pariglin,  Parillinic  acid.  Formula 
C15IT1305.  Is  neutral  and  crystallizes ;  soluble 
in  hot  water,  in  alcohol  and  ether,  imparting  a 
bitter,  nauseous  taste.  This  is  supposed  to  be 
the  active  principle  of  the  root. 

SASSAFRAS.     Pharm.   Chem.     The  root  of 
the  Lauras   sassafras.      Reinsch's    analysis  of 
the  bark  gave : — 
Water 90 

Ethereal  Extract. 

Heavy  essential  oil 

Light  "         " 

Matter  analogous  to  camphor 

Fatty  matter 8 

Balsamic  resin  and  wax 50 

Extracted  by  Strong  Alcohol. 

Sassafride 92 

Tannin 58 

Extracted  by  Weak  Alcohol. 
Sassafride,  tannin,  and  gum 68 


SASSOLIN. 


SCHEELITE. 


Extracted  by  Cold  Water. 

Soluble  albumen 6 

Gum,  red  coloring  matter,  and  salts 30 

acted  by  ! toiling  Water. 
Fecula,   brownish   red  coloring  matter, 

tannin,  and  salts 54 

Fecula,   tannin,  &c,   dissolved  by  a  solu- 
tion of  caustic  potassa 289 

Vegetable  fibre  247 

1000 

Sassafride.  Crystallizes  from  its  boiling, 
alcoholic  solution  in  bright  brown,  crystalline 
grains.  Is  slightly  soluble  in  ether  and  cold 
water,  and  acts  feebly,  as  an  acid,  similar  to 
the  tannic. 

Volatile  oil.  The  commercial  oil,  obtained 
by  distillation,  is  slightly  yellow,  of  a  strong 
odor,  and  acrid  taste.  Spec.  grav.  1-09  at  50°. 
Boils  at  443°.  Its  stearopten,  which  crystal- 
lizes out  at  a  very  low  temperature,  is  fusible 
by  the  heat  of  the  hand. 

SASSOLIN.  Min.  Boracic  acid.  In  small 
tables  and  stalactites.  G.  =  1-48.  Whitish, 
pearly,  greasy ;  taste  feebly  acidulous,  saline, 
and  bitter  from  impurities.  It  fuses  readily, 
gives  off  water,  and  tinges  flame  green.  It 
occurs  in  the  Lipari  Isles  and  in  India,  and  is 
contained  in  the  steam  springs  of  Tuscany. 
See  Boron. 

SATIN  SPAR.     See  Calcareous  Spar. 

SATURATION.  Chan.  This  term  is  applied 
to  two  very  different  phenomena,  namely,  to 
the  solution  of  a  body  in  a  liquid  medium,  and 
to  the  neutralization  of  a  base  by  an  acid,  or 
of  an  acid  by  a  base.  A  liquid  is  saturated 
with  a  salt  or  other  solid,  with  another  liquid 
or  a  gas,  when  it  ceases  to  dissolve  any  more 
of  that  body.     See  Salts. 

Acids  have  the  same  capacity  of  saturation 
for  all  bases ;  that  is,  a  certain  quantity  of  an 
acid  will  exactly  neutralize  (or  unite  with  a 
base  to  form  a  neutral  salt)  so  much  of  any 
and  every  base  as  contains  a  definite,  and  the 
same  quantity  of  oxygen.  It  is  common  to 
express  how  much  oxygen  is  contained  in  the 
base  neutralized  by  100  pts.  of  the  acid.  Thus 
100  pts.  sulphuric  acid  will  neutralize  a  quan- 
tity of  potassa  containing  19-96  pts.  of  oxygen, 
and  so  much  of  any  other  base  as  contains  the 
same  amount  of  oxygen;  100  pts.  nitric  acid 
neutralize  as  much  base  as  contains  14-76  pts. 
oxygen.  19-96  is  the  saturating  capacity  of 
sulphuric,  and  14-76  that  of  nitric  acid.  From 
the  saturating  capacity  of.  an  acid,  it  is  easy 
to  calculate  how  much  it  will  take  up  of  any 
base  whose  content  of  oxygen  is  known,  and 
such  a  calculation  is  more  accurate  than  a  di- 
rect analysis,  because  the  capacity  of  the  acid 
has  been  determined  by  such  means  as  lead  to 
the  most  accurate  result.  On  the  other  hand, 
when  this  capacity  of  an  acid  is  known,  we  can 
determine  from  the  quantity  of  a  base  which  it 
neutralizes,  the  amount  of  oxygen  in  that  base. 
It  is  by  this  means  that  the  oxygen  of  those 
bases  has  been  determined,  which  could  not  be 
directly  analyzed. 

SAUCY  BARK.  Syn.  Gidu.  This  poisonous 
bark,  much  used  on  the  coast  of  Africa  for  the 
purposes  of  witchcraft  and  of  revenge,  has  re- 
cently been    examined  by  C.  A.  Santos  (Am. 


Journ.  Pharm.  1849),  and  found  to  contain 
tannin,  gum,  resin,  resinous  extract,  chloro- 
phyll wax,  earthy  and  alkaline  salts,  and  a 
crystallizable  matter  supposed  to  be  the  active 
principle,  but  not  thoroughly  examined,  be- 
cause of  the  limited  quantity  of  material. 

SAUSSURITE.  Mm.  Magerer  Nephrit,  Le- 
manite.  Crystalline.  H.  =  55  —  6.  G.  =  3-256 
—  3-34.  White,  with  greenish  tint;  pearly; 
very  tough,  with  uneven,  splintery  fracture. 
It  fuses  on  coal  with  difficulty  on  the  edges  to 
a  greenish  gray  glass  ;  is  not  attacked  by  acids. 
Form.  3  RO,  Si03  -f-  2  (Al2Os,  Si03),  in  which 
RO  =  CaO,  MgO,  FeO,  NaO.  With  hornblende 
and  augite  it  constitutes  the  rocks  gabbro  and 
euphotide. 

SAVIN.  The  tops  of  the  Juniperus  sabina. 
An  imperfect  analyses  by  Needles  gave,  as  the 
constituents  of  the  leaves, — volatile  oil,  gum, 
tannin,  resin,  chlorophyll,  fixed  oil,  bitter 
extractive,  lime,  and  potassa  salts.  The  es- 
sence resembles  Juniper  Oil,  and  has  the  same 
composition. 

According  to  Winckler,  savin  oil  yields,  on 
distillation,  mixed  with  sulphuric  over  lime,  a 
new  oil,  identical  with  the  Oleum  thymi  aither. 
{Buck.  Rep.  xlii.  331.) 

SAXON  BLUE.  Solution  of  Indigo  in  sul- 
phuric acid. 

SCAMMONY.  Pharm.  Chem.  The  gum- 
resinous  exudation  of  the  root  of  the  Convol- 
vulus scammonia.  The  genuine  article  yields 
to  alcohol  CO  to  80  pr.  ct.  of  resin.  It  con- 
tains, besides  gum,  extractive,  lignin,  albumen, 
wax,  starch,  silica,  salts,  and  foreign  matters. 
It  is  entirely  soluble  in  boiling  dilute  alcohol, 
partially  in  ether,  and  sparingly  in  water. 

SCAPOLITE.  Min.  Meionite,  Dipyre,  Pa- 
ranthine,  Wernerite,  Nuttalite.  Ger.  Tetra- 
klasit,  Schmelzstein,  Spreustein.  Cryst.  Quad- 
ratic ;  prismatic  ;  also  columnar,  massive.  H. 
=  5  —  5-5.  G.  =  2-6  —  2-75.  White,  gray, 
blue,  green,  red,  usually  light ;  lustre  vitreous; 
transparent,  subtranslucent ;  brittle,  with  sub- 
conchoidal  fracture.  They  all  fuse  with  intu- 
mescence to  a  clear  glass,  except  wernerite 
from  Pargas,  which  is  semifusible ;  dissolve  in 
both  fluxes,  leaving  silica  in  mic.  salt;  fuse 
difficultly  with  soda  to  a  clear  glass,  except 
wernerite  and  dipyre,  which  fuse  more  readily. 
In  fine  powder  they  are  decomposed  by  muri- 
atic acid. 

It  is  impossible  to  give  a  formula  for  this 
mineral,  one  being  3  CaO,  Si03  4-  3  (A1203, 
SiO,) ;  another,  meionite  from  Vesuvius,  3  CaO, 
S1O3  -f-  2  (A1203,  Si03) ;  ekebergite,  3  CaO, 
2  SiO,  +  2  (A1203,  Si03) ;  wernerite  from 
Petteby,  3  CaO,  2  Si03  -f-  4  (A1203,  Si03).  In 
both  the  last  CaO  is  replaced  in  part  by  NaO. 
C.  T.  Jackson  found  1-58  pr.  ct.  lithia  and  2 
pr.  ct.  oxides  of  cerium  and  lanthanum  in  the 
pink  skapolite,  from  Bolton,  Massachusetts ; 
but  C.  Hartshorne  found  neither  of  these  con- 
stituents in  that  mineral,  from  the  same  lo- 
cality. The  localities  of  scapolite  are  nu- 
merous. 

SCARBROITE.  Min.  Is  probably  a  mix- 
ture of  hydrate  and  silicate  of  alumina,  from 
the  coast  of  Scarborough. 

SCHEELITE.  Min.  Tungstein,  Tungstate 
of  lime.  Cryst.  Quadratic,  consisting  of  8- 
hedra  and  dioctahedra ;  also  granular.     H.  = 
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SCHEERERITE. 


SELENIDE  OF  LEAD  AND  COPPER. 


4  —  4-5.  G.  =  G-076.  "White,  sometimes  yel- 
low; vitreous;  subtransparent,  translucent; 
brittle,  with  uneven  fracture.  Fuses  on  coal 
to  a  translucent  glass;  dissolves  in  borax  to  a 
clear  glass,  but  if  saturated,  becomes  milky 
and  crystalline  on  cooling ;  in  mic.  salt  it  dis- 
solves in  the  outer  flame  to  a  clear  glass,  in  the 
inner  to  a  glass  which  is  greenish  while  hot,  but 
blue  when  cold  ;  an  addition  of  tin  to  the  latter 
gives  a  darker  color ;  it  forms  a  swollen,  half- 
fused  slag  with  soda.  It  is  readily  decomposed 
by  muriatic  and  by  nitric  acid.  It  is  essen- 
tially tungstate  of  lime,  CaO,  W03.  It  occurs 
with  tin  and  wolfram  at  several  places  in  Eu- 
rope, in  Chili,  and  in  the  U.  S.  at  Monroe  and 
Huntington,  Connecticut. 

SCHEERERITE.  Min.  In  crystalline  grains 
or  laminae.  Whitish,  pearly,  tasteless,  inodor- 
ous, not  unctuous.  Fuses  at  44°  to  an  oily 
liquid,  and  volatilizes  at  198° ;  soluble  in  oil 
of  vitriol  with  a  red  color  ;  soluble  in  alcohol, 
ether,  and  the  oils.     Formula  CH2. 

Konlite.  A  similar  substance,  fuses  at  237°, 
and  has  the  form.  C2H.  See  also  Fichtelite, 
Habtin,  Hartite,  Hatchetin,  Ixolyte,  Idri- 
alin,  Ozokerite,  Turf. 

SCHILLER  SPAR.  Min.  Karstin ;  Schiller- 
stein.  Cryst.  Triclinate,  with  one  perfect 
cleavage.  H.  —  3-5  —  4.  G.  =  2-5  —  2-65. 
Dark  olive-green  ;  with  copper-brown  on  cleav- 
age plane ;  lustre  metallic,  pearly  on  same 
plane ;  subtranslucent ;  sectile,  with  uneven 
fracture  and  grayish  streak.  Yields  ammo- 
niacal  water  in  a  tube ;  becomes  brown  and 
magnetic  when  heated  in  the  pincette ;  dis- 
solves with  difficulty  in  the  fluxes,  showing 
iron,  chrome,  and  silica ;  fuses  with  soda  to  a 
brownish  slag.  Is  more  or  less  decomposed  by 
sulphuric  and  by  muriatic  acid.  If  the  chro- 
mic oxide  be  calculated  as  chromic  iron  ore, 
the  formula  becomes  3  (MgO,  Si03)  -f  2  (MgO, 
2  HO),  a  part  of  MgO  being  replaced  by  FeO, 
MnO,  CaO.     It  occurs  in  or  with  serpentine. 

SCHLIPPE'S  SALT.  Syn.  Sulphantinioniu- 
ret  of  sodium.  Van  Den  Corput  prepares  this 
salt  by  conveying  into  a  red-hot  Hessian  cru- 
cible an  intimate  mixture  of  the  following  sub- 
stances, reduced  to  a  fine  powder : — 

Effloresced  sulphate  of  soda 8  pts. 

Sulphuret  of  antimony 6    " 

Vegetable  charcoal 3    " 

The  crucible  is  covered  with  a  tile ;  when  the 
fluid  mass  ceases  to  froth,  and  the  sulphate  is 
considered  sufficiently  reduced,  the  contents  of 
the  crucible  are  boiled  in  a  porcelain  dish  with 
1  pt.  of  sulphur  and  a  suitable  quantity  of  dis- 
tilled water.  The  filtered  liquid  is  set  aside  to 
crystallize,  and  in  the  course  of  a  short  time 
furnishes  colorless  or  slightly  yellowish  tetra- 
hedra,  of  a  biting  saline  taste,  with  a  hepatic, 
metallic  after-taste.  This  salt  is  insoluble  in 
alcohol,  but  soluble  in  3  pts.  of  cold  water.  Its 
elementary  composition  is  represented  by  the 
formula  3  NaS  +  SbS5  +  18  HO.  (Repert.  der 
Pharm.,  March,  1848,  and  Chem.  Gaz.  vi.  268.) 

SCHORL.     See  Tourmalin. 

SCHORLITE.     See  Topaz. 

SCHROTTERITE.    See  Opaline-ALLOPHANE. 

SCILLITIN.     See  Squills. 

SCOLEZITE.     See  Mesotype. 
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SCOLEZITE  ANHYDROUS.     Bee    Labea- 

DORITS. 

SCORIA,  8CORILITE.     See  Obsidian. 
SCORODITE.     Min.     Cryst.   Righi  rhombic 

with  the  main  8-hedron  and  vert,  prism  .  11. 
=  3-5—4.  G.  =  3-11—  :i-3.  Pale  green  or 
brown,  rarely  bluish;  translucent;  ritreous, 
subadamantine ;  uneven  fracture.  It  yields 
water  in  a  tube,  and  becomes  yellowish;  on 
coal  it  gives  off  arsenical  odor,  and  I'u 
maguetic  slag;  soluble  in  muriatic  acid.  It 
occurs  at  Vaulry,  Dpt.  Haute-Vienne;  Schwar- 
zenberg,  Saxony;  Carinthia;  Cornwall,  Bra- 
zil; Edenville,  N.  York. 

SCORZA.     See  Epidote. 

SCOULERITE.     Sec  Thomsonite. 

SEA  FOAM.     See  Meerschaum. 

SEA  SALT.     Chloride  of  Sodium. 

SEBACIC  ACID.     See  Olein. 

SECALIN.     See  Ergot. 

SEDATIVE  SALT.  The  name  given  by  the 
older  chemists  to  Boracic  acid. 

SEIDLITZ  POWDERS.  Pharm.  Used  in 
medicine  as  a  gentle  aperient,  and  consisting 
of  two  powders  (one  containing  Rochellc  salts, 
•z'n,  and  bi-carb.  soda,  ^ij,  in  intimate  mix- 
ture, and  the  other,  tartaric  acid  grs.  xxxv.), 
which  when  dissolved  separately  in  water  and 
mixed  together,  produce  an  agreeable  effer- 
vescing draught. 

SEIGNETTE'S  SALT.  Syn.  Rochelle  salt. 
The  tartrate  of  soda  and  potassa.  Schaff- 
gotsch's  recent  formula  is  KaO,  T  -f-  NaO,  T 
+  8  HO. 

SELENALDIN.  Chem.  An  artificial  organic 
base,  obtained  by  passing  hydroselcnic  acid 
through  an  aqueous  solution  of  ammoniated 
aldehyde  of  ammonia.  Forms  large  crystals 
insoluble  in  water,  but  soluble  in  alcohol  and 
ether.  Its  salts,  with  the  acids,  are  crystalline 
and  well  defined.      (  Wohle.r  and  Lkbig.) 

SELENIDE  OF  COPPER.  Min.  Massive; 
silver-white ;  metallic,  with  shining  streak. 
It  fuses  to  a  gray,  submalleable  globule,  evolv- 
ing the  odor  of  selenium ;  in  an  open  tube  it 
yields  selenium,  selenic  acid,  and  copper  re- 
mains. Formula  Cu2Se.  From  Skikevum, 
Sweden. 

SELENIDE  OF  LEAD.  Syn.  Clausthalite. 
Granular.  II.  =  2—2-5.  G.  =  7-187.  Bluish, 
lead-gray ;  metallic ;  sectile  with  granular, 
shining  fracture,  and  dark  gray  streak.  On 
coal  it  fumes,  giving  the  odor  of  selenium, 
coating  the  coal  red,  yellow,  and  white,  and 
coloring  the  flame  blue ;  it  does  not  fuse,  but 
gradually  sublimes,  leaving  a  slag  which  tests 
of  iron,  copper,  and  sometimes  cobalt ;  in  an 
open  tube  it  gives  a  red  and  gray  sublimate  of 
selenium.  Decomposed  by  nitric  acid  in  the 
cold,  fully  dissolved  by  heat.  Form.  PbSe. 
Tilkerode,  and  near  Clausthal,  on  the  liar/.. 

Selenide  of  lead  and  cobalt,  from  Tilkerode, 
is  probably  the  same  mineral,  with  several  pr. 
ct.  cobalt-selenide  mechanicallv  mixed. 

SELENIDE  OF  LEAD  AND  COPPER.  Min. 
Selenbleikupfer,  Selenkupfeiblci.  Granular. 
H.  =  2 — 2-5.  G.  =  5-6 — 7.  Lead-gray;  me- 
tallic, with  shining  streak  and  grayish  black 
powder.  Fusible,  and  otherwise  behaving  like 
selenide  of  lead.  Form.  PbSe  +  CuSe,  the 
PbSe  being  either  as  1,  2,  or  4,  to  1  of  CuSe. 


SELENIDE  OF  MERCURY. 


SELENIUM. 


According  to  Frankenheim,  Cu2Se  may  be  as- 
sumed as  well  as  CuSe,  and  that  the  former  is 
isomorphous  with  PbSe,  which  would  give  the 
simple  form.  PbSe,  noting  that  a  portion  of  Pb 
is  replaced  by  Cu2.  They  occur  at  Tilkerode 
and  Glasbach,  near  Ilildburghausen,  Hartz. 

Zinken  has  found  mercury  in  some  of  the 
above. 

SELENIDE  OF  MERCURY.  Min.  Selen- 
quicksilberblei.  Cryst.  Regular,  cubic.  H. 
=  7-3.  Lead-gray  to  bluish  or  iron-black. 
In  a  closed  tube  it  yields  a  gray  sublimate  of 
selenide  of  mercury,  or  by  adding  soda,  me- 
tallic mercury ;  in  an  open  tube,  a  fluid  subli- 
mate of  selenite  of  mercury ;  on  coal  it  gives 
the  odor  of  selenium.  It  appears  to  be  a  mix- 
ture of  PbSe  with  HgSe.  From  Tilkerode, 
Hartz. 

SELENIDE  OF  SILVER.  Min.  Cryst.  Regu- 
lar, cubic.  H.  =  2-5.  G.  =  8-0.  Color  and 
streak  iron-black  ;  metallic.  In  a  closed  tube 
it  fuses,  forming  but  little  sublimate ;  on  coal 
it  fuses  quietly  in  the  outer  flame,  with  intu- 
mescence in  the  inner  flame ;  reduced  with 
soda  and  borax,  it  gives  a  globule  of  silver ; 
readily  soluble  in  fuming  nitric  acid.  Form. 
AgSe,  with  a  few  pr.  ct.  of  PbSe.  From  Til- 
kerode, Hartz. 

SELENITE.     See  Gypsum. 

SELENITE  OF  LEAD.  Min.  Fibrous;  sul- 
phur-yellow ;  resinous  ;  brittle,  with  white 
streak.  Fuses  in  a  tube  by  ignition  to  a  dark 
drop,  evolving  selenium,  and  at  a  higher  heat 
subliming  selenious  acid ;  fuses  on  coal,  yields 
a  globule  of  lead  and  a  coating  of  selenium ; 
the  fluxes  show  copper,  soluble  in  nitric  acid. 
From  the  Friedrichsgliick  mine,  near  Hild- 
burghausen. 

SELENIUM.  Chem.  Ger.  Selen.  An  ele- 
ment allied  to  sulphur,  and  occurring  in  very 
limited  quantity  with  some  native  sulphur  on 
the  Lipari  Isles,  and  in  various  native  sul- 
phurets ;  as  in  many  galenas,  in  copper  and  iron 
pyrites,  and  in  a  few  other  ores.  C.  Fisher 
found  it  in  the  telluric  bismuth  of  Virginia. 

Prep.  A  reddish  deposit  in  the  manufac- 
ture of  oil  of  vitriol  from  iron  pyrites  consists 
of  selenium,  sulphur,  arsenic,  tin,  copper,  mer- 
cury, lead,  zinc,  and  iron.  It  is  dried,  mixed 
to  a  paste  with  aqua  regia,  gently  warmed  until 
the  horse-radish  odor  is  perceived,  more  acid 
then  added,  and  when,  after  a  couple  of  clays, 
the  color  of  the  sulphur  is  greenish  yellow, 
water  is  added,  and  the  lead  thrown  down  by 
sulphuric  acid.  Sulphuretted  hydrogen  is  then 
passed  through  to  precipitate  sulphurets  of 
selenium,  arsenic,  mercury,  copper,  and  tin. 
The  filtered  and  washed  precipitate  is  treated 
with  aqua  regia,  the  filtered  solution  evaporat- 
ed to  expel  most  of  the  free  acid,  treated  with 
potassa-lye  in  small  portions,  which  precipi- 
tates copper,  tin,  and  mercury,  and  the  filtered 
solution  evaporated  and  ignited  in  platinum  to 
expel  the  last  trace  of  mercury.  The  residue 
is  rapidly  powdered  in  a  warm  mortar,  mixed 
with  an  equal  weight  of  salammoniac,  and 
heated  to  sublimation  in  a  glass  retort.  Sele- 
nium sublimes  with  salammoniac  and  a  small 
amount  passes  over  into  the  receiver.  The 
sublimate  is  washed  with  water,  the  selenium 
collected,  washed  on  the  filter  and  resublimed 
in  a  retort. 


It  may  also  be  obtained  by  dissolving  the 
deposit  in  potassa,  amd  exposing  the  clear  solu- 
tion for  a  time  to  the  air,  by  which  hyposul- 
phite of  potassa  is  formed  and  selenium  pre- 
cipitates. By  passing  dry  chlorine  gas  over 
the  dry  deposit  in  a  porcelain  tube,  gradually 
heated,  chlorides  of  selenium  and  sulphur  pass 
over,  which  are  caught  in  water,  and  the  filtered 
liquid,  treated  with  sulphite  of  potassa,  deposits 
selenium.  By  subliming  the  dry  deposit  with 
8  times  as  much  binoxide  of  manganese,  sele- 
nium and  selenious  acid  sublime,  while  sulphur- 
ous acid  passes  over.  The  latter  caught  in 
water  deposits  a  little  selenium,  and  the  former 
is  distilled  again  with  manganese  or  treated 
with  potassa  and  a  sulphite  as  before.  Sele- 
nium is  obtained  from  galenas  by  washing  the 
powdered  ore  with  dilute  acid  to  remove  some 
lime  and  iron,  igniting  for  an  hour  the  dried 
residue  with  8  times  its  weight  of  black  flux, 
covered  with  coarse  charcoal  powder,  grinding 
the  cooled  mass  to  powder  in  a  warm  mortar, 
throwing  it  on  a  filter,  and  washing  with  boiled 
water,  as  long  as  the  seleniuret  of  potassium 
passes  through  colored  ;  the  filter  should  be 
kept  filled  with  water  to  avoid  oxidation.  The 
colored  solution  exposed  to  the  air  in  shallow 
vessels  deposits  selenium  and  incrusts  the  sur- 
face of  the  liquid ;  the  crust  is  broken  until  it 
ceases  to  form. 

Prop.  It  crystallizes  in  4-sided  prims,  of 
spec.  grav.  4*3 — 4-32  ;  after  rapidly  cooling  the 
fused  selenium  it  has  a  metallic  lustre  and 
brilliant  fracture,  is  black  or  brownish  black, 
transmits  red  light  in  thin  layers,  is  brittle, 
easily  powdered,  with  a  dark  red  streak ;  by 
precipitation  by  sulphurous  acid,  it  is  red  or 
yellow,  according  to  the  dilution.  It  softens 
by  heat  and  may  be  drawn  out  in  threads,  nearly 
fuses  at  212°  and  at  a  little  higher  heat  is  per- 
fectly liquid,  boils  below  a  red  heat,  giving  a 
darker  yellow  gas  than  chlorine ;  by  heating 
in  the  air  it  burns  to  selenious  acid  with  a  little 
oxide.  It  is  an  imperfect  conductor  of  heat 
and  electricity.  Sym.  Se.  Eq.  =  39-72,  (or 
495-285  0.  =  100,  Berz.) 

Oxygen.  1.  Oxide  of  Selenium  forms,  when 
selenium  is  burned  in  oxygen  or  air,  with  sele- 
nious acid,  which  is  removed  by  water.  It  is 
colorless,  of  a  penetrating  odor ;  most  resem- 
bling horse-radish,  and  so  powerful  that  ^ 
grain  would  fill  a  room  with  the  odor ;  it  im- 
parts the  same  odor  to  water.  Probable  form. 
SeO. 

2.  Selenious  acid,  Se02.  Obtained  by  dissolv- 
ing selenium  in  warmed  nitric  or  nitromuriatic 
acid,  distilling  off  the  acids  and  then  sublim- 
ing selenious  acid  in  a  retort.  It  sublimes  in 
4-sided  needles,  or  a  dense  white  layer,  volatile 
nearly  at  the  boiling  point  of  oil  of  vitriol, 
forming  a  yellowish  gas,  has  a  strong  acid  and 
burning  taste,  is  readily  soluble  in  cold,  and  in 
almost  every  proportion  in  hot  water,  very  solu- 
ble in  alcohol.  A  hydrate  crystallizes  out  of 
a  hot  solution  on  cooling.  It  is  decomposed  by 
heating  with  ammonia  ;  in  the  cold  and  in  solu- 
tion by  sulphurous  acid  or  sulphites  by  sulpho- 
hydrogen  and  by  zinc  and  iron. 

Salts.     Selenious  acid  has  not  as  strong  an 

affinity  for  bases  as  the  sulphuric.     They  are 

neutral,  bi-  and  quadrisalts,  the  last  only  with 

!  alkalies,  and  a  few  basic  salts.     The  neutral 
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alkaline  are  soluble  and  have  an  alkaline  reac- 
tion, the  rest  insoluble;  the  acid  Baits  are  verj 
soluble  and  have  an  acid  reaction.  Most  arc 
decomposed  by  heat,  losing  all  or  part  of  the 
acid  ;  and  more  readily  decomposed  by  heating 
•with  charcoal,  selenium  being  either  evolved, 
as  with  the  earthy  salts,  or  forming  a  selcniuret, 
as  with  the  alkalies  and  some  metallic  oxides; 
their  solution  is  also  decomposed  like  that  of 
the  acid  itself.  Analysis.  The  presence  of  sele- 
nium is  known  by  heating  with  soda  or  micro- 
cosmic  salt  on  charcoal  by  the  blow-pipe,  when 
the  horse-radish  odor  is  evolved.  It  is  preci- 
pitated in  analysis  by  acidulating  the  solution 
witli  muriatic  acid,  adding  an  alkaline  sulphite 
and  heating  the  liquid  to  make  the  selenium 
collect ;  if  now  the  addition  of  alkaline  sulphite 
produces  no  red  color,  it  is  all  precipitated.  It 
is  collected  on  a  weighed  filter,  very  carefully 
dried  and  weighed.  Selenic  acid  is  converted 
into  selenious  acid  by  boiling  with  muriatic 
acid;  or  the  substance  maybe  fused  with  ni- 
trate of  potassa,  dissolved  in  water  and  deter- 
mined as  selenic  acid  by  baryta,  like  sulphuric 
acid.  Selenious  and  selenic  acids  are  separated 
from  those  metals,  not  precipitable  by  sulpho- 
hydrogen,  by  that  agent,  and  from  most  of 
those  that  are,  by  sulphydrate  of  ammonium,  in 
which  sulphurets  of  selenium  are  soluble.  Sele- 
nium is  separated  from  tellurium  and  arsenic 
by  igniting  with  alkaline  nitrate,  dissolving  in 
•water,  acidulating  with  nitric  acid  and  preci- 
pitating with  nitrate  of  baryta  in  which  the 
seleniate  is  insoluble.  The  selenious  may 
generally  be  determined  by  its  decomposition 
with  sulphurous  acid  or  sulphites. 

3.  Selenic  acid.  Sc(>3.  It  is  obtained  in  com- 
bination by  fusing  selenium  or  its  compounds 
with  alkaline  nitrates,  and  the  liquid  acid  by 
action  of  chlorine  or  hypochlorous  acid  on  sele- 
nium or  selenious  acid  in  water.  It  is  a  clear 
liquid,  which  may  be  evaporated  to  a  spec. 
gray.  2-G1  at  a  temperature  of  530°,  when  it 
consists  of  Se03,  with  a  little  more  than  1  IK) ; 
heated  more  highly,  it  separates  into  selenious 
acid  and  oxygen.  It  heats  like  oil  of  vitriol 
by  mixture  with  water,  dissolves  iron  and  zinc 
with  disengagement  of  hydrogen ;  is  not  de- 
composed by  sulphurous  acid  nor  sulpho- 
hydrogen. 

Salts.  The  acid  has  almost  as  strong  an 
affinity  for  bases  as  the  sulphuric  acid.  Its 
salts  are  isomorphic  with  sulphates,  chromates, 
and  manganates.  They  generally  bear  ignition 
without  decomposition,  but  with  charcoal  they 
evolve  the  characteristic  odor  of  the  oxide  of 
selenium.  By  boiling  with  chlorohydric  acid, 
the  selenic  is  reduced  to  selenious  acid.  The 
neutral  salts  are  soluble  in  water,  but  those  of 
baryta,  strontia,  lime,  and  lead,  are  insoluble, 
or  with  difficulty  in  water  or  nitric  acid  water. 

Bisulphuret  of  Selenium,  SeS2,  is  formed  by 
precipitating  selenious  acid  by  sulphuretted 
hydrogen ;  appearing  first  as  yellow,  but  by 
heating  the  liquid,  collecting  as  a  denser,  bright 
red  mass.  It  fuses  a  little  above  212°;  by  a 
little  caustic  potassa,  a  portion  of  sulphur  is 
extracted ;  by  more  potassa,  all  the  sulphur 
and  a  little  selenium,  leaving  the  rest  of  the 
latter  pure  ;  sulphuretted  alkali  also  extracts 
sulphur  and  selenium,  and  in  exec 

Halogens.   Selenium  unites  readily  with  phos- 
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phorus,  iodine,  and  bromine  in  many  or  nearly 
all  proportions,  and  it  appears  to  form 
pound  with  fluorine,  but  its  combinations  with 
chlorine  are  more  definite.  When  chlorine  is 
passed  over  selenium,  it  forms  a  brown  liquid, 
Se2Cl,  volatile  and  heavier  than  water,  which 
decomposes  it  into  muriatic  and  selenious  acids 
and  selenium.  If  the  passage  of  chlorine  be 
continued,  it  forms  a  white,  solid  mass,  bichlo- 
ride of  selenium,  SeClg,  which  volatilizes  as  a 
yellow  vapor,  and  decomposes  with  water  inlu 
muriatic  and  selenious  acids  ;  SeCl2  -f-  2  110  = 
SeOg  +  2  HC1. 

Biseleniuret  of  Carbon  appears  to  be  formed 
by  distilling  yellow  prussiate  of  potash  with  an 
excess  of  selenium;  for  the  colorless  liquid 
which  distils  over  has  the  odor  of  bisulphuret 
of  carbon.  The  residue  contains  a  body  cor- 
responding to  sulphocyanogen  or  rhodan,  and 
is  called  by  Eerzelius,  cyanselan ;  its  formula 
is  C2N,  Se2.  It  has  not  yet  been  minutely 
studied. 

Seleniuretted  Hydrogen.  Syn.  Selenhydric  acid, 
Selenhydrogen.  HSe.  It  is  obtained  by  act- 
ing on  scleniuret  of  potassium  or  iron  by  muri- 
atic acid  and  water.  The  gas  is  caught  over 
mercury.  It  is  a  colorless  gas,  with  precisely 
the  same  odor  as  sulphohydrogen  at  first,  but 
subsequently  pungent  and  painful,  and  very 
injurious.  It  is  largely  absorbed  by  water, 
and  precipitates  most  metallic  salts,  as  brown 
or  black  selcniurets,  those  of  cerium,  manga- 
nese, and  zinc,  flesh-red. 

Selenides  are  formed  direct  by  heating  metals 
and  selenium,  by  precipitating  metallic  solu- 
tions by  selenhydrogen  or  by  scleniuretted  al- 
kali;  the  alkaline  seleniurets,  with  excess  of 
selenhydrogen,  form  selcnhydrates,  and  these 
precipitate  the  same  salts  of  the  earthy  bodies, 
and  of  zinc  and  manganese. 

Selenitc  of  l'olassa.  The  neutral  and  bi-salts 
crystallize  by  evaporation,  and  are  very  soluble 
in  water;  the  former  is  insoluble,  the  latter 
scarcely  soluble  in  alcohol;  the  quadriselenite 
is  deliquescent,  uncrystallizable.  The  three 
salts  of  ammonia  and  of  soda  are  similar,  but 
the  quadriselenite  of  soda  is  crystallizable. 
The  neutral  salts  of  baryta  and  strontia  are 
white,  insoluble  in  water,  soluble  in  acids;  the 
acid  salts  are  slightly  soluble  ;  the  neutral  salts 
of  lime  and  magnesia  are  slightly  soluble,  the 
acid  salt  of  magnesia  deliquescent.  Insoluble 
in  water  are  the  neutral  salts  of  glucina,  yttria, 
zirconia,  alumina,  oxides  of  cerium,  zinc,  man- 
ganese, peroxide  of  iron,  cobalt,  nickel,  tin, 
lead,  copper,  and  both  oxides  of  mercury  ;  bi- 
salts  of  alumina,  glucina,  peroxide  of  cerium, 
zinc,  cobalt,  nickel,  red  oxide  of  mercury,  are 
soluble.  Protoselenite  of  iron  is  insoluble, 
white,  turning  to  yellow  in  the  air;  acid  per- 
selenite  is  insoluble  in  water,  soluble  in  muri- 
atic acid;  the  neutral  salt  of  cobalt  is  red,  of 
a,  id'  copper,  greenish  blue. 

Seleniate  of  Potassa,  m  sing  saltpeter 

and  sel  i  1,  ami  crystallizing,  has  the 

same  form,  as  sulphate  of  p  ,.d  defla- 

grate s  on  ignifo  d  coals.     S.  of  Soda  01-3  etallizes 
without  water,  like  dry  sulphate   of  soda,  and 
shows  the  same  peculiar  Bolubility  in  water, 
oluble  at  91 4°.     S.  ofSary 
the  sulphate.     ,S'.  of  Magn 
both  the  form,   and  solubility  of  Epsom  salt; 
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the  selenites  of  copper  and  silver  have  the  same 
form,  as  the  sulphates. 

SELENPALADITE.  Is  native  Palladium. 
SELENSULPIIURET  OF  MERCURY.  Min. 
Granular.  II.  =  2-5.  Steel  to  blackish  lead- 
gray  ;  metallic,  with  shining  streak.  In  a 
closed  tube  it  wholly  sublimes  black ;  with 
soda  yields  mercury,  and  on  coal  gives  both 
the  odor  of  selenium  and  sulphur.  Formula, 
HgSe  -f-  4  HgS,  or  simply  HgS,  in  which  part 
of  the  sulphur  is  replaced  by  selenium.  From 
San  Onofre,  Mexico. 

SEMEN.  The  glutinous  seminal  fluid  se- 
creted in  the  testicles  contains,  according  to 
Vauquelin's  analysis, — 

Peculiar  extractive  matter 6 

Phosphate  of  lime 3 

Soda 1 

Water 90 

John  found  a  substance  resembling  mucus, 
a  peculiar  form  of  albumen,  a  matter  slightly 
soluble  in  ether,  soda  and  chloride  of  sodium, 
phosphate  of  lime,  sulphur,  and  a  volatile 
odorous  principle.     (Simon's  Chemistry  of  Man. ) 

SEMIOPAL.     See  Opal. 

SENEGIN.     See  Polygalia. 

SENNA.     See  Cathartin. 

SEPTARIA.  Geol.  Nodules  contained  in 
clay  or  sand. 

SERICIC  ACID.  See  Myristica  Offici- 
nalis. 

SEROLIN.     See  Blood. 

SERPENTINE.  Min.  Many  hydrous  sili- 
cates of  magnesia  are  allied  to  serpentine  in 
their  external  characters  and  composition,  and 
will  probably  prove  to  be  slight  modifications 
of  a  single  mineral  composition,  which  we  may 
call  serpentine.  See  varieties  below.  The 
crystalline  form  is  uncertain,  as  it  is  so  often 
a  pseudomorph.  H.  =  3 — 4.  Grav.  about  2-5. 
Color  of  various  shades  of  green,  from  very 
light  apple-  and  yellowish  green  to  almost 
black;  lustre  greasy,  almost  dull ;  translucent, 
opake ;  sectile  with  conchoidal  and  splintery 
fracture,  and  white  streak ;  usually  very  unc- 
tuous to  the  touch.  It  yields  water  in  a  tube, 
and  blackens ;  burns  white  on  coal,  and  fuses 
on  thin  edges  to  an  enamel ;  yields  a  greenish 
with  borax,  and  leaves  silica  in  mic.  salt; 
fuses  with  a  little  soda,  but  with  more  only 
swells;  gives  a  pale  red  with  cobalt;  decom- 
posed by  muriatic,  better  by  sulphuric  acid. 
A  large  proportion  of  analyses  lead  to  the 
formula  [2  (3  MgO,  2  Si03)  +  3  HO]  +  3  (MgO, 
HO).  The  localities  of  serpentine  are  numer- 
ous, among  primary  rocks. 

SERUM.  The  more  aqueous  portion  of  the 
animal  fluids,  exhaled  by  serous  membranes. 

SEVEIUTE.     See  Halloysite. 

SEYBERTITE.     See  Clintonite. 

SHALE.     Geol.    A  name  given  to  crumbling 

SlSitiCS 

SHELLAC.     See  L.\c. 

SHIST.     Geol.    Schist.     The  same  as  Shale. 

SIDERITE.     See  Cube  Ore. 

SIDEROCHALCITE.     See  Aphanesite. 

SIDEROSCHISOLITE.     See  Chamoisite. 

SIENITE.     Sec  Geoxooy. 

SIENNA  EARTH.  Tech.  A  dark  brown 
earth,  from  Italy,  employed  as  a  pigment  after 
calcination.     It  is  a  hydrated  oxide  of  iron, 


with  silica  and  a  notable  quantity  of  arsenic 
(arsenious  ?)  acid,  81-  pr.  ct.  Umber  likewise 
contains  traces  of  arsenic.  (Maus  in  Ckem. 
Gaz.  i.  498.)  V 

SILEX.     A  common  name  for  Quartz. 

SILICA.     See  Silicium. 

SILICEOUS  BISMUTH.  See  Bismuth 
Blende. 

SILICEOUS  MALACHITE.     See  Achirite, 

ClIRYSOCOLLA,   DlOPTASE. 

SILICEOUS  MANGANESE.  Min.  There 
appear  to  be  three  principal  varieties,  MnO, 
Si03,  and  MnO,  2  Si03,  and  MnO,  3  Si03  + 
2  HO.     See  Manganese  Spar. 

SILICEOUS  SINTER.  Geol.  A  name  pro- 
perly applied  to  the  siliceous  deposits  of  cer- 
tain hot  springs,  and  composed  of  silica, 
oxides  of  iron  and  manganese,  alumina,  lime, 
water,  &c. 

SILICEOUS  ZINC.  Min.  Electric  calamine, 
Galmei  (in  part),  Zinkglas.  Cryst.  Right 
rhombic,  with  a  perfect  cleavage  parallel  to  a 
rhombic  prism ;  also  imitative  granular  and 
K.  =  4-5— 5.  G.  =  3-435— 3-871. 
White,  various  colored  ;  vitreous  ;  transparent, 
translucent ;  brittle  with  uneven  fracture  and 
white  streak;  polar-electric  by  heat  or  friction. 
It  yields  water  in  a  closed  tube;  on  coal  scarcely 
fuses  on  the  edges,  and  gives  a  zinc  coating; 
with  cobalt  solution  it  becomes  green,  and  on 
the  fused  edges  blue ;  decomposed  by  nitric 
acid  and  by  potassa  solution.  Form.  2  (3  ZnO, 
Si03)  +  3  HO,  or  3  ZnO,  Si03  -f  2  HO.  It  oc- 
curs with  calamine.  See  Calamine  and  Wil- 
liamite. 

SILICITE.     See  Labradorite. 

SILICIUM.  Chem.  Syn.  Silicon.  Ger.  Kiesel. 
The  metallic  basis  of  silica  or  silex,  and  equally 
abundant  with  oxygen  as  a  constituent  of  the 
solid  surface  of  the  globe,  and  also  constitut- 
ing a  large  portion  of  serolites,  from  the  regions 
of  space.  The  basis  of  silex  was  first  obtained 
pure  in  1823,  by  Berzelius. 

1.  Silicium.  Prep.  Well-dried  silicofluoride 
of  potassium,  10  pts.,  are  mixed  with  8  or  9 
pts.  potassium  in  an  iron  or  glass  tube,  and  the 
potassium  fused  and  stirred  with  the  salt  by  an 
iron  wire.  It  is  then  heated  by  a  spirit-lamp, 
when  it  suddenly  becomes  ignited  from  the  re- 
duction of  silica  by  the  potassium,  forming  a 
brown  mixture  of  fluoride  and  siliciuret  of  po- 
tassium. It  is  thrown  into  cold  water,  when 
hydrogen  is  evolved,  the  potassium  of  the  sili- 
ciuret being  oxidized  by  water,  and  the  silicium 
separating.  When  the  effervescence  has  ceased, 
the  solution  is  poured  off,  fresh  cold  water 
added,  and  poured  off,  until  it  ceases  to  be 
alkaline,  when  boiling  water  is  used  to  wash 
the  silicium,  as  long  as  it  extracts  any  thing. 

Another  method  of  preparing  it  is  to  put 
potassium  into  a  bulb  in  the  middle  of  a  tube, 
moisten  it  with  chloride  of  silicium,  and  attach 
a  small  retort  with  chloride  of  silicium  to  one 
end  of  the  tube.  The  chloride  is  made  to  boil 
by  heat,  and  the  potassium  heated  at  the  same 
time,  whereby  air  is  expelled  the  tube.  As 
soon  as  the  potassium  is  dried,  it  inflames  in 
the  vapor  of  the  chloride  of  silicium,  which  is 
now  driven  rapidly  out  of  the  retort,  forming 
chloride  of  potassium  and  silicium,  and  is 
finally  heated  in  the  gas  to  ignition.  After 
cooling,  tho  chloride  of  silicium  is 
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a  current  of  dry  air  passed  over 
the  warmed  bulb,  and  the  whole  thrown  into 
.  which  dissolves  out  chloride  of  potas- 
sium and  silicium. 

.  A  dark  brown  powder,  soiling  the  fin- 
ible,  but  like  borax  and  carbon,  be- 
come more  dense  and  darker  in  color.  The 
first  modification,  a  Si,  is  inflammable  in  the 
air  by  heat,  about  -},  burning  to  silica,  which 
coats  the  second  modification,  ^Si.  The  former 
is  not  oxidized  by  sulphuric,  nitric,  or  nitro- 
muriatic  acid,  even  boiling,  but  is  readily  solu- 
ble in  warm  potassa  solution,  and  in  cold  fiuo- 
hydric  acid.  The  second  modification,  obtained 
by  burning  silicium  in  the  air  and  removing 
silica  by  fluohydric  acid,  is  dark  chocolate- 
brown,  heavier  than  oil  of  vitriol,  incombustible 
either  in  the  air  or  oxygen,  or  even  when  gently 
ignited  with  saltpeter.  It  is  also  insoluble, 
even  in  boiling  fluohydric  acid  or  potassa,  but 
is  readily  soluble  in  nitro-fluohydric  acid. 
Sym.  Si.  Equiv.  22-185  (277-312.  0.  =  100, 
Bcrz.). 

2.  Silicic  acid.  Syn.  Silica,  Silex,  Kiesel- 
siiure.  Si03.  Silica,  in  the  various  forms  and 
appearances  of  quartz,  constitutes  a  very  large 
proportion  of  the  solid  crust  of  the  globe,  and 
is  the  principal  constituent  of  the  larger  pro- 
portion of  all  simple  minerals,  forming  a  greater 
variety  of  salts  than  any  other  acid.  It  is 
easily  prepared  pure  from  powdered  quartz, 
sand,  feldspar,  or  other  siliceous  minerals,  by 
fusing  them  with  4  times  their  weight  of  a 
mixture  of  carbonate  of  potassa  and  soda  (or 
by  either  carbonate  alone),  dissolving  when 
cold  in  dilute  muriatic  acid,  filtering,  and 
evaporating  the  solution  to  dryness  by  a  gentle 
heat,  digesting  in  muriatic  acid,  filtering,  and 
washing  with  hot  water. 

Prop.  It  has  two  modifications,  the  one  solu- 
ble in  water  and  acids,  the  other  insoluble : — 
Soluble,  aSi03,  is  that  obtained  in  the  above 
process  for  preparing  silica,  but  purer  by  the 
oxidation  of  sulphuret  of  silicium  by  water. 
It  is  always  formed  by  fusing  silicates  with 
alkali,  but  may  also  be  formed  by  boiling  fine 
silex  with  strong  alkaline  solutions.  It  is  solu- 
ble in  water  and  acids,  and  when  the  solutions 
are  concentrated,  it  usually  separates  as  a 
jelly  (gelatinous  silica),  and  when  evaporated 
to  dryness,  passes  into  the  insoluble  modifica- 
tion. h  Silica  is  a  white,  gritty  powder,  insolu- 
ble in  water  and  acids,  infusible  in  the  highest 
heat  of  our  furnaces,  but  fusible  in  a  stream 
of  oxygen  driven  through  an  alcohol  flame. 
It  fuses  in  this  case  to  a  clear  glass,  which  may 
be  drawn  out  into  flexible  threads.  "When  the 
fused  bead  is  dropped  into  water,  it  becomes  so 
hard  as  to  indent  a  steel  pestle  and  mortar. 
It  is  volatile  in  the  vapor  of  water,  for  a  cur- 
f  steam  passed  through  a  white-hot  fur- 
condenses  large  quantities  of  silica  at 
the  top  as  a  snow-white  powder.  It  is  the 
t  acid  at  common  temperatures,  but  by 
a  high  heat  can  expel  all  volatile  acids.  For 
■  ay  acid  and  basic  salts,  see  Salts. 
Gmelin  and  others  have  assumed  that  the  for- 
mula of  silicic  acid  should  be  Si02,  but  Ber- 
zelius  gives  grounds  for  assuming  it  at  Si03, 
and  this  view  has  been  confirmed  hy  Kopp  on 
totally  different  groun 

3.  S  .      i :-',,  obtained  by  heating 


silicium  in  vapor   of  sulphur,   is  white,  earthy, 

decomposable  by  moist  air  and  water,  yielding 
sulphohydrogen  and  soluble  silicic  acid,  with- 
out deposition  of  sulphur. 

,  CL,  is  made  by  mixing  fine 
silica,  charcoal,  and  oil  to  a  stiff  paste,  char- 
ring it  in  a  close  crucible,  pulverizing,  putting 
it  into  a  porcelain  tube,  and  passing  drj  chlo- 
rine gas  over  it  while  it  is  ignited.  A  Cooled 
receiver  condenses  the  chloride  with  excess  of 
chlorine,  which  is  removed  by  Bhaking  with 
mercury,  and  the  latter  may  even  contain  a 
little  potassium.  It  is  purified  by  redistilla- 
tion. It  is  a  very  volatile  liquid,  boiling  at 
122°  with  a  very  pungent,  acid  odor,  fuming 
in  the  air,  decomposed  by  water  into  muriatic 
and  silicic  acids. 

4.  Bromide  of  S.,  SiBr3,  similarly  made  and 
purified,  is  a  colorless,  fuming  liquid,  solidify- 
ing at  from  5°  to  10°,  and  boiling  al 

5.  Fluoride  of  S.,  SiF3.  It  is  prepared  by 
mixing  equal  parts  of  finely-powdered  fluor 
spar,  and  coarse  sand  or  powdered  glass,  with 
6  pts.  oil  of  vitriol  in  a  capacious  vessel,  mid 
applying  warmth  when  the  action  dimini  hi 
The  gas  is  caught  in  perfectly  dry  glass,  over 
mercury.  It  is  a  colorless  gas,  with  a  strong, 
pungent  odor,  fuming  in  the  air,  decomp 

by  water,  largely  absorbed  by  absolute  alcohol, 
condensing  with  ammonia  to  a  peculiar  com- 
pound, forming  with  metallic  oxides,  silica, 
and  fluorides. 

Silicofluohydric  acid,  Fluosilicic  acid,  3  II V  4- 

2  SiF3.  Prepared  by  passing  the  fluoride  into 
water;  but  the  deposit  of  silica,  at  the  end  of 
the  tube  being  apt  to  close  it,  this  end  should 
be  thrust  under  mercury,  beneath  the  water; 

3  .Si  E8  +  3  110  =  (3  11F1  -f  2  Si  Fl„)  -f  8i08. 
When  the  liquid  is  full  of  silica,  the  whole  is 
brought  upon  a  filter,  drained  and  pressed,  but 
not  washed,  because  the  silica  is  soluble  in 
water.  The  liquid  acid  has  a  pure  acid  taste, 
can  be  somewhat  concentrated  by  evaporation, 
but  if  pushed  too  far,  fluoride  of  silicium  is 
evolved,  and  fluohydric  acid  remains;  Li 
striking  character  is  to  form  with  neutral  salts 
of  potassa,  soda  and  lithia,  g<  '  and  al- 
most transparent  precipitates,  and  with  barytic 
salts,  a  white,  crystalline  precipitate.    I 

li/.cd  boracic  acid  absorbs  the  gaseous  acid, 
forming  a  wdiite  powder,  SiF3-f-  B08,  3  110, 
which  is  decomposed  by  water,  and  a  portion 
dissolves  as  Si  F3  -4-  3  BoF3. 

Silicofluoric     acid    forms     silicolluoridcs    of 
the  metals  in  which,  as  in  the  acid,  the  ! 
seems  to  be  the  pairling,  and  their  general  for- 
mula is  3MF  +  2SiF3.    The  salts  ..f  the  alka- 
lies,  made  by   dropping  silicofluohydric   acid 
into  the  solutions  of  an  alkaline  salt,  are  nearly 
transparent  when  freshly  precipitated,  but  dry 
to  white  powders,  are  almost  insoluble  in  cold, 
(the  sodium  salt  being  most  soluble,)  more  solu- 
ble  in   hot   water;    are   fusible,    but    thi 
compose    and    lose   fluoride    of    silicium.      The 
salt  of  ammonium,  made  by  sublim 
tureofafixed  alkaline  silicofluoride,  is  white, 
soluble   in   water,   crystallizable,    and   ha:;  the 
formula  NHF  -f  2  SiFs. 

The  insolubility  of  the  barium  salt,  and  the 
solubility  of  that  of  strontium,  offers  a 
of  separating  these  bodies   in   analysis.     The 
calcium  salt  is  slightly,  and  the  mag 
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very  soluble  in  water.  Nearly  all  the  salts  of 
the  earths  and  metals  proper  are  soluble  in 
water,  except  that  of  yttrium.  By  heat  they 
lose  fluoride  of  silicium,  and  a  simple  metallic 
fluoride  remains.  They  are  readily  made  by 
dissolving  the  fresh  hydrated  oxide  or  the  car- 
bonate iu  silicofluohydric  acid,  and  evaporating 
to  crystallize. 

SILLIMANITE.  Min.  Cryst.  Oblique  rhom- 
bic, with  a  perfect  cleavage;  also  fibrous.  II. 
_  7—7-5.  G.  =  8-2— 3-26.  Brown;  vitreous, 
splendent  on  cleavage;  translucent;  brittle, 
with  white  streak.  Infusible,  not  attacked  by 
acids.  Form.  A1203,  Si03  ;  allied  to  kyanite  and 
bucholzite,  (identical  with  them,  B.  Silliman,  Jr.) 
It  occurs  at  Chester  and  Norwich,  Conn.,  &c. 

SILVER.  Chem.  Ger.  Silber.  Fr.  Argent. 
Lut.  Argcntum.  Silver,  known  from  the 
earliest  times,  occurs  frequently  but  not  abund- 
antly in  the  mineral  kingdom.  It  is  often 
found  in  the  metallic  state,  and  masses  of  many 
hundred  pounds  have  been  obtained,  but  it  is 
more  frequently  mineralized  with  sulphur, 
antimony  and  arsenic  in  ruby-silver,  vitreous- 
silver,  gray-copper,  galena,  &c. 

Mf.talluroic  Treatment  of  Silver  Ores. 

Rich  ores  are  generally  fused  with  lead,  the 
poorer  amalgamated,  galenas  are  reduced  to 
metallic  lead,  and  copper  ores  treated  with 
lead,  or  reduced  to  copper,  which  is  smelted 
with  lead.  The  argentiferous  lead  obtained  is 
cupelled  for  silver. 

1.  Amalgamation.  The  Mexican  process  con- 
sists in  making  heaps  of  the  stamped  ore,  mix- 
ing it  with  about  10  pr.  ct.  salt,  by  treading 
with  mules,  and  then  adding  1  to  3  pr.  ct. 
Magistral,  which  is  ground  and  roasted  iron  and 
copper  pyrites.  A  little  lime  is  added  in  summer, 
and  half  as  much  magistral  in  winter.  This  is 
troden  for  several  days  by  mules,  and  mercury 
added,  (about  6  or  8  times  as  much  as  the  ore 
contains  silver),  which  is  also  incorporated  by 
treading  until  a  test  shows  that  the  amalgama- 
tion is  complete.  Mercury  is  added  again  and 
again,  and  often  some  magistral  and  lime.  The 
process  requires  from  2  to  4  weeks,  and  even 
longer.  The  ore  is  then  transferred  to  cisterns 
with  an  upright  shaft  and  arms,  which  is 
turned  while  water  is  let  in,  in  order  to  make 
the  amalgam  settle  and  remove  the  ore.  After 
cleaning  the  amalgam,  it  is  pressed  through 
canvas  bags,  the  liquid  mercury  passing 
through  the  pasty  amalgam  remaining  in  the 
bags.  The  pasty  amalgam  by  heat  loses  mer- 
cury, and  a  mass  of  porous  silver  remains. 

Very  poor  ores  are  worked  in  this  manner, 
but  the  loss  of  mercury  is  considerable.  The 
magistral  contains  sulphates  of  iron  and  copper, 
and  by  contact  with  the  salt  form  chlorides  of 
iron  and  copper.  The  chloride  of  copper  forms 
chloride  of  silver,  which  is  reduced  by  mer- 
cury, chloride  of  mercury  being  formed,  and 
the  amalgam  formed. 

2.  The  Saxon  method  consists  in  mixing  the 

retted  ores  so  that  the  salt  to  be  mixed 
with  it  will  be  decomposed  by  roasting.  The 
ore.  mixed  with  10  pr.  ct.  salt,  is  then  roasted 
in  a  reverberatory  furnace  with  constant  stir- 
ring, the  burning  sulphur  assisting  the  heat. 
A  part  of  the  sulphur  passes  off  as  sulphurous 
acid,  and  part  forms  metallic  sulphates;  when 
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the  former  ceases  to  form,  an  increased  heat  is 
given,  by  which  the  sulphates  decompose  the 
salt,  forming  sulphate  of  soda.  The  roasted 
and  cooled  ore  is  sifted,  the  coarse  being  re- 
ground,  salted  and  roasted,  and  the  very  fine 
is  ground  and  submitted  to  amalgamation.  The 
ore  is  put  into  horizontal  revolving  drums  or 
barrels,  water  and  scraps  of  iron  added ;  to  10 
cwt.  ore,  2J  cwt.  water  and  % — }  cwt.  iron, 
which  last  is  renewed  as  it  dissolves.  After 
being  mixed  by  revolving,  5  cwt.  mercury  is 
added  and  the  revolutions  continued  for  14  to 
16  hours,  the  drums  making  20  to  22  revolu- 
tions per  minute.  When  the  amalgamation  is 
complete,  the  drums  are  filled  with  water,  re- 
volved slowly,  6  to  8  times  per  minute,  by 
which  the  amalgam  collects  at  the  bottom.  A 
small  hole  in  the  bung  is  then  opened,  and  the 
amalgam  flows  into  a  cistern,  in  which  the 
amalgam  from  many  barrels  is  collected.  The 
clean  amalgam  is  pressed  in  bags,  and  the  re- 
maining solid  distilled  to  obtain  the  silver. 
The  residue  in  the  barrels  is  stirred  in  vats,  as 
in  the  Mexican  process,  to  collect  the  remain- 
ing amalgam.  By  the  roasting  process  metallic 
chlorides  are  formed,  and  these  are  reduced  in 
the  barrels  by  iron,  so  that  the  amalgam  con- 
tains silver,  copper,  lead,  &c. 

3.  For  the  treatment  of  copper,  containing 
silver,  see  metallurgy  of  Copper,  4,  b,  p.  478. 

4.  When  lead  and  copper  sulphurets  occur 
together  and  contain  silver,  or  where  galena 
and  gray  copper  are  mixed ;  they  are  first 
smelted  by  the  addition  of  iron,  by  which  lead 
is  obtained,  rich  in  silver,  and  lead-stone,  1 ; 
the  latter  roasted  and  again  smelted,  give-  also 
a  rich  lead,  and  lead-stone,  2  ;  a  third  roasting 
and  smelting  yields  but  little  lead,  and  lead,  or 
rather  copper-stone,  3,  which  contains  40  to 
48  pr.  ct.  copper,  and  is  worked  for  that  metal. 

Cupellation.  Argentiferous  lead  may  be 
worked  for  silver  by  cupellation,  if  it  contains 
above  10  oz.  silver  to  the  ton,  in  Freiberg  1 4 
oz. ;  but  by  Pattinson's  process,  still  lower 
may  be  worked.  The  cupel  is  a  reverberatory 
with  a  porous  hearth  (Treibhcerde),  of  a  round 
or  oval  form.  The  upper  layer  of  the  hearth 
consists  of  sifted  and  leached  wood  ash,  mixed 
with  lime,  clay,  marl,  or  bone-ash.  It  is  basin- 
shaped,  with  a  depression  in  the  centre  to  re- 
ceive the  silver,  and  a  gutter  to  run  off  litharge 
on  one  side.  The  metal  being  put  on  the  hearth, 
it  is  fused  by  the  flame  playing  over  its  sur- 
face, and  the  lead  and  other  metals  except  sil- 
ver oxidized,  and  with  the  fused  litharge  run 
off  through  the  gutter.  The  first  portions  run 
off  are  dark  colored  from  copper,  iron,  nickel, 
&c,  and  contain  a  little  silver.  When  the 
litharge  begins  to  run  clear,  (yellowish),  the 
heat  is  diminished,  and  the  blast  admitted, 
which  strikes  the  surface  of  the  metal  at  an 
angle,  and  playing  over  it,  oxidizes  it  to 
litharge.  The  latter  flows  continually  through 
the  gutter,  which  is  cut  deeper  as  the  surface 
of  the  metal  diminishes  in  height.  Towards 
the  close  of  the  process,  when  the  quantity  of 
I  lead  diminishes,  the  increasing  proportion  of 
silver  renders  the  alloy  less  fusible,  the  fire 
is  increased,  until  finally,  a  peculiar  movement 
is  observed  on  the  surface  of  the  metal,  and  it 
is  then  quiet  and  brilliant.  The  fire  and  blast 
are  removed,  and  the  silver  cake  refined  by 
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with  some  soft  lead  and  recupelling  on 
a  hearth,  better  prepared.     In  the  bitter  case, 

tion  is  similar  to  that  of  the  cm 
assaying.  See  CuPEl.  A  movable  hearth  is 
.  ed  in  England)  and  called  ■> 
The  quantities  of  silver  annually  produced 
in  America,  Europe  and  northern  Asia,  is  over 
1000  tons,  or  more  than  Z\  million  lb.  troy.  It 
is  probably  about  $50,000,000  annually.  " 

Silver  and  its  Non-saline  Compounds, 

1.  Silver.  It  was  formerly  obtained  in  a 
purer  form  by  precipitating  a  solution  of  silver 
by  metallic  copper,  and  washing  thoroughly 
"with  ammonia  ;  but  the  more  common  methods 
consisted  in  precipitating  chloride  of  silver  by 
common  salt,  washing  and  reducing  it  by 
potash.  The  best  method  is  to  cover  the 
washed  chloride  by  water,  throw  granulated 
zinc  into  it,  and  then  sulphuric  or  muriatic 
acid.  A  few  drops  of  acid  only  are  required, 
but  more  is  used  to  promote  a  rapid  decomposi- 
tion, and  still  more  used  to  dissolve  the  excess 
of  zinc.  The  reduced  metal  is  washed  with 
acid  water,  then  with  hot  water,  and  finally 
fused  with  borax  and  saltpeter. 

Prop.  When  precipitated,  it  is  a  gray  powder, 
which  by  friction  shows  a  white  metal;  when 
fused,  it  is  the  whitest  of  all  metals,  receives  a 
high  polish,  is  harder  than  gold,  highly  malle- 
able and  ductile,  forming  leaves  of  Tnff'ffJTff 
mch  thick,  and  one  grain  forming  a  wire  400 
ft.  long;  sp.  grav.  of  the  fused  10-428— 10-474, 
of  the  hammered  10-50.  It  tarnishes  in  the 
air  of  cities,  from  sulphurous  fumes,  and  in 
sal!  air  from  chloride,  which  darkens  by  light; 
icts  oxygen  in  the  melted  state,  which 
it  parts  with  again  on  cooling,  and  hence  the 
jagged  appearance  of  a  cooled  bead,  from  its 
spirting  by  the  escape  of  oxygen.  Sym.  Ag. 
(Argentum) Equiv.  108(1349-06  0=100 Bern.) 

2.  Oxide  of  Silver.  AgO,  containing  93-103 
pr.  ct.  metal.  It  is  prepared  by  precipitating 
a  solution  of  silver  by  a  solution  of  potassa  or 
baryta,  washing  and  drying  by  a  gentle  heat. 
It  is  a  brown  powder,  almost  black  if  high 
dried,  slightly  soluble  in  water  with  metallic 
taste  and  alkaline  reaction;  easily  reduced  by 
light  or  heat,  and  by  hydrogen  at  212°. 

Salts.  Oxide  of  silver  is  a  strong  base,  and 
its  neutral  salts  have  a  neutral  reaction ;  they 
are  colorless,  unless  the  acid  be  colored,  have 
a  metallic  taste,  and  are  poisonous.  The 
nitrate,  sulphate,  and  a  few  others  are  soluble, 
but  most  are  either  insoluble  or  slightly  soluble 
in  water.  All  the  insolubles  are  soluble  in 
nitric  acid  and  in  ammonia.  The  metal  is 
thrown  down  from  solutions  by  zinc,  cadmium, 
lead,  tin,  iron,  copper,  mercury,  bismuth,  tel- 
lurium, antimony,  arsenic,  phosphorus,  phos- 
phorous aud  sulphurous  acids,  phosphohy- 
i.  copperas,  tin-salt,  and  many  organic 
bodies,  especially  by  heat.  Muriatic  acid  and 
muriates  precipitate  white  chloride  of  silver, 
curdy  in  strong  solution,  opalescent  in  a  dilu- 
tion of  1  to  2—300,000  water;  iodhydric  and 
bromhydric  acids  and  their  salts  precipitate  a 
yellowish  iodine  or  bromide  in  strong  solutions, 
white  or  opalescent  in  the  same  dilution  as 
the  chloride  :  of  these  the  chloride  is  very 
in  dilute  ammonia,  bromide  in  strong 
ammoi  line  scarcely  in  the  strongest. 
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It  is  thrown  down  as  brownish  black  Bulphwet 
by  sulphohydrogen  and  alkaline  sulphurets, 
iii  a  dilution  of]  to  26,000.  Potassa  and  soda 
precipitate  brown  oxide;  ammonia  produces  a 

cloudiness  which  disappears  by  an  excess;  car- 
bonated alkali,  white  carbonate  soluble  in  car- 
bonate of  ammonia;  arsenite  and  common 
phosphate  of  soda,  yellow  arseniate  or  phos- 
phate soluble  in  free  acid;  pyro,  and  meta- 
phosphated  alkali  white;  chromate  a  dark  red, 
arseniate  a  brownish  red  ;  cyanohydric  and 
cyanides,  Bulphocyanide,  yellow  prussiate  of 
potash  and  oxalic  acid,  white;  red  prussiate, 
reddish  brown.  In  the  blow-pipe  flame,  the 
compounds  of  silver  yield  a  globule  of  tin- 
metal;  with  borax  and  mic.  salt  in  the  outer 
flame  a  milk-white  or  opalescent  bead.  \ 
peroxide  of  silver  is  obtained  on  the  positive 
pole  of  a  galvanic  battery  discharged  thi 
a  dilute  solution  of  the  metal,  as  crystals  with 
a  metallic  lustre. 

A  solution  of  oxide  of  silver  in  ammonia 
gradually  deposits  suboxide.  By  passing  hy- 
drogen over  oxalate,  citrate,  or  mellate  of 
silver,  at  212°,  they  are  reduced  to  salts  of 
suboxide,  and  by  solution  in  water  and  preci- 
pitation by  potassa,  a  black  suboxide  falls  down. 

Ammonia-oxide  of  silver  is  obtained  by  pre- 
cipitating nitrate  of  silver  by  lime,  partly  dry- 
ing the  precipitate  on  paper,  pouring  over  it 
strong  ammonia,  and  after  12  hours  pouring 
off  the  liquid,  and  dividing  the  sediment  ou 
many  pieces  of  paper  to  dry.  It  is  a  black 
powder,  highly  explosive  by  heat,  electricity 
or  touch.  The  solution  also  deposits  black, 
crystalline  particles,  which  are  even  more  ex- 
plosive than  the  preceding,  such  as  by  agita- 
tion of  the  liquid,  or  touching  them  in  the 
liquid. 

3.  Sulphuret  of  S.  AgS.  Found  native  as 
vitreous  silver.  Made  by  fusing  silver  and 
sulphur  together,  or  precipitating  a  solution 
of  silver  by  sulphohydrogen  or  an  alkaline  sul- 
phuret. It  is  black,  fusible,  sectile,  with  a 
dark  lead  gray  shining  streak,  and  somewhat 
malleable.  Decomposed  by  calcination  into 
sulphurous  acid  and  silver,  by  strong  nitric 
acid  into  sulphur  and  nitrate  of  silver. 

4.  Carburet  of  S.  By  ignition  of  silver  with 
lampblack  Ag2C  is  formed  ;  by  strong  ignition 
of  cyanide  of  silver,  fused  AgC  is  produced. 
By  heating  pyroracemate  of  silver  for  a  long 
time  in  a  water-bath  and  distilling,  AgC2  is 
formed. 

5.  Phosphuret  of  S.  is  formed  by  direct  action 
at  ignition,  or  igniting  phosphate  with  char- 
coal.   It  is  white,  granular,  sectile  and  brittle. 

G.  Siliciuret  of  S.  is  obtained  by  heating  a 
mixture  of  silver  powder,  charcoal  and  silicic 
acid  under  an  alkaline-glass  flux. 

7.  Alloys.     Arsenic,  antimony,  bismuth,  tin, 
and  zinc  form  brittle  alloys  with  silver.     I 
and  nickel  unite  in  small  quantity  with  silver, 
rendering  it  brittle,  and  in  like  manner  silver 
in  small   quantity  unites  with  those  metalB. 
Manganese  and  silver  form  an  alloy.     Copper 
and  silver  unite  in  every  proportion  with  cop- 
per, and  the  proportion   is   more  or  lo-s  indi- 
cated by  the  color  of  the  alloy.     From  all  these, 
the  silver  may  be  obtained  by  cupellation. 
and  silver  fuse  together,  and  cannot  be 
rated  by  cupellation,  but  readily  by  solution 
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and  precipitation  by  muriatic  acid  or  a  muriate, 
or  by  fusion  with  borax  and  saltpeter.  See 
Ci  i'Ki.LATioN,  Alloy.  Silver  alloys  with  the 
precious  metals,  and  gives  less  malleable  alloys, 
except  with  gold  and  iridium. 

Haloid  Salts. 

1.  Chloride  of  Silver,  AgCl,  containing  75-33 
pr.  ct.  silver.  It  is  readily  formed  by  adding 
muriatic  acid,  or  a  soluble  muriate  to  a  solution 
of  silver  in  nitric  acid,  washing  and  drying 
apart  from  light,  It  is  white,  fusible  at  500° 
to  a  clear,  yellow  liquid,  and  volatilizes  unal- 
tered at  a  very  high  temperature.  It  congeals 
to  a  transparent,  colorless  solid,  so  soft  as  to 
receive  an  impression  from  the  nail.  It  blackens 
by  exposure  to  air,  is  insoluble  in  water,  readily 
soluble  in  ammonia,  alkaline  hyposulphites, 
less  in  muriatic  acid  and  alkaline  chlorides.  It 
is  decomposed  by  fusion  with  fixed  caustic  and 
carbonated  alkali,  by  ignition  with  a  carbohy- 
drogen,  as  rosin,  &c,  and  by  the  following 
metals  under  water,  especially  if  acidulated, 
zinc,  cadmium,  bismuth,  tin,  lead,  iron,  copper, 
mercury,  arsenic,  antimony. 

A  subchloride,  Ag2Cl,  is  formed  by  exposure 
of  the  chloride  to  light,  by  decomposing  it  with 
chlorides  of  copper,  mercury,  and  perchloride 
of  iron,  or  by  the  action  of  muriatic  acid  on 
suboxide  of  silver.  It  is  a  brownish  or  black 
powder  with  metallic  streak,  which,  when 
heated  to  the  fusing  point  of  chloride,  separates 
into  metal  and  chloride. 

Chloride  of  silver  forms  double  salts  with 
alkaline  chlorides,  by  boiling  them  together, 
when  the  compound  salt  separates  in  crystals 
on  cooling.  By  dissolving  chloride  of  silver  in 
cyanide  of  potassium,  and  evaporating,  a  crys- 
talline, double  salt  separates. 

2.  Bromide  of  S.,  AgBr,  formed  like  the 
chloride  by  a  soluble  bromide,  is  yellow,  fuses 
to  a  red  liquid,  and  congeals  a  yellow  trans- 
lucent soft  mass ;  it  otherwise  resembles  chlo- 
ride, but  is  only  slightly  soluble  in  dilute 
ammonia ;  disseminated  in  water  it  is  readily 
decomposed  by  chlorine,  with  more  difficulty 
as  a  dry  powder.  It  forms  double  salts  with 
alkaline  bromides. 

3.  Iodide  of  S.  Formed  by  an  iodide,  like 
chloride,  and  also  by  heating  the  two  elements 
together.  It  resembles  chloride  and  bromide, 
is  yellow,  fuses  to  a  red  liquid,  congeals  to  a 
dirty  yellow,  opake  mass,  is  readily  decomposed 
by  chlorine  when  heated,  is  soluble  in  strong 
solutions  of  iodide  of  potassium  and  chlorides 
of  potassium  and  sodium,  scarcely  soluble  even 
in  strong  ammonia.  It  forms  double  salts  with 
alkaline  iodides,  with  cyanide  of  potassium, 
and,  with  basic  nitrate  of  mercury,  forming 
the  compound  Agl,  -f-  2  HgO,  N05+HO. 

4.  Fluoride  of  S.,  AgF,  formed  by  the  action 
of  fluohydric  acid  on  carbonate  of  silver,  is 
soluble,  and,  when  dry,  fusible  like  chloride. 
Silico-fluoride,  3  AgF+2  SiF3,  is  soluble  and 
crvstallizable,  and  precipitates  as  a  basic  salt 
by  a  little  ammonia. 

OXTSALTS. 

1.  Sulphur.  Sulphate  of  Silver.  AgO,S03. 
Boil  silver  powder  with  1J  pts.  oil  of  vitriol, 
or  dissolve  the  oxide  or  carbonate  in  dilute 
sulphuric  acid.  It  may  be  obtained  in  crystals 
from  its  solution  in  nitric  acid,  white,  shining, 


isomorphic  with  dry  sulphate  of  soda,  soluble 
in  87  pts.  water,  more  so  in  nitric  acid  or  oil 
of  vitriol.  Dissolved  in  ammonia  it  crystallizes 
out  as  AgO,S03  +  2  NH3.  When  sulphuret  of 
silver  is  acted  on  by  nitric  acid,  it  forms  a 
brownish  yellow  oxysulphate  or  sulphobasie 
sulphate  of  silver. 

2.  Sulphite  of  S.,  AgO,  S02,  precipitates  from 
a  solution  of  nitrate  of  silver  by  the  addition 
of  sulphurous  acid  or  a  sulphite.  Hyposulphate 
or  dithionate  of  silver,  AgO,  S205  -j-  -  1  i <  >,  is 
obtained  from  a  solution  of  carbonate  of  silver 
in  dithionic  acid.  It  also  crystallizes  with 
2  NH3  instead  of  water  from  a  solution  of  the 
salt  in  ammonia. 

Hyposulphite  of  S.  Dithionite  of  S.  AgO, 
S202.  Add  moderately  dilute  nitrate  of  silver 
to  concentrated  dithionite  of  alkali  in  excess, 
wash  the  gray  mixture  of  dithionite  and  sul- 
phuret of  silver  on  the  filter  with  cold  water, 
extract  the  dithionite  by  ammonia,  precipitate 
it  by  exact  neutralization  by  nitric  acid,  filter, 
and  dry  rapidly  in  paper.  This  salt  forms 
double  salts  with  other  dithionites,  which  are 
made  by  dissolving  as  much  freshly-precipi- 
tated chloride  of  silver  in  a  solution  of  a  neu- 
tral hyposulphite  as  it  will  dissolve,  filtering 
and  precipitating  the  salt  by  alcohol ;  the  salt 
is  pressed  and  dried  in  vacuo,  over  oil  of  vitriol. 
Such  is  the  affinity  of  oxide  of  silver  for  di- 
thionous  acid,  that  it  separates  half  of  the 
alkaline  base  of  an  alkaline  hyposulphite,  and 
makes  a  strongly  alkaline  solution.  The  double 
salts,  with  dithionite  of  alkali,  are  crystalline; 
with  strontia,  lime,  and  lead,  white  powders. 
They  are  all  characterized  by  intense  sweet- 
ness, the  salt  of  ammonia  being  so  sweet  as  to 
occasion  pain,  and  imparting  a  sweet  taste  to 
32,000  pts.,  water.  Trithionite  and  tetrathion- 
ite  of  silver  are  whitish  and  yellow. 

2.  Nitrate  of  S.  Lunar  caustic.  AgO,  NO,, 
containing  68-23  pr.  ct.  oxide  of  silver.  It  is 
formed  by  solution  of  pure  silver  in  pure  nitric 
acid  ;  or  by  solution  of  silver  coin  in  nitric  acid, 
evaporation  to  dryness,  andfusion  until  no  green 
light  is  perceptible,  and  a  test  taken  out,  dis- 
solved in  water,  filtered,  and  the  clear  solution 
tested  with  ammonia  shows  the  absence  of  cop- 
per. A  simple  and  good  method  is  to  dissolve 
coin  in  common  nitric  acid,  to  precipitate  by  salt 
or  muriatic  acid,  wash  thoroughly,  to  decom- 
pose the  chloride  by  zinc  and  muriatic  acid,  to 
dissolve  the  silver  in  nitric  (which  may  contain 
some  muriatic),  and  to  evaporate  the  clear  solu- 
tion to  crystallization  or  to  fusion.  The  chloride 
in  the  last  case  is  kept  for  the  next  operation. 
1  pt.  silver  should  form  1-575  nitrate  of  silver. 

Prop.  Colorless,  right  rhombic  crystals,  of 
spec.  grav.  4-3554,  of  a  bitter,  metallic  taste, 
poisonous,  and  caustic  to  organic  matter,  which 
it  blackens  by  the  action  of  light ;  fuses  rea- 
dily without  change  of  weight  to  a  liquid, 
which  congeals  to  a  white,  fibrous  mass.  It  is 
soluble  in  1  pt.  cold,  in  \  pt.  hot  water,  in  4  pts. 
boiling  alcohol ;  insoluble  in  nitric  acid.  It 
does  not  blacken  by  light,  unless  organic  mat- 
ter be  present;  deflagrates  on  ignited  coals, 
explodes  with  phosphorus  by  a  stroke;  by  a 
low  red  heat  is  resolved  into  silver,  oxygen, 
nitrogen,  and  red  oxide  of  nitrogen.  Lunar 
caustic  is  made  by  fusing  the  crystals,  and 
casting  it  into  sticks,  in  a  mould. 
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It  is  largely  used  in  surgery,  as  .1  caustic  : 
as  an  indelible  Ink,  which  is  removable  by 
cyanide  of  potassium;  for  darkening  hair  by 
exposure  to  light,  and  by  the  action  of  sulphur. 

Ammonia  nitrate  of  silver.  AgO,  NO.  -f 
2  Nll3.  crystallizes  from  a  solution  of  the  sim- 
ple nitrate,  in  ammonia  :  it  darkens  readily  by 
light.  There  is  a  crystallizable  double  salt, 
with  mercury,  AgO,  N06  -f-  BgO,  N05.  Ni- 
trate of  silver  also  forms  double  salts  with 
cyanides  of  copper,  mercury,  and  silver,  the 
formula  of  the  last  two  being  2  HgCy  (or  2  Ag 
Cy)  +  AgO,  NO,,  and  the  salt  of  mercurv 
with  8  HO. 

S.  The  neutral  salt,  AgO,  N03,  is 
made  by  precipitating  nitrate  of  silver  by  ni- 
trite of  soda,  washing  the  precipitate  by  a 
little  cold,  then  dissolving  it  in  hot  water, 
from  which  after  filtration  it  crystallizes; 
white,  soluble  in  120  pts.  water  at  59°;  it  may 
be  used  to  prepare  metallic  nitrites,  by  adding 
it  to  their  chlorides. 

The  basic  salt  is  formed  by  boiling  silver  in 
a  neutral  solution  of  nitrate  of  silver,  and 
evaporating  the  yellow  solution  until  very  con- 
centrated, when  it  congeals  to  a  crystalline 
mass.  Water  decomposes  it  into  a  neutral  and 
more  basic  salt,  which  separates  as  a  yellow 
powder. 

8.  Phosphate  of  S.  The  half-basic  salt  of 
"phosphoric  acid  is  made  by  dropping  common 
phosphate  of  soda  into  a  neutral  solution  of 
nitrate  of  silver;  a  lemon-yellow  powder,  solu- 
ble in  -acids  and  in  ammonia,  separating  from 
the  latter  in  crystalline  grains  ;  formula  3  AgO, 
BOB.  The  neutral  phosphate,  2  AgO,  POg,  is 
made  by  dissolving  the  basic  salt  in  warm, 
concentrated  phosphoric  acid,  or  by  adding  an 
excess  of  phosphoric  acid  to  nitrate  of  silver, 
and  evaporating,  when  it  forms  large  colorless 
Is,  decomposable  by  water,  leaving  the 
yellow  basic  salt. 

The  neutral  ''phosphate,  2  AgO,  P05,  is  ob- 
tained by  adding  'phosphate  of  soda  to  nitrate 
of  silver;  a  white;  fusible  salt,  insoluble  in 
water.  The  Diphosphate,  AgO,  1'05,  of 'phos- 
phoric acid,  is  made  by  adding  an  ice-cold  so- 
lution of  the  freshly-ignited  acid  to  a  solution 
of  nitrate  of  silver;  white,  gradually  losing 
acid  by  washing,  very  fusible  a  little  above 
212°;  if  heated  gradually  in  water  to  boiling, 
it  forms  a  sesqui-subphosphate,  3  AgO,  2  P05. 

■!.  Perchlorate  of  S.,  AgO,  01O7,  made  direct, 
is  a  white  powder,  deliquescent,  and  soluble  in 
strong  alcohol:  fusible,  and  explosive  below  a 
red  heat.  Chlorate  of  S.,  AgO,  010.,  also 
formed  direct,  forms  white,  4-sided  prisms, 
soluble  in  ">  pts.  cold,  2  pts.  hot  water,  and  a 
little  in  alcohol ;  much  more  explosive  than 
alkaline  chlorate  under  like  circumstances,  and 
dee  tnposed  by  acids  into  oxygen  and  chloride 
of  silver.  By  adding  ammonia  in  excess  to  its 
solution  and  evaporating,  an  ammonia-chlorate, 
AgO,  C105  +  2  NH3,  is  obtained  in  crystals. 
teofS.,  AgO.  ClOg,  is  obtained  by  add- 
ing an  alkaline  chlorite  with  excess  of  alkali 
to  nitrate  of  silver,  boiling  the  precipitate  with 
.  and  filtering;  hot;  yellow,  crystalline 
221°. 

•">.  Bromic  acid,  or  a  brqmate  precipitates 
from  nitrate,  the  white  bromate  of  silver,  Biightly 
soluble  in  water,  not  in  nitric  acid,  readily  in 


ammonia  ;  converted  into  chloride  by  muriatic 
acid.  A  compound  with  ammonia,  is  similarly 
formed  to  the  chlorate. 

6.  Basic periodate  of  S.,  2  \"0.  ML  4.  8  IK), 
is  formed  by  precipitating  nitrate  of  Bilver  by- 
basic  periodate  of  soda,  washing  with  water 
containing  nitric  acid,  and  dissolving  in  warm, 
dilute  nitric  acid,  from  which  it  crystallizes  on 
cooling,  in  shining  Btraw-yellow  crystals.  If 
treated  with  warm  water,  crystalline  water  is 
extracted,  leaving  2  AgO,  ML  -j-  HO,  of  a  red 
color.  If  the  nitric  solution  be  evaporated, 
crystals  of  the  yellow  neutral  salt  Be] 
AgO,  10.,  decomposable  by  water  into  the 
basic  salts.  lodat?  of  S.,  AgO,  [0«,  is  obtained 
as  a  white  precipitate,  by  adding  iodic  acid  or 
an  iodate  to  nitrate  of  silver;  and  in  crystals 
from  its  ammoniacal  solution;  scarcely  soluble 
in  nitric  acid. 

7.  Carbonate  of  S.,  AgO,  002,  is  obtained  by 
adding  alkaline  carbonate  or  bicarbonate  to 
nitrate  of  silver;  pale  yellow,  slightly  soluble 
in  water.  Dissolved  in  ammonia,  and  precipi- 
tated by  absolute  alcohol,  a,  wdiite  ammonia- 
carbonate  is  obtained. 

8.  Borate  of  S.,  AgO,  B03,  is  obtained  by 
mixing  nitrate  of  silver  with  a  concentrated 
solution  of  borax ;  white,  fusible,  soluble  in 
large  quantities  of  water. 

SILVER  COPPER  GLANCE.    See  Stromey- 

ERITE. 

SIMILOR.     Tech.     Gold  colored  Brass. 
SINAPISIN.  ) 

SINAl'OLIN.  Igee  Mustard  Seed. 

SINNAMIN.   J 

SIPEERlN.  Chem.  A  vegetable  alkali  found 
by  Rodie  in  the  bark  and  seeds  of  the  Beeberu 
tree  of  British  Guiana.  It  is  uncrystallizable 
and  soluble  in  anhydrous  ether.  (C/irm.  Gaz.  i. 
3-r)0.)  It  is  said  to  be  very  efficacious  in  check- 
ing intermittent  fever. 

SISMANDIN.  Min.  A  mineral  allied  to 
chloritoid.  G.  =  3-565.  Dark  green  ;  yields 
water  ;  infusible,  but  becoming  brown  by  heal : 
effervesces  with  soda,  and  shows  iron  by  the 
fluxes.  Form.  4  Fe203,  3  Si03  +  -r>  (A1208, 
HO)   (?).     From  Marul,  in  chlorate-slate. 

SIZE.     See  Gelatin. 

SKATE  LIVER  OIL.  Obtained  by  boiling 
the  livers  of  the  Raja  clavata  and  batit  with 
water,  and  skimming  off  the  oil  as  it  rises  to 
the  surface.  Spec.  grav.  -928.  Is  bright  yel- 
low, and  by  repose  deposits  a  white  solid,  from 
which  it  may  be  separated  by  drcantation. 
Boiling  ether  dissolves  the  oil,  but  dro 
most  of  it  on  cooling.  One  quart  gave  to 
Preisser  and  Girardin  0-18  grms.  iodide  of  po- 
tassium, and  on  this  account  is  considered  pre- 
ferable, as  a  medicinal  agent,  to  oil  from  the 
liver  of  Codfish.  The  three  are  essentially 
similar.      {Journ.  de  l'harm.  1X42.) 

SLAG.  Tech.  The  fused,  earth}'  matters 
of  an  ore  and  flux.  See  metallurgy  of  Ikon, 
Copper,  Lead,  &c. 

SLATE  SPAR.     See  Calcareous  Spar. 

SMALT.     Sec  Cobalt. 

SM  \I:a<;i>.     See  Beryl. 

SMILACIN.     See  Sarsaparilla. 

SMI  I, AX  CHINA.  8yn.  <  bins  root.  Ac- 
cording to  Reinsch,  there  may  be  extracted 
from  10(10  pts.  of  this  root,  by  ether,  3  pts. 
of  a  waxy   Bubstance,   4  of  a  balsamic   resin. 


SMARAGDITE. 


SOAPS. 


soluble  in  alcohol ;  by  alcohol  of  0-876  spec, 
grav.,  28  pts.  smilacin  (also  sugar,  tannic  acid, 
a  resinous  coloring  substance,  and  a  few  salts)  ; 
by  alcohol  of  0-957  spec,  grav.,  0-957  pts.  tan- 
nic acid,  with  salts,  a  reddish  brown  coloring 
substance,  and  a  crystalline  body;  by  cold 
water,  26  pts.  gum,  vegetable  gelatin,  and  salts 
of  potash,  lime,  and  manganese ;  by  hot  water, 
235  pts.  starch ;  by  caustic  potash,  340  pts. 
starch,  with  tannic  acid;  lastly,  200  pts.  vege- 
table fibre,  and  120  water.  The  admission  of 
a  crystalline  substance  in  the  alcoholic  extract 
is  founded  on  the  formation  of  a  crystalline 
pellicle  during  the  evaporation  of  this  extract. 
The  aqueous  solution  contains,  besides  the 
ordinary  starch  which  is  exclusively  present  in 
the  cold  aqueous  and  alkaline  extracts,  also  a 
kind  of  starch,  which  is  colored  reddish  brown 
by  tincture  of  iodine.  (Buchn.  Repcrt.  xxxii., 
and  Chan.  Gaz.  ii.) 

SMARAGDITE.  An  augite  and  hornblende 
rock. 

SMARAGDOCHALCITE.  See  Atacamite 
and  Dioptase. 

SOAPS.  Tech.  Lai.  Sapo.  Fr.  Savon. 
Gcr.  Seife.  Soaps  are  chemically  considered 
compounds  of  the  fatty  acids  with  the  bases ; 
but  in  the  usual  acceptation  of  the  term,  soap 
is  the  detergent  material  formed  by  saponify- 


ing fat  with  alkalies.  In  this  reaction  the 
alkali  displaces  the  natural  base  of  the  fat 
which  remains  in  solution  and  unites  with  the 
eliminated  acids.  The  salts  thus  formed  differ 
in  consistence  with  that  of  the  grease,  and 
with  the  nature  of  the  alkali  employed.  Pot- 
assa  yields  soft  and  soda  hard  soaps,  but  the 
former  may  be  less  flaccid,  and  the  latter  firmer, 
according  as  the  fluid  (olein)  or  solid  con- 
stituent of  the  fat  predominates.  The  metallic 
and  the  earthy  soaps  are  all  insoluble,  and 
therefore  have  no  application  for  domestic  pur- 
poses. In  Pharmacy,  the  former  are  known  as 
plasters.  A  true  and  good  soap  should  be  a 
definite  chemical  compound,  and  any  excess  of 
water,  or  the  presence  of  saline  matters  is  de- 
tractive from  its  value.  Rosin,  which  is  added 
to  white  soap  to  convert  it  into  yellow  soap, 
when  not  in  too  large  a  proportion,  may  be  con- 
sidered an  ameliorator,  as  it  has  itself,  when 
combined  Avith  alkali,  a  cleansing  power.  The 
quality  of  the  soap  might  probably  be  still 
further  improved  by  substituting  for  the  old 
plan  of  smelting  the  rosin  in  the  hot  paste, 
that  of  dissolving  the  latter  in  a  resino-alka- 
line  ley,  which  process  seems  to  increase  the 
detergency  of  the  soap. 

Below  is  a  table  of  the  analyses  of  several 
soaps. 


Kind  of  soap. 


Castile  soap,  sp.  gr.  =  1-0705 

Ditto  sp.  gr.  =  0-9669 

Fine  white  toilet  soap 

Ordinary  white  soap  from  Glasgow.. 

Mottled  tallow  soap  of  good  quality, 
prepared  by  an  able  soap-boiler 
from  potashes,  after  having  been 
kept  for  several  years 

Brown  resin  soap  from  Glasgow 

London  cocoa-nut  soap* 

Hard  poppy-oil  soap 

French  soap — savon  en  tables  blanc... 

Marseilles  soap — sav6n  marbre 

Ditto 

White  Marseilles  soap 

White  tallow  soap,  Leipzig,  prepared 
by  a  company 

Ditto,  Leipzig,  privileged  manufac- 
tory   

Marbled  soap  from  the  same  manu- 
factory  

Soap  from  hazel-nut  oil 

Soft  soap 

London  soft-soap 

Belgian  soft,  or  green  soap 

Scotch  soft-soap 

Another  kind  of  good  green  soap  .... 

Scotch,  soft  rape-oil  soap 

Scotch,  soft  olive-oil  soap 

Semi-hard  soap  for  fulling 

Ordinary  soft  soap,  1st  sample 

Ditto  2d         " 

Ditto  3d         " 


76-5 
75-2 
75 
60-0 


81-25 

70-0 

22  0 

76 

50-2 

64 

60 

68-4 

76-3 

50 

45 

64 

44  0 

45-0 

36 

47 

34 

51-66 

48 

62 

44 

42-8 

39-2 


1-77 


9 

10-5 

9 

6-4 


8-55 
6-5 
4-5 
7 

4-6 
6 
6 
10-24 


9-4 


9-8 


9-5 

8-5 

7 

8 

9 
10 
10 
11-5 

9-5 

9-1 


14-5 
14-3 
16 
33-6 


8-43 
23-5 
73-5 
17 
45-2 
30 
34 
21-36 

14-7 

29-8 

38 

28 

46-5 

46-5 

57 

45 

57 

38-33 

42 

26-5 

46-5 

48 

52 


Name  of  the 
Analyst. 


Ure. 


Heeren. 
Ure. 


Thenard. 


D'Arcet. 
Braconnot. 


Abendroth. 


Thenard. 
Ure. 


Yerviers. 
Chevreul. 


*  This  soap  consisting  of  nearly  J  water,  was  tolerably  hard,  but  dissolved  very  easily  iu  boiling  water.    It  is 
called  marine  soap,  and  is  said  to  bo  applicable  to  washing  with  sea-water. 
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3S  {!}*-- 

Soda. 

Salt. 

Lime  and 
Insoluble 

residue. 

Mottled 

67-5     |       — 
66-2 

87-0 
22-0     |     10-50 
36-2 

7-7 

9-0 

5-5 

9-26 

5-2 

24-2 
81  0 
62-0 
65  0 
51-9 

Morfit. 

ite's  (yellow) 

••  ('.entry's"  (patent)*... 
"  iJutterfieldV  (  "  )... 
••  Nonpareil"      (  "  )... 

3-8 
0-5 
1-70      |      20 
5-25 

Soft-soaps  are  made  from  oils  and  potassa. 

Hard-soaps  from  tallow  or  solid  fat  and  soda. 

Extemporaneous  or  "little  Pan-soaps  '  are 
made  by  the  direct  combination  of  the  melted 
fat  with  alkali  of  3G°  B. 

Among  the  "patent"  soaps  are  "sand," 
"Dextrine,"  "galinated"  and  "poor-man's," 
eaeli  made  of  ordinary  soap  paste,  dosed  while 
warm  with  sand,  starch,  salts,  or  glue  to  in- 
crease its  weight  and  bulk  without  propor- 
tionably  improving  its  quality. 

The  properties  of  the  saponaceous  com- 
pounds are  given  under  Butyrin,  Olein, 
Margarin,  Stearin,  Coco  and  Palm-oil  ;  and 
full  particulars  as  to  their  mode  of  manufac- 
ture are  detailed  in  Knapp's  "  Technology"  and 
Morfit's  "■Applied  Chemistry.''' 

SODALITE.  Min.  Cry st.  Regular  with  12- 
hedral  cleavage ;  also  massive.  H.  =  6.  G.  = 
2-26  —  2-30.  Brown,  gray,  blue,  vitreous, 
transparent,  subtranslucent  ;  fracture,  con- 
choidal,  uneven.  It  fuses  with  puffing;  fuses 
with  difficulty  or  only  swells  up  with  soda. 
Decomposed  by  muriatic  or  nitric  acid,  the 
silica  gelatinizing.  Probable  form.  3  NaO, 
2Si03+2  (A1203  Si08),  with  a  portion  of 
chloride  of  sodium.  From  Greenland  and 
Vesuvius. 

SODA  SALTPETER.    See  Nitrate  of  Soda. 

SODIUM.  Chem.  Syn.  Natrium.  Natro- 
nium.  The  difference  between  soda  and  potassa 
was  shown  in  the  middle  of  the  last  century ; 
and  11.  Davy  obtained  the  metal  in  1807.  It 
occurs  as  chloride  of  sodium  or  common  salt  in 
sea  water,  salines,  rock  salt,  and  in  minuter 
quantity  in  almost  all  spring  and  well  waters; 
as  carbonate  in  the  natron  lakes  of  Egypt, 
Hungary,  &c. ;  as  sulphate  in  sea  water  and 
salines,  and  as  a  base  in  many  silicates,  feld- 
spar, the  zeolites,  in  stone  coal ;  in  the  vege- 
table and  animal  kingdoms  in  combination  with 
various  organic  bodies  and  with  mineral  acids. 
It  is  therefore  the  most  abundant  of  the  three 
alkaline  elements,  and  in  the  form  of  common 
Bait  is  found  in  nearly  every  part  of  the  globe. 

Sodium  and  its  Non-Saline  Compounds. 

1 .  Sodium.  It  is  prepared  exactly  like  pot- 
assium. It  is  silver-white  with  a  high  lustre, 
crystallizing  in  cubes  ;  spec.  grav.  0-97  ;  rather 
hard  at  4°,  malleable  at  32°,  very  soft  at  122°, 
and  fluid  at  194° ;  it  volatilizes  nearly  at  a  red 
heat  with  colorless  vapor.  It  oxidizes  readily 
in  the  air  to  caustic  soda;  rapidly  on  water, 
throwing  off  hydrogen  and  steam,  but  without 
ignition.  Its  inferior  affinity  for  oxygen,  com- 
pared with  potassium,  is  shown  by  its  decom- 
posing the  same  acids,  oxides,  and  salts,  but 
with  less  evolution  of  heat,  and  usually  at  a 
higher  temperature.  Svm.  Na.  Equiv.  23. 
(289-729  O  =  100.     Ben.). 

-.  So'iit.  Oxide  of  sodium.  Ger.  Natron. 
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Dry  soda,  prepared  by  burning  the  metal,  is  a 
gray  mass,  fusible  at  a  strong  red-heat,  b 
mg  water  powerfully,  with  evolution  oJ 
The  hydrate  or  common  caustic  soda  is  made  in 
the  same  ways  as  caustic  potassa,  employing 
2  pts.  of  the  best  soda-ash  to  1   pt,  limi 
0-48  pts.  quicklime   to  every  pr.  ct.  real  alkali 
by  the  alkalimeter.     It  is  purified  in  a  similar 
manner.     It  is  a  white,  brittle,  fibi 
fusible  and  somewhat  volatile  at  a  red-heat 
but  less  so  than  potassa.     It  dissolves  readih 
in    water,    evolving    heat;    100   pts.    water  al 
04-4°  dissolves  00-5  pts.  dry  hydrate,  al 
73  pts.,  at  131°  100  pts.,  at  158°  117  pi 
170°  127  pts.  hydrate  [Osanii).     The  following 
table  gives   pretty  closely  the  percent. i 
real   alkali   at  59°,   according  to   the  specific 
gravity  of  the  liquid  : — 

Sp.  gr.  Pr.  ct.  Sp.  gr.    Pr.  ct.  Sp.  gr.    Pr.  ct. 

2-00. ..77-8  1-36. ..26-0  1-24. .. 1-3-2 

1-85. ..63-6  1-35. ..250  1-22. ..14-0 

1-72. ..53-8  1-34. ..24-0  1-18. ..120 

1-63.  ..46-6  1-33. ..23-0  1-15... 10-2 

1-56. ..41-2  1-32. ..22-3  1-11 7-8 

1-47. ..34-0  1-29. ..20-0  108 6-0 

1-44.  ..310  1-27. ..180  1-05 3-G 

1-40. ..28-5  1-25. ..10-3  102 1-2 

1-38. ..27-0 

Crystallized  hydrate  separates  from  solution 
by  a  very  low  temperature.  Its  causticity  and 
other  properties  are  the  same  as  potassa,  but 
less  powerful. 

Salts.  Soda  has  a  little  less  affinity  for  acids 
than  potassa.  All  its  salts  are  soluble  except 
the  silicofluoride.  Its  salts  usually  take  up  a 
large  amount  of  crystal-water,  and  are  efflores- 
cent. It  forms  double  salts  similar  to  po- 
tassa. 

Ilypcroxide  of  sodium,  formed  similarly  to 
that  of  potassium,  is  greenish  yellow. 

2.  Sulphur.  Sulphuret  of  S.  NaS,  is  obtained 
by  passing  dry  sulphohydrogen  over  dry  caustic 
soda,  or  by  reducing  sulphate  of  soda  by  char- 
coal. 

Sulphohydrogen  passed  through  one-half  of 
a  solution  of  soda  to  saturation,  and  the  two 
parts  mixed  together,  give  a  solution  of  the 
simple  sulphuret,  which  by  evaporation  apart 
from  the  air  yields  colorless  crystals;  of  the 
formula  NaS  +  9  HO.  The  other  sulphurets 
are  very  similar  to  those  of  potassium,  and  are 
obtained  in  a  similar  manner;  they  are  NaS», 
NaS3,  NaS.,,  and  NaS5. 

3.  Alloys.  Sodium  readily  unites  with  po- 
tassium in  different  proportions,  generally 
yielding  brittle,  crystalline,  silver-white  alloys. 
It  unites  readily  witli  mercury,  producing  heat 
and  even  light,  and  forming  a  brittle  amalgam. 
The  best  method  of  preparing  an  amalgam  is 
to  rub  1  pt.  sodium  with  100  pts.  mercury  in  a 
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mortar,   adding  the  former  portion-wise,  and 
separating  the  solid  from  the  fluid  portion. 

Haloid  Salts. 

] .  Chloride.  Chloride  of  Sodium.  Syn.  Mu- 
riate of  soda.  Common  salt.  Sea-salt.  Rock- 
salt.  Gcr.  Kochsalz.  Common  salt  is  pre- 
pared by  evaporating  salt  springs,  of  sufficient 
strength,  by  heat,  in  large  iron  pans.  As  the 
water  evaporates,  crystals  of  salt  form  in  the 
liquid,  and  are  raked  out  upon  the  sloping 
sides  of  the  pan  to  drain.  Sea-water  and  some 
salines  are  first  evaporated  in  shallow  wooden 
vats  by  the  sun  heat,  and  then  finished  by  fire. 
Some  feeble  salines  are  concentrated  to  stronger 
brine  by  evaporation  in  the  air  by  means  of  a 
graduation-house,  an  oblong  and  elevated 
frame-work,  covered  by  a  roof,  along  the  top 
of  which  is  a  trough  to  contain  the  salt  water. 
The  space  under  the  roof  is  filled  up  with 
bundles  of  twigs.  The  water  is  suffered  to 
flow  out  of  numerous  openings  in  the  trough 
upon  the  fagots,  by  which  it  is  so  divided  as 
to  expose  an  extended  surface  to  the  evaporat- 
ing action  of  the  air,  and  descends  into  the 
receiving  reservoir  below  in  a  more  concen- 
trated form.  It  is  finally  crystallized  in  eva- 
porators. Rock  salt  is  also  dissolved  in  water 
and  the  clear  solution  evaporated,  or,  where 
the  formation  is  near  the  sea,  it  is  dissolved  in 
salt  water  to  a  strong  brine,  which  is  then 
evaporated  to  crystallize.  Among  the  residues 
in  these  operations  are  sulphate  of  soda,  which 
is  used  to  make  soda-ash,  sulphate  of  mag- 
nesia or  Epsom  salt,  and  a  more  insoluble 
residue  of  sulphate  of  lime  and  other  salts, 
which  is  used  in  agriculture.  The  mother 
liquors  of  some  salines  yield  a  considerable 
quantity  of  bromide,  others  of  iodide  of  sodium. 
To  purify  salt,  it  may  be  ground  or  used  in 
fine  crystals,  thrown  on  a  hopper,  and  washed 
with  a  saturated  solution  of  pure  salt.  To  re- 
move sulphates  of  soda  and  magnesia  and 
chloride  of  magnesium,  chloride  of  barium  and 
carbonate  of  soda  may  be  used,  and  the  excess 
of  this  carbonate  then  neutralized  by  muriatic 
acid. 

Prop.  NaCl,  containing  39-32  sodium-f  60-68 
chlorine.  Colorless,  crystallizing  in  cubes, 
transparent  or  translucent,  usually  decrepi- 
tates by  heat,  fusible  at  a  red  heat,  crystalline 
on  congealing,  volatile  at  a  white  heat  (hence 
its  use  in  glazing  stone-ware).  Ignited  with 
silica  in  a  jet  of  steam,  it  forms  silicate  of 
soda  and  muriatic  acid,  Si03  -\-  NaCl-f-  HO== 
Nat),  Si03  +  HC1.  At  the  point  of  volatiliza- 
tion in  an  atmosphere  of  steam,  it  separates 
into  soda  and  muriatic  acid,  NaCl  -f-  HO  = 
NaO  +  HC1  (Til.r/hman);  and  hence  the  inge- 
nious process  of  this  chemist  to  manufacture 
soda  from  salt.  1  pt.  salt  is  soluble  in  2-7— 
2-8  pts.  water  (18  equivs.)  at  every  tempera- 
ture between  32°  and  212°.  According  to  Pog- 
giale  100  pts.  of  water  dissolve  35-52  at  32°, 
36-98  at  122°,  and  39-61  at  212°. 

The  saturated  solution  cooled  to  14°,  it  de- 
posit-' rismatic  crystals,  NaCl  -\-  4  HO,  which 
change  into  cubes  in  the  interior  by  the  slight- 
est causes.  Salt  is  slightly  soluble  in  aqueous, 
scaroelv  in  absolute  alcohol.  See  Evapora- 
,.,,..    or  boiling  pts.  of  solutions  of  salt. 

with  sulphuric  and  chromic  acids 


compounds  similar  to  those  of  chloride  of  po- 
tassium. 

2.  Bromide  of  S.  NaBr,  is  similarly  made  to 
the  potassium  salt.  It  crystallizes  in  cubes  of 
the  dry  salt  above  86°,  and  in  6-sided  prisms 
below  86°,  with  the  form.  NaBr  -f  3  HO. 

3.  Iodide  of  S.,  Nal.  Obtained  like  the  po- 
tassium salt.  In  an  impure  form  it  may  be 
obtained  from  the  mother  liquors  after  extract- 
ing soda  from  kelp  or  varee.  Crystallizes  in 
cubes  of  the  dry  salt  above  100°  to  122°,  but 
below  that,  like  the  preceding,  with  4  HO. 
Soluble  in  0-6  pts.  cold  water,  and  in  spirits  of 
wine.  The  dry  salt  is  fusible  and  volatile  by 
a  high  heat,  but  loses  a  portion  of  iodine. 

4.  Fluoride  of  S.,  NaF,  is  made  direct  with 
fluohydric  acid  and  soda  ;  or  by  mixing  100  pts. 
silicofluoride  of  sodium  with  112  pts.  carbonate 
of  soda,  and  a  little  water,  boiling  as  long  as 
it  effervesces,  rubbing  down  the  lumps  to  a 
paste,  again  boiling  with  water,  and  washing 
out  the  fluoride  with  boiling  water.  This  is 
evaporated  until  it  opalizes  from  silica,  poured 
off,  evaporated  to  dryness,  again  dissolved,  fil- 
tered, and  crystallized.  Clear  or  pearly  cubes 
and  8-hedra,  fusible  at  a  high  heat,  and  at  a 
lower  heat  with  silica,  soluble  in  23  pts.  water 
at  60-8°,  scarcely  soluble  in  alcohol.  By  solu- 
tion in  fluohydric  acid  and  spontaneous  evapo- 
ration, it  yields  crystals  of  the  form.  NaF,  IIF 

Oxysalts. 

1.  Sulphur,  a.  Sulphate  of  Soda.  Syn.  Glau- 
ber's salt.  NaO,  S03.  Exists  ready  formed 
in  sea-water  and  salines,  and  is  obtained  from 
these,  and  as  a  residuary  product  in  many  pro- 
cesses. It  is  generally  formed  by  the  action  of 
oil  of  vitriol  on  common  salt,  in  making  soda- 
ash.  When  crystallized  from  a  cold,  dilute 
solution,  it  crystallizes  in  the  common  form 
(oblique  rhombic),  with  the  composition  NaO, 
S03  -j-  10  HO,  containing  19-3  pr.  ct.  soda,  and 
24-9  sulphuric  acid.  This  salt  is  fusible  at  a 
gentle  heat  in  its  crystal-water,  part  of  which 
it  loses.  It  is  soluble  in  8-22  pts.  water  at  32°, 
in  2-08  pts.  at  64-4°,  in  1  pt.  at  77°,  in  0-37  at 
89-6°,  in  0-31  at  91-4°,  in  0-38  at  122-7°,  in 
0-45  at  144-5°,  in  0-44  at  201-2°,  in  0-41  at 
212°.  It  is  therefore  most  soluble  at  91°,  and 
diminishes  above  this  point,  so  that  a  saturated 
solution  at  91°,  heated  above  this  point,  depo- 
sits crystals  of  the  anhydrous  sulphate,  con- 
taining 43-66  pr.  ct.  soda,  and  56-34  pr.  ct. 
sulphuric  acid;  these  crystals  are  right  rhom- 
bic. The  dry  salt  is  perfectly  fusible  at  a  red 
heat,  and  by  ignition  with  charcoal  is  reduced 
to  sulphuret  of  sodium.  The  common  sulphate 
(10  HO)  fused,  yields  at  50°,  crystals  with 
8  HO. 

Bisulphate  is  obtained  by  heating  10  pts.  dry 
sulphate  with  7  pts.  oil  of  vitriol.  If  this  be 
dissolved  in  2  pts.  hot  water,  and  cooled,  crys- 
tals are  obtained  of  the  composition  NaO, 
2  S03  +  3  HO. 

b.  Dithionate  of  S.,  or  Huposufphate,  NaO, 
S2Os.  Obtained  by  precipitating  hyposulphate 
of  baryta  by  carbonate  of  soda,  yields  right 
rhombic  crystals,  soluble  in  2-1  pts.  water  at 
61°,  in  1-1  pt.  boiling,  insoluble  in  alcohol, 
permanent  in  the  air. 

c.  Sulphite  of  S.  The  neutral  salt,  NaO,  S02, 
formed  like  the  potassa  salt,  crystallizes  with 
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(10  cq.  ?)  water,  is  soluble  in  4  pts.  cold  water, 
and  like  the  sulphate  is  most  soluble  at  91°. 
^  d.  Dithionite  of  S.  Hyposulphite.  Prep.  1. 
Saturate  boiling  soda-lye  by  Bulphur,  add  this 
to  a  neutral  solution  of  sulphite  of  soda,  until 
the  mixture  appears  decidedly  yellow,  filter, 
evaporate,  cool,  and  recrystallize  the  crystals. 
I'.  Through  the  same  soda-lye  pass  sulphurous 
acid  gas,  until  a  filtered  test  shows  a  pale  yel- 
low color,  evaporate  rapidly  to  a  syrup,  filter 
if  necessary,  add  half  as  much  spts.  wine  in 
bulk,  and  let  it  crystallize  in  the  cold  (Capaun). 
3.  Pass  sulphurous  acid  gas  through  carbonate 
of  soda  to  make  sulphite,  dissolve  as  much 
sulphur  in  it  as  it  will  take  up  apart  from  the 
air,  filter,  and  evaporate  to  crystallization 
(Capaun).  4.  Prepare  sulphuret  of  sodium  so 
that  it  is  not  caked,  mix  it  with  charcoal  (or 
reduce  sulphate  of  soda  by  charcoal),  and  then 
moisten  it  with  20  pr.  ct.  water,  stopping  the 
operation  when  sulphuretted  hydrogen  ceases 
to  be  evolved.  This,  dissolved  in  water,  yields 
at  once  a  good  salt  on  a  small  scale,  but  on  a 
manufacturing  scale,  there  should  be  a  slight 
excess  of  sulphuret  of  sodium,  to  allow  of  its 
oxidation  during  evaporation.  If,  therefore,  a 
test  of  the  above  solution  be  colorless,  it  is 
advisable  to  add  a  little  sulphuret  of  sodium, 
to  give  it  a  yellowish  tint.  The  use  of  alcohol 
during  evaporation  prevents  oxidation  more 
or  less,  by  forming  an  atmosphere  which  ex- 
cludes the  air. 

It  forms  colorless  (or  yellowish),  right  rhom- 
bic crystals,  fusible,  very  soluble  in  water,  not 
in  alcohol,  is  permanent  in  air,  and  does  not 
react  alkaline ;  its  solution  changes  in  close 
vessels,  depositing  sulphur,  and  becoming  sul- 
phite ;  in  the  air  it  becomes  sulphate  of  soda, 
depositing  sulphur. 

2.  Nitrate  of  S.  Cubic,  or  rhombic,  or  soda- 
saltpeter.  NaO,  N05,  containing  63-53  pr.  ct. 
dry  nitric  acid.  Found  native  in  Chili  and 
Peru.  It  crystallizes  in  obtuse  rhombs,  fuses 
by  heat,  and  congeals  crystalline;  decomposes 
by  heat  like  nitrate  of  potassa,  is  less  explo- 
sive, when  heated  with  combustibles,  than  po- 
tassa-saltpeter ;  is  decomposed  in  solution  by 
chloride  of  potassium  or  ammonium,  and  by  sul- 
phate of  potassa  ;  becomes  moist  in  moist  air, 
whence  its  inapplicability  to  powder-making ; 
dissolves  in  2-89  pts.  water  at  35-6°,  in  1-14 
pts.  at  65£°,  in  0-77  at  116-6°,  in  0-46  at  246°. 

Nitrite  of  S.,  NaO,  N03,  is  made  by  heating 
the  nitrate  to  a  certain  point,  to  drive  off  a 
portion  of  oxj'gcn,  dissolving  in  water,  crys- 
tallizing out  unaltered  nitrate,  and  then  the 
nitrite,  llhombic  crystals,  permanent  in  air, 
very  soluble  in  water,  insoluble  in  alcohol. 

3.  Phosphates,  a.  Common  neutral  phosphate 
of  8.,  2  NaO,  CP05.  Exists  in  urine  in  con- 
siderable quantity.  It  is  prepared  purest  by 
dissolving  soda  in  phosphoric  acid ;  less  pure 
by  digesting,  for  24  hours,  3  pts.  burned  bones 
with  2  pts.  oil  of  vitriol  diluted  with  24  pts. 
water,  straining  through  linen,  washing  the 
sulphate  of  lime,  evaporating,  and  filtering  to 
rid  it  of  the  greater  part  of  sulphate  of  lime, 
and  precipitating  with  carbonate  of  soda.  The 
solution  contains  phosphate  with  a  little  sul- 
phate of  soda,  which  may  be  separated  by 
crystallization;  the  solution  should  have  a 
little  excess  of  carbonate  of  soda.     It  forms 
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oblique  rhombic  prisms  of  the  form.  2  NaO, 
'  I'o,.  HO +24  HO  (or 26  HO.  Malaguti),  efflo- 
rescent, fusible,  and  losing  about  60  pr.  ct.  = 

21  eq.  water   between    212°    and    500°  j    soluble 

in  l  pts.  ri'M.  and  2  pts.  hot  water.  When  it 
crystallizes  above  88°,  it  contains  but  1  I  eq. 

crystal  water. 

b.  Neutral  pyrophosphate  ofS.,   2  NaO,  '  PO., 

Obtained  by  igniting  a.,  dissolving  in  hot  water, 
as  oblique -rhombic  crystals,  containing 
water.      It  is  less  soluble  than  a.,   hi 
line  reaction,   and  is  not  changed   into  a.   by 
boiling   with   water,   but   by   boiling   with  the 
acids,  especially  nitric. 

c.  Biphosphate  of  S.,  NaO,  cPO..  Obtained 
by  adding  to  common  phosphate,  a.,  as  much 
more  phosphoric  acid  as  it  contains,  crystal- 
lizes from  a  very  concentrated  solution  in 
crystals,  with  4  eq.  water;  very  soluble  in 
water,  insoluble  in  alcohol;  at  212°  2  IK)  pass 
off,  a  3d  eq.  HO  passes  off  between  374°  and 
455°,  between  which  and  ignition  the  last  eq, 
HO  is  removed.  When  heated  to  lose  3  HO,  it 
precipitates  silver  salts  white,  and  if  dissolved 
in  water  and  evaporated,  forms  a  crystalline 
crust,  NaO,  *  P05  -|-  HO,  bipyrophosphate:  This 
salt  precipitates  chloride  of  barium,  may  be 
boiled  without  passing  into  'biphosphate,  and 
if  saturated  with  carbonate  of  soda  and  crys- 
tallized, yields  b.  with  its  10  HO. 

d.  Metaphosphatc  of  S.  When  biphosphate  is 
heated  highly  to  remove  all  its  water,  it  fuses, 
and  by  exposure  to  air  becomes  soluble,  of 
neutral  reaction,  and  its  solution  by  evapora- 
tion yields  a  gummy  mass,  which  dries  to  a 
hard,  gummy  substance ;  it  bears  ebullition, 
even  with  carbonate  of  soda,  for  some  time 
without  alteration.  According  to  Graham,  it 
is  metaphosphate  of  soda,  NaO,  aP06,  but  ac- 
cording to  the  late  views  of  Berzelius,  it  is 
P05  +  2  NaO,  4P05,  or  pyrophosphate,  with 
anhydrous  phosphoric  acid  as  a  pairling  or 
conjugate.  When  biphosphate  is  heated  only 
to  600°,  it  changes  into  a  white,  insoluble 
powder,  which  is  a  combination  of  the  above 
metaphosphate  with  bipyrophosphate,  and  the 
probable  formula  is  (NaO,  *  PO.  -4-  HO)  + 
(2  NaO,  b  P05  +  P06).     Berzelius.'' 

e.  Basic  phosphate  of  S.,  3  NaO,  CP05.  Ob- 
tained by  adding  caustic  soda  to  the  common 
phosphate,  and  crystallizing;  also  from  the 
residual  liquors  after  crystallizing  out  yellow 
prussiate  of  potash ;  rhombic  and  6-sidcd 
prisms,  with  24  eq.  water,  slightly  efflori 

in  dry  air  (J.  C.  B.),  soluble  in  5-1  pts.  water 
at  60° ;  the  solution  absorbs  some  carbonic 
acid  from  the  air. 

/.  Phosphate  of  soda  forms  a  double  salt 
with  that  of  potassa,  of  the  form.  2  KO,  PO, 
+  2  NaO,  P05  -4-  17  HO.  Phosphate  of  soda 
and  ammonia  (microcosmic  salt)  is  abundant 
in  urine,  and  is  best  prepared  by  mixing  6 — 7 
pts.  cryst.  phosphate  of  soda  with  2  pts.  water, 
fusing,  then  dissolving  in  it  1  pt.  finely  pow- 
dered salammoniac,  straining,  and  setting  aside 
to  crystallize.  It  is  recrystallized  from  solu- 
tion in  water,  with  the  addition  of  some  am- 
monia. It  contains  9  eq.  water,  loses  some 
water  and  ammonia  in  the  air,  and  by  fusion 
forms  a  clear  glass  of  biphosphate  of  soda. 

g.  Phosphite  of  S.,  2  NaO,  P03,  forms  rhombs, 
almost  cubes,  very  soluble  in  water  and  alcohol. 
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h.  Hypophosphite  of  S.,  NaO,  PO,  obtained 
from  the  lime-salt  and  carbonate  of  soda,  forms 
deliquescent  crystals  in  vacuo,  soluble  in  water 
and  alcohol. 

4.  a.  Chlorate  of  S.,  NaO,  C106,  obtained  like 
the  salt  of  potassa,  or  by  boiling  9  pts.  chlorate 
of  potassa  and  7  pts.  silicofluoride  of  sodium 
with  water,  and  evaporating  the  solution ; 
crystals  of  the  regular  system  J  8-hedra  (or 
tetrahedra) ;  behaves  like  the  salt  of  potassa 
by  heat,  is  soluble  in  3  pts.  cold  water,  in  34 
pts.  spts.  of  wine. 

b.  Perchlorate  of  S.,  NaO,  C107,  obtained  di- 
rect, or  by  heating  the  chlorate  with  nitric  acid, 
forms  deliquescent  rhombs,  soluble  in  alcohol 
and  water. 

c.  Chlorite  of  Soda  mixed  with  chloride  of 
sodium,  obtained  like  the  salt  of  potassa,  and 
termed  Labarrdque's  liquid.  It  may  be  made 
by  dissolving  39  lbs.  cryst.  soda  in  19.}  galls. 
water,  and  passing  through  it  chlorine  derived 
from  9  lbs.  common  salt,  7  lbs.  manganese, 
9  lbs.  oil  of  vitriol,  and  7  lbs.  water.  The 
simplest  process  is  to  decompose  a  solution 
of  chloride  of  lime  by  carbonate  of  soda  as 
long  as  carbonate  of  lime  precipitates,  and 
add  a  little  excess  of  alkali.  It  is  a  bleaching 
liquid,  but  is  generally  used  as  a  purifier  of 
unwholesome  air. 

5.  Bromate  of  S.,  NaO,  Br05,  is  a  dry, 
crystallizable  salt,  soluble  in  2-7  pts.  water 
at  59°. 

6.  a.  Iodate  of  S.,  NaO,  I05,  is  obtained  like 
the  salt  of  potassa.  A  hot  solution  yields  an- 
hydrous crystals  above  158°;  when  it  begins 
to  crystallize  at  68°,  it  yields  first  8-hedral 
crystals  with  6  HO,  then  prisms  with  4  HO, 
and  finally  needles  with  2  HO.  A  hot,  satu- 
rated solution  cooled  below  41°  gives  crystals 

•  with  10  HO.  By  saturating  caustic  soda  with 
iodine,  and  keeping  the  solution  below  59°,  a 
double  salt  separates,  NaO,  I05  -|-  Nal  -f- 
20  HO.  A  similar  salt  with  chloride  is  some- 
times obtained,  of  the  composition  NaO,  I05 
-|-  NaCl  +12  HO.  By  evaporating  iodate  with 
free  iodic  acid,  a  biniodate  is  obtained,  and  by 
treatment  with  nitric  acid,  a  tritiodate. 

6.  Periodate,  2  NaO,  I07,  is  obtained  as  a 
basic  salt,  by  passing  chlorine  through  1  pt. 
iodine  in  10  pts.  water,  neutralizing  with  7  pts. 
dry  carbonate  of  soda,  and  evaporating  nearly 
at  212°.  Behaves  similarly  to  the  salt  of  po- 
tassa,  and  contains,  when  crystallized,  3eq.  HO. 
When  saturated  with  periodic  acid,  anhydrous, 
neutral  periodate  crystallize  out,  with  the  for- 
mula NaO,  I07. 

7.  Carbonate  of  Soda.  Syn.  Soda,  Mineral 
alkali,  Barilla,  Kelp,  Soda-ash.  It  is  now  al- 
most exclusively  made  by  the  decomposition 
of  sulphate  of  soda,  and  the  latter  from  com- 
mon salt  and  oil  of  vitriol. 

Preparation  of  Soda. 
1.  Preparation  of  Sulphate  of  Soda.  Pow- 
dered common  salt  is  thrown  upon  the  hearth 
of  a  reverberatory  furnace  already  heated,  and 
a  fine  stream  of  sulphuric  acid  of  spec.  grav. 
1-6  (66°  Beaume"),  or  the  acid  of  the  sulphuric 
chamber,  52°  B.,  allowed  to  flow  on  it  through 
a  tube  in  the  roof  of  the  furnace.  Fumes  of 
muriatic  acid  escape  into  the  condensing  cham- 
ber or  pipes,  filled  with  moistened  coke,  the 
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use  of  which  is  to  condense  the  gas  and  form 
liquid  muriatic  acid.  Where  a  concentrated 
sulphuric  acid  is  used,  the  decomposition  is 
performed  in  an  iron  tray  on  the  furnace 
hearth;  but  with  a  feebler  acid,  lead  is  used. 
When  the  mass  of  salt  is  converted  into  sul- 
phate, it  is  raked  on  to  hearths  where  it  is 
more  highly  heated  to  expel  the  last  portions 
of  muriatic  acid,  and  dry  the  whole  thoroughly 
to  salt-cake.  Or  it  is  raked  through  opening;; 
in  the  hearth,  into  an  enclosed  space  beneath. 
The  theory  of  the  process  is  simply  the  use  of 
1  eq.  oil  of  vitriol  to  1  eq.  common  salt,  thus, 
NaCl  +  S03,  HO  ==  NaO,  S03  +  HC1.  There- 
fore, to  every  100  pts.  common  salt,  85  pts. 
commercial  oil  of  vitriol  are  required  (or  130 
— 135  pts.  acid  from  the  chambers).  02  pts. 
dry  muriatic  acid  are  obtained,  and  about  115 
pts.  sulphate  of  soda.  The  charge  of  a  fur- 
nace is  from  3  to  8  cwt.  of  common  salt. 

2.  Decomposition  of  the  Salt-cake.  100  pts. 
of  the  salt-cake,  55  charcoal,  and  100  to  120 
pts.  chalk  are  powdered,  sifted,  and  thoroughly 
mixed.  The  mixture  is  placed  upon  the  upper 
hearth  of  a  reverberatory,  heated,  and  when  it 
begins  to  soften,  is  raked  down  on  the  next 
lower  hearth,  where  a  higher  heat  effects  the 
decomposition,  and  fuses  the  whole.  It  is  then 
raked  out,  and  solidifies.  It  is  crude  or  ball- 
soda,  and  consists  chiefly  of  carbonated  and 
caustic  soda  ^,  of  sulphuret  of  calcium  J,  and 
carbonate  of  lime  \,  the  remainder  being  char- 
coal, sulphate  and  muriate  of  soda,  water, 
sand,  &c.  100  pts.  sulphate  or  salt-cake  yield 
153 — 168  pts.  ball-soda,  containing  50 — 55  pts. 
dry  carbonate  of  soda,  instead  of  75  pts.  which 
it  should  contain  by  theory.  The  changes  in 
the  process  are  twofold : — 1st,  the  decomposi- 
tion of  the  sulphate  by  charcoal,  forming  sul- 
phuret of  sodium  and  carbonic  oxide,  the  latter 
escaping  as  gas ;  NaO,  S03  -4-  O,  =  NaS  -f- 
4  CO.  2d,  the  action  between  carbonate  of 
lime  and  sulphuret  of  sodium,  forming  carbon- 
ate of  soda  and  sulphuret  of  calcium ;  NaS  -4- 
CaO,  C02  =  NaO,  C02  +  CaS.  But  if  the 
lime  has  become  partly  caustic,  caustic  instead 
of  carbonate  of  soda  will  be  formed.  If  the 
ball-soda  were  made  by  these  proportions,  then 
a  solution  of  carbonate  of  soda  and  sulphuret 
of  calcium  would  mutually  return  into  their 
former  combination  of  sulphuret  of  sodium  and 
carbonate  of  lime.  But  twice  the  quantity  of 
lime  is  used  as  the  formulas  indicate,  and  this 
becoming  caustic,  unites  with  the  sulphuret  of 
calcium,  forming  an  oxysulphuret  of  calcium, 
which  will  not  immediately  decompose  carbon- 
ate of  soda  under  water.  The  changes  here 
represented  successively  take  place  simultane- 
ously, and  may  be  thus  represented,  2  (NaO, 
SO,  +  C8  +  3  (CaO,  C02)  =  [2  (NaO,  C02) 
+  2  CaS,  CaO]  +  (8  CO  -f  CO.,).  The  car- 
bonate of  soda  and  oxysulphuret  of  calcium 
together  constitute  the  crude  soda ;  the  car- 
bonic acid  and  oxide  escape  as  gases. 

3.  Preparation  of  Soda-ash.  The  crude  soda 
is  placed  in  iron  boxes  perforated  with  holes, 
which  are  suspended  in  iron  cisterns,  just  below 
the  top  of  the  liquid.  A  series  of  these  cis- 
terns is  placed  side  by  side,  one  a  little  below 
the  adjoining  one.  A  stream  of  fresh  water 
enters  the  uppermost  cistern,  and  flows  out 
through  a  pipe  leading  from  near  its  bottom  to 
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the  top  of  the  next  lower  cistern,  the  tempera- 
ture of  the  whole  being  maintained  at  about 
100°.  The  boxes  being  placed  near  the  top  of 
the  liquid,  the  heavy  solution  sinks  to  (he  bot- 
tom, and  is  carried  by  the  pipe  to  the  next 
lower  cistern.  The  boxes  containing  fresh 
crude  soda  are  placed  in  the  lowermost  cistern, 
and  successively  transferred  to  the  higher  ones, 
where  they  meet  a  less  saturated  solution, 
until  in  the  highest  they  are  exhausted  by 
fresh  water,  and  oxysulphuret  of  calcium  re- 
mains. The  lye  of  the  lowest  cistern  being 
concentrated,  is  partly  evaporated  in  leaden 
pans,  during  which  the  crystals  of  soda  falling 
to  the  bottom,  are  raked  out  and  drained.  The 
remaining  liquor,  containing  caustic  soda  and 
sulphuret  of  sodium,  is  evaporated  to  dryness, 
mixed  with  charcoal  or  sawdust,  and  heated  to 
redness  in  a  reverberatory,  whereby  the  sul- 
phuret is  decomposed,  and  the  whole  changed 
into  carbonate.  Another  process,  is  to  evapo- 
rate the  strong  lye  directly  to  drj'ness  in  iron 
pans,  and  heat  it  with  charcoal  or  sawdust. 
To  prepare  a  purer  soda,  the  half-purified  soda 
is  redissolved,  evaporated,  and  crystallized  in 
iron  pans.  The  soda,  whether  from  crystals 
or  direct  evaporation,  heated  in  a  reverbe- 
ratory, become  dry  and  burn  whiter,  and  con- 
stitute the  soda-ash  of  commerce.  According 
to  the  amount  of  purification  and  care  in  the 
manufacture,  soda-ash  consists  of  a  mixture 
of  carbonate  and  caustic  soda,  equivalent  to 
from  GO  to  90  pr.  ct.  of  carbonate.  The  stand- 
ard of  good  soda-ash  in  our  market  is  80  pr. 
ct.  carbonate,  calculated  both  from  caustic  and 
carbonated  soda. 

For  the  method  of  testing  soda-ash,  see  Al- 
kalimetry. The  principal  uses  of  soda  are 
for  SoAP-boiling  and  in  Gi.ASS-making. 

a.  Carbonate  of  S.  crystallizes  at  a  low  tem- 
perature in  the  form.  NaO,  C02  -f-  10  HO,  con- 
taining 21-G8  pr.  ct.  soda,  62-94  water,  and 
15-38  carbonic  acid.  It  is  soluble  in  2  pts. 
cold,  and  less  than  1  pt.  hot  water.  The  con- 
tent of  dry  carbonate  at  59°,  is  shown  in  the 
following  table: — 


Sp.  grav.  Pr.  ct. 

1-182 14-88 

1-166 13-76 

1-150 12-65 

1-131  11-16 

1-112 9-67 

1-098 8-56 


Sp.  grav.         Pr.  ct. 

1-085 7-44 

1-076 6-40 

1-063 5-58 

1-049 4-46 

1041  3-72 

1-020 1-85 


It  effloresces  in  the  air,  losing  £  of  its  water, 
and  retaining  5  equivs.  When  heated  above 
100°,  it  loses  9  eq.  water,  and  the  same  salt 
crystallizes  from  the  leaden  pans  in  evaporat- 
ing the  soda-lye,  as  above  stated.  Evaporated 
above  60°,  it  crystallizes  with  8  eq.  water. 
The  dry  salt  is  alkaline,  more  feeble  than  that 
of  potassa,  and  fuses  more  readily. 

b.  Scsquicarbonate  of  S.,  obtained  by  boiling 
a  solution  of  bicarbonate,  crystallizes  with  the 
formula  2  NaO,  3  C02  +  4  IIO. 

c.  Bicarbonate  of  S.  is  obtained  by  passing 
carbonic  acid  over  carbonate  of  soda,  contain- 
ing an  equiv.  water.  The  best  degree  of  mois- 
ture may  be  attained  by  efflorescing  the  crys- 
tallized soda  in  warm  air,  or  by  mixing  4  pts. 
of  this  with  1  pt.  crystallized.  It  may  also  be 
made  bv  passing  the  gas  into  a  concentrated 
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solution  of  carbonate.  It  may  be  obtaine  I  in 
crystals,  but  is  generally  used  04  a  dry-feeling 
powder,  of  the  form.  NaO,  COg  -f"  "()'  ''""" 
taining  37  pr.  et.  soda,  and  10$  water. 

8.  Oxalate  of  8.  a.  Neutral.  Made  by  neu- 
tralizing soda  with  the  acid,  is  not  very  soluble] 
crystalline,  and  is  anhydrous.  6.  Acid.  Made 
by  adding  1  eq.  carbonate  of  soda  to  2  eq. 
oxalic  acid,  is  difficultly  soluble,  and  has  the 
form.  NaO,  IIO,  2  C2()3  -f  2  IIO. 

;t.  Borates,  a.  Neutral.  Made  by  heatiflg 
1  eq.  dried  borax  (biborate  of  soda)  with  1  eq. 
carbonate  of  soda;  is  very  soluble  in  water, 
from  which  it  crystallizes  with  a  form 
B03-(-  8  IIO.  'When  fused  in  its  crystal-water, 
it  long  remains  fluid  even  at  32°,  and  crystals 
form  in  it  with  G  HO.  It  is  decomposed  by  the 
carbonic  acid  of  the  air,  both  solid  and  in  so- 
lution, into  borax  and  carbonate  of  soda. 

b.  Biborate.  Syn.  Borax,  Tincal.  Is  manu- 
factured from  native  boracic  acid,  which  is 
found  in  small  lakes  in  Tuscany.  Jets  of  vapor 
issue  from  below  the  surface  of  the  earth  in 
Tuscany,  in  a  district  extending  over  some  40 
miles,  and  bring  up  with  them  various  gases, 
carbonic  acid,  nitrogen,  oxygen,  and  sulpho- 
hydrogen,  with  ammonia,  boracic  acid,  sul- 
phates of  lime,  alumina,  and  iron,  &c.,  which 
condense  in  ponds  of  water  on  the  surface  of 
the  earth,  while  the  gases  escape.  The  tem- 
perature of  the  jets  is  about  212°  and  less. 
Artificial  basins,  of  30  to  300  ft.  diameter,  are 
constructed  around  the  suffioni,  and  arranged 
in  terraces  on  the  hill-side.  Fresh  water  ad- 
mitted to  the  upper  basin  is  charged  by  its 
suffioni,  then  passed  to  the  next  lower  to  re- 
ceive a  second  charge,  and  so  through  a  series 
of  6 — 8.  The  liquid  from  the  lowest,  contain- 
ing 1 — 2  pr.  ct.  boracic  acid,  is  passed  to  a 
large  cistern  or  clarifier,  from  which  it  passes 
to  a  second,  and  thence  to  the  evaporating 
pans.  These  are  shallow  leaden  pans,  ar- 
ranged in  terraces,  4  in  the  upper,  2  in  the 
middle,  and  1  below,  and  arc  heated  by  suffioni 
vapors  conducted  under  them.  When  I  the 
liquid  of  the  upper  4  pans  is  evaporated,  it  is 
transferred  to  the  2  next,  where  it  is  again 
evaporated  one-half,  and  transferred  to  the 
lowest  for  further  concentration.  The  strong 
liquid  of  the  lowest  pan  is  now  transferred  to 
lead-lined  boxes  of  wood,  to  crystallize.  The 
crude  and  dried  acid  thus  obtained,  contains 
about  75  pr.  ct.  cryst.  acid,  and  25  pr.  ct.  sul- 
phates of  various  bases.  The  produce  of  the 
Tuscan  Lagoons,  in  1846,  was  3,000,000  lbs. 
crude  acid.  To  every  100  lbs.  of  crude  acid, 
120  lbs.  cryst.  carbonate  of  soda  are  employed, 
the  latter  being  first  dissolved  in  water  and  the 
mother-liquor  of  previous  crystallizations,  by 
the  aid  of  a  steam-pipe  in  the  liquid,  arxl  the 
acid  added  in  portions  of  10  lbs.  When  tin: 
liquid  is  neutralized,  it  is  allowed  to  settle  for 
12  hours,  and  then  drawn  off  into  crystallizers, 
where  the  temperature  does  not  fall  below  92°, 
and  prevents  other  salts  from  separating.  The 
crude  borax  is  redissolved  in  water,  and  crys- 
tallized, finishing  at  about  80°.  If  a  saturated 
solution  be  crystallized  below  130°,  common 
borax  forms,  in  oblique,  rectangular  prisms, 
composed  of  NaO,  2  B03  +  10  IIO,  with  47 
pr.  ct.  water;  if  crystallized  between  174°  and 
130°,  octahedral  borax  is  obtained,  with  the 
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form.  NaO,  2  B03  +  5  IIO,  or  30  pr.  ct.  water. 
Common  borax  has  an  alkaline  reaction,  is 
soluble  in  12  pts.  cold,  and  2  pts.  boiling  water, 
superficially  in  the  air,  swells  up 
when  heated,  from  loss  of  water,  and  fuses  by 
higher  heat  to  a  clear  glass. 

I  (  hi. rate  of  S.  is  obtained  by  adding 
boracic  acid  to  borax  until  it  ceases  to  have 
an  alkaline  reaction  ;   it  forms  tabular  crystals. 

10.  Silicate  of  S.  1  eq.  silica  fuses  readily 
with  1  eq.  carbonate  of  soda,  expelling  the 
carbonic  acid,  and  forming  a  soluble  glass. 
By  dissolving  silica  in  soda-lye  until  the  dry 
soda  and  silica  are  in  equal  quantity,  evapo- 
rating, and  setting  aside,  it  forms  a  crystalline 
mass  of  the  form.  3  NaO,  2  Si03  -f-  27  HO,  and 
also  with  18  IIO.  For  other  silicates  of  soda, 
see  Glass. 

SOIL.     See  Agriculture. 

SOLANIN.  Chem.  Found  in  several  spe- 
cies of  Solarium,  and  in  the  germs  of  Irish 
Potatoes.  Formula  C84H68N028  ?  (Blanchet). 
In  feathery  crystals,  of  a  pearly  lustre  and 
acid  taste,  very  poisonous,  soluble  in  hot  alco- 
hol, but  insoluble  in  water.  Among  its  crys- 
talline salts  are  the  sulphate,  mucate,  tannate  ; 
of  the  non-crystalline  are  the  formate,  prus- 
siate,  gallate,  citrate,  and  tartrate. 

SOLDER.     Tech.     See  Alloy,  pp.  120,  121. 

SOLID.  Phys.  One  of  the  three  states  of 
bodies  in  which  the  cohesive  force  predomi- 
nates. In  liquids  the  cohesive  and  repulsive 
forces  are  nearly  in  equilibrium.      See  Gas. 

SOLUTION.  Chem.  The  union  of  a  solid, 
liquid,  or  gas  with  a  liquid,  in  which  it  disap- 
pears or  becomes  liquid.  For  the  solution  of 
a  gas,  see  Absorption.  One  liquid  may  mix 
with  another  in  every  proportion,  water  and 
alcohol,  alcohol  and  ether ;  or  it  may  dissolve 
a  certain  portion  of  another,  thus,  water  dis- 
solves a  little  ether,  and  ether  a  little  water, 
alcohol  dissolves  about  \  spts.  terpentine ;  or 
they  may  not  mix  together  at  all,  as  oil  and 
water.  The  union  is  sometimes  accompanied 
with  evolution  of  heat,  as  sulphuric  acid  and 
water, — but  this  may  be  due  to  chemical  union. 

Solids  disappear  in  water,  as  salt  and  sugar 
in  water.  Since  the  solution  of  a  solid  is  heavier 
than  the  solvent,  this  heavier  solution  remains 
at  the  bottom  of  the  solvent,  and  it  is  necessary 
to  stir  it  to  expose  fresh  portions  to  the  action 
of  the  solvent ;  or  solution  may  be  effected  by 
keeping  the  solid  at  the  top  of  the  solvent, 
when  the  heavy  solution  will  spontaneously 
descend.  Since  the  solvent  only  acts  upon  the 
surface  of  a  body,  increase  of  surface  by  pul- 
verization hastens  solution.  As  a  general  rule, 
a  hot  solvent  dissolves  more,  and  more  rapidly 
than  a  cold,  and  hence  heat  is  usually  employed 
to  hasten  solution.  The  density  of  a  solution 
is  generally  greater  than  the  mean  of  the  two 
bodies,  the  solvent  and  the  substance  dissolved. 

That  it  is  not  chemical  affinity  which  unites 
the  two  bodies,  is  observed  from  the  saturating 
point.  When  water  has  dissolved  a  certain 
quantity  of  a  solid,  it  ceases  to  dissolve  any 
more,  and  the  solution  is  said  to  be  saturated. 
The  quantity  dissolved,  compared  to  that  of 
the  solvent,  indicates  no  atomic  proportions ; 
and,  moreover,  this  quantity  may  be  usually 
varied  by  heat  and  cold.  There  is  but  a  par- 
tial change  of  properties,  the  cohesive  force 


of  the  solid  only  being  overcome,  while  its 
taste,  odor,  and  color  remain,  although  diluted. 
By  heating  a  solution,  the  solvent  can  be  dissi- 
pated, and  the  unaltered  solid  regained.  So- 
lution is  not  like  common,  heterogeneous  adhe- 
sion, for  in  the  latter  the  cohesive  force  of 
neither  body  is  affected,  it  being  merely  an 
adhesion  of  surfaces.  The  cohesive  force  of 
the  solvent  appears  to  be  increased,  for  solu- 
tions have  usually  a  higher  boiling  point  than 
the  solvent,  while  the  same  force  of  the  solid 
has  disappeared.  It  seems  as  if  a  portion  of 
the  cohesion  of  the  solid  had  been  transferred 
to  the  liquid,  and  the  rest  destroyed. 

The  phenomena  of  solution,  therefore,  pre- 
sent a  peculiar  kind  of  attraction,  referrible 
to  no  other.  It  is  true  that  some  have  referred 
it  to  capillary  action,  the  particles  of  the  solid 
inserting  themselves  in  the  spaces  between  the 
particles  of  liquid,  as  in  a  series  of  capillary 
tubes ;  but  the  destruction  of  the  cohesive 
force  of  the  solid,  sufficiently  marks  the  dif- 
ference. 

The  following  tables,  of  solubility  in  water 
and  in  acids,  of  the  simple  salts  of  those  ox- 
ides and  acids  which  are  of  frequent  occur- 
rence, will  be  found  convenient  to  the  student. 
J.  C.  B. 

1.  Salts  of  alkalies  are  nearly  all  soluble  in 
water,  except  neutral  and  acid  silicates. 

2.  Solubility  of  salts  in  water,  except  the  alka- 
line salts. 


Nitrates 

Acetates 

Chlorides..., 
Sulphates.... 
Phosphates., 
Carbonates., 
Oxalates 


Soluble. 


all 
all  others 
all  others 
all  others 


Partly 
Soluble. 


Hg2,  Ag 
Pb 

Ca 


Hg2.  Ag 
Pb,  Sr,  Ba 
all 
all 
all  (almost) 


3.  Solubility  of  phosphates,  oxalates,  and  car- 
bonates in  nitric  or  muriatic  acid. 

a.  All  carbonates  soluble  with  effervescence. 

b.  All  oxalates  soluble. 

c.  All  phosphates  soluble,  arid  reprecipitable 

by  ammonia,  unchanged. 

SOLVENT.  Chem.  Tech.  The  term  applied 
to  the  fluid  body  employed  for  the  Solution  of 
a  substance. 

SOMNITE.     See  Nephelin. 

SOOT.  The  condensed  smoke  formed  by  the 
imperfect  combustion  of  organic  matter.  It 
consists  chiefly  of  carbon,  but  contains,  besides, 
empyreumatic  vapors  and  gases  varying  in 
properties  with  the  nature  of  the  fuel  or  mate- 
rial whence  generated. 

SORDAWALITE.  Min.  Massive.  H.=2-5 
_3.  G.=2-53 — 2-58.  Grayish  or  bluish  black ; 
vitreous;  opake ;  brittle  with  conchoidal  frac- 
ture and  livei'-brown  streak.  It  yields  water ; 
fuses  on  coal  to  a  black  bead  ;  with  little  soda 
fuses,  and  with  more  it  only  swells ;  the  fluxes 
show  iron  and  silica ;  imperfectly  decomposed 
by  acids.  It  seems  to  be  3  RO,  2  Si03  -f-  A120,, 
2  Si03  with  hydrous  phosphate  of  magnesia 
2  MgO,  P05.  From  Sordawala  in  Finnlaud, 
and  Bodenmais,  Bavaria. 
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SPADAITE.  Min.  A  talcose  mineral  allied 
toSCHILLKUSPAR,  PlCROSMLN,  &c.  It  yields  wa- 
ter in  a  tube,  fuses  to  an  enamel,  ami  is  easily 
decomposed  by  muratic  acid.  Form.  4  (MgO, 
SiOs)  -|-  MgO,  4  HO.     From  Capo  di  Bove. 

SPARRY  IRON.  Min.  Syn.  Carbonate  of 
iron,  Spathic  iron,  Brown  Spar,  Sphaeroside- 
rite,  Junkerite.  Ger.  Spatheisenstein,  Eiscn- 
spath,  Stahlstein;  the  earthy  variety,  Clay- 
Iron-stone.  Cryst.  Hexagonal,  rhombic,  the 
faces  often  curved  ;  also  fibrous,  massive,  gra- 
nular. H.  =  3— 4-5.  G.  =  : 3-7— 3-83.  Colorgray, 
yellowish  and  greenish,  brown ;  the  earthy 
also  bluish  gray ;  lustre  vitreous,  pearly ; 
translucent,  the  earthy  also  opake ;  brittle 
with  uneven  fracture  and  white  streak. 

Blackens  by  heat,  and  becomes  magnetic  ; 
shows  iron  and  often  manganese,  with  the 
fluxes ;  soluble  in  acids  with  effervescence. 
Form.  FeO,  C02,  in  which  a  portion  of  iron  is 
often  replaced  by  Mn,  Mg,  Ca.  Alumina  and 
silica  are  usually  present  in  clay-iron-stone. 
See  Metallurgy  of  Iron,  d.,  p.  730.  The  fol- 
lowing table  of  analyses  will  convey  an  idea 
of  the  composition  of  sparry  ores : — 

1.  2.  3. 

Oxide  of  iron 55-25  63-75  48-20 

"      "  manganese.    3-75  0-75  7-07 

Lime 0-50  —  0-67 

Magnesia 0-75  0-25  1-84 

Carbonic  acid 35-00  34-00  38-22 

95-25        98-75        96-00 


4. 
Oxide  of  iron 36-81 

5. 

48-93 

2-40 
20-20 
23-75 

2-25 

97-53 

6. 
52-17 

"      "  manganese.  25-31 
Lime  and  magnesia..    — 

31-83 
16-50 

100-47 

100-50 

No.  1.  is  crystallized  from  Kemlas  in  Bai- 
reuth  ;  2.  Sphaarosiderite  from  Steinheim  near 
Hanau,  both  by  Klaproth ;  3.  from  Stolberg, 
by  Stromeyer ;  4.  from  Ehrenfriedersdorf,  by 
Magnus ;  5.  from  Pottsville,  Pennsylvania,  by 
J.  C.  B. ;  6.  from  Durham  on  the  Delaware, 
below  Easton,  by  J.  C.  B.  The  first  four  are 
true  sparry  ores ;  the  last  two  are  clay-iron- 
stone, of  which  5.  is  from  the  anthracite  coal 
measures,  and  6.  from  a  clay  bed,  either  diluvial 
or  upper  secondary.  Sparry  ore  is  associated 
with  rock  formations  of  all  ages.  The  large 
beds  or  veins  in  Styria,  &c,  are  connected  with 
gneiss ;  clay-iron-stone  occurs  both  in  nodules 
imbedded  in  slate,  and  also  in  connected  regu- 
lar strata  in  the  coal  measures  of  England,  U. 
States,  and  wherever  coal  has  been  found.  In 
England,  it  yields  a  large  proportion  of  the 
iron  of  commerce. 

SPARRY  MANGANESE.  See  Manganese 
Spar. 

SPEAR  PYRITES.     See  Ikon  Pyrites. 

SPECULAR  IRON.  Min.  Syn.  Red  Hema- 
tite, Red  Iron  Ore,  Micaceous  Iron  Ore,  Red 
Ochre,  Rotheisenstein,  Rotheisenerz,  Blutstein, 
Eisenglanz,  Fer  Oligiste.  Cryst.  Hexagonal, 
rhombic  ;  also  imitative  forms,  fibrous,  foliated 
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and  micaceous,  granular,  earthy.      II.  -.-■. 

6-5.  (i.  =  4-3—5-:;.     Color  of  the  I 

talline  and  micaceous,  steel  gray  andiron-black; 

of  the  fibrous  and  less  oompact,  red  ami  brown- 
ish red  ;  lustre  of  crystalline,  metallic  or  sub- 
metallic,  splendent  and  shining ;  of  othei 
or  non-metallic,  glimmering  and  dull ;  usually 
opake,  rarely  translucent  with  a  red  color; 
streak  of  all  varieties  red  or  brownish  re  I  : 
sometimes  magnetic.  It  behaves  like  oxide  of 
iron  before  the  blowpipe,  sometimes  gi 
little  water.  It  is  essentially  peroxide  of  iron, 
Fe203.     See  Metallurgy  of  Iron,  b.,  p.  730. 

Specular  iron  occurs  in  nearly  all  geological 
formations,  the  highly  crystalline  more  fre- 
quently among  primary  and  metainoijiliic 
rocks,  as  the  large  formation  at  the  Iron 
mountains,  in  Missouri.  Another  large  forma- 
tion of  a  siliceous  variety,  are  the  regular 
beds  in  the  variegated  shales  of  the  lower 
secondary  rocks,  known  in  Pennsylvania  as  the 
Danville  ore.  In  the  latter  beds,  and  in  newer 
sedimentary  formations,  it  also  occurs  black, 
metallic,  and  crystalline. 

SPECULUM  METAL.     See  Alloy. 

SPEISS.  The  artificial  crude  Arseniuret 
of  Nickel,  obtained  in  the  manufacture  of 
Smalt,  from  roasted  Cobalt  ores. 

SPEISS-COBALT.     See  Arsenical  Cobalt. 

SPELTER.     The  commercial  name  for  Zinc. 

SPERMACETI.  Chem.  Tech.  A  substance 
contained  in  the  head  of  the  Physet&r  Macroce- 
phalus.  Fresh  from  the  whale  it  is  suspended 
in  oil,  from  which  it  is  separated  by  pressure 
in  bags.     See  Cetyl. 

SPH.EROSIDERITE.     See  Sparry  Iron. 

SPHiEROSTILBITE.     See  Stilbite. 

SPH^ERULITE.     Globules  of  Obsidian. 

SPHENE.  Min.  Titanite,  Menachan-ore, 
Silico-calcareous  oxide  of  titanium,  Lederite, 
Greenovite.  Cryst.  Oblique  rhombic.  N.  = 
5 — 5-5.  G. i=3-24 — 3-47.  Yellow,  green,  gray, 
brown,  black  ;  lustre  adamantine  resinous ; 
transparent,  opake  ;  brittle,  with  white  streak. 
It  fuses  on  the  edges  with  some  puffing,  to  a 
dark  glass ;  dissolves  in  borax  with  a  yellow 
color;  dissolves  with  difficulty  in  mic.  salt, 
and  the  addition  of  tin  in  the  reducing  flame 
shows  titanium.  Imperfectly  decomposed  by 
muriatic  acid ;  better  by  oil  of  vitriol,  or 
by  fusion  with  carbonate  of  soda,  or  bisul- 
phate  of  potassa ;  and  best  of  all  by  fluohydrio 
acid.  Formula,  according  to  II.  Rose,  3  CaO, 
S1O3  4"  ^  Ti02,  Si03 ;  according  to  Berzelius, 
2  (CaO,  Si03)  +  CaO,  3  Ti02.  Sphene  occurs 
in  primary  rocks  in  numerous  localities,  but 
rarely  in  masses.  A  brownish  yellow  variety 
occurs  in  gneiss,  about  1  mile  from  Fairmount 
on  the  Schuylkill,  near  Philadelphia. 

SPINELL.  Min.  Ceylonite,  Pleonast,  Al- 
mandine  Ruby,  Rubicelle,  Candite,  Hercinite. 
Cryst.  Regular,  PI.  VIII.  figs.  1,  2,  3,  6,  9,  11, 
and  their  combinations.  H.  =8.  G.  =  3-62— 
3-59.  Hercinite,  3-9.  Red,  blue,  green,  yel- 
low, whitish,  brown,  black ;  lustre  vitreous, 
from  splendent  to  glimmering;  transparent, 
subtranslucent;  fracture  conchoidal,  and  streak 
white.  Unaltered  by  heat,  but  some  show 
changes  of  color;  the  fluxes  show  iron,  and 
with  some  also  chrome;  some  form  a  slag  with 
soda,  others  not.  Easily  decomposed  by 
with  bisulphate    of  potassa.     Formula,  MgO, 
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(FeO),  A1203,  or  the  general  formula  RO,  R203, 
therefore  isomorphic  with  magnetic  and  chromic 
iron,  franklinite,  &c.  Spinells  of  beautiful 
colors  are  found  in  Ceylon  and  other  parts  of 
the  E.  Indies.  Spinells  in  variety  and  abun- 
dance occur  in  the  great  mineral  range  from 
Amity,  Orange  Co.,  N.  York,  to  Andover,  N. 
Jersey.  The  prevailing  color  in  this  locality 
is  dark  green,  in  which  RO  =  MgO,  FeO,  CaO, 
and  R203  =  A1203,  Fe203.  The  Fe203  occurs 
in  chlorospinell  from  Slatoust,  in  the  Ural,  and 
hercinite  from  Konsperg,  in  Bohemia,  is  almost 
FeO,  A1203. 

SPINELLAN.     See  Hauyne. 

SPIR/E  ULMARIA,  Oil  of.  Chem.  A  yel- 
low liquid  not  pre-existing  in  the  plant,  but 
generated  by  fermentation  during  the  distilla- 
tion of  the  flowers  with  water.  It  consists  of 
hydruret  of  Sahcyl,  which  separates  in  crys- 
tals after  some  weeks'  exposure  to  0° — 4°,  a 
crystallizable  camphor  and  two  other  volatile 
oils,      (l'a'jcnstecher.) 

SPIRYLIC  ACID.     See  Salicyl. 

SPODUMEN.  Mih.  Triphan.  Foliated, 
cleaving  into  rhombic  prisms.  H.  =  6-5 — 7. 
G.  =  3-11 — 3-19.  Grayish  green,  greenish 
white ;  pearly ;  translucent,  subtranslucent ; 
uneven  fracture  and  white  streak.  It  yields  a 
little  water  in  a  tube;  on  coal  it  fuses  with 
puffing ;  it  dissolves  with  difficulty  in  borax, 
more  readily  in  mic.  salt,  leaving  silex  ;  it  fuses 
with  soda  to  a  glass ;  fused  with  bisulphate  of 
potassa  and  fluor  spar,  it  colors  the  flame  red, 
from  the  presence  of  lithia.  It  is  scarcely 
attacked  by  acids,  except  the  fluoric.  Form. 
3  (NaO,  LiO,  2  Si03)  +  4  (A1203,  2  Si03).  From 
Sweden,  Tyrol,  and  several  localities  in  Massa- 
chusetts and  Connecticut. 

SPONGE.  Fr.  Eponge.  Ger.  Schwamm. 
The  cellulous,  fibrous  tissue  found  adhering  to 
rocks  at  the  bottom  of  the  sea,  and  deposited 
by  numberless  small  animals  called  Polypi. 
During  vitality,  it  is  imbued  with  a  semi-gela- 
tinous humor,  which  disappears  after  death. 
When  impregnated  with  chlorocalcium,  it  no 
longer  subsequently  swells  to  the  same  extent 
with  water.  Sponge  may  be  heated  to  355° — 
390°  without  any  appreciable  change,  except 
the  loss  of  elasticity,  owing  to  the  expulsion 
of  moisture,  its  toughness  not  being  impaired. 
The  formula  for  sponge  purified  by  ether,  alco- 
hol, and  dilute  acid,  is  C961I75N13044  (Liebig's 
Ann.  xlv.  192).  According  to  Crookewit  (Berz. 
Rep.  xxiv.  704),  sponge  consists,  like  silk,  of 
one  substance,  Mulder's  Fibroin,  with  the  for- 
mula C39II31N6Ol7 ;  and  20  cqs.  of  fibroin  are 
united  with  1  eq.  of  iodine,  3  eqs.  sulphur,  and 
5  eqs.  of  phosphorus.  The  ashes,  forming  3-5 
pr.  ct.,  contain,  according  to  Possett's  analysis, 
silica,  iron,  phosphate,  sulphate  and  carbonate 
of  lime,  and  iodide  of  potassium. 

SPUNK.  Syn.  Amadou.  A  combustible  sub- 
stance used  as  tinder,  and  made  by  soaking  the 
spongy  fungi  of  the  boletus  ignarius  in  a  solu- 
tion of  saltpeter. 

SQUILLS.  Fharm.  Chem.  The  bulbs  of  the 
Scillit  maritima,  containing  volatile,  saccharine 
and  greasy  matters,  gum,  resin,  tannin,  citrate 
of  lime,  and  scUlitin. 

SciUitin.  Lebourdais  (Ann.  de  Chem.  et  de 
Phys.  18  IS,  ami  Chem.  Gaz.  vi.  445)  prepared 
it  by  the  following  method : — 


"A  concentrated,  highly-colored,  and  viscous 
decoction  of  the  bulbs  of  squills  is  to  be  pre- 
cipitated by  acetate  of  lead  (the  viscosity  of 
the  liquid  preventing  the  precipitation  of  the 
animal  charcoal),  and  filtered.  The  resulting 
liquid  is  then  agitated  in  the  cold  with  animal 
charcoal,  and  the  vessel  containing  the  mixture 
set  aside ;  gradually  the  animal  charcoal  sub- 
sides, and  carries  down  with  it  the  bitter  and 
coloring  principles ;  the  liquid  is  now  to  be 
decanted,  and  the  charcoal  washed,  dried,  and 
treated  with  hot  alcohol,  which  becomes  exces- 
sively bitter.  After  filtration  the  alcohol  is 
removed  by  distillation,  when  a  milky  liquid 
remains  in  the  retort,  in  which  float  numerous 
minute  particles  of  a  whitish  substance,  spar- 
ingly soluble  in  water,  to  which  it  nevertheless 
imparts  an  intense  bitter  taste;  it  dissolves 
readily  in  alcohol,  and  the  solution  leaves  an 
amorphous  residue  on  spontaneous  evapora- 
tion. The  milky  liquid  evaporated  in  the  hot 
chamber,  gives  the  same  result.  The  sub- 
stance is  neutral,  does  not  absorb  moisture 
from  the  atmosphere,  and  produces  on  the 
tongue  a  sensation  analogous  to  that  caused 
by  a  caustic  substance.  Scillitin-,  as  thus 
obtained,  is  solid,  is  readily  decomposed  by 
heat,  dissolves  in  concentrated  sulphuric  acid, 
and  appears  to  communicate  to  the  solution  a 
purple  color,  which  instantly  disappears  and 
turns  black,  owing  to  decomposition.  It  is 
also  dissolved  by  nitric  acid,  but  decomposed 
at  the  same  time." 

STALACTITE,  STALAGMITE.  Geol.  The 
solid  deposit  of  carbonate  of  lime,  formed  by 
the  dripping  of  calcareous  waters  in  caves  and 
cavities  in  rocks.  It  is  usually  crystalline,  the 
pendent  stalactites  being  columnar  or  fibrous, 
and  radiating  from  the  centre  of  the  pendent 
column.  A  stalagmite  is  the  broad  sheet  or 
lump  formed  on  the  floor  or  sides  of  the  cave. 
When  the  waters  are  differently  colored  at  dif- 
ferent periods,  the  deposit  presents  concentric 
layers  of  different  colors,  as  in  those  from  the 
Rock  of  Gibraltar.  Other  substances,  besides 
carbonate  of  lime,  assume  the  stalactitic  form, 
such  as  oxide  of  iron  (pipe-ore),  oxide  of  man- 
ganese, and  many  silicates. 

STANNATES.       1  „       Ttm 

STANNIC  ACID.  /oee  1INl 

STANZAITE.     See  Andaluzite. 

STAPELIA.  According  to  Fr.  J.  Bernays, 
the  juice  of  Stapelia  hirsute,  as  well  as  several 
other  species  of  this  genus,  contains  a  peculiar 
bitter  substance,  which  tastes  very  much  like 
aloes.  The  author  made  an  incision  on  a  spe- 
cimen, and  obtained  in  a  few  minutes  a  watch- 
glass  full  of  a  mucus,  limpid  juice,  which  soon 
dried  in  a  warm  place  to  a  clear  gum,  full  of  fis- 
sures, and  had  an  acid  reaction  in  its  fresh  state. 

This  dry  juice  is  amorphous,  like  gum-arabic. 
transparent,  shining,  pulverizable,  not  altered 
by  exposure  to  the  air,  is  void  of  smell,  and 
has  a  very  permanent  bitter  taste.  Alcohol 
dissolves  out  the  greater  portion,  leaving  white, 
tasteless  flakes  as  a  residue,  which  dissolves  in 
water  for  the  greater  part.  The  alcoholic  so- 
lution on  mixing  with  water  becomes  milky, 
and  leaves,  on  evaporation,  a  bitter  substance, 
shining  like  varnish,  and  of  which  the  author 
swallowed  from  3  to  4  grs.  without  any  evil 
consequences  being  observed. 
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Ether  dissolves  from  one-fifth  to  one-sixth  of 
the  juice;  and  on  driving  off  the  solvent,  a 
yellowish,  transparent,  easily-pulverizable  sub- 
stance, of  very  bitter  taste,  remains.  This 
bitter  principle  of  Stapclia  fuses  readily  on  the 
application  of  heat,  and  burns  with  a  smoky 
flame  without  residue,  diffusing  an  odor  re- 
sembling very  much  that  of  burning  horn, 
from  which,  according  to  Buchner,  we  may 
suppose  the  presence  of  nitrogen. 

What  the  ether  leaves  undissolved  is  for  the 
greater  part  taken  up  by  alcohol,  and  on  eva- 
poration of  the  alcohol  a  resinous,  shining 
residue  is  left,  the  external  characters  of  which 
scarcely  differ  from  that  prepared  with  ether ; 
but  this  constituent,  insoluble  in  ether  and 
soluble  in  alcohol,  does  not  melt  on  being 
heated,  but  puffs  up,  and  leaves  an  ash  on 
combustion.  The  bitter  principle  not  only  dis- 
solves in  ether  and  alcohol,  but  also  in  water. 
The  aqueous  solution  has  a  neutral  reaction, 
and  yields  with  solution  of  potash  a  flocculent 
precipitate.  [Buck.  Rep.  xxxviii.,  and  Chem. 
Gaz.  iii.) 

STAPHYSAIN.     See  Delphin. 

STARCH.  Chem.  Tech.  Syn.  Fecula,  Ami- 
din,  Amylin.  The  feculent  matter  of  plants, 
and  existing  in  all  parts,  though  to  a  greater 
extent  in  some  than  in  other  portions.  It  is, 
however,  rarely  found  in  the  stem  and  branches 
of  the  dicotyledonous  plants ;  is  always  con- 
tained in  the  cavities  of  the  cellular  substance 
perfectly  isolated,  but  surrounded  by  an  aque- 
ous liquid.  The  gluten  and  other  substances 
with  which  it  is  associated,  are  separable  by 
chemico-mechanical  means.  All  that  is  used 
in  the  arts,  for  calico  printing  or  for  stiffening 
clothes,  is  obtained  from  wheat  grains  and 
potatoes.  A  finer  quality,  for  medicinal  pur- 
poses, is  obtained,  as  arrow-rool,  from  the  root 
of  the  Maranta  Arundinacea.  Sago  and  Tapioca 
are  other  forms  of  nearly  pure  starch. 

Starch  is  an  important  element  of  animal 
food,  as  it  furnishes  not  only  the  elements  of 
an  increase  of  mass,  but  the  materials  also  of 
maintaining  respiration  and  supplying  the  ani- 
mal heat. 

Prep.  The  principal  sources  of  starch  are 
wheat,  potatoes,  and  rice.  The  first  contains 
from  56  to  76  pr.  ct.,  the  second  from  15  to  30 
pr.  ct.,  and  the  third  from  80  to  85  pr.  ct.  It 
is  prepared  from  the  grains  of  the  cereals  by 
soaking  and  crushing  and  fermenting  them. 
The  acetous  fermentation  thus  produced  at  the 
expense  of  the  sugar  present,  promotes  the 
solution  of  the  gluten,  so  that,  by  washing  the 
crushed  grains  in  baskets  with  running  water, 
the  starch  is  carried  through  the  meshes  as  a 
milky  liquid,  which  must  be  run  upon  hair 
sieves  into  clean  vats.  In  a  short  time  the 
starch  subsides,  and  the  supernatant  liquor  is 
then  to  be  decanted,  and  the  upper  stratum  of 
slimes  also  removed.  After  repeated  washings 
with  fresh  waters,  the  starch  is  to  be  well 
stirred,  and  the  milky  liquor  again  strained 
upon  hair  sieves  of  greater  fineness  than  those 
first  used.  After  repose,  the  water  and  dim-cs 
are  to  be  separated  as  before,  the  starch  drained 
in  linen  bags,  and  dried  by  exposure  to  the  sun 
or  in  a  warm  room.  For  full  particulars  as  to 
the  manufacture  of  the  different  kinds,  see 
"  ParneH's  Applied  Chemistry"  ii.  pp.  97 — 159. 
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Prop.     Formula  C,,l|  ,„(>,„  -f  2  HO.     When 
healed   in    vaciiu  at  '   .    it    is    ch 

int.)  C,jHj09,  IK);  and  by  combination  with 
oxides  it  loses  its  remaining  equiv.  of  water. 
The  composition  of  its  lead  salt  is  2  PbO, 
C,2II9Og  {Payen).  According  to  Jacquolain, 
starch  always  contains  a  small  portion  of  nitro- 
gen; and  Payen  [Comptea  Rendus,  xxiii.  IS7) 
has  shown  the  pre-existence  of  an  essential  oil. 
By  exposure  to  moist  air,  water  is  reabsorbed. 
Whatever  its  origin,  starch  is  in  the  form  of 
brilliant  white,  round,  pulverulent  granules, 
varying  in  size,  from  o('|u  to  ,  „  ]u|I)ths  of  an  inch 
in  diameter,  with  the  plant  whence  derived. 
Each  grain  consists  of  several  concentric  laj  ers, 
decreasing  in  thickness  and  hardness  interiorly. 
Is  insoluble  in  alcohol  and  ether,  and  also  in 
cold  water,  but  at  150°  forms  with  the  latter  a 
thick  solution,  which  gelatinizes  on  cooling. 
Below  this  temperature,  say  at  HO0,  the  starch 
separates  into  two  portions  without  solution  of 
either;  or  -003  to  -004  is  left  unacted  upon, 
while  the  residue  forms  a  jelly.  This  behavior 
has  given  rise  to  tha  idea  of  distinctive  por- 
tions, which  have  been  termed  amidine  and 
amidin  :  but  there  is  no  difference,  the  residual 
portion  being  the  more  refractory,  harder 
layer  of  the  grains,  soluble  by  boiling  in  water. 
The  action  of  boiling  water  increases  the 
volume  of  the  starch  thirty-fold.  When  the 
heat  is  raised  to  395° — 430°,  a  change  of  pro- 
perties ensues,  and  it  is  converted  into  DEX- 
TRIN. If  heated  with  five  parts  of  water  in  a 
digester  at  320°,  according  to  Jaequelain,  a 
gum-like  product,  similar  in  properties  to  dex- 
trin, results  ;  but  if  the  temperature  is  raised 
to  356°,  much  sugar  is  formed,  thus  proving 
the  catalytic  action  of  the  water.  Him  ting 
hydratcd  starch  in  a  closed  tube  to  212° — 266°, 
merely  converts  it  into  a  paste, — to  305°,  forms 
a  transparent  solution,  which  on  cooling  depo- 
sits minute  granules,  soluble  in  water  at  158° 
to  212°,  but  not  altered  in  properties  from  the 
original  starch.  Continued  ebullition  of  starch 
paste  for  several  days,  converts  it  into  a  bitter 
matter  and  undetermined  gummy  principles. 

The  most  characteristic  test  for  the  presence 
of  starch  is  iodine,  which  imparts  a,  deep  violet 
color  when  pure  and  moist.  The  iodine  must 
not  be  used  in  excess.  The  color  disa] 
when  the  paste  is  heated,  but  returns  again  on 
cooling.  Starch  solution  is  precipitated  by 
alcohol,  subacetate  of  lead,  lime,  and  tannin. 

When  swelled  by  moisture,  granules  of  starch 
are  possessed  of  double  refraction,   in  conse- 
quence of   the  pressure  exerted  by  the  tegu- 
ments upon  their  contents,  and  present  a  very 
beautiful   appearance  when  viewed  in  a  micro- 
scope by  polarized  light,    for   which   , 
they  may  be  put  up  either  in  Canada   balsam 
or  water.     When  the  planes  of  polarizat 
the  polarizer  and  analyzer   are  at  ri^li! 
to  each  other,  a  distinct  black  -eivrd 

(such  as  that  exhibited  in  similar  circumstances 
by  doubly  refracting  crystal 
which   is   at  the   hilum  of   the   granule.     The 
remainder  of  the  granule  is  white,  hut  th 
or  ground  is  black  or  gray.     On  rotating  either 
the  analyzer  or  polarizer  90°,  the   black 
is  replaced  by  a  white  one,  the  othi 
the  granule  becoming  dark ;  the  field  i 
white. 
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If  a  thin  plate  of  mica  or  selenite  is  placed 
anywhere  between  the  eye  and  the  reflector  of 
the  microscope,  the  edges  of  the  cross  and  the 
intervening  spaces  become  most  beautifully 
colored,  and  the  field  of  view  also  assumes  a 
tint  dependent  on  the  thickness  of  the  mica  or 
selenite.  The  adjoining  spaces  on  either  side 
of  the  cross  exhibit  complementary  colors, 
which  change  on  revolving  the  analyzing  plate, 
and  become  complementary  at  every  quarter 
of  a  revolution.  All  the  varieties  of  starch 
present  this  appearance,  but  not  with  equal 
distinctness,  partly  on  account  of  their  unequal 
state  of  distension.  It  is  more  evident  in  tous 
As  mots,  potato  starch,  and  Indian  corn  starch, 
than  in  wheat  starch,  barley  starch,  and  some 
other  kinds.     (Parnell,  vol.  ii.  105,  106.) 

Action  of  Acids.  Starch  is  dissolved  by  dilute 
acids,  excepting  acetic,  and  by  prolonged  ebul- 
lition converted  first  into  dextrin,  and  ulti- 
mately into  grape  sugar. 

Strong  nitric  acid  converts  it  into  oxalic  acid 
and  Xyloidin.  Concentrated  sulphuric  acid, 
according  to  Blondeau,  when  rubbed  up  with 
starch,  yields  a  gummy  mass,  which  liquifies 
and  forms  soluble  compounds  with  lead,  lime, 
or  baryta.  The  formula  of  the  lead  salt  is 
C36H36036,  2  S03  +  PbO  +  2  HO ;  if  the  con- 
tact has  been  prolonged  for  36  hours,  C24H24 
024,  2  S03,  PbO,  2  HO.  If  the  acid  is  diluted 
with  2  pts.  of  water,  the  starch  is  carbonized, 
and  formic  acid  generated. 

Action  of  Alkalies.  Ammonia  alone  is  with- 
out action  upon  starch  grains.  A  ley  contain- 
ing 2  pr.  ct.  of  soda  swells  the  grains  to  60 — 
70  times  their  original  bulk.  According  to 
Gottlieb  (Ann.  der  Chem.  tend  Pharm.  Hi.  121), 
fused  hydrate  of  potassa  transforms  it  into 
formic,  acetic,  and  metacetonic  acids.  When 
brayed  with  strong  potassa  ley,  it  unites  and 
forms  a  transparent,  gelatinous  compound, 
soluble  in  water  and  in  alcohol,  from  which 
starch  is  precipitated  by  acids. 

Action  of  Diastase.  This  substance  pro- 
duces a  series  of  reactions.  At  first  it  only 
causes  liquefaction  and  deposition  of  minute 
granules  at  140° — 160°,  as  when  heated  in  a 
digester.  Thus  far  the  starch  continues  to  be 
blued  by  iodine,  but  when  by  further  reaction 
of  the  diastase,  it  is  converted  into  dextrin, 
the  tint  passes  gradually  into  violet  and  purple, 
and  ultimately  disappears,  when  the  dextrin 
becomes  sugar. 

There  are  other  varieties  of  starch,  with 
slight  differences  in  physical  properties.  The 
principal  ones  are, — Cassava,  from  the  tuberous 
root  of  the  Jatropha  manihot ;  Salcp,  from  the 
different  species  of  Orchis;  and  Tous  les  mois, 
from  the  Canna  coccinea  (?).  They  are  doubt- 
less "mere  structural  modifications  of  the  same 
chemical  substance."  Inulin,  from  the  helenium 
and  dahlia,  and  Lichenin,  from  the  lichens,  are 
BO  analogous  to  starch,  in  many  respects,  as  to 
be  considered  varieties,  but  they  differ  in  cer- 
tain chemical  characteristics,  and  even  in  com- 
position. 

Gobley  (Journ.  de  Pharm.  1844)  has  given 
the  following  method  of  distinguishing  be- 
tween the  various  kinds  of  starch  by  means  of 
iodine: — 

The  author  places  the  starch  in  watch-glasses 
under  a  bell-glass  containing  iodine,  and  leaves 
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them  exposed  there  for  four-and-twenty  hours, 
when  the  granules  acquire  the  following  color- 
ings :  — 

Wheat  starch Violet. 

Potato  starch Dove-gray. 

Genuine  arrow-root....  Bright  chocolate  color. 
Arrow-root,     with    i  |  Grayish  lilac# 

wheat  starch j         J 

Manufactured  arrow- )  D 

root j  &     J 

Genuine  tapioca,   en- \  All  the   granules   yel- 

tire j      lowish. 

The  same,  pulverized..  Chamois  color. 
Pulverized       tapioca, } 

mixed  with  \  wheat  j-  Violet. 

starch J 

rSome    granules    of    a 
Spurious  tapioca,  en-  1      violet.gI.aV)      others 

tire {     yellowish. 

The  same,  pulverized..  Chamois  color. 
The     same,      with    H  violet. 

wheat  starch / 

("  Some    granules    of    a 
White  sago,  entire  ...  \      violet-gray,      others 

y      yellowish. 
The  same}  pulverized..  Chamois  color. 
The     same,      with    i|violet. 

wheat  starch J 

r  Some  granules  violet- 
Spurious  sago,  entire,  -j      gray,  the  others  yel- 

(  lowish. 
The  same,  pulverized..  Chamois. 
The     same,      with    i  1  yiolet 

wheat  starch / 

Dextrin No  coloring. 


From  the  above  it  will  be  seen  that  wheat 
and  potato  starch  acquire,  under  the  influence 
of  iodine  vapor,  a  widely  different  coloring ; 
that  arrow-root,  which  when  pure  assumes  a 
light  chocolate  color,  becomes  of  a  lilac-gray 
when  mixed  with  \  wheat  starch ;  and  that 
spurious  arrow-root  assumes  a  dove-gray  color, 
that  is  to  say,  the  same  coloring  as  the  potato 
starch  from  which  it  had  been  prepared  ;  that 
the  tapiocas  and  sagos,  entire,  genuine,  or 
spurious,  acquire  the  same  yellowish  tint; 
that  the  powders,  genuine  and  spurious,  all 
acquire  a  chamois  color. 

Thus  it  is  possible,  by  means  of  iodine  vapor, 
to  distinguish  between  wheat  and  potato  starch. 
genuine  arrow-root  from  spurious,  or  when 
mixed  with  wheat  starch.  It  is  also  possible 
to  determine  whether  the  tapioca  powders, 
genuine  and  spurious,  have  been  replaced  by 
corn  or  potato  starch,  or  have  been  mixed  with 
them;  but  it  will  be  impossible  to  decide 
whether  manufactured  tapioca  and  sago  pow- 
ders have  been  substituted  for  genuine. 

The  coloring  of  the  starch  granules  is  owing 
to  the  property  which  these  bodies  possess,  of 
absorbing  the  vapor  of  iodine  and  water.  Ex- 
periment shows  that  these  granules  are  not 
colored  by  iodine,  unless  moist.  When  they 
have  been  dried  at  212°  they  absorb  iodine,  it 
is  true,  but  only  become  colored  on  recombin- 
ing  with  water.     (Chem.  Gaz.  ii.  238,  239.) 

Another  mode  of  distinguishing  between  the 
different  varieties  of  starch,  is  by  their  micro- 
scopic characters,  and  we  therefore  annex  a 
synopsis,  taken  from  Parncll's  Applied  Chem- 
istry, vol.  ii.  pp.  144 — 146 : — 
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Starch  from  potatoes.     With  the  exception  of 

.  the  granules  of  potato  starch  are 

than   those  of  anj    other   kind.      The 

elliptical  rings  are  unusually  distinct  in  potato 

starch.     The  common  size  of  the  granules  is 

from   ,  of  an  inch  in  diameter.     The 

and  supplementary  colors  by  polarized 

re  very  distinct. 

The  granules  of  sago  meal  or  pulve- 
rulent sago,  are  somewhat  rounder  than  those 
of  most  other  kinds  of  starch.  Their  size  is 
pretty  uniform,  and  about  the  ,,',„  of  an  inch 
in  diameter.  Most  of  the  granules  of  pearl 
sago  are  ruptured,  but  those  of  brown  sago 
are  perfect.  The  cross  by  polarized  light  is 
very  distinct. 

Starch  of  oats.  That  which  appears  to  be  a 
large  granule  of  oat  starch,  when  examined  by 
a  power  of  one  hundred  diameters,  proves  with 
a  higher  power  to  be  a  glutinous  cell,  to  which 
small  granules  of  starch  are  attached,  the  di- 
ameter of  which  is  about  T>16  of  an  inch. 

Starch  of  the  kidney  bean.  The  granules  are 
ovoid,  and  have  a  point  on  one  side.  The  di- 
ameter of  the  largest  is  about  f ,'}  0-  of  an  inch. 
Wheat  starch.  The  granules  rarely  exceed 
1 5  of  an  inch  in  diameter  ;  they  are  spherical, 
and  when  prepared  from  flour,  are  often  ac- 
companied by  the  teguments  of  broken  gran- 
ules. Wheat  starch  does  not  exhibit  the  cross 
by  polarized  light  as  distinctly  as  most  other 
starches. 

Starch  of  barley.  The  granules  are  about  the 
same  size  as  those  of  wheat  starch,  and  almost 
circular.  The  cross  by  polarized  light  is  not 
very  distinct. 

Starch  of  r>/e.  The  largest  granules  of  this 
starch  have  a  diameter  of  -,',,,  of  an  inch. 
They  are  flattened,  and  generally  marked  on 
one  of  their  faces  by  a  small  black  cross,  or 
by  three  black  rays  proceeding  from  the  hilum 
of  the  granule.      (  Rdspdil. ) 

Starch  from  the  bean.  The  usual  size  of  the 
granules  is  ,;.',,,  of  an  inch  in  diameter.  They 
are  ovoid  or  reniform. 

oh  from  green  peas.     The  granules  have 

the  same  form   as   those  of  potato   starch,  and 

a  diameter  of  aboui  ,. ,',  ,  of  an  inch.    (Raspail.) 

•-root.      The  granules  of  arrow-root  are 

spherical  as  most  other  starches,  being 

generally  flattened  at  one  end.      The  spherical 

re  not  so  well  defined  as  in  torn  I 
and   potato   starch,  but  the  cross  by  polarized 
is   very  distinct.      The    diameter  of  the 
!     of  an  inch. 

The  form  of  the 

grannies  is  very  irregular.      Their  longest  di- 

:    is   about    ,,.,',,  (|    of  an   inch,  but  varies 

considerably  according  to  the  size  and  age  of 

the  nut. 

oioca plant  or  tapioca  meal.  The 
granu'es  arc  spherical,  equal  in  size,  and  about 
„ J  s  of  an  inch  in  diameter.  The  hilum  is  very 
distinct,  as  well  as  the  cross  and  colors,  by 
polarized  light. 

Russian  semolina.     A  few  of  the  granules  are 

ruptured.     The  perfect  granules  are  spherical, 

of  an  inch   in  diameter.     The 

d  light  is  not  shown  distinctly 

by  this  variety  of  starch. 

rn  starch.     The  granules  are  almost 
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blj  spherical,  and  the  diami  !er  of  the 
largesl  does  not  exceed  ., ,',  „  of  an  inch.  The 
cross  with  polarized  light  is  verj  clear. 

Stare  his  tribe.     Before  the 

converted  into  salep  by  ebullition,  the  granules 
appear  perfectly  spherical,   and   the  dii 
of  the  largest  is  no  more  than  5  ;,„  of  an  inch. 
(  Raspail. ) 

Starch    of  the    millet.      The    granules    of    this 

starch  are  the  smallest  Raspail  has  observed, 

being  only    ,  . , . :, , , , ,  of  an  inch  in  diameter. 

STAUROLITE.  Min.  Staurotide,  Grenatite. 
(Vyst.   Right  rhombic;  frequently  compounded 

in   two  directions,  n:ai.  n        i  of  the  two 

forms  -f-  and   Xi  whence  its  name  from  G 
Cross-stone.     II.  =  7 — 7*5.  (!.  =8 -527 — 3 -741. 
Dark  brown  to  black;  vitreous,  resinous;  trans- 
lucent,   opake;    fracture   conchoidal ; 
whitish.     In  fine  powder  fusi  edges 

to  a  black  slag;  difficultly  soluble  in  bora 
mic.    salt,    showing    iron,    and    becoming'    opal- 
escent in  the  latter;    effervesces  with  soda   to  B 
yellow  slag;    not  decomposed  by  muriatii 
bul   partially  by  sulphuric    acid.      The   formula 

varies  from  2  R2Oa,  SiOs  to  5  R203,  I  Si03,  ill 
which   R2Os  =  A1203  and  Fe203.     Fine,  single 
crystals  in  kyanite,  occur  on  St.  Gotthard 
Greiner.     It  is  usually  in  mica-slate,   and  in 

considerable  abundance  in  many  localities  in 
the  U.  States;  among  others  on  the  Schuylkill 
and  Wissahickon,  near  Philadelphia;  and  very 
distinct  brown  cros.-es  from  Etowah,  Cass  Co., 
Georgia.    It  is  allied  to  kyanite  and  andalusite. 

STEARIN.  Chem.  Tech.  Syn.  Stearate  of 
the  oxide  of  Glyceryl.  Exists  naturally  in 
Fats,  as  their  more  solid  constituent. 

Prep.  Tare  stearin  is  pre]. a  red  by  adding 
10  pts.  of  ether  to  1  pt.  of  liquid  mutton  suet, 
pressing  the  crystals,  which  form  al 
and  washing  them  with  cold  ether.  On  a 
scale  it  may  be  made  from  either  lard  or  suet, 
by  the  use  of  spirits  of  terpentine,  and  for  the 
details  of  this  economical  mode,  see  "Morfit's 
.  [pplied  Chemistry." 

Prop.  Viewed  as  an  acid  stearate  of  glycerin, 
its  formula  is '  C.flLO,,  C68H6608  +  2  HO,  C„ 
'[m{'s  =  Cj42H1410,6,  in  which  the 

rding  to   the   analysis   of    Relouze, 
less  2  eqs.  water,  and  the  acid,   according  to 

1  lysis  of  Redtenbacher.     Re 
neutral   stearate  of  glycerin   (halved),  i1 

SB<yb"°*  ?«8H6606,  HO«CT1H„Or 
Bui  it,  with  Uerzelius,  we  adopt  oxide  of  lipyl 
as  the  base,  the  formula  be,  0  [  0,  C88 

2  HO.     Which  of  these  bases  is  the  cor- 
tie,   or,   indeed,    whether    the    above    or 

Chevreul's  analysis  of  stearic  acid,  (.'..„! I ,,,()., 
be  correct,  cannot  be  satisfactorily  deteri 
but  Redtenbacher's    formula   for   the   acid   is 
mosl  probably  correct.     It  is  certain  that  gly- 
cerin, as  analyzed  by  Pelouze,  does  not  enter 
composition  of  stearin  nor  any  of  the 
fats,    for   in    combining   it   loses   2  eqs.   water. 
.Moreover,   there  arc  some  fats   which,  upon  a 
comparison    of  their    analyses   with    thi 
their   acid-,  .-com  to  indicate  that,  they  contain 
only  oxide    of   lipyl    as    their    base.      Si 
Crystallizes    in    pearly  scab's,  but,  as    oi 
on  a  large    scale,  it   retains    m  olein, 

and  is  in  hard,  amorphou  That  made 

from  tallow  is  white  and   marble-like,   while 
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lard-stearin  is  translucent,  and  very  similar  to 
wax  in  appearance  and  physical  properties. 
When  pure  it  melts  at  140°  to  144°,  and  con- 
geals into  a  non-crystalline  mass.  Is  insoluble 
in  water ;  dissolves  in  7  or  8  pts.  boiling  alco- 
hol, and  drops  on  cooling  in  white  flocculae. 
Ether  takes  it  up  readily,  but  when  cold  does 
not  retain  but  2  \  5.  Sulphuric  acid  separates 
the  stearic  acid,  and  unites  with  the  glycerin, 
fprmiag  sulpho-glyceric  acid.  In  the  cold, 
stearin  forms  compounds  with  the  alkalies 
from  which  it  may  be  separated  unaltered,  but 
by  saponification  it  is  decomposed  and  resolved 
into  glycerin  and  stearate. 

Stearic  acid.  Syn.  Hypomargarylic.  Is  bi- 
basic  ('.').  Formula  C68H6605  (anhydrous),  and 
Ce8B660fi  +  2  HO  (hydratedj.  (Redtenbacher.) 
Is  best  prepared  by  decomposing  the  stearate 
of  lime  with  sulphuric  acid,  decanting  the 
supernatant  oily  liquid,  and  when  cold  dissolv- 
ing it  in  alcohol  and  crystallizing.  It  may  be 
further  purified  by  recrystallization  from  alco- 
hol. On  a  large  scale,  in  the  material  of 
'■Star,"  "Adamantine,"  and  "Stearin"  can- 
dles, it  is  prepared  by  making  a  lime-soap  of 
tallow  or  lard,  decomposing  it  with  dilute  acid, 
granulating  the  separated  fat,  fusing  it  to  ex- 
pel the  liquid  or  oleic  acid,  and  steaming  to 
whiten  and  purify  it.  All  the  minutiae  for  the 
manufacture  of  these  candles  are  recorded  in 
Jlorji/'s  "Applied  Chemistry." 

Prop.  Stearic  acid  crystallizes  from  alcohol 
in  brilliant,  pearly  needles,  which  are  greasy 
to  the  touch,  soluble  in  ether,  and  insoluble  in 
water.  Fuses  at  167°,  and  solidifies  at  158° 
into  a  crystalline  mass,  and  burns  with  a  clear 
flame,  like  wax.  Spec.  grav.  of  the  solid 
stearin,  1-01,  of  the  liquid  0-854.  If  heated 
in  close  vessels,  stearic  acid  may  be  distilled 
unaltered,  but  the  presence  of  air  modifies  it 
into  new  products,  among  which  are  margaric 
acid,  margarone,  and  a  liquid  carbohydrogen. 
By  the  distillation  of  4  pts.  of  acid  with  one 
of  lime,  there  are  generated  an  oily  matter 
soluble  in  ether,  a  crystalline  body,  Stearone 
(Bussy),  of  the  formula  C59H450,  and  melting 
at  187°,  and  a  matter  fusible  at  179-6°,  of  the 
composition  C46H450.     (Redtenbacher.) 

Oxidizing  agents  transform  stearic  into  mar- 
garic acid,  and  by  prolonged  action  ultimately 
into  the  products  of  the  latter  acid.  Sulphuric 
is  without  any  appreciable  action.  Anhydrous 
phosphoric  acid  removes  2  cqs.  of  water,  and 
converts  it  into — 

Anhydrostearole,  C68H6605  (Erdmann).  A  bril- 
liant yellow  solid,  of  less  spec,  gravity  than 
water.  Melts  at  130°  to  140°,  is  very  soluble 
in  ether,  but  only  slightly  in  alcohol.  Potassa 
is  without  action,  and  nitric  acid  converts  it 
into  a  waxy  matter. 

Stearic  acid  forms  two  series  of  salts,  in  one 
of  which  but  a  single  equivalent  of  water  is 
displaced  by  the  bases,  and  in  the  other  both. 
rate  of  Potassa.  2  KO,  C68Hg605.  This, 
the  neutral  salt,  crystallizes  in  brilliant  white 
scales  and  needles  of  an  alkaline  taste,  un- 
alterable in  the  air,  and  fusible  at  212°.  Is 
readily  soluble  in  boiling,  but  only  slightly  in 
cold  alcohol,  and  insoluble  in  ether.  If  to  its 
solution  in  boiling  water  cold  water  is  added. 
the  pearly  bi-stearate  is  precipitated,  and 
caustic  potassa  remains  in  solution. 
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Bi-stearate  of  Potassa.  KO,  St  +  HO.  Crys- 
tallizes in  pearly  scales  from  an  alcoholic  solu- 
tion. It  is  insoluble  in  cold  water,  but  by 
boiling  1  pt.  with  1000  of  water,  an  insoluble 
quadristearate,  C68H6605,  2  KO  -j-  3  (C68H6605, 
2  HO),  is  formed.  The  filtered  liquor  then 
drops,  upon  cooling  and  repose,  bi-stearate  of 
potassa,  while  it  retains  in  solution  an  alkaline 
stearate. 

The  corresponding  soda  salts  are  very  analo- 
gous, though  less  soluble  in  water,  and  less 
easily  decomposed. 

The  stearates  of  lime,  baryta,  and  strontia 
are  formed  by  double  decomposition  from  the 
neutral  salt  of  potassa.  They  are  white,  solid, 
insoluble,  and  of  the  formula  2  RO,  C68HG605. 

There  are  three  lead  salts :  the  neutral,  2 1'bO, 
St ;  the  basic,  4  PbO,  St ;  and  the  acid,  which 
like  the  second  is  a  transparent  plaster,  fusible 
at  212°. 

Stearates  of  the  Oxide  of  Ethyl.  The  neutral 
ether  is  2  AeO,  St,  an  oily  solid.  The  bi-salt, 
AeO,  HO,  St,  is  wax-like.  It  melts  between 
80°  and  90°,  and  decomposes  at  329°,  is  in- 
soluble in  water,  soluble  in  ether  and  hot  alco- 
hol, from  which  latter  it  drops,  on  cooling,  in 
white,  silky  needles.     (Redtenbacher.) 

STEAROPHANIC  ACID.  C33H3403,  HO.  Ob- 
tained by  Francis  from  the  Cocxtltjs  Indicus. 
A  solid,  crystallizable  fat,  fusing  at  154°. 

STEAROPTEN.  Chem.  The  crystallizable 
portion  of  Essential  Oils.  In  some  instances 
this  solid  constituent  is  isomeric  with  the  oil, 
and  in  others  is  an  oxide.  When  formed  under 
the  influence  of  water,  it  is  a  hydrate. 

STEATITE.     Min.     Soapstone,  Speckstone. 
Massive  and  granular.     H.  =  1 — 1  ••">.   G.  =  2:5 
— 2-8.     Greenish,  yellowish,  lead-gray,  white  : 
lustre    pearly ;     translucent,    subtra'nslucent  ; 
sectile,    with   white    streak    and    soapy    feel. 
Yields  water  in  a  tube;  scarcely  fuses  on  the 
edges  to  a  white  enamel;  gives  a  red  tint  with 
cobalt  solution ;  decomposed  by  muriatic 
The  varying  formulas   (i  MgO.  5  SiOa  -f-   I  !!<> 
and  A1203,  2  Si03  +  G  (MgO,  HO),  &o.  show  a 
variable  composition  from  the  presence  of  dif- 
ferent quantities  of  water,  and  other    I 
ingredients.      It  may  be  like   talc,    a 
silicate  of  magnesia,   MgO,  SiOs,  with  a  vary- 
ing adulteration  of  MgO;  HO,    and   a   r 
ment  of  part  of  the  MgO  by  FeO.     Steatite 
occurs  in  large  beds   in  different  parts  of  the 
U.  States.     A  fine  quarry,   from   which 
slabs  are  cut,  is  on  the  Schuylkill,   about  8 
miles  from  Philadelphia.     See  Talc. 

STEINHEILITE.     See  Cobdieki 

STEINMANNITE.  Mm.  Cryst;  Regular, 
cubic,  with  the  same  cleavage.  H.  =  2-">. 
G.  =  6-83.  Lead-gray;  metallic.  Gives  with 
the  blowpipe  sulphurous  acid,  oxide  of  anti- 
mony, lead,  and  silver.  Allied  to  sulphanti- 
moniates  of  lead.  From  Przibram 
See  Antimonial  Ores. 

STELLITE.  Min.  Radiated  acicular  crys- 
tals and  fibres.  H.  =  3-25.  G.  =  2-612. 
White,  silky,  shining,  translucent.     Fuse  I 

effervescence  to  a  white  enamel :  gelatinizes 
with  muriatic  acid.  Thomson's  analysis  of 
stellite,  from  Kilsyth,  Scotland,  leads  to  the 
formula  9  (CaO,  SiQ3)  +  A1203,  3  Si03  -f 
6  (MgO,  110);  in  the  last  member,  \  of  the 
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MgO  is  replaced  by  CaO.  Beck's  and  Hayes' 
analyses  of  Btellite,  from  Bergen  Hill,  N.  Jer- 
sey, give  a  different  formula,  and  the  latter 
finds  (5-75  pr.  ct.  soda  with  but  a  trace  of  mag- 
nesia. 

STERNBERGITE.  Mm.  Cryst.  Rightrhom- 
hie,  with  perfect  basal  cleavage.  II.  =  1  —  1  -5. 
G.  =  4-215.  Pinchbeck-brown;  metallic; 
opake;  very  sectile,  with  black  streak;  leav- 
ing traces  on  paper  :  thin  laminae  flexible.  It 
fuses  on  coal,  evolving  sulphurous  acid,  and 
leaving  a  magnetic  globule,  coated  with  silver; 
with  borax  it  yields  a  silver  globule  and  an 
iron-colored  slag.  Soluble  in  aqua  regia  with 
separation  of  sulphur  and  chloride  of  silver. 
Form.  AgS  -f-  2  ^e2S3.  From  Joachimsthul, 
Bohemia,  with  ruby  silver. 

STILB1TE.  Min.  Radiated,  foliated  zeolite, 
Spherostilbite,  Hypostilbite,  Desmin,  Strahl- 
zeolith.  Cryst.  Right  rhombic,  witli  8-hedron 
and  end-planes  of  all  axes ;  cleaves  perfectly 
parallel  to  one  lateral  axis;  also  columnar, 
fibrous,  foliated.  H.  =  3-5—4.  G.  =  2-133 
— 2-203.  White,  sometimes  tinted  yellow, 
brownish,  red  ;  lustre  of  cleavage  face  pearly ; 
subtransparent,  translucent ;  brittle,  with  un- 
even fracture  and  white  streak.  It  behaves 
like  all  zeolites  before  the  blowpipe,  and  is 
perfectly  decomposed  by  muriatic  acid,  its 
silica  separating  in  powder.  Form.  CaO,  SH)3 
-j-  A1203,  3  Si03  +  6  HO,  a  portion  of  the  lime 
being  at  times  replaced  by  soda.  It  occurs 
most  frequently  in  tvappean  rocks,  and  is  met 
with  in  granitic  rocks.  See  Aedelforsite. 
Epistilbite. 

STILPNOMELAN.  Min.  A  black,  foliated 
mineral,  with  green  streak,  a  hydrated  silicate 
of  alumina,  and  protoxide  of  iron;  from  Olur- 
grund,  in  Austrian  Silesia.  Berzelius  regards 
it  as  a  mixture. 

STILl'NOSIDERITE.  See  Brown  Hematite. 

STINKSTONE.   Min.    Fetid,  calcareous  spar. 

STORAX.  The  balsamic  juice  of  the  Styrax 
officinale  and  IAquidambar  Styraciflua.  It  con- 
sists, according  to  Simonde,  of  volatile  oil,  re- 
sin, styracin,  and  cinnamic  acid.  The  resin  is 
a  compound  of  two,  one  hard,  the  other  soft, 
and  analogous  to  cinnamein. 

Styracin.  C24Hn02.  Crystallizes  in  white 
needles,  which  are  neutral,  fusible  at  122°,  in- 
soluble in  water,  soluble  in  3  pts.  of  boiling, 
and  22  of  cold  alcohol,  and  in  3  pts.  of  ether. 
Nitric  acid  generates,  among  other  products, 
prussic  acid  and  hydrate  of  benzoyl.  Distilled 
with  hydrate  of  lime,  it  yields  an  oil  isomeric 
with  benzin,  but  of  different  properties.  Po- 
tassa  converts  it  into  styracone,  while  the  alkali 
combines  with  cinn;»mic  acid.     [Simon.) 

Styracone  is  a  heavy,  oily  liquid,  containing 
oxygen,  and  boiling  at  428°. 

By  distillation  with  water,  storax  yields — 

StyroU.  CI6H8  (Hoffman  and  Blyth).  A  color- 
less oil.  refracting  light  strongly.  When  heated 
in  a  closed  vessel  to  400°,  it  solidifies  into  Meta- 
styrole,  isomeric  with  it.  and  also  with  draconyl. 
By  stronger  heat  it  is  reconverted  into  styrole. 
According  to  Hempel,  styrole  is  a  derivative  of 
cinnamic  acid. 

STRAMONIN.      Ckem.     Found  by  Tromms- 

dorff   accompanying   Daturin,  in   the   Datura 

Stramonium.       Crystallizes    in    white    needles, 

which  are  inodorous,  tasteless,  and  soluble  in 
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other.      It  dissolves    also   to    a    slight    extent  in 
alcohol,  but  is  insoluble  in  water.     Heated  to 
302°,  it  melts  and  Bublimes.     Sulphur ii 
reddens  if;  nitric  acid  is  without  reaction, 

STROGANOT  ITK.  Min.  It  is  Cancririti!, 
with  a  targe  Amount  of  lime  i  eplacing  the  soda. 

STROMEYERITE.  Min.  Cupreous  snlphu- 
ret    hi'    silver;    Silberkupferglanz.      Massive. 

11.  =  3 — 4.    (!.  =  4-258.      Steel-gray,  mel 

sectile  with  shining  streak.  Puses  readily  to 
a  gray,  metallic,  half-malleable  globule,  which 
shows  copper  with  the  fluxes,  and  gives  silver 
by  cupellation ;  so  In  hie  in  citric  acid  with  sepa- 
ration of  sulphur.  Form.  Cu2S -f- AgS.  Prom 
Sehlangenberg,  near  Colivan,  in  Siberia. 

STRONTIANITE.  Min.  Carbonate  . if  stron- 
tian.  Cryst.  Right  rhombic,  with  latt  t  •'' 
age  nearly  perfect;  also  fibrous,  granular. 
11.  =  3-5—4.  G.  =  8-()— 3-713.  Green,  white, 
gray,  yellow,  brown,  usually  light  oolors; 
vitreous;  transparent,  translucent;  brittle  «it!i 
white  streak.  It  puffs  by  heat,  fuses  on  the 
edges,  illuminates  powerfully,  and  gives  a  red- 
dish color  to  the  reducing  flame;  soluble  with 
effervescence  in  the  fluxes,  and  fuses  with  as 
much  soda  to  a  clear  glass,  which  bei 
milky  on  cooling;  soluble  in  acids  with  effer- 
vescence. It  is  carbonate  of  strontia,  SrO, 
C02,  with  varying  quantities  of  carbonate  of 
lime.  From  Strontian,  Scotland;  Saxony; 
Schoharie  and  Warwick,  N.  York. 

STRONTIUM.  Chen.  The  earth  was  dis- 
covered 1790 — 1793,  the  metal  by  H.  Davy, 
1808.  It  exists  in  less  abundance  than  baryta, 
as  sulphate  and  carbonate  (celestine  and  stron- 
tianite),  in  a  few  other  minerals,  and  in  minute 
quantity  in  many  mineral  waters. 

Strontium,  its  Oxide  and  Sulphuret. 

1.  Strontium.     Prep.   The   same    as  Barium, 
which   it  resembles  in   appearance,  but 
fusible,  decomposes  water,  evolving  hydrogen. 
Sym.  Sr.     Eq.  =  43-84  (43-67  11.  =  1,  6 

().  =  100,   Berz.) 

2.  Strontia.  Oxide  of  strontium,  SrO.  The 
dry  earth  is  prepared  like  baryta,  and  also  by 
powerful  ignition  of  the  hydrate ;  it  is  caustic, 
infusible.  The  hydrate,  made  by  moistening 
the  dry  earth,  is  a  white  powder,  SrO,  110; 
and  from  a  strong  hot  solution,  crystal 
rate,  of  the  form.  SrO,  HO  +  8  HO,  wh 
soluble  in  50  pts.  cold,  2-4  boiling  water,  and 
lose  8  HO  by  212°  or  above.  Hyperoxide  of 
strontia,  made  by  bringing  together  binoxide 
of  hydrogen,  water,  and  hydrate  of  strontia, 
forms  pearly  scales. 

Salts,  It  is  a  feebler  base  than  baryta;  its 
salts  are  colorless,  not  poisonous,  generally 
soluble  in  acid  water,  except  the  sulphate; 
give  white  precipitates  with  carbonate,  phos- 
phate, avseniate,  oxalate,  tartrate  and  sul- 
phate of  alkali,  which  are  soluble  in  muriatic 
acid,  except  the  sulphate;  the  limits  of  the 
sulphate  test  are,  1  pt.  nitrate  of  strontia  to 
5000  water,  immediate  cloudiness:  1  to  20,000, 
slight    cloudiness  i  •    minutes.       The 

best  test,  combined  with  that  of  sulphur 
in  dilute   solutions,   is   the    carmine   color  im- 
parted   to  flame,   especially  when  held  on  the 
edge  of  a  blue  hn 

Sulphuret  of  St..  SrS.  Prepared  from  the 
sulphate   by  ignition   with  charcoal,    is   wiiite. 
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Dissolved  in  water,  it  separates  into  sulphy- 
drute  of  sulphuret  of  strontium  and  hydrate  of 
Btrontia,  which  last  crystallizes.  The  sulphy- 
drate  is  made  by  extracting  the  sulphuret  by 
a  little  water,  or  by  passing  sulphohydrogen 
through  water  containing  the  sulphuret  or  hy- 
drate suspended  in  it.  It  crystallizes  by  eva- 
poration in  vacuo. 

Haloid  Salts. 

1.  Chloride  of  Str.  Obtained  like  the  salt 
of  barium  ;  crystallizes  with  the  form.  SrCl  -f- 
6  HO  ;  is  deliquescent  in  moist  air,  soluble  in 
jj-pts.  cold,  and  in  every  proportion  in  hot  water, 
in  21  pts.  cold,  and  19  boiling  absolute  alcohol; 
it  loses  water  by  heat,  fuses,  and  loses  chlo- 
rine ;  imparts  the  most  brilliant  red  color  to 
alcohol  flame.  It  absorbs,  when  dry,  4  eqs. 
ammonia  gas. 

2.  Bromide  of  Str.  Crystallizes  with  the  form. 
SrBr  4-  6  HO  ;  loses  water  by  heat,  and  fuses 
without  decomposition. 

3.  Iodide  of  Sir.  Is  very  soluble  in  water, 
and  fusible  with  decomposition. 

4.  Fluoride  of  Str.  Prepared  like  that  of 
barium ;  is  a  white  powder,  little  soluble  in 
water  and  fluohydric  acid. 

OXYSALTS. 

1.  Sulphate  of  Str.  (See  Celestine.)  SrO,  S03. 
Is  formed  by  precipitation  as  a  white  powder, 
fusible  at  a  high  heat,  soluble  in  3600  pts.  wa- 
ter at  60°,  less  in  water  containing  sulphate  of 
soda,  still  less  in  that  containing  sulphuric 
acid,  slowly  but  wholly  soluble  in  a  solution 
of  common  salt,  reprecipitable  by  sulphuric 
acid.  The  sulphite,  SrO,  S02,  is  a  white,  almost 
insoluble  powder.  Uyposulphate  is  permanent, 
crystallizable,  soluble  in  4£  pts.  water  at  61°, 
in  1 1  boiling  water,  insoluble  in  alcohol ;  form. 
SrO,  S205  -f-  4  HO.  Hyposulphite  or  dithionite 
forms  by  exposure  of  a  solution  of  sulphuret 
to  the  air,  or  by  passing  sulphurous  acid 
through  it  until  it  becomes  colorless.  By  add- 
ing alcohol,  or  by  evaporation,  it  crystallizes ; 
permanent  in  air,  soluble  in  4  pts.  cold,  in  1| 
pts.  boiling  water ;  form.  SrO,  S202  -f-  5  HO. 

2.  Nitrate  of  Str.  Made  from  the  sulphuret 
or  carbonate,  crystallizes  from  hot,  concen- 
trated solutions  in  anhydrous  crystals,  from 
cold,  dilute  solutions  with  the  form.  SrO,  N05 
4-  5  HO,  and  efflorescent ;  soluble  in  5  pts. 
cold,  in  2  pt.  boiling  water.  The  dry  nitrate 
forms  crystals,  permanent  in  air. 

3.  Phosphate  of  Sir.,  2  SrO,  P05,  is  a  white 
powder,  insoluble  in  water,  soluble  in  acids  and 
ammoniacal  salts,  reprecipitable  by  ammonia, 
not  decomposed  by  potassa  or  soda,  fusible  to 
a  white  enamel.  Phosphite,  2  SrO,  P03.  Is 
crystallizable,  and  decomposes  by  water  into 
an  insoluble  and  soluble  salt.  The  Ili/pophos- 
phite,  SrO,  PO,  formed  by  boiling  phosphorus 
and  Btrontia,  is  soluble  and  crystallizable. 

5.  Chlorate  of  Str.  Obtained  like  that  of 
baryta,  is  crystallizable,  deliquescent  in  air, 
and  rather  soluble  in  alcohol.  The  perchloratc 
is  still  more  deliquescent,  but  crystallizable. 
The  chlorite  is  crystallizable  and  deliquescent. 

4.  Bromate  of  Str.  Formed  direct,  crystal- 
lizes with  the  form.  SrO,  Br05  -f  HO,  soluble 
in  3  pts.  cold  water. 

6.  Iodate   of  Sir.     Is  formed  by  dissolving 


iodine  in  strontia  water,  or  precipitating  chlo- 
ride of  strontium  by  iodate  of  soda.  If  the 
precipitation  take  place  from  a  hot  solution, 
the  salt  is  a  white  powder,  of  the  form.  SrO, 
I05  4-  HO ;  if  from  a  cold  solution,  the  crys- 
tals have  the  form.  SrO,  I05  -4-  G  HO ;  the 
crystals  are  soluble  in  342  pts.  water  at  59°, 
in  110  pts.  boiling  water.  A  basic  periodate  is 
obtained  by  igniting  the  iodate. 

7.  Carbonate  of  Str.  (See  Strontianite.) 
Is  obtained  by  precipitation  as  a  white  powder, 
soluble  in  carbonic  acid  water  and  in  1536  pts. 
water,  and  crystallizable  from  the  former ; 
heated  in  a  current  of  steam,  it  becomes  caus- 
tic. Oxalate  is  white,  soluble  in  1920  pts. 
boiling  water. 

8.  Biborate  of  Str.,  SrO,  2  B03.  Is  almost 
insoluble  in  cold,  soluble  in  130  pts.  boiling- 
water  ;  it  has  alkaline  reaction,  and  is  fusible. 
Sexborate  is  also  rather  insoluble.  Silicates 
have  not  been  examined,  although  they  can  be 
formed. 

STRUVITE.  Mm.  Crystals  of  ammonia- 
phosphate  of  magnesia,  2  MgO,  P05  4-  NH3 
4-  13  HO,  from  the  soil  near  Nicolai-Church 
in  Hamburg,  formed  by  decomposition  of  ani- 
mal matter. 

STRYCHNIN.  Pharm.  Chem.  An  alkaloid 
found  by  Pelletier  and  Caventou,  accompanying 
Brucin  and  Igasuric  acid,  in  the  seeds  of  the 
Strychnos  Nux  Vomica.  It  exists  also  in  the 
seeds  of  the  S.  ignatia,  innocua,  spinosa,  and 
petatorum ;  in  the  wood  of  the  S.  colubrina,  in 
the  root  bark  of  the  S.  tieute,  and  in  the  Woo- 
raly  or  Ourary,  which  is  the  juice  of  the  S. 
toxifera.  It  is  supposed  to  be  likewise  present 
in  false  Angustura  bark. 

Prep.  The  process  for  making  strychnia  is 
exactly  the  same  as  for  Quinin,  until  the  resi- 
due after  the  distillation  is  taken  from  the 
still;  then,  instead  of  neutralizing  with  sul- 
phuric acid,  the  concentrated  liquid  is  allowed 
to  crystallize,  the  solid  mass  is  then  pressed 
and  treated  repeatedly  with  dilute  alcohol,  un- 
til the  removal  of  all  extractive  matter  and 
brucin.  This  being  done,  the  cleansed  strych- 
nin is  to  be  diffused  in  hot  water,  neutralized 
with  sulphuric  acid,  and  crystallized  repeat- 
edly from  alcohol,  until  white,  when  it  may, 
while  in  solution  as  sulphate,  be  precipitated 
in  fine  granules  by  aqua  ammonia.  Resolution 
in,  and  crystallization  from  alcohol,  yields  fine 
crystals. 

Lebourdais  separates  the  strychnin  from  an 
aqueous  decoction  of  nux  vomica,  in  the  same 
manner  as  given  for  Quinin.  This  mode  of 
extracting  the  alkaloids  gives  rise  to  the  in- 
ference that  the  use  of  bone-black,  as  an  agent" 
for  decolorizing  their  solutions,  occasions  the 
loss  of  a  portion  precipitated  by,  or  combining 
with  it.  With  a  view  to  the  determination  of 
this  opinion,  a  series  of  experiments  are  in 
contemplation,  and  will  be  executed  upon  the 
refuse  black  obtained  at  a  laboratory,  from 
the  crystallizations  of  morphin,  quinin,  and 
strychnin.     (C.  M.) 

Prop.  C44H23N204;  C44H24N204  (Dollfus). 
Dissolves  in  boiling  alcohol  of  -850,  and  dro|>s, 
on  cooling,  in  colorless,  transparent,  octahedral 
prisms.  Is  insoluble  in  ether  and  absolute 
alcohol,  and  only  to  a  very  slight  extent  (1  in 
2500)  in  hot  water.     The  solution  as  well  as 
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the  vapor  arc  intensely  bitter.  It  is  neither 
fusible  nor  volatile,  but  decomposes  at  600°, 
Pure  Btrychnin  is  not  reddened  by  uitrii 
ami  this  test  is  used  to  deteet  brucin,  not  un- 
frequently  present,  and  which  is  immediately 
colored  red  by  it.  A  very  delicate  and  char- 
acteristic test  for  strychnin  in  toxicological 
is  that  of  E.  Marchand,  verified  by  the 
experiments  of  Dr.  Erdmann  upon  J  milli- 
gramme of  strychnin  in  12  grms.  of  milk. 
The  method  is  to  triturate  the  strychnin  with 
a  small  quantity  of  peroxide  of  lead,  and  to 
let  fall  upon  the"  mixture  a  drop  of  sulphuric 
acid  containing  1  pr.  ct.  of  nitric  acid.  A 
magnificent  blue  color  is  instantaneously  de- 
veloped, and  passes  quickly  to  violet,  then 
gradually  to  red,  and  ultimately,  after  some 
hours,  td  a  canary-yellow.  (Journ.  de  Pharm. 
1848,  and  Chem.  Gaz.  i.  629.) 

Strychnin  is  highly  poisonous,  and  Duclos 
(Chem.  Gaz.  ii.  108)  has  recommended  the  ap- 
plication of  the  negative  electricity  as  a  remedy. 

Strychr,  ie  acid.  Prepared  by  boiling  together 
a  paste  id' 3  pts.  Btrychnin  and  1  pt.  of  chlorate 
of  potassa  (moistened  and  warmed  with  a  little 
water  and  a  few  drops  of  sulphuric  acid)  in 
10  pts.  of  distilled  water  (Rousseau).  The  so- 
lution, on  cooling,  drops  strychnia  or  sulphate, 
and  must  then  he  filtered.  The  filtrate,  by 
evaporation,  yields  crystals  of  strychnic  acid, 
in  fine  white  needles.  Is  readily  soluble  in 
water,  but  with  difficulty  in  alcohol,  and  forms 
crystallizable  salts  with  the  bases.  (Journ.  de 
Ch,m.  Med.  1844. ) 
+ 

Sulphate,  St,  S03  -f  7  HO.  Crystallizes  in 
colorless,  rectangular  prisms,  or  in  cubes,  which 
become  opake  by  exposure  to  air.  The  acid 
sulphate  crystallizes  in  needles.  Soluble  in  10 
pts.  of  cold  water. 

Nitrate,  St,  NO.  -4-  HO.  In  pearly  needles, 
more  soluble  in  hot  than  cold  water,  slightly 
soluble  in  alcohol,  and  insoluble  in  ether. 
There  is  also  an  acid  nitrate. 

Muriate.     St,  IIC1  +  2  HO. 

Ferrocyanide.  (2  St,  HCy  +  FeCy)  -f  8  HO 
(Brandis).  Long,  rectangular  prisms,  straw- 
yellow,  sparingly  soluble  in  cold  water  and 
alcohol,  and  more  so  in  hot. 

Fcrridcyanide.  (3  St,  HCy  -f  Fe2Cy3)  +  12  HO 
(Brandts).  Golden-yellow  prisms,  very  spar- 
ingly soluble. 

Muriate  of  Strychnin  and  Cyanide  of  Mercury. 

St,  HCy  -f-  4  HgCy  (Brandis).    Colorless,  pearly 
prisms.      {Journ.  fur  Prakl.  Chem.  1848.) 

Sulphocyanide  of  Strychnia.  St  +  C2NS2H. 
Crystallizes  in  transparent  needles.  (Liebig's 
Annalen,  184b.) 

STUPP.  One  of  the  products  obtained  in 
the  working  of  the  bituminous  mercurial  ores, 
in  Idria.  A  soft,  black  mass,  mixed  with  glob- 
ules of  mercury.     See  Idkyl. 

STYRACIN.  |  y       a 

STYEOLE.     ,-See  Stouax- 

SUB.     See  Sri'i-.R. 

SUBERIC   ACID.     Chem.     Brugnatelli  first 

obtained   it   as  a  product   of  the  oxidation  of 

by  nitric  acid,  and  hence  its  name  from 

the    Latin    word    for    that    substance. 
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Laurent  and  Bromeie  obtained  it  more  abund- 
antly by  tin-  action  of  nitric  acid  upon  I 

Prep.     Boil   together,   for   -  equal 

weights  of  stearic  and  nitric  acids  (spec,  grav, 
L *286),  and  evaporate  the  solution  one-half. 
The  crystals  which  deposit  are  hydratcd  su- 
beric acid,  which  require  to  be  washed  with 
cold  water,  and  purified  by  recrystallization. 

Prop.  C8H60j,  HO.  Crystallizes  in  white 
granules;  fusible,  if  moist,  at  1  :'>t)°,  and  if  dry, 
at  238°,  and  sublimes  at  a  higher  heat,  con- 
densing into  an  oily  liquid,  which  congeals  into 
long  needles.  Is  very  soluble  in  water  and 
boiling  alcohol,  and  in  10  pts.  of  hot,  or  6  pts. 
of  cold  ether. 

The  alkaline  suberates  are  all  soluble  in  wa- 
ter; the  earthy  salts  are  insoluble.  The  su- 
berate  of  silver  =  2  AgO,  Su,  and  the  neutral 
salt  of  lead  has  an  analogous  formula,  but  the 
composition  of  the  basic  salt  is  3  PbO,  Su. 
Suberic  ether,  AeOSu,  is  a  colorless,  oily  fluid, 
of  spec.  grav.  1-003,  which  boils  and  distils  at 
500°,  unaltered. 

Suberone.  C8H70  (Boussingav.lt).  Obtained 
by  distilling  suberic  acid  with  lime  or  baryta. 
Its  high  boiling  point  (867°)  permits  its  sepa- 
ration from  the  accompanying  products,  which 
are  more  volatile.  Is  a  colorless,  fragrant 
liquid,  which  by  exposure  to  air  or  action  of 
nitric  acid,  absorbs  oxygen,  and  is  transformed 
into  suberic  and  other  acids. 

SUBERONE.     See  Suberic  Acid. 

SUBLIMATION.  The  process  of  distilling 
a  solid  body  for  the  purpose  of  separating  the 
more  volatile  portion  from  the  fixed  matter. 
The  condensed  product  is  termed  the  sublimate, 
For  practical  details,  see  Faraday's  or  Morfit't 
Manipulations. 

SUBSTITUTION.  Chem.  Metalepsie,  Vcr- 
tretung.  The  term  substitution  may  be  applied 
to  those  changes  formerly  included  under  elec- 
tive affinity,  as  when  sulphuric  acid  is  added 
to  a  solution  of  nitrate  of  baryta,  it  takes  all 
the  baryta  from  the  nitric  acid,  thus  replacing 
the  latter  acid.  But  substitution  is  now  gene- 
rally applied  to  a  series  of  phenomena  more 
generally  observed  in  organic  chemistry.  I5y 
it  is  meant  the  removal  of  one  or  more  equiva- 
lents of  any  element,  except  carbon,  from  a 
compound  body,  whether  organic  or  inorganic, 
and  its  replacement  by  the  same  number  of 
equivalents  of  another  element,  or  of  a  com- 
pound, which  seems  to  act  the  part  of  an  ele- 
ment. When  an  element  is  so  removed,  it  may 
occur  that  nothing  enters  the  body  to  replace 
it,  in  which  case  there  is  no  substitution ;  nor 
is  there  substitution  when  fewer  equivs.  enter 
than  are  removed.  Sometimes  more  equivs. 
of  the  substitute  are  added  than  of  the  element 
substituted,  in  which  case  so  many  of  the 
equivs.  of  the  substitute  enter  into  intimate 
union,  and  the  excess  of  equivs.  form  a  combi- 
nation with  the  new  compound.  Such  is  an 
outline  of  the  theory  of  substitution  adopted 
by  many,  but  not  by  all  chemists.  The  fact 
of  substitution  cannot  be  doubted,  for  acetic 
acid,  C41I404,  and  chloracetic  acid,  CjHClgO^ 
where  Ii3  is  replaced  by  Cla,  are  remarkably 
similar  in  their  properties;  but  the  expansion 
which   the    theory  has  recei  tally  at 

the  hands  of  a  portion  of  the  French  school,  is 
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too  great  to  accord  with  well-established  views 
in  chemistry  ;  and  much  remains  to  be  done  by 
experiment,  before  the  true  limits  of  substitu- 
tion can  be  defined. 

Hydrogen,  which  is  most  frequently  substi- 
tuted, may  be  replaced  by  CI,  Br,  I,  as  in 
chloracetic  acid,  just  cited ;  olefiant  gas,  C4H4, 
yields  with  iodine  C4H3I,  &c.  In  these  changes, 
the  original  acid  or  basic  character  of  the  sub- 
stance is  retained.  Hydrogen  is  substituted 
by  a  metal ;  thus  in  the  salts  of  the  acids,  one 
of  metal  replaces  one  of  hydrogen,  as  in  ace- 
tate of  lead,  C4H404  becomes  C4H3Pb04.  It 
is  also  substituted  by  red  oxide  of  nitrogen ; 
when  certain  organic  bodies  are  acted  on  by 
nitric  acid,  1  eq.  0  of  the  acid  removes  1  eq.  H 
of  the  organic  body,  forming  water,  which  is 
eliminated,  while  the  remainder  of  the  nitric 
acid,  N04,  takes  the  place  of  hydrogen ;  thus 
benzole,  C12H6  +  N05  =  HO  +  C12H5  (N04). 
Sulphuric  acid  acts  similarly,  one  of  its  oxygen 
taking  away  one  of  hydrogen  from  the  organic 
body,  and  adding  sulphurous  acid  in  its  place; 
thus  benzole,  C12H6  +  S03  =  HO  +  C12H5 
(SOA 

The  halogens  may  be  substituted  by  hydro- 
gen, by  amid,  NH2,  and  by  sulphur.  Thus, 
chloracetic  acid  is  resolved  by  potassium-amal- 
gam into  acetate  of  potassa,  chloride  and  oxide 
of  potassium,  C4C1303,  HO  +  6  K  +  2  HO  = 
.  C4H303,  KO  +  3  KC1  +  2  KO ;  chloride  of  ben- 
zoyl, by  ammonia,  into  benzamid  and  muriatic 
acid,  C14H502,  CI  +  NH3  =  C14H502,  NH2  + 
HC1;  chloride  of  ethyl,  by  sulphuret  of  potas- 
sium, into  sulphuret  of  ethyl  and  chloride  of 
potassium,  C4H3C1  4-  KS  ==  C4H5S  -f  KC1. 

So  also,  red  oxide  of  nitrogen,  N04,  is  sub- 
stituted by  amid,  NH2,  and  by  nitrogen.  Oxy- 
gen is  replaced  by  amid,  by  nitrogen,  by  sul- 
phur, and  by  tellurium.  Sulphur  is  replaced 
by  oxygen. 

Many  of  the  above  examples  of  substitution, 
given  by  Gmelin,  vol.  iv.  pp.  64 — 68,  may  be 
explained  by  previously  received  chemical 
views,  without  reference  to  the  theory  of  sub- 
stitution.    See  Type. 

SUCCINAMIDE.     See  Succinic  Acid. 

SUCCINIC  ACID.  Chem.  Exists  in  Amber, 
in  the  resins  of  certain  Coniferce  (Unverdorben), 
in  the  fresh  plants  of  the  Lactuca,  Virosa,  and 
Sativa  (Kohnke),  and  in  the  decoction  of  Ab- 
sinth (Zwenger).  It  is  also  a  product  of  the 
decomposition  of  asparagin  (Piria),  and  of  the 
oxidation  of  margarin,  stearin,  wax,  and  sper- 
maceti, and  this  latter  is  its  most  abundant 
source. 

Prep.  By  evaporating  the  mother  liquors  of 
suberic  acid  (prepared  by  the  action  of  nitric 
acid  upon  margarin),  and  treating  the  crystals 
which  form  on  cooling  with  cold  ether.  The 
succinic  acid  is  left  undissolved. 

Prop.  Formula  C4H203  (anhydrous);  C8H507 
=  2  S"-f  HO  (sublimed) ;  and  C4H203,  HO  = 
S,  HO  (hydrated)  (Dapping).  According  to 
Folding,  the  acid  is  tribasic,  and  when  hy- 
drated? has  the  composition  C8H305 -f- 3  HO. 
Crystallizes  in  colorless  scales  or  prisms,  of 
spec.  grav.  1'5G,  which  readily  volatilizes  with- 
out residue.  Is  soluble  in  alcohol,  but  very 
sparingly  in  ether.  Boiling  water  takes  up 
half  its    weight,   but   retains  only  a  fifth  on 


cooling.  Melts  at  3.'>r,°,  and  boils  at  473°. 
The  sublimed  acid  melts  at  320°,  and  fuses  at 
468°;  the  anhydrous  fuses  at  293°,  and  boils 
at  482°.  The  last  is  more  soluble  in  alcohol 
and  ether  than  the  other  two. 

Succinic  acid  dissolves  unaltered  in  nitric 
acid,  and  is  not  acted  upon  by  chlorine.  Strong 
sulphuric  acid,  under  certain  circumstances, 
produces  the  sulphosuccinic  acid  (C4II2S209, 
HO  ?). 

Succinates.  Neutral  potassa  salt,  KO,  S  + 
2  Aq  [Dbpping),  in  deliquescent  crystals,  solu- 
ble in  alcohol,  insoluble  in  ether.  The  bisalt 
contains  KO,  S  -f-  HO,  S  +  4  Aq,  and  crystal- 
lizes in  six-sided  prisms,  which  effervesce  on 
exposure  to  air,  and  dissolve  in  water  and 
alcohol. 

Succinates  of  Ammonia.  The  acid  salt  is 
NH40  S~-f  HOS",  and  the  neutral,  «H40S, 
and  both  are  crystallizable  and  soluble  in 
water  and  alcohol. 

Succinate  of  Lime.  CaO,  S  -f-  3  Aq.  In  acicu- 
lar  crystals,  which  dissolve  with  difficulty  in 
water,  and  are  insoluble  in  alcohol. 

Succinate  of  Oxide  of  Ethyl.  An  oily  liquid, 
of  spec.  grav.  1-036  as  liquid,  and  6-00  in  vapor. 
It  boils  at  417°,  and  with  ammonia  forms  a 
crystalline  substance  apparently  analogous  to 
oxamethane.     (D'Arcet.) 

For  the  mode  of  making  the  salts,  and  the 
composition  of  a  large  number,  see  Chem.  Gaz. 
ii.  29,  and  Ann.  der  Chem.  und  Pharm.  xlvii.  p. 
253,  291. 

Succinone.  An  oily  liquid,  produced  by  the 
distillation  of  succinate  of  lime.  Its  formula 
has  not  been  correctly  determined. 

Succinamide.  C8H404,  2  NH2.  A  crystalline 
solid,  formed  by  the  action  of  aqua  ammonia 
upon  succinic  ether.  Is  soluble  in  boiling  wa- 
ter, and  insoluble  in  ether  and  absolute  alcohol. 
By  heat  it  is  partially  transformed  into — 

Bisuccinamide.  C8H406,  HO  -\-  NH3,  IIO. 
In  volatile  crystals.  Is  also  formed  by  heating 
anhydrous  succinic  acid  in  dry  ammonia. 

SUCCININ.     See  Succinic  Acid. 

SUCCISTERENE.  Chem.  A  white,  solid 
product  of  the  distillation  of  Amber,  probably 
identical  with  Idrialin. 

SUETS.     See  Fats. 

SUGAR.  Chem.  Tech.  Syn.  Fr.  Sucre.  Ger. 
Zucker.  A  sweet-tasted  principle  of  many 
vegetable  juices.  As  an  aliment  it  is  nutri- 
tious when  combined  with  nitrogenous  food, 
but  eaten  alone,  it  may  be  viewed  only  as  fuel 
for  generating  animal  heat,  and  thus  serving 
simply  as  a  supporter  of  respiration.  There 
are  strictly  but  two  kinds  of  sugar, — Cane  and 
Grape,  both  of  which  yield  alcohol  by  fermenta- 
tion. Under  this  head  are  also  comprised  cer- 
tain sugars  of  animal  origin,  viz.,  lactin,  from 
the  milk  solely  of  the  mammalia,  and  diabetic 
sugar,  excreted  in  the  urine  of  patients  afflicted 
with  diabetes. 

Mannitc  (see  Manna)  and  Glycyrhizzin  (see 
Glycyriiizza),  though  not  fermentescible,  are 
yet  so  analogous  to  sugar  in  many  other  pro- 
perties as  to  be  considered  a  third  species. 

1.  Cane  Sugar.     Syn.  Crystallizable  sugar, 

Right  polarizing  sugar.     Its  chief  sources  are 

the  sugar  cane  [Arundo  saccharifera),  the  sugar 

maple    (Acer  saccharinum),   and  beet-root.     It 
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also  exists  in  the  melon,  carrot,  pumpkin,  and 
turnip,  and  in  the  palm  and  unripe  Indian  com 
plants,  and  always  as  a  primary  secretion. 

The  yield  of  sugar  varies  with  the  kind  of 
cane  or  raw  material,  the  nature  of  the  climate 
and  soil  in  and  upon  which  it  is  grown,  the 
mode  of  cultivation,  and  process  of  manufac- 
ture. The  amount  obtained  in  the  large  way, 
ranges  from  (5 — 8  pr.  ct.  The  proportion  of 
sugar  in  saccharine  juices  can  always  be  deter- 
mined, however,  and  with  sufficient  accuracy 
for  ail  practical  purposes.  The  two  most  avail- 
able methods,  being  equally  applicable  to  re- 
fined and  crude  juices,  are  1st,  by  fermentation. 
2d,  by  circular  polarization  of  light.  These 
modes,  as  well  as  others,  with  directions  for 
manipulating  in  detail,  are  given  in  R.  S. 
McCulloh's  excellent  report  to  Congress,  "upon 
Sugar  and  Hydrometers,  1848."  In  the  same 
work  are  analyses  of  the  juice  of  the  different 
kinds  of  cane. 

Prop.  Crystallizes  in  oblique  rhombic  prisms, 
of  CI2H10O10  -j-  HO,  and  spec.  grav.  1-606. 
When  refined  is  perfectly  white,  and  exhibits 
phosphorescence  by  trituration  in  the  dark. 
Very  soluble  in  water,  forming  Simple  Syrup, 
of  spec.  grav.  1*32  if  the  proportion  of  sugar 
is  double  that  of  the  water.  Only  sparingly 
soluble  in  cold,  and  but  very  slightly  so  in  hot 
alcohol.  When  the  crystallization  of  syrup  is 
gradual,  the  forms  are  large  aud  definite,  as  in 
Rock  Candy;  but  if  the  syrup  is  concentrated 
and  the  crystallization  rapid,  a  crystalline  mass 
results,  as  in  Loaf  Sugar.  The  presence  of  any 
acid  prevents  crystallization. 

Pure  sugar  is  unalterable  by  mere  exposure 
at  the  ordinary  temperature  of  the  atmosphere, 
unless  in  the  form  of  syrup,  and  then  only  after 
a  protracted  contact.  This  reaction  renders  it 
uncrystallizable,  by  transforming  it  into  glu- 
cose, and  ultimately  into  ultnin  and  ulmic  acid, 
results  which  more  quickly  follow  when  the 
syrup  is  continuously  heated  in  the  open  air  to 
200°,  particularly  when  a  minute  quantity  of 
acid  is  present.  So  also,  when  glucose  is  pre- 
sent, the  addition  of  lime  promotes  these 
transformations.  Solid  sugar  fuses  at  350°, 
and  congeals  on  cooling  into  barley  sugar,  which 
is  at  first  amorphous,  but  in  time  becomes 
crystalline  with  the  loss  of  its  transparency. 
The  density  of  this  modified  sugar  is  1-505. 
Further  heating  renders  it  viscous  without  im- 
parting color,  until  at  392°  it  decomposes  into 
water,  which  vaporizes,  and  into  a  residual 
brown  mass  that  at  428°  blackens  and  becomes 
CI2H909,  and  hygroscopic.  If  the  heat  is  ap- 
plied suddenly  instead  of  gradually,  sugar  is 
transformed  into  Caramel,  water,  formic  and 
acetic  acids ;  carbonic  acid  and  oxide  being 
probably  concomitant  products.  Heated  with 
lime,  sugar  yields  Metacetone. 

Cane  sugar,  in  solution,  rotates  the  plane  of 
polarization  to  the  right,  and  in  this  consists 
its  distinction  from  grape  sugar,  which  rotates 
to  the  left.  Another  characteristic  is  its  pro- 
perty of  being  changed  by  acids,  in  the  cold, 
into  a  peculiar  sugar  which  polarizes  from  right 
to  left.  This  inversion  of  the  polarizing  power 
by  acid,  is  peculiar  to  cane  sugar  only. 

Action  of  bates.  Sugar  unites  with  bases  to 
form  compounds,  its.  water  being  displaced  by 
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the    combination.     The   Lead   oompound   is  in- 
soluble, and  has  the  composition  2  PbO 

llg()9.     The  baryta  salt  is  crystalli 

the  formula    BaO,  C.»H]0Olo.      The  limi 

charate,    CaO,  Cl8H,0O1Q,    is   unorystalli 

slightly  soluble    in    cold,  and    but 

hot  water.     Sugar  also  combines  with  ohl 

of  sodium,  forming  an  easily  soluble  < ipound, 

of  the  composition  NaCl,  ('|2H  10<>10- 

The   dampness   and   inferiority  of  sugars  is 
due  to  the  presence  of  salt,  for  it  imparl 
property  when  the  quantity  contained  is  only 
one  per  cent. 

Alkalies  and  alkaline  earths,  in  limited  pro- 
portion, yield  compounds  from  which  the  sugar 
may  be  eliminated,  unaltered,  by  the  weaker 
acids  ;  but  if  caustic  alkali  in  excess  be  heated 
with  syrup,  the  latter  is  transformed  into  ulmio 
and  formic  acids. 

Action  of  Acids.  Nitric  acid  generate 
cessivcly  saccharic,  oxalic,  and  carbonic 
Saccharic  acid,  when  crystallized,  is  ('l,H,Ou 
-|-  5  HO.  The  formula  of  its  lead  salt  is  6  PbO, 
C12Hg0j,,  and  that  of  its  potassa  compound 
KO,  Cl2H5On  +  4  HO.  The  transformation  of 
sugar  into  oxalic  acid  has  been  made  profitably 
available  in  the  manufacture  of  .sulphuric  acid 
(see  Sulphur),  its  cost  being  defrayed  by 
oxalic  acid  as  a  secondary  or  incidental  pro- 
duct. Strong  sulphuric  acid  carbonizes  sugar, 
and  produces  sulphurous  and  formic  acids,  and 
two  brown  substances,  sacchulmin  and  sacchul- 
mic  acid,  both  insoluble  in  water,  and  said  to 
be  isomeric  with  ulmin.  If  the  acid  is  dilute 
and  the  temperature  boiling,  formic  acid  and 
ulmin  are  the  products.  Greater  dilution  of 
the  acid  and  moderation  of  the  temperature 
give  glucose.  Dilute  hydrochloric  acid  also 
generates  grape  sugar.  Arsenic  acid  colors 
syrup  successively  red,  purple,  and  brown,  the 
odor  of  acetic  acid  being  simultaneously  appa- 
rent. Sulphuretted  hydrogen  decolorizes  this 
solution,  by  precipitating  the  arsenic 

Sugar  possesses  the  property  of  preventing 
the  precipitation  of  many  metallic  solutions  by 
alkalies,  the  eliminated  oxides  being  held  by 
it  in  solution.  When  this  solution  is  boiled, 
the  oxides  are  partially  reduced,  and  precipi- 
tated ;  in  this  manner  the  oxide  in  acetate  of 
copper,  and  the  acid  in  bichromate  of  potassa 
may  be,  respectively,  reduced  to  red  oxide  of 
copper  and  oxide  of  chrome.  The  reducing 
power  of  sugar  extends,  likewise,  to  the  me- 
tallic chlorides. 

Caustic  potassa  added  in  excess  to  a  mixed 
solution  of  cane  sugar  and  sulphate  of  copper, 
strikes  a  blue  color,  not  immediately  alterable 
by  heat;  but  if  grape  sugar  is  present,  the 
application  of  warmth  produces  an  abundant 
greenish  precipitate  of  protoxide  of  copper, 
which  passes  into  scarlet,  and  ultimately  into 
dark  red,  leaving  the  supernatant  liquid  nearly 
colorless.  This  test,  known  as  Trommer's,  is 
an  excellent  one  for  distinguishing  the  two 
varieties  of  sugar. 

Action  of  Ferments.  Under  the  catalytic  in- 
fluence of  yeast,  rennet,  casein,  and  protein 
compounds  generally,  sugar  loses  its  sweetness, 
and  is  transformed  into  liquid  sugar,  gum, 
lactic  and  butyric  acids,  mannites,  glucose, 
and  ultimately  into  alcohol  and  carbonic  acid. 
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Each  of  these  transformations  is  a  successive 
step  towards  the  completion  of  the  fermenta- 
tion;  but  if  the  process  is  improperly  con- 
ducted, the  first  change  is  to  viscidity, — lactic 
acid  is  formed,  and  the  alcoholic  fermentation 
prevented.  The  proper  proportions  to  insure 
a  successful  fermentation,  are  1  sugar,  5  water, 
and  1  yeast,  and  the  temperature  80° — 90°. 
See  Fermentation, 

Preparation  of  Sugar  from  Cane.  The  first 
step  is  to  grind  the  harvested  cane  between 
horizontal  rollers.  The  great  pressure  at  the 
same  time  exerted  by  this  machine  expels  the 
juice  from  the  crushed  mass.  To  eject  an  ad- 
ditional portion,  the  marc  should  be  further 
subjected  to  hydraulic  pressure.  If  the  locality 
abounds  in  fuel,  so  that  the  excess  of  water 
thus  required  may  be  evaporated  economically, 
it  will  be  advantageous  to  steep  the  pressed  cane 
in  water,  and  to  subject  it  anew  to  the  power 
of  the  mill  and  press.  In  this  manner  the 
yield  of  saccharine  juice  is  greatly  augmented. 
The  usual  proportion  obtained  is  40 — 70  pr.  ct., 
according  to  the  kind  of  cane  and  skill  in 
manipulating.  The  greenish  or  grayish  liquid 
running  out  consists  of  sugar,  mucilaginous 
and  albuminous  matter,  cerosie,  salts,  essential 
oil,  and  suspended  matters.  The  solid  portion 
or  exhausted  marc,  technically  termed  begassa, 
is  mostly  lignin,  retaining  much  of  the  pectin, 
and  traces  of  the  other  constituents  of  the 
cane.  This  begassa  is  a  useful  residuej  serv- 
ing as  fuel  for  the  evaporation  of  the  juice. 
In  order  to  promote  the  separation  or  crystal- 
lization of  the  sugar  from  this  heterogeneous 
juice,  the  latter  is  allowed  to  flow  from  the 
mill  into  a  cold  reservoir,  whence,  after  suffi- 
cient repose  for  the  settling  of  the  suspended 
matters,  it  is  transferred  to  filters,  and  the  fil- 
trate conveyed  into  the  clarifying  or  defecating 
pan.  The  cold  vat  is  dispensed  with  in  many 
factories,  the  juice  being  passed  directly  from 
the  mill  into  the  clarifier.  After  being  heated 
to  140°  in  this  vessel,  slaked  lime  is  then  added 
and  thoroughly  incorporated  by  stirring,  after 
which  the  fire  is  cautiously  increased,  and  ebul- 
lition continued  until  scum  accumulates,  and 
leaves  a  clear  liquor  beneath.  The  scum  is  to  be 
skimmed  ofF  as  fast  as  it  arises.  Cooling  and 
repose  follow ;  the  clear,  defecated  liquor  being 
then  racked  off  into  the  grand  copper.  Other 
articles  are  substituted  for  lime,  but  none  of 
them  so  effectual  as  the  sulphate  of  alumina. 
The  liquor  is  now  passed  through  filters  of  ap- 
propriate construction,  and  the  filtrate  evapo- 
rated, to  expel  water,  in  hemispherical  kettles 
heated  by  steam.  Cleanliness  and  rapidity  of 
action  are  conducive  to  the  unalterability  of  the 
sugar  by  catalytic  influence ;  and  thus  also,  in 
this  and  every  stage,  are  indispensable  to  the 
ultimate  success  of  the  process.  When  the 
required  density  is  obtained  by  evaporation, 
the  defecated  syrup  is  then  allowed  to  perco- 
late through  strata  of  bone-black.  This  latter 
treatment  decolorizes  the  liquor,  removes  free 
acid,  nitrogenous  matters,  excess  of  lime,  and 
viscidity,  promoting,  in  this  manner,  the  granu- 
lation, and  improving  the  color  and  quality  of 
the  sugar.  A  deposit,  termed  "Cal,"  attaches 
to  the  sides  of  the  pan  during  the  evapora- 
tion, and  consists,  according  to  Reynolds  and 
Mucklc,  of — 


Reynolds.  Muckle. 

Organic  matter  and  water 69-16  68-19 

Lime 19-68  21-71 

Magnesia 4-66  3-65 

Phosphate  of  iron,  alumina,  &c.   2-52  3-80 

Insoluble  matter,  silica 0-13  011 

Carbonic  acid 0-95  0-60 


97-10 


98-06 


As  the  further  application  of  heat  and  ex- 
posure of  the  syrup  in  the  open  pan  would  en- 
gender unprofitable  modifications,  the  further 
concentration  necessary  to  granulation  must 
be  effected  so  as  to  obviate  them.  Howard's 
vacuum  pan,  or  Rillieux's  series  of  pans  ac- 
complish these  ends  more  readily  and  economi- 
cally than  others.  The  great  economy  and 
advantages  of  these  apparatus  are  noticed  at 
length  in  McCulloh's  report  to  Congress,  on 
sugars  and  hydrometers,  and  to  that  elaborate 
and  valuable  work  the  reader  is  referred  for  a 
full  description  of  each,  and  of  their  modus 
operandi. 

When  the  concentration  is  skilfully  con- 
ducted and  the  liquor  brought  to  "proof,"  it 
is  then  technically  styled  "batterg  syrup,"  and 
while  yet  hot  is  transferred  to,  or  "skipped" 
into  conical  forms  or  moulds,  located  in  a  well 
lighted  but  close  apartment,  kept  at  a  uniform 
temperature  of  90°.  As  soon  as  a  pellicle  ap- 
pears, it  is  to  be  diffused  through  the  mass 
with  a  wooden  stirrer.  In. this  way  the  granu- 
lation proceeds  gradually,  but  perfectly  ;  after 
25 — 40  hours,  the  cotton  plugs  at  the  opening 
of  the  smaller  end  or  tip  of  the  moulds  are 
removed,  so  as  to  allow  drainage  off  from  the 
solidified  mass  of  the  mother  water,  or  Molasses, 
into  a  cistern  beneath.  This  mode  of  "curing" 
ensures  perfect  drainage,  and  by  freeing  the 
sugar  of  soluble  saline  matters  renders  it  less 
deliquescent,  and  also  removes  the  organic  hy- 
groscopic matter  of  Hervey.  To  displace  any 
residual  molasses,  and  thus  to  improve  the 
color,  grain,  and  dryness  of  the  sugary  mass, 
it  is  "liquored"  with  a  light  colored  syrup  of 
31-5°  B.,  which  is  to  be  poured  on  and  allowed 
to  percolate  the  contents  of  each  mould.  After 
drainage,  the  top  or  drier  portion  of  the  loaf 
is  removed,  conveyed  to  the  drying  room,  and 
packed  in  hogsheads,  as  brown  sugar,  for  the 
market.  The  lower  or  damp  stratum  is  trans- 
ferred to  smaller  moulds  for  renewed  drainage, 
or  else  returned  to  the  concentrating  pan  con- 
taining new  syrup. 

The  molasses  or  treacle  contains  sugar,  ace- 
tate and  sulphate  of  potassa,  chloride  of  potas- 
sium, phosphate  of  lime  and  of  copper,  muci- 
laginous and  nitrogenous  matters,  silica,  water, 
and  glucose.  It  is  either  sent  to  market  for 
domestic  uses,  or  else  is  distilled  into  rum,  or 
re-worked  to  extract  an  additional  portion  of 
sugar.  The  proportion  of  molasses  to  sugar, 
from  the  juice,  augments  with  the  neglect  and 
deficiency  of  skill  in  manipulating, — the  liquid 
and  uncrystallizable  sugars  resulting  from  the 
transformation  of  the  cane  sugar  during  slow 
or  imperfect  manipulation. 

The  process  recently  announced  by  Melsens, 
Professor  of  Chemistry  at  Brussels,  requires 
further  testing  before  its  practical  utility  can 
be  fully  determined.     It  consists  in  the  use  of 

895 


SUGAR. 


SUGAR. 


bisulphite  of  lime,  which,  when  added  to  cane 
juice,  is  said  to  effect  the  separation  and  crys- 
tallization of  the  whole  content  of  sugar. 
According  to  Melscns,  it  acts  on  the  crushed 
cane  juice — 

"  1st.  As  a  powerful  antiseptic,  preventing 
the  production  or  action  of  fermenting  matter. 

"2d.  As,  from  its  affinity  for  oxygen,  capa- 
ble of  preventing  the  changes  which  the  pre- 
sence of  that  agent  causes  in  the  juice. 

"3d.  As  an  agent  which,  at  212°,  defecates 
the  juice,  and  removes  from  it  all  the  albumen 
and  coagulated  matter. 

"  4th.  As  removing  the  pre-existing  disco- 
loration. 

"5th.  As  an  agent  capable,  in  the  highest 
degree,  of  preventing  the  formation  of  coloring 
matters. 

"6th.  As  capable  of  neutralizing  all  the 
hurtful  acids  which  may  exist  or  be  formed  in 
the  juice,  substituting  for  them  an  almost  inert 
(sulphurous)  acid." 

The  impurities  of  brown  sugar  consist  of 
sand,  coloring  and  nitrogenous  matters,  un- 
crystallizable  sugar,  caramel,  nitrate  and  ace- 
tate of  potassa,  chloride  of  sodium,  carbonate, 
phosphate,  and  malate  of  lime,  phosphate  of 
magnesia,  and  sometimes  acetic,  malic,  pectic, 
and  lactic  acids,  saccharate  of  lime,  and  alco- 
hol. The  humidity  of  brown  sugars  is  owing 
to  the  presence  of  saline  matters,  with  which 
it  forms  deliquescent  compounds.  When  these 
foreign  matters  are  removed,  the  sugar  becomes 
pure  and  snowy-white.  This  purification  con- 
stitutes the  process  of — 

Refining.  Brown  sugar  is  increased  in  sweet- 
ening power  at  least  30  pr.  ct.  by  being  refined. 
The  first  step  is  to  crush  the  crude  sugar  in  a 
mill,  thence  transfer  it  to  a  vat,  and  by  a  cur- 
rent of  steam  or  "  blow  up,"  to  "melt"  it.  The 
solution  is  treated,  while  hot,  with  6  kilogram- 
mes of  fine  bone-black  to  every  quintal  of  su- 
gar, aud  the  mixture  well  incorporated  by  stir- 
ring. When  ebullition  commences,  1 — 2  pr.  ct. 
blood,  diluted  with  4  volumes  of  water,  are 
also  added  and  stirred  in  for  an  half  minute. 
The  boiling  being  completed,  the  cock  is  opened 
and  the  hot  mixture  run  off  into  filters  of  suit- 
able form,  best  known  as  Taylor's  filters.  This 
procedure  separates  the  finer  parts  of  black, 
which  may  be  washed  with  hot  water  and 
pressed  out,  to  serve  for  another  operation,  or 
to  be  sold  to  farmers  as  "  black  from  refineries." 
Its  content  of  blood,  porous  carbon  and  phos- 
phates, renders  it  a  valuable  manure. 

A  second  filtration  is  now  resorted  to,  through 
coarser  black,  and  the  filtrate  is  then  concen- 
trated in  Howard's  vacuum  pan,  which  per- 
forms its  work  rapidly  and  without  coloring 
the  syrup.  The  concentrated  syrup  is  drawn 
from  the  pans  into  ccfhical  moulds  of  earthen- 
ware, or  of  well-painted  sheet-iron,  with  open- 
ings at  their  tips,  closed  with  cotton  plugs. 
These  are  ranged  in  series,  and  remain  undis- 
turbed in  an  airy  room  until  the  solidification 
of  their  contents,  when  they  are  removed  to 
an  apartment  warmed  to  80°  by  steam-pipes, 
and  placed  over  reservoirs.  The  plugs  being 
then  removed  and  the  apertures  cleansed  with 
a  probe,  drainage  ensues  gradually,  until  all 
the  uncrystallized  syrup  lias  fallen  through. 
This  syrup,  much  used  for  domestic  purposes, 
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is  technically  termed    "green   syrup."    I>ut    !e 

much   better   known  in   comm  Steam 

refined  syrup,"  and  is  far  Buperior  to  n, 

in    being    sweeter,    brighter,    and    rerj    much 

purer. 

After  several  days,  or  when  dripping 
to  flow,   the  base  of   each   com-  of   sugar  is 
smoothed  with  a  trowel   and   then   covered,  to 
an  inch  depth,  with  a  f  saturated 

syrup,  made  of  fine  white  clarified  sugar,  which 
percolates  the  mass  downwards,  and  di 
the  colored  syrup  retained  in  the  inters!: 
the  granulated  mass.  Being  already  saturated, 
the  "liquor"  leaves  the  crystallized  sugar  un- 
touched. The  liquoring  is  repeated  unt 
loaves  have  acquired  the  requisite  white] 
when  they  are  removed  from  the  m 
blushed,  and  scraped  or  trimmed  into  sym- 
metry if  necessary,  then  placed  in  an  inverted 
position  for  24  hours,  so  as  to  equallize  the 
diffusion  of  the  residual  liquor  which  subsides 
at  the  base,  afterwards  exposed  to  the  air  for 
a  day,  and  removed  to  the  drying  room,  heated 
by  steam,  where  they  must  be  protected  from 
dust  by  loose  paper  covers.  When  the  sugar 
first  enters,  the  temperature  of  the  drying 
chamber  should  not  exceed  that  of  the  sur- 
rounding atmosphere  ;  but  as  desiccation  pro- 
ceeds, the  heat  must  be  gradually  increased  to 
113°.  The  chamber  is  allowed  to  cool  slowly, 
and  the  loaves  baked  dry  by  this  process  are 
then  removed  to  the  packing  room,  where  they 
are  assorted  into  qualities  or  grades,  according 
to  color,  and  wrapped  in  white  paper  with  blue 
envelopes,  preparatory  to  being  packed  for 
market.  Those  loaves  which  are  condemned 
by  inspection  as  too  much  colored,  are  reduced 
to  small  lumps,  and  sold  as  "  crushed  sugar." 

Preparation  of  Sugar  from  Beets.  Payen's 
quantitative  analysis  of  beet-root  gives,  as  its 
composition, — water,  83-5;  sugar,  10-5;  cellu- 
lose, 0-8 ;  and  silica,  saline,  coloring,  gummy, 
and  fatty  matters,  malic  acid,  albumen,  casein, 
chlorophyll,  and  asparamide  to  the  amount, 
total,  of  5-2.  The  proportion  of  sugar  obtained 
by  the  processes  employed  for  its  extraction, 
on  a  large  scale,  rarely  reaches  10  pr.  ct.,  and 
is  frequently  not  over  5  pr.  ct. 

The  first  step  in  the  process  of  manufacture 
is  to  cleanse  the  beets  with  water,  in  a  revolv- 
ing cylinder.  The  adherent  dirt  being  thus 
removed,  the  beets  are  reduced  to  pulp  by  a 
rotary  rasping  machine,  and  the  pulp  is  then 
bagged  and  subjected  to  gradual  pressure  be- 
tween iron  plates,  under  a  hydraulic  press. 
In  this  way  75 — 80  pr.  ct.  of  juice  is  obtained, 
but  the  quantity  may  be  increased  by  steam- 
ing or  macerating  the  pressed  cake  in  water, 
and  re-pressing  it.  The  water  acts  by  dis- 
placing the  juice  retained  in  the  unbroken 
cellules,  and  in  the  interstices  of  the  pulp. 
To  avoid  any  transformation  of  sugar  during 
the  process,  the  bags  are  occasionally  dipped  in 
water  containing  2 — 3  thousandths  of  tannin. 

Previous  to  the  steaming  or  maceration,  the 
bags  are  subjected,  in  layers  of  two  between 
each  pair  of  plates,  to  a  second  but  more 
powerful  pressure,  gradually  applied.  The 
pulp  thus  exhausted  serves  either  as  food  for 
hogs,  or  as  a  fertilizing  agent  for  soils. 

The  expressed  juice  is  immediately  conveyed 
to   a   double-bottomed  pan   heated   by   steam. 
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Any  unnecessary  delay  in  the  transfer  may 
cause  a  deterioration  of  the  juice,  under  the 
catalytic  influence  of  nitrogenous  ingredients. 
The  temperature  is  then  raised  as  rapidly  as 
possible  to  140°— 160°,  and  milk  of  lime  added 
to  and  stirred  into  the  hot  juice.  The  propor- 
tion of  lime  varies  with  the  nature  of  the  beet 
and  amount  of  free  acids.  As  soon  as  ebulli- 
tion commences,  the  heat  must  be  stopped  off, 
otherwise  the  liquor  becomes  so  connected  with 
the  lime  flocculse  as  to  render  their  separation 
impossible.  The  lime  acts  by  neutralizing  the 
free  acids,  by  combining  with  the  albuminous, 
gummy,  and  nitrogenous  matters,  to  form  in- 
soluble products ;  by  eliminating  casein,  fatty 
and  coloring  matters,  and  by  decomposing  the 
salts  of  ammonia,  of  soda,  and  of  potassa,  and 
by  promoting  the  separation  of  the  coagula  to 
the  surface,  as  scum.  Care,  too,  must  be  taken 
not  to  use  an  excess  of  lime,  otherwise  subse- 
quent evaporation  will  be  difficult,  and  the 
amount  of  molasses  will  also  be  increased. 

The  defecated  juice  is  then  evaporated  in 
vacuo  to  25°  B.,  refiltered  through  fresh  bone- 
black  to  remove  color  and  insoluble  matters, 
thence  conveyed  into  vacuum  pans  to  be  con- 
centrated. When  the  syrup  has  arrived  at 
"proof"  it  is  drawn  off  into  coolers,  and  as 
soon  as  crystallization  commences  the  mass  is 
well  stirred,  and  at  120°  is  transvased  into 
conical  moulds  similar  to  those  used  in  refining 
cane  sugar,  and  drained,  as  before  described, 
in  an  apartment  heated  to  80° — 90°.  The  con- 
tents being  then  emptied  out  and  dried,  con- 
stitute rough  sugar  for  the  market  or  refinery. 
The  drained  liquor  or  molasses  is  used  for 
making  rum  or  caramel. 

Preparation  of  Sugar  from  the  Maple.  This 
sugar  has  a  peculiar,  agreeable  flavor,  and 
may  be  refined  to  absolute  whiteness.  The 
sap  is  drawn  in  February  and  in  the  early 
part  of  March  by  boring  the  trees,  near  their 
bases,  with  oblique  holes  of  an  inch  diameter, 
and  to  half  an  inch  beyond  the  alburnum. 
The  juice  which  exudes  is  collected  in  troughs, 
and  thence  transferred  to  large  reservoirs, 
from  which  it  is  transvased,  before  fermenta- 
tion ensues,  into  pans,  and  evaporated  to  syrup, 
care  being  taken  to  remove  the  scum  as  it 
arises.  The  syrup,  after  cooling,  is  filtered, 
and  the  filtrate  is  further  concentrated  to  its 
crystallizing  point,  and  then  poured  into  granu- 
lating vessels  or  moulds.  After  crystallization 
and  drainage,  it  is  emptied  out  and  dried. 

Sugar  from  Indian  Corn.  Mr.  Webb  has 
given  the  results  of  some  experiments  for  ex- 
tracting sugar  from  corn  stalk,  in  the  Patent 
Office  Report  for  1844. 

Good  crystallizable  sugar  can  be  made  from 
corn,  but  it  is  tolerably  certain  that  its  manu- 
facture would  not  yield  as  profitable  a  return 
as  the  same  extent  of  ground  employed  for 
other  crops. 

2.  Grape  Sugar.  Syn.  Glucose,  Sucre 
mamelonne,  Sugar  of  honey — of  starch,  Dia- 
betic sugar,  Uncrystallizable  sugar,  Chulari- 
ose.  This  sugar  exists  naturally  in  grapes  and 
in  the  juice  of  many  ripe  fruits,  imparting  to 
them  their  sweetness.  It  is  also  found  in  the 
urine  of  diabetic  patients,  and  may  be  formed 
artificially  by  the  catalytic  action  of  diastase 
on  starch  or  cane  sugar,  or  of  dilute  sulphuric 
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acid  upon  starch,  lactin,  gum,  or  lignin.  Cane 
sugar  passes  into  grape  sugar  when  changing 
into  alcohol  by  fermentation,  and  this  accounts 
for  its  presence  in  molasses.  The  term  grape 
sugar,  in  a  limited  sense,  belongs  properly  and 
only  to  sugar  from  grapes ;  but  as  it  is  a 
mooted  point,  whether  the  slight  discrepancies 
between  the  several  different  sugars  classed 
under  this  head  are  irreconcilable,  most  chem- 
ists have  assumed  their  identity,  and  so  we 
accordingly  give  the  name  its  general  applica- 
tion. The  grape  sugar  from  starch,  however, 
differs  from  ordinary  glucose  in  rotary  power. 
"Liquid  sugar"  is  that  species  of  glucose 
which  is  uncrystallizable,  but  solidifies  on 
evaporation. 

Prep.  Four  parts  of  water  acidulated  with 
j}jjj  —  T\(  of  oil  of  vitriol  are  treated,  while 
boiling,  with  1  pt.  of  finely-powdered  starch, 
gradually  added  and  thoroughly  stirred  in. 
After  boiling  some  time  (30 — 40  hours,  if  the 
quantity  be  large),  the  paste  first  formed  be- 
comes dextrin  and  fluid,  and  as  soon  as  the 
latter  ceases  to  be  precipitated  by  alcohol,  it 
is  completely  neutralized  with  chalk,  filtered, 
concentrated  to  a  dense  syrup,  and  set  aside 
to  solidify  on  cooling.  Dining  the  cooling  its 
expansion  is  so  great  as  to  break  the  cooler,  if 
it  is  fragile. 

Glucose  may  also  be  made  by  treating  starch 
paste  for  several  hours  at  140° — 100°,  with  an 
infusion  of  malt. 

Prop.  Formula  C12H14014.  Spec.  grav.  1-39. 
Congeals  into  acicular  granules,  less  soluble  in 
water  than  cane  sugar.  Is  also  more  fusible 
and  less  alterable.  Soluble  in  20  pts.  boiling, 
absolute  alcohol,  but  separates  on  cooling, 
combined  with  a  portion.  In  sweetening  power, 
its  ratio  to  cane  sugar  is  as  60  to  100.  Polar- 
izes to  the  left.  Grape  sugar  does  not  blacken 
into  molasses  by  evaporation,  but  at  212°  it 
loses  2  eqs.  of  water,  becoming  carpomel.  At 
a  higher  heat,  caramel  is  formed. 

Grape  sugar  unites  with  bases  yielding  very 
alterable  compounds.  It  may,  however,  un- 
like cane  sugar,  be  entirely  transformed  by 
alkalies  and  alkaline  earths,  into  brown  matter. 
Caustic  potassa,  as  well  as  lime,  generate  glucic 
acid,  C121I808,  soluble  in  water,  uncrystal- 
lizable, and  giving  neutral,  soluble  salts  with 
baryta,  lime,  and  lead.  Melassic  acid,  C24H12 
O]0,  is  also  simultaneously  formed  with  glucic 
acid,  but  little  is  known  of  it  except  that  it  is 
in  black  flocculse. 

Strong  sulphuric  acid  dissolves  glucose  with- 
out color,  producing  sulphosaceharic  acid,  which 
gives  a  lead  salt  of  composition  2  (CjgH^Oj,) 
4-  S03  -f-  4  PbO. 

3.  Lactin.  Syn.  Sugar  of  Milk.  This  sub- 
stance, though  of  animal  origin,  may  be,  by 
reason  of  its  analogy,  classed  as  a  variety  of 
sucrar.  It  exists  only  in  the  milk  of  the  mam- 
malia, and  may  be  separated  as  follows : — 

Prep.  By  removing  the  casein  from  milk, 
decolorizing  the  serum  or  whey  by  charcoal, 
clarifying  with  albumen,  filtering,  and  concen- 
trating to  syrup.  After  repose  the  syrup 
crystallizes,  and  the  mass  is  then  to  be  purified 
by  re-solution  and  re-crystallization. 

Prop.  Formula  C24H24021.  Crystallizes  in 
white,  square  prisms,  of  spec.  grav.  1-54. 
Soluble  in  water,  insoluble  in  alcohol  and  in 
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ether.  Yields  alcohol  by  fermentation.  At 
212°  loses  nothing,  but  at  300°  becomes  C24 
II190]9.  By  action  of  hot,  dilute  acids,  it  be- 
comes grape  sugar,  and  by  nitric  acid  is 
changed  to  mueic  or  succholactic  arid.  Com- 
bines with  ammonia  and  metallic  oxides,  form- 
ing with  lead  a  soluble  and  insoluble  compound. 
With  alkalies  it  reacts  like  glucose.  Po 
the  property  of  preventing  the  precipitation 
of  many  metallic  solutions. 

4,  Ergot  Sugar.  Formula  C12II13013.  dig- 
ger's mushroom  sugar,  obtained  from  ergot, 
crystallizes  in  transparent,  rhombic  prisms. 
Is  fermentable  into  alcohol,  and  soluble  in 
water  and  in  alcohol.  It  does  not  precipitate 
suboxide  of  copper  from  a  boiling  solution  of 
acetate.  Braconnot's  mushroom  sugar  has 
been  found  to  be  mannite. 

For  details  of  the  manufacture  of  sugar,  see 
Dumas'  Chimie,  Sugar  Planters'  Manual,  Pa-yen's 
Chimie  Industrielle,  and  McCulloh's  Report  on 
Sugars  and  Hydrometers. 

SULPHAMETHYLAN.     See  Methyl. 

SULPHAMIDE.     See  Amide. 

SULPIIANTIMONIC  ACID.     See  Antimony. 

SULPHARSENIOUS  1   >„JTk     c      . 

SULPII  ARSENIC        }ACID-    See  Arsenic. 

SULPIIATOCARBONATE  OF  LEAD.  See 
Dioxylii  i:  and  Leadhillite. 

SULP11INDIGOT1C  ACID.     See  Indigo. 

SULPIIOBENZIHE.     See  Benzole. 

SULPIIOCYANOGEN,       ) 

SULPHOCYANIDES,         [   See  Cyanogen. 

SULPIIOCYANIC  ACID.  J 

SULPHOMESITYLIC  ACID.    See  Acetone. 

SULPIIOPURPURIC  ACID.     See  Indigo. 

SULP110VINIC   ACID.  1  ■  a     _,  „nr 

SULP110VINATES.        }    See  Ethyl,  p.  605. 

SULPHUR.  Chcm.  Brimstone.  Ger.  Schwefel. 
Fr.  Soufre.  The  two  principal  technical  ope- 
rations connected  with  sulphur  are  its  extrac- 
tion, and  the  manufacture  of  oil  of  vitriol  or 
sulphuric  acid. 

Extraction  of  Sulphur. 
Sulphur  is  found  native  in  the  vicinity  of 
active  and  extinct  volcanoes.  Those  districts 
which  furnish  it  in  greatest  abundance  to  com- 
merce are  the  vicinity  of  Naples  and  the  South 
coast  of  Sicily,  where  it  is  found  in  layers  of 
marl.  The  fumaroles  or  gaseous  exhalations 
bring  up  sulphur  from  below,  and  deposit  it 
at  the  cooler  surface  of  the  earth.  Sicily  fur- 
nishes about  77-000  tons  annually;  Naples  and 
Tuscany  less.  The  mixed  sulphur  and  earth 
are  put  into  an  earthen  retort  (an  upright  jar 
with  a  beak),  the  cover  luted  on,  and  the  beak 
passed  into  another  upright  jar.  The  retorts 
are  placed  in  rows  in  a  furnace,  wide  enough  to 
receive  two  rows,  in  which  they  are  heated  by 
an  open  fire.  The  sulphur  sublimes,  condenses 
in  the  receivers,  and  flows  out  from  them  into 
a  vessel  filled  with  water,  where  it  congeals. 
The  crude  sulphur  thus  obtained  is  repurified 
in  a  large  iron  pot,  (holding  £  a  ton  of  sul- 
phur), built  in  brick-work,  and  connected  by  a 
wide  opening  with  a  brick  chamber.  When 
the  pot  is  heated  to  302°  the  sulphur  fuses,  and 
takes  fire  and  burns  as  long  as  there  is  oxygen 
present  in  the  chamber  to  feed  the  flame  ;  when 
the  heat  rises  to  above  600°,  the  sulphur  boils, 
rises  in  vapor,  and  condenses  as  flowers  of  sul- 
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phur  on  the  walls  of  the  chamber,  bul  vrhftfl 
beOODH  heated,  the  greater  pari  of  it 
condenses  into  a  liquid  at  the  bottom  of  the 
chamber.  From  this  it  is  run  into  sticks.  \ 
small  amount  of  sulphur  is  distilled  in  Ger- 
many from  iron  pyrites,  in  earthen  tubes, 
many  of  which  are  built  up  in  B  stack  or  bench 
with  their  ends  projecting,  from  which  the  sul- 
phur collects  in  water. 

Oil  of  Vitriol. 

Sulphuric  acid  is  usually  made  from  the 
combustion  of  sulphur  under  peculiar  circum- 
stances, or  more  rarely  by  the  distillation  of 
copperas,  or  protosulphate  of  iron.  The  former 
yields  the  common  or  English  oil  of  vitriol,  the 
latter  the  fuming  or  Nordhausen  acid. 

Fuming  sulphuric  acid.  The  mother  liquors 
from  the  crystallization  of  copperas  are  concen- 
trated, and  the  impure  salt  thus  obtained  is 
subjected  to  distillation.  The  form,  of  cop- 
peras is  FeO,  SOj-y-7  110,  and  by  careful  heat 
the  7  HO  may  be  driven  off",  leaving  the  dry 
salt.  The  salt  is  charged  into  small  earthen 
retorts,  many  of  which  are  built  up  in  a  stack, 
and  a  high  heat  given.  Sulphurous  acid  chiefly 
passes  over  first,  and  when  white  fumes  of  sul- 
phuric appear,  the  retorts  are  connected  with 
their  receivers,  and  a  high  heat  continued  for 
some  time,  during  which  the  fuming  oil  of 
vitriol  passes  over  and  condenses.  The  theory 
of  the  process  is  simple.  During  the  first  heat- 
ing of  the  retorts,  a  portion  of  the  sulphuric 
acid  gives  up  oxygen  to  the  protoxide  of  iron 
converting  it  into  peroxide,  while  sulphurous 
acid  passes  off,  the  sulphate  of  the  peroxide 
then  yields  up  its  sulphuric  acid,  which  passes 
over  with  remaining  water,  and  leaves  peroxide 
of  iron,  Colcolhar,  in  the  retorts.  For  the 
nature  of  this  acid,  see  below. 

English  oil  of  vitriol.  The  combustion  of 
sulphur  produces  sulphurous  acid,  to  convert 
which  into  sulphuric,  nitrous  fumes  are  used, 
derived  from  the  decomposition  of  nitric  acid, 
and  as  a  lower  oxide  of  nitrogen  forms  after 
the  fumes  have  given  up  oxygen,  this  is  again 
oxidized  by  atmospheric  air.  To  assist  the 
whole  change  and  collect  the  acid,  steam  is 
employed.  The  formation  takes  place  in  cham- 
bers, composed  of  heavy  sheet-lead,  which  are 
from  25—100  ft.  long,  15—50  ft.  wide,  15—25 
ft.  high.  The  sulphurous  acid  is  usually  ob- 
tained by  burning  sulphur  on  a  furnace-hearth, 
the  fumes  of  which,  mixed  with  atmospheric 
air  are  directly  conducted  into  the  first  cham- 
ber. The  high  price  of  sulphur  a  few  years 
since  suggested  the  use  of  pyrites  instead  of 
it,  and  the  manufacture  of  the  acid  from  py- 
rites was  successfully  carried  out  in  England. 
It  may  be  burned  on  a  flat  hearth  ;  or  in  a  ver- 
tical kiln,  which  acts  perpetually,  being  charged 
from  above,  while  the  burned  stone  is  drawn 
out  below.  The  nitric  fumes  were  formerly 
obtained  by  mixed  0 — 12  lb.  saltpeter  with  100 
sulphur.  The  saltpeter  was  afterward  put  in 
a  separate  vessel  above  the  burning  sulphur, 
and  mixed  with  oil  of  vitriol  to  develops  nitric 
acid,  the  heat  both  liberating  and  decomposing 
the  nitric  acid  in  part.  But  it  is  found  that 
nitric  acid  itself  put  in  shallow  dishes  in  the 
chambers  converts  sulphurous  into  sulphuric 
acid ;  N05  -f-  3  S02  =  N02  +  3  S03.    Another 
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mean  of  developing  nitrous  fumes  was  to  act 
in  sugar  or  molasses  by  nitric  acid,  whereby 
idue  yielded  a  large  quantity  of  oxalic 
acid,  but  unless  this  acid  bear  a  high  price, 
the  process  is  not  economical. 

While  the  nitric  fumes,  sulphurous  acid  and 
air  enter  the  chambers,  steam  is  admitted  at 
■  '.ni  time.  The  liquid  acid  on  the  bottom 
of  the  chamber  is  allowed  to  attain  the  density 
of  1-558  (52°  B.),  when  it  contains  54  pr.  ct. 
pure  oil  of  vitriol  or  simple  hydrated  acid.  As 
the  oxygen  of  the  air  in  the  chambers  is  con- 
sumed, in  oxidizing  nitric  oxide,  and  nitrogen 
remains,  a  draft  must  be  maintained  in  the 
whole  range,  both  to  carry  it  off,  and  to  draw 
in  the  sulphurous  acid,  fresh  air  and  nitrous 
fumes.  Hence  a  considerable  amount  of  ni- 
trous fumes  is  carried  out  with  the  escaping  ni- 
trogen. A  late  improvement  obviates  much  of 
this  loss.  It  consists  of  a  series  of  vertical 
columns  filled  with  coke,  through  which  the 
waste  gases  pass  up  and  down,  and  where  a 
portion  of  nitrous  fumes  is  condensed.  A  jet 
of  steam  at  the  exit  of  the  last  pipe  causes  a 
current  through  the  whole  range  of  chambers 
and  columns. 

Theory  of  the  Process.  The  nitrous  fumes  en- 
tering the  chambers  are  chiefly  peroxide  of 
nitrogen,  N04,  and  give  up  to  sulphurous  acid 
one  eq.  oxygen,  while  they  are  reduced  to  nitric 
oxide;  N04  +  2  S02  =  N02 -f-  2  S03.  But 
nitric  oxide  combines  with  anhydrous  sulphuric 
acid  to  form  N02,  2  S03,  and  this  again  unites 
with  oil  of  vitriol  to  form  a  white  crystaline 
body,  of  the  composition,  N02,  2  S03  -f-  HO, 
S03.  Large  quantities  of  this  crystallized  body 
are  often  found  in  the  chambers.  The  action 
of  steam  however  decomposes  this  compound, 
N02,  2  S03  +  HO,  S03  -f  3  HO  =  4  (S03,  HO) 
-j-NO.,,  converting  it  into  oil  of  vitriol,  while 
nitric  oxide  escapes.  This  oxide  is  again  con- 
verted by  the  oxygen  in  the  air  of  the  chambers 
into  red  fumes,  N04,  which  again  transform  a 
portion  of  sulphurous  into  sulphuric  acid. 

Concentration.  The  liquid  from  the  chambers 
is  evaporated,  to  remove  water,  first  in  leaden 
pans  and  finally  in  a  platinum  still.  The  pans 
are  broad  and  shallow,  usually  set  in  a  series 
of  2  or  3,  and  their  bottoms  supported  and 
protected  by  a  thick  iron  plate.  The  lowest  is 
partly  over  the  fire,  the  next  one  a  little  higher, 
and  the  third  still  higher,  thus  allowing  the 
flame  to  play  under  all  at  the  same  time.  The 
acid  which  is  run  into  them  has  a  spec.  grav. 
=  1-55,  and  is  concentrated  in  them  to  1-7, 
when  it  is  run  into  the  platinum  still.  Leaden 
pans  are  objectionable  from  the  quantity  of 
lead  dissolved  by  the  acid,  and  from  the  loss 
of  acid.  By  covering  them  with  a  movable 
hood  of  sheet  lead,  a  saving  of  10  pr.  ct.  of 
acid  has  been  effected,  and  by  passing  the  pro- 
ducts of  combustion  over  instead  of  under  the 
pans,  set  in  brick-work,  the  concentration  is 
more  rapid,  and  there  is  less  loss  to  the  pans. 
The  acid  is  concentrated  in  the  still  to  1-815 
(66°  B.).  When  the  process  is  well  conducted 
]  11).  sulphur  will  produce  3  lb.  oil  of  vitriol 
of  this  strength,  and  require  only  0-03  lb.  of 
nitrate  of  soda.  It  is  difficult  to  estimate  the 
quantity  of  oil  of  vitriol  made;  but  one  esta- 
blishment may  produce  more  than  100  tons  of 
oil  of  vitriol  per  week. 


Sulphur  and  its  Compounds. 

1.  Sulphur.  It  occurs  in  two  forms  in  com- 
merce, in  masses  or  sticks,  fused  sulphur, 
rolled  brimstone,  and  in  a  fine  powder,  deposited 
from  the  vapor  of  sulphur,  called  flowers  of  sul- 
phur. It  crystallizes  in  two  forms,  and  may 
also  be  amorphous.  The  native  crystals,  and 
that  obtained  from  solution  in  bisulphuret  of 
carbon,  are  right  rhombic,  usually  showing 
an  acute  8-hedron  modified  by  a  prism  and 
end-planes;  spec.  grav.  2-0— 2-07 ;  when  sul- 
phur is  fused,  cooled  until  a  crust  forms  on  the 
surface,  the  crust  then  pierced  and  the  inte- 
rior still  fluid  portion  poured  out,  it  forms 
long  prisms  in  the  cavity,  belonging  to  the 
oblique  rhombic  system.  Flowers  of  sulphur 
are  minute,  amorphous  globules.  Sulphur  fuses 
at  221° — 233°  to  a  yellow,  transparent,  thin 
liquid  (spec.  grav.  1-927) ;  at  320°  it  beginsto 
be  thicker  and  more  orange-colored,  and  in- 
creases in  these  appearances  until,  between 
428°  and  500°,  it  is  dark  reddish  brown,  nearly 
opake,  and  so  thick  that  it  will  not  run  out  of 
the  vessel ;  at  a  higher  heat  it  becomes  thin 
again,  but  not  as  thin  as  above  221°  ;  at  822° 
it  boils  and  rises  in  a  deep  orange-colored  va- 
por, which  deposits  flowers  of  sulphur  on  a 
cold  body.  When  fused  and  heated  to  about 
400°,  and  poured  into  cold  water,  it  forms  a 
transparent,  flexible  and  elastic  mass  of  ayellow 
color,  which  sometimes  retains  its  elasticity  for 
days,  if  undisturbed.  When  sulphur  is  preci- 
pitated from  alkaline  sulphurets,  it  is  a  grayish 
white  powder.  Sym.  S.  Eq.  =16  (16-06  B=»l; 
200-75  O  ==  100.  Berz.) 

2.  Oxides,  a.  Sulphuric  acid.  See  its  manu- 
facture above.  Anhydrous  sulphuric  acid  is 
obtained  by  heating  fuming  oil  of  vitriol  in  a 
glass  retort,  to  which  is  attached  a  receiver 
cooled  by  ice.  The  first  portions  are  anhydrous, 
and  condense  as  a  mass  of  white,  needle-shaped 
crystals.  It  is  also  formed  by  passing  a  mix- 
ture of  sulphurous  acid  and  atmospheric  air 
over  heated  platinum  sponge.  Fusible,  boiling 
at  about  130°,  rising  in  colorless  vapor,  (spec, 
grav.  2773),  but  in  the  air  as  a  white  vapor 
from  the  condensation  of  water,  hisses  when 
thrown  into  water,  from  its  powerful  attraction 
for  water.  It  is  decomposed  into  oxygen  and 
sulphurous  acid  when  passed  through  an  ig- 
nited porcelain  tube,  or  over  heated  mercury. 
Its  composition  in  equiv.,  pr.  ct.,  and  volume  is 


S 
O3 

SO, 


Eq. 
16 
24 
40 


in  100  pts. 
40 
60 

loo 


Bv  vol. 

2210-4 

3315-6 

2)5526-0 

~2763-0 


The  spec.  grav.  2763,  is  a  little  below  that 
found  by  experiment.  The  vapor  of  sulphur 
as  found  by  Dumas  and  Mitscherlich  is  6617 
and  6900,  but  it  is  the  spec.  grav.  of  the  vapor 
of  one  of  the  allotropic  conditions  of  sulphur, 
that  derived  from  the  brown-heated  sulphur, 
but  sulphur  rises  in  vapor  below  this  point, 
and  its  grav.  has  not  been  determined.  If  the 
eq.  of  S.:  spec.  grav.  in  gas  :  :  eq.  ox.  spec, 
grav.  of  ox.  (8  :  1105-2  :  :  16  :  2210-4)  then  its 
spec.  grav.  is  J  of  that  found  by  experiment. 
By  a  comparison  of  sulphuretted  hydrogen  with 
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oxide  of  hydrogen  or  water,  we  attain  nearly 
the  same  number  for  the  spec.  grav.  of  sulphur, 
namely  2244.  Whence  it  is  probable  that  the 
spec.  grav.  of  vapor  of  sulphur  iu  the  state  in 
which  it  combines  to  sulphuric  acid,  &c,  is  £ 
of  that  at  which  it  is  usually  taken,  as  result- 
ing from  experiment. 

Fuming  oil  of  vitriol  is  probably  a  mixture 
of  anhydrous,  with  hydrate  and  a  Bnbhydrate. 
When  the  subhydrate  is  distilled  off,  it  is  fol- 
lowed by  anhydrous  acid  with  a  little  hydrate, 
but  a  definite  subhydrate  is  formed  by  mixing 
common  oil  of  vitriol  and  the  anhydrous  acid. 
It  has  the  form.  S03  +  HO,  S03  =  HO,  2  S03, 
and  is  cry6tallizable. 

Common  oil  of  vitriol,  when  concentrated  as 
much  as  possible,  has  the  form  HO,  S03  (eq.  = 
49),  but  the  strongest  commercial  acid  contains 


only  about  92—94  pr.  c*.  of  the  true  hi 
Spec.  grav.  <>t'  the  pore  hydrate  s  1*848,  of 
the  ordinary  commercial   less   1'81  — 1*84,    the 

latter  often  due  to  substances  in  solution.  It 
congeals  at  —130°,  boils  at  600°— 619°.  I  eq. 
sulphuric  acid  with  2  eq.  water  form  a  Liquid, 
of  spec.  grav.  1-78,  crystallizable  at  about  i  i  : 
form.  I10,S03+  HO.  Another  compound  of 
HO,  S03  -J-  2  HO  has  a  spec.  grav.  1-682.  Oil 
of  vitriol  becomes  heated  by  mixture  with 
water,  hence  the  care  required  in  making  the 
mixture  in  glass  vessels.  It  attracts  about  15 
times  its  weight  of  water  by  exposure  to  the 
air,  whence  its  use  in  drying  substances  for 
experiment.  The  following  table  by  Ure  shows 
the  content  of  oil  of  vitriol  (the  simple  hydrate) 
and  of  anhydrous  acid  in  acid  of  different  den- 
sities. 


Liquid. 

Sp.  grav. 

Dry. 

Liquid. 

Sp.  grav. 

Dry. 

Liquid. 

Sp.  grav. 

Dry. 

100 

1-8460 

81-54 

66 

1-5503 

53-82 

32 

1-2334 

26-09 

99 

1-8438 

80-72 

65 

1-5390 

53-00 

31 

1-2260 

25-28 

98 

1-8415 

79-90 

64 

1-5280 

52-18 

30 

1-2184 

24-46 

97 

1-8391 

79-09 

63 

1-5170 

51-37 

29 

1-2108 

23-65 

96 

1-8366 

78-28 

62 

1-5066 

50-55 

28 

1-2032 

22-83 

95 

1-8340 

77-46 

61 

1-4960 

49-74 

27 

1-1956 

22-01 

94 

1-8288 

76-65 

60 

1-4860 

48-92 

26 

1-1876 

21-20 

93 

1-8235 

75-83 

59 

1-4760 

48-11 

25 

1-1792 

20-38 

92 

1-8181 

75-02 

58 

1-4660 

47-29 

24 

1-1706 

19-57 

91 

1-8026 

74-20 

57 

1-4560 

46-48 

23 

1-1626 

18-75 

90 

1-8070 

73-39 

56 

1-4460 

45-66 

22 

1-1549 

17-94 

89 

1-7986 

72-57 

55 

1-4360 

44-85 

21 

1-1480 

17-12 

88 

1-7901 

71-75 

54 

1-4265 

44-03 

20 

1-1410 

16-31 

87 

1-7815 

70-94 

53 

1-4170 

43-22 

19 

1-1330 

15-49 

86 

1-7728 

70-12 

52 

1-4073 

42-40 

18 

11246 

14-68 

85 

1-7640 

69-31 

51 

1-3977 

41-58 

17 

1-1165 

13-86 

84 

1-7540 

68-49 

50 

1-3884 

40-77 

16 

1-1090 

13-05 

83 

1-7425 

67-68 

49 

1-3788 

39-95 

15 

1-1019 

12-23 

82 

1-7315 

66-86 

48 

1-3697 

39-14 

14 

1-0953 

11-41 

81 

1-7200 

66-05 

47 

1-3612 

38-32 

13 

1-0887 

10-60 

80 

1-7080 

65.23 

46 

1-3530 

37-51 

12 

1  -0809 

9-78 

79 

1-6972 

64-42 

45 

1-3440 

36-69 

11 

1  -0743 

8-97 

78 

1-6860 

63-60 

44 

1-3345 

35-88 

10 

1-0682 

8-15 

77 

1-6744 

62-78 

43 

1-3255 

35-06 

9 

10614 

7-34 

76 

1-6624 

61-97 

42 

1-3165 

34-25 

8 

1  0544 

6-52 

75 

1-6500 

61-15 

41 

1-3080 

33-43 

7 

1-0477 

5-71 

74 

1-6415 

60-34 

40 

1-2999 

32-61 

6 

10405 

4-89 

73 

1-6321 

59-52 

39 

1-2913 

31-80 

5 

1-0336 

4-08 

72 

1-6204 

58-71 

38 

1-2826 

30-98 

4 

1-0268 

3-26 

71 

1-6090 

57-89 

37 

1-2740 

30-17 

3 

10206 

2-446 

70 

1-5975 

57-08 

36 

1  -2654 

29-35 

2 

10140 

1  -68 

69 

1-5868 

56-26 

35 

1-2572 

28-54 

1 

1-0074 

0-8154 

68 

1-5760 

55-45 

34 

1-2490 

27-72 

67 

1-5648 

54-63 

33 

1-2409 

26-91 

Sulphates.  Sulphuric  is  the  most  powerful 
acid,  and  for  this  reason,  as  well  as  its  cheap- 
ness, is  the  most  important  agent  in  chemical 
decompositions,  being  either  employed  directly, 
or  being  used  to  obtain  other  agents,  as  muria- 
tic, nitric  acids,  &c,  for  this  purpose.  It  com- 
bines with  bases  evolving  heat,  amounting  with 
baryta  and  magnesia,  even  to  ignition.  The 
neutral  sulphates  of  alkalies,  alkaline  earths, 
of  manganese,  lead  and  silver  are  neutral,  the 
others  redden  litmus  paper.  Some  of  them  by 
heat  lose  their  acid  as  such,  or  as  sulphurous 
acid  and  oxygen.  By  heating  with  charcoal, 
the  alkaline  and  some  others  are  reduced  to 
sulphurets,  the  rest  generally  to  metal.  Hydro- 
gen, phosphorus  and  some  metals  act  similarly. 
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In  solution  with  organic  matter,  they  often 
decompose  and  evolve  sulphuretted  hydrogen, 
carbonic  and  acetic  acids,  &c.  Acids  more 
fixed  by  heat,  as  phosphoric,  silicic,  boracic, 
expel  the  acid  of  sulphates  when  heated  with 
them,  partly  unaltered,  partly  decomposed. 
Sulphuric  acid  forms  bi-  and  tri-salts,  all  soluble 
in  water,  basic  salts  insoluble  in  water,  but 
soluble  in  muriatic  acid,  and  neutral  salts,  the 
greater  part  of  which  are  soluble  ;  those  of 
baryta,  lead,  and  strontia,  almost  insoluble,  of 
lime  and  silver  slightly  soluble.  All  the  solu- 
tions of  sulphates  give  a  white  precipitate  with 
a  soluble  salt  of  baryta,  the  limit  of  the  test  be- 
ing about  1  pt.  of  the  sulphate  to  100,000  pts. 
water    at  once,   or   200,000  pts.  after  15—20 
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minutes.  The  sulphates  are  generally  insoluble 
in  alcohol. 

L.  Sulphurous  acid.  Syn.  Vitriolic  air,  Phlo- 
gisticated  vitriolic  acid.  Ger.  Schweflige 
Si'iurc  It  occurs  in  the  vicinity  of  volcanoes, 
and  is  formed  by  burning  sulphur  in  the  air. 
It  is  prepared  by  heating  oil  of  vitriol  with 
charcoal,  sawdust,  copper,  or  mercury,  or  by 
heating  sulphur  and  binoxide  of  manganese ; 
the  gas  from  charcoal  and  sawdust  is  mixed 
with  carbonic  acid.  It  is  caught  over  mercury 
as  a  gas,  or  absoi'bed  by  water  for  the  liquid 
acid.  The  gas  is  colorless,  not  inflammable, 
of  a  peculiar,  penetrating  odor,  spec.  grav. 
2210;  form.  S02.  When  passed  into  a  U  tube, 
surrounded  by  a  mixture  of  snow  and  salt,  it 
condenses  into  a  liquid,  of  spec.  grav.  1-45, 
boiling  at  14°.  By  evaporating  the  liquid  un- 
der the  air-pump,  a  portion  solidifies  to  white 
flocks ;  the  same  is  better  obtained  by  sur- 
rounding the  vessel  with  a  mixture  of  solid 
carbonic  acid  and  ether.  Water  absorbs  nearly 
40  times  its  volume  of  the  gas,  and  holds  it 
partly  even  after  ebullition,  but  by  exposure  it 
is  oxidized  to  sulphuric  acid.  It  crystallizes 
from  a  saturated  solution  a  little  above  32°, 
with  the  form.  S02  +  9  HO. 

It  bears  a  high  temperature  without  decom- 
position, but  if  moist  separates  into  sulphuric 
acid  and  sulphur  ;  heated  with  hydrogen,  it 
produces  water  and  sulphur,  with  phosphorous 
acid  it  forms  phosphoric  acid  and  sulphuretted 
hydrogen.  Zinc,  tin,  and  iron  extract  oxygen 
from  it,  and  form  dithionous  acid ;  it  precipi- 
tates the  precious  metals  from  solution,  iodine 
from  iodic  acid,  and  both  by  this  acid  and 
nitric  it  is  changed  to  sulphuric  acid.  All 
these  reactions  are  due  to  its  affinity  for 
oxygen,  and  this  further  shown  by  its  conver- 
sion into  dithionic  acid  by  binoxide  of  manga- 
nese, and  into  sulphuric  by  peroxide  of  lead. 
This  last  is  the  most  convenient  agent  to  ex- 
tract it  from  gaseous  mixtures. 

Sulphites.  They  resemble  the  corresponding 
sulphates.  The  neutral  alkaline  salts  have  an 
alkaline  reaction,  the  acid  salts  a  neutral  re- 
action. The  neutral  salts  of  the  alkalies  only 
are  soluble  in  water,  but  the  other  insoluble 
sulphites  are  soluble  in  muriatic  acid ;  the  acid 
salts  are  all  soluble.  The  sulphites  tend  to 
oxidize  in  the  air  to  sulphates,  and  are  changed 
similarly  to  sulphurous  acid  itself. 

Uses.  The  gas  is  employed  in  bleaching 
straw  and  silk,  to  which  it  also  imparts  a  gloss. 
The  color  is  not  deoxidized,  for  it  is  restored 
by  an  alkali  or  stronger  acid.  The  gas  is  also 
used  in  France  as  a  bath  for  diseases  of  the  skin. 

c.  Dithionic  acid.  Hyposulphuric.  Ger.  Un- 
terschwefelsiiure.     Form.  S205. 

Prep.  Binoxide  of  manganese  freed  from 
hydrate  by  nitric  acid  is  ground  to  a  very  fine 
powder  and  suspended  in  water ;  sulphurous 
acid  gas  is  slowly  passed  through  the  water 
cooled  artificially.  Hyposulphate  of  manganese 
is  in  solution  Mn02  -f-  2  S02  =  MnO,  S205. 
The  manganese  is  separated  by  sulphuret  of 
barium,  and  the  solution  of  hyposulphate  of 
baryta  evaporated  to  dryness  and  weighed. 
To  every  100  pts.  of  this  salt  dissolved  in 
water  18-78  pts.  oil  of  vitriol,  diluted  with  3  to  4 
times  as  much  water,  are  added,  or  until  all  the 
baryta  is  thrown  down.     The  liquid  is  evapo- 


rated in  vacuo  over  sulphuric  acid  until  it  has 
the  density  1-347.  It  is  a  very  unstable  acid, 
changing  in  the  air  and  by  ebullition. 

Dithionates.  They  are  all  soluble  in  water, 
permanent  in  air,  unaltered  by  oxidizing  agents 
unless  heated  with  them.  The  salts  are  most 
conveniently  formed  from  that  of  baryta  by 
adding  its  solution  to  that  of  a  metallic  sul- 
phate. 

d.  Dithionous  acid.  Hyposulphurous  acid. 
Ger.  Unterschweflige  siiure.  Formula  S202. 
It  has  not  been  isolated,  for  as  soon  as  sepa- 
rated from  its  bases,  it  is  resolved  into  sulphur 
and  sulphurous  acid.  Its  salts,  see  under  So- 
dium, Silver,  &c.  They  are  readily  decom- 
posed by  heat  and  acids.  Its  silver-salt  is 
remarkable  for  sweetness,  and  its  presence 
may  be  known  by  its  dissolving  fresh  chloride 
of  silver,  and  imparting  a  sweet  taste  to  the 
solution.  The  hyposulphite  of  strontia  is 
soluble  in  water,  a  property  which  serves  to 
distinguish  this  acid  from  sulphurous  and  sul- 
phuric. 

e.  Trithionic  acid.  Langlois'  acid.  S305  = 
S205  -f-  S.  It  is  obtained  by  digesting  flowers 
of  sulphur  with  bisulphite  of  baryta  for  several 
days,  at  a  temperature  not  exceeding  122°, 
cooling  to  crystallize  the  salt,  and  decomposing 
this  exactly  with  sulphuric  acid.  The  solution 
may  be  concentrated  by  evaporation  in  vacuo 
over  oil  of  vitriol.  It  is  readily  decomposed 
by  heat,  and  by  nitric  and  chloric  acids.  It 
is  precipitated  black  by  salts  of  suboxide  of 
mercury. 

/.  Tetrathionic  acid.  Acid  of  Fordos  and 
Gelis.  S40?  =  S205  +  S2.  Obtained  by  dis- 
solving iodine  in  hyposulphite  of  baryta,  and 
crystallizing  the  new  salt,  which  is  less  soluble 
than  iodide  of  barium ;  the  change  is  2  (BaO, 
S202)  +  I  =  Bal  -f-  BaO,  S40..  The  acid  is 
obtained  by  precipitating  the  baryta  by  sul- 
phuric acid.  This  acid  may  be  concentrated 
more  than  the  other  polythionic  acids,  but  its 
salts  appear  to  be  less  stable  than  the  acid 
itself. 

g.  Pentathionic  acid.  Thomson  and  Wacken- 
roder.  S505  =  S205  -f  S3.  Pass  sulphohy- 
drogen  through  a  strong  solution  of  sulphurous 
acid  until  it  has  the  odor  of  the  former,  and 
evaporate,  putting  in  copper  to  remove  sus- 
pended sulphur,  to  the  density  1-37.  It  is  de- 
composed by  heat  and  by  strong  bases.  It  is 
distinguished  from  hyposulphurous  acid  by  not 
acting  on  iodine.  Its  salts  are  less  soluble  than 
the  hyposulphites. 

3.  Hydrogen,  a.  Sulphohydric  acid.  Hydro- 
sulphuric  acid,  Sulphuretted  hydrogen,  Sul- 
phohydrogen.  Ger.  Schwefelwasserstoff,  Was- 
serstoffsulfid.  Form.  HS.  Prep.  As  hydrogen 
may  be  obtained  by  the  action  of  dilute  sul- 
phuric acid  on  potassium,  iron,  zinc,  &c,  so 
this  gas  is  generated  by  the  action  of  the  same 
acid  on  the  sulphurets  of  those  metals,  the 
most  convenient  of  which  is  sulphuret  of  iron : 
FeS  +  S03,  HO  =  FeO,  S03  -f  HS.  As  this 
sulphuret  is  artificial,  it  usually  contains  me- 
tallic iron,  so  that  the  gas  is  mixed  with  hydro- 
gen. To  obtain  it  pure,  heat  1  pt.  sulphuret 
of  antimony  with  4  pts.  muriatic  acid,  and 
wash  the  gas  in  water.  It  may  be  collected 
over  water  at  80°,  or  over  a  solution  of  salt. 
Before  passing  the  gas  from  sulphuret  of  iron 
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into  a  solution,  it  should  be  trashed  in  an  inter- 
mediate bottle  of  water,  to  prevent  particles 
of  iron  from  passing  over. 

Prop,  A  colorless  gas,  of  a  strong  and 
nauseous  odor;  spec.  grav.  =  1191;  by  a 
pressure  of  17  atmospheres  at  50°,  it  con- 
denses to  a  limpid  liquid  of  spec.  grav.  00  ; 
by  a  cold  of  — 122°,  it  becomes  a  white,  crys- 
talline solid.  Although  offensive,  it  may  be 
inhaled  by  men,  when  largely  mixed  with  air, 
without  apparent  injury;  and  I  have  known  it 
to  be  inhaled  in  large  quantity,  when  fresh, 
without  producing  further  harm  than  a  tempo- 
rary faintness.  The  effect  upon  one  operative 
was  to  produce  a  pleasant  lethargic  feeling, 
from  which  he  expressed  a  regret  that  he  had 
been  awakened.  I  have  breathed  a  strong  ad- 
mixture of  it  with  air  repeatedly,  and  never 
experienced  the  slightest  evil  result.  It  is  said 
by  Thenard,  that  birds  are  killed  by  TJ6lj  in 
the  air,  and  dogs  by  g^-5.  I  doubt  the  latter 
result,  unless  they  are  confined  in  it.  When 
the  gas  from  sulphuret  of  iron  has  been  passed 
through  an  acid  solution,  and  the  latter  has 
stood  for  24  hours  or  more,  the  odor  which  it 
emits  is  totally  distinct  from  that  of  sulpho- 
hydrogen.  When  thus  employed  on  a  large 
scale,  the  stale  gas  affects  the  eyes  precisely 
like  the  oil  of  mustard,  causing  a  flow  of  tears 
and  acute  pain.  May  not  this  effect  be  at- 
tributed to  a  sulphuretted  organic  compound, 
arising  from  the  carbon  in  the  mixed  cast  and 
wrought  iron,  from  which  the  sulphuret  of  iron 
was  made  ?  (J.  C.  B.)  Water,  at  04°,  dissolves 
2£  times,  and  alcohol  6  times  its  volume  of  this 
gas.  The  solution  is  colorless,  has  the  odor 
of  the  gas,  and  a  peculiar  sweetish  taste.  By 
exposure  to  air  the  hydrogen  is  oxidized  and 
sulphur  deposited,  producing  an  opalescence 
or  milkiness  in  the  liquid. 

Passed  through  an  ignited  porcelain  tube,  it 
is  resolved  into  sulphur  and  hydrogen  gas,  of 
the  same  volume  as  the  original  gas.  It  is 
very  combustible,  burning  with  a  pale  blue 
flame,  and  forming  water  and  sulphurous  acid. 
Acids,  and  many  other  bodies  containing  oxy- 
gen, decompose  it  by  oxidizing  its  hydrogen, 
and  sometimes  more  or  less  of  its  sulphur. 
Thus  bromic  and  iodic  acids  produce  with  it 
water,  sulphur,  and  the  halogen ;  the  iodates, 
bromates,  and  hypochlorous  acid,  the  same 
with  sulphuric  acid  ;  nitric  and  some  nitrates, 
water,  sulphur,  sulphuric  acid,  nitric  oxide, 
and  ammonia  ;  the  halogens  produce  ahydracid 
and  sulphur,  or  sulpho-halogen,  and  if  water 
be  present,  also  sulphuric  acid.  Tin  heated  in 
the  gas  becomes  sulphuret,  and  sets  free  all  the 
hydrogen ;  many  oxides  heated  in  it  produce  a 
similar  result.  It  decomposes  perfectly  a  large 
number  of  metallic  oxides  in  acidulated  solu- 
tion, cadmium,  lead,  bismuth,  copper,  mercury, 
silver,  gold,  platinum,  tin,  antimony,  and  ar- 
senic, precipitating  them  as  sulphurets ;  from 
alkaline  solutions  the  last  five  are  not  precipi- 
tated, while  others  are,  as  nickel,  cobalt,  iron, 
manganese,  uranium,  and  zinc ;  peroxide  of 
iron,  in  solution,  is  reduced  to  protoxide,  and 
sulphur  precipitated.  In  these  precipitations 
the  above  oxidizers  of  sulphohydrogen  should 
be  avoided,  especially  nitric  acid,  which  is  so 
often  employed  in  analytic  processes.  See 
Analysis. 
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b.  Bituipkule  tf  hydrogen,  HSr  Sulphuret 
of  potassium  (made  by  fusing  pearlash  with 
half  its  weight  of  sulphur)  is  dissolved  in  wa- 
ter, and  poured  in  n  small  stream  into  muriatic 
acid  diluted  with  2  or  8  vols,  of  water;  while 
chloride  of  potassium  g  olution,  the 

bisulphohydrogen  precipitates  as  a  yellow,  oily 
liquid.  In  its  chemical  relations,  it  resembles 
binoxide  of  hydrogen. 

-1.  Halogens.  There  arc  five  chlorides  of  sul- 
phur, three  of  which  can  be  isolated,  a.  Sub- 
chloride,  S2C1.  It  is  obtained  by  passing  chlo- 
rine into  a  cylinder  containing  dry  Bowers  of 
sulphur  on  the  bottom,  and  kept  cold  by  ice- 
water  until  it  is  saturated,  and  then  distilling 
in  a  retort;  or  it  is  obtained  by  distilling  6  pts. 
chloride  of  mercury  with  2  pts.  bichloride  of 
tin  and  1  pt.  sulphur.  It  is  a  reddish  yellow 
liquid,  of  a  peculiar  and  disagreeable  odor, 
fuming  in  the  air,  spec.  grav.  1*628;  boi 
282°,  spec.  grav.  of  gas  4664;  it  decomposes 
gradually,  with  water,  into  muriatic  acid,  sul- 
phur, and  hyposulphurous  acid ;  it  dissolves 
sulphur,  selenium,  and  phosphorus. 

b.  Chloride,  SCI.  Is  obtained  from  the  sub- 
chloride,  which  is  put  into  a  retort  com 
with  a  receiver,  and  chlorine  in  excess  | 
over  it  for  several  days.  It  is  then  distilled  at 
between  140°  and  158°,  and  rectified  until  its 
boiling  point  has  attained  147°.  It  is  a  darker 
liquid  than  a.,  decomposes  similarly  with  wa- 
ter, forming  polythionio  acids,  &c.  When  it  is 
kept  in  a  retort  heated  to  131°,  while  air  passes 
through,  chlorine  is  evolved,  and  the  heat  may 
be  raised  to  158°.  It  is  then  distilled  over  a 
red  liquid  of  the  form.  S4C13,  or  rather  S2C1 
-f-  2  S  CI.  Two  other  chlorides  of  sulphur  ex- 
ist, but  only  in  combination. 

c.  Bimdphate  of  terehloride.  Sulpho-biaci- 
chloride.  S  Cl3  -}-  2  S03.  Obtained  by  several 
weeks  exposure  to  sun-light,  a  mixture  of  sul- 
phurous acid  gas  with  a  little  more  than  its 
volume  of  chlorine;  or  sooner  by  pa 
mixed  sulphurous  and  defiant  gases  into  a 
vessel  full  of  chlorine.  It  is  a  colorless  liquid, 
of  strong  odor,  boiling  at  170-6°,  decomposed 
by  water  and  alcohol  into  sulphuric  and  muri- 
atic acids. 

d.  Pentasulphate  of  terehloride.  Sulpho-quin- 
quaci-chloride.  SC13+  5  S03.  Obtained  by 
passing  anhydrous  sulphuric  acid  into  sub- 
chloride  of  sulphur,  a.,  below  32°,  until  the 
acid  deposits  in  solid  form,  and  distilling;  the 
distillate  caught  at  203°,  is  the  new  compound. 
It  is  also  obtained  by  distilling  chloride,  b., 
with  fuming  sulphuric  acid,  catching  that 
which  follows  the  dry  sulphuric  acid.  It  is  a 
colorless,  oily  liquid,  fuming  in  the  air,  boiling 
at  293°. 

e.  Iodide  of  sulphur  is  obtained  by  heating  the 
two  elements  together. 

phate  of  iodide  is  formed  by  distilling  a 
mixture  of  dry  sulphite  of  lead  and  iodine. 

The  above  two  bisulphates  are  regarded  by 
some  as  sulphuric  acid,  in  which  1  eq.  0 
is  replaced  by  1  eq.  chlorine  (or  iodine),  with 
the  form.  S02C1 ;  but  the  chlorine  docs  not  act 
the  part  of  oxygen  in  the  body,  and  moreover 
the  pentasulphate  cannot  well  be  explained  on 
the  same  principle. 

/.  Biammoniacal tubehloride  oftulphur.  2  NII3 
+  S2C1.     Made  by  gradually  saturating  sub- 
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chloride  in  an  atmosphere  of  ammonia.  Alight 
yellow  liquid  of  some  permanency,  and  gra- 
dually decomposing  in  its  aqueous,  not  in  its 
alcoholic  solution.  By  passing  the  subchloride 
into  dilute  and  cooled  ammonia,  and  washing 
•with  ice-water  to  extract  salammoniac,  a  red 
mass  is  obtained,  of  the  composition  NH3,  SCI 
+  NH3,  NS3. 

g.  Sulphochloride-ammonia,  NH3,  SCI.  Made 
by  passing  ammonia-gas,  in  small  quantities  at 
a  time,  into  chloride  of  sulphur  fully  saturated 
with  chlorine  ;  is  a  red,  flocculent  body,  soluble 
in  alcohol  and  ether.  Heated  to  212°  it  be- 
comes yellow  without  change  of  "weight,  and  is 
then  3  NH4C1  and  NS3  +  S  CI.  The  latter  ab- 
sorbs ammonia-gas,  becoming  green  and  then 
blue. 

Ii.  Su/phochloride-biammonia,  2  NH3,  SCI.  Ob- 
tained by  exposing  g.  to  ammonia  until  satu- 
rated, or  lemon-yellow ;  is  a  yellow  powder, 
soluble  in  alcohol  and  ether,  decomposed  by 
water,  leaving  sulphuret  of  nitrogen,  begin- 
ning to  decompose  between  118°  and  122°,  fully 
at  212°,  evolving  nitrogen  and  ammonia,  and 
subliming  sulphur,  salammoniac,  and  sulphuret 
of  nitrogen  in  fine  crystals. 

5.  Sulphuret  of  nitrogen,  NS3.  Obtained  by 
water  or  heat  from  the  preceding  4.  /(.  ;  is  a 
light  green  powder,  soluble  in  and  crystallizable 
from  ether,  decomposed  readily  by  hot  water 
into  hyposulphite  of  ammonia  with  excess  of 
acid ;  2  NS3  -f  6  HO  =  2  (NH3,  S202,)  +  S202. 
See  Carbon  and  the  several  metals,  for  other 
compounds  of  sulphur. 

SULPHUR.  Min.  Right  rhombic,  showing 
the  8-hedra,  several  rhombic  prisms,  and  end- 
plane  ;  also  imitative,  granular,  and  in  con- 
centrated layers.  H.  =  1-5— 2-5.  G.  =  2-072. 
Yellow,  also  reddish,  greenish,  and  brownish ; 
lustre  resinous  ;  transparent,  subtranslucent ; 
sectile  and  brittle,  with  conchoidal  fracture. 
It  is  sulphur,  S,  containing  at  times  clay,  bitu- 
men, selenium,  &c.  It  occurs  near  volcanoes, 
or  in  gypseous  rocks.  Sicily,  Volcano,  and 
Solfaterra,  near  Naples,  afford  the  greater  part 
of  sulphur  in  commerce. 

SULPHURET  OF  CADMIUM.    See  Green- 

OCKITE. 

SULPHURETTED  HYDROGEN, 

SULPHURIC  ACID, 

SULPHATES.  3 

SULPHURIC  ETHER.     See  Ethyl. 

SULPHUROUS  ACID.     See  Sulphur. 

SUMAC.  The  berries  of  the  Rhus  glabruni 
owe  their  acidity  to  bi-malate  of  lime,  which 
may  be  removed  by  hot  water.  The  bark  and 
warty  excrescences  upon  the  leaves  owe  their 
efficacy,  for  tanning  purposes,  to  a  large  con- 
tent of  tannic  acid.  The  powdered  leaves, 
peduncles,  and  young  branches  are  used  in 
dyeing. 
*  The  English  sumac  is  from  the  Rhus  coriaria. 

SUMBUL.   The  Persian  musk  root.   Reinsch's 
analysis  gives  its  composition  as  follows : — 

Water  °'130 

Essential  oil traces. 

Extracted  with  Ether. 

Balsam 0-126 

Wax 0002 

Extracted  with  Alcohol  of  0-819  spec.  grav. 

I     !     m 0-002 


See  Sul- 
phur. 


Aromatic  resin 0-003 

A  bitter  substance,  soluble  in  water 

and  alcohol 0-010 

Extracted  with  Alcohol  of  0-933  spec.  grav. 
A  bitter   substance,  soluble  in  water 

with  gelatin  and  vegetable  salts 0-064 

A  yellow,  bitter,   coloring  substance, 

soluble  in  alcohol 0-040 

Extracted  with  Water. 

A  gum  soluble  in  cold  water 0-082 

Starch  and  salts 0-284 

Gelatinous  sediment 0-072 

Fibre 00"6 

Starch 0-100 


0-991 


(Chem.  Gaz.  i.  637.) 

Balsam.  Of  the  color  and  consistence  of 
balsam  copaiva.  Has  a  burning,  aromatic 
taste,  and  diffuses  the  odor  of  musk  when  in 
contact  with  water.  Sulphuric  acid  dissolves 
it  with  a  splendid  blue  color.  Distilled  with 
water,  it  yields  essence  ;  distilled  alone,  a  yel- 
low oil  passes  over,  and  subsequently  a  greenish 
one,  and  ultimately  a  dark  blue  one  (Jahrb.  f. 
PraJct.  Pharm.  vii.  79).  When  distilled  with 
potassa  solution  it  gives  an  oily  liquid  which, 
by  treatment  with  sulphuric  acid,  yields  Sum- 
bulolic  acid. 

SUNSTONE.     See  Feldspar. 

SUPER.  A  prefix  applied  to  a  higher  oxide 
or  an  acid  salt.  Thus,  for  example,  a  super- 
salt  or  super-oxide  contains  a  greater  propor- 
tion of  acid  or  oxygen  than  a  neutral  salt  or 
protoxide.  Conversely,  in  a  sub-salt  or  sub- 
oxide, the  ratio  is  less. 

SWAG  A.     It  is  Borax. 

SWEAT.     See  Perspiration. 

SWEET-BAY.     See  Laurus  Nobilis. 

SWINESTONE.     See  Calcareous  Spar. 

SYENITE.     See  Sienite. 

SYLVIC  ACID.     See  Colophony  and  Rosin. 

SYLVINS'  SALT.     Chloride  of  Potassium. 

SYMBOLS.  Chem.  The  initial  letters  of 
the  Latin  names  of  the  elements,  sometimes 
associated  with  a  small  letter  of  the  same 
name,  as  N,  Nitrogen ;  Na,  (Natrium)  Sodium. 
The  combination  of  these  constitutes  a  For- 
mula, and  figures  annexed  express  the  number 
of  equivalents.  Some  organic  compounds  act- 
ing like  simpler  inorganic  bodies,  are  some- 
times represented  by  symbols,  as  Cy,  Cyano- 
gen ;  or  with  a  dash  over  it,  for  acids,  as  A, 
Acetic  acid ;  or  with  a  cross,  for  alkaloids,  as 

M,  Morphia.     See  Equivalents. 

SYMPLESITE.  Min.  Cryst.  Oblique  rhom- 
bic. H.  =  2-5.  G.  =  2-957.  Color  indigo, 
green ;  pearly ;  subtransparent,  translucent. 
In  a  tube  it  yields  25  pr.  ct.  water,  and  becomes 
brown ;  on  coal  it  yields  the  odor  of  arsenic, 
becomes  black  and  magnetic  without  fusion. 
It  is  probably  arseniate  of  iron.  From  Loben- 
stein,  Voigtland. 

SYNAPTASE.     See  Emulsin. 

SYNOVIA.  The  viscous  fluid  exhaled  by  the 
synovial  membranes  surrounding  the  movable 
articulations,  and  serving  to  lubricate  the 
joints.  According  to  John's  analysis,  it  con- 
tains,— 
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Water 92 -SO 

Albumen e, ■  ;n 

Extractive  matter  (with  NaCl  and  NaO, 

GO„) 0-60 

1  hosphate  of  lime O-lo 

SYNTHESIS.  Chem.  From  iMartt,  com- 
position. That  branch  of  chemistry  by  which 
elements  or  compounds  are  made  to  unite  defi- 
nitely together,  to  produce  new  bodies.  Thus, 
for  example,  the  union  of  oxygen  and  a  metal 
as  oxide,  or  of  an  oxide  with  an  acid,  to  form 
a  salt.  Synthesis  is  in  contradistinction  to 
Analysis,  the  results  of  which  it  is  sometimes 
employed  to  verily  :  thus,  the  composition  of 
Water  having  been  determined  by  analysis  to 
consist  of  two' volumes  of  hydrogen  and  one 
of  oxygen,  the  union  of  these  two  in  the  same 
proportions  will  produce  water,  without  a  re- 
mainder of  either. 


T. 


TABULAR  SPAR.  Mm.  Table  spar;  Gram- 
mite  ;  Wollastonite  ;  Ger.  Schaalstein,  Tafel- 
spath. 

Cryst.  Triclinate,  prismatic,  with  one  per- 
fect cleavage  ;  also  fibrous.  II.  =  4 — 5.  G.  = 
2-78 — 2-9.  White,  sometimes  tinted  ;  vitreous; 
translucent  :  brittle.  It  fuses  imperfectly  to  a 
bead,  is  soluble  in  borax  and  niic.  salt,  leav- 
ing silica  in  the  latter ;  fuses  with  a  little 
soda  to  a  blebby  glass,  and  with  more  soda  is 
infusible.  Perfectly  decomposed  by  muriatic 
acid,  gelatinizing.  Form.  3  CaO,  2  Si03.  It 
occurs  in  many  localities,  of  which  those  on  the 
border  of  Lake  Champlain  are  the  most  abund- 
ant. Loth  at  these  localities  and  in  Sweden  it 
is  associated  with  colophonite  and  coccolite. 

TACHYLITE.  Mm.  A  velvet-brown,  or 
black  mineral,  not  crystallized,  from  the  basalt 
of  Saesbuhl.  It  contains  Si03,  A103,  FeO,  MgO, 
CaO,  NaO,  KG,  TiG2. 

TAKAMAHAKA.  Syn.  Tacamahac.  The 
resinous  exudation  from  the  Fagara  octandra. 
In  bright  yellow  or  dark  brown,  dusty  pieces, 
of  irregular  form,  agreeable  odor,  and  bitter 
balsamic  taste.  It  consists  of  resin  and  oil, 
and  is  soluble  in  alcohol,  ether  and  the  alkalies. 
There  are  several  varieties  of  this  resin,  but 
none  have  been  fully  examined. 

TALC.  Mm.  Cryst.  Right  Rhombic,  with 
one  perfect  cleavage ;  also  granular,  compact. 
II.  =  1—1-5.  G.  =  2-697— 2-85.  Prevailing 
color,  pale  apple-green,  also  white,  and  dark 
green ;  lustre  pearly  ;  translucent  ;  greasy 
touch  ;  very  sectile  ;  thin  laminae,  flexible,  not 
elastic.  By  ignition  it  becomes  highly  lumin- 
ous, exfoliates  and  does  not  fuse;  soluble  in 
borax  and  inic.  salt,  leaving  silica  in  the  latter; 
swells  up  with  soda  and  forms  a  slag  ;  gives  a 
reddish  tint  with  cobalt  solution ;  not  attacked 
by  sulphuric  or  muriatic  acid,  either  before  or 
after  ignition.  The  formula  is  still  doubtful, 
it  appearing  to  vary  from  MgO,  Si03  to  3  MgO, 
2  Si<  l3  ;  the  proportion  0  MgO,  5  Si03  seems  to 
be  most  frequently  obtained.  It  is  most  pro- 
bably  MgO,  Si08  with  variable  quantities  of 
■  '>  Mgl '.  -  Si<)3,  having  been  subject  to  pseudo- 
morphic  action.  It  often  occurs  in  large  beds 
iated  with  talcose  slate,  serpentine  and 
gneiss. 
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TALCAPATITE.        Min,       A     mineral      from 

Slatoust,  in  the  Ural,  described  bj    Hermann, 
who   gives   the  form.  8  MgO,  P06  +  3  (8  I     0, 

POL)    (.'I. 

TALCITE.      See  NacRITB. 
TALCOSE  SLATE.     Oeol   A  primarj 

of  slaty  structure  and  soapy  feeling,  gem 
supposed  to  contain  talc  instead  of  mica.      Hut 
some  late  examinations  of  talcose   slate   from 
St.  Gotthardt  and  Zillerthal  give  no  magnesia, 
and  indicate  only  mica. 

TALLOW.  Chem.  Tech.  Syn.  Beef  suet. 
This  term  is  almost  exclusively  applied  I 
kind  of  Fat  taken  from  beeves,  though 
times  also  extended  to  mutton-suet,  deer  and 
goat  fat.  Chemically  considered,  it  is,  when 
"rendered,"  a  mixture  of  Olein,  Makgabjh  and 
St.EA&IN,  the  latter  component  predominating. 
Those  which  lone  any  peculiar  odor  contain 
also  some  volatile  fat,  to  which  it  is  owing.  The 
principal  applications  of  tallow  arc  in  the 
manufacture  of  soaps  and  candles,  and  the 
greater  its  solidity  the  more  applicable  for 
these  purposes.  Its  firmness  varies  with  the 
part  from  which  it  is  taken  as  well  as  with  the 
nature  of  the  animal's  food  ;  thus,  for  example, 
hard  tallow,  like  that  from  Russia,  is  "  fodder 
fed,"  and  far  more  valuable  than  that  which 
has  been  "still"  (grains)  or  mast  fed.  More- 
over, the  tallow  from  the  vicinity  of  the  caul, 
heart,  kidneys,  and  intestines  is  firmer  and 
superior  to  that  from  other  parts  of  the  ani- 
mal. 

Tallow,  as  taken  from  the  animal,  is  what  is 
technically  termed  "rough,"  that  is,  in  its  na- 
tural envelope  of  cellular  tissue  ami 
braneous  casings.  The  process  of  free 
from  these  foreign  matters  is  termed  "render- 
ing" or  "clarifying;"  and  is  done  by  mincing 
the  rough  tallow  and  heating  it  during  constant 
stirring  in  an  open  pan.  The  heat  must  be 
gentle  and  uniform,  and  continued  until  the 
expulsion  of  all  water,  which  may  be  known  by 
the  liquid  fat,  at  first  milky,  becoming  clear.  At 
this  stage  the  membraneous  portion  will  be 
hard,  ami  will  cease  to  .yield  any  more  fat. 
The  contents  of  the  pan  while  still  liquid  must 
be  strained  into  barrels  or  pans.  The  residue 
remaining  upon  the  strainer  must  be  reheated 
and  subjected  to  pressure,  as  directed  at  p.  523 
fig.  43.  The  exhausted  cake  is  called  "  crack- 
lings," ami  makes  excellent  material  for  the 
manufacture  of  prussiate  of  potassa  or  for  arti- 
ficial   manures.       Beef    tallow   yields    95   and 

\  mutton  suet  91  pr.  ct.  of  clarified  product. 

There  arc  many  disadvantages  in  this  mode 
of  rendering;  the  principal  of  which  are  1st, 
the  loss  in  the  large  proportion  of  residue, 
(owing  to  the  imperfect  manner  of  hi 
which  prevents  the  extraction  of  the  whole  of 
the  fat),  and  2d,  the  noxious  and  inflammable 
gases  evolved  during  the  process.  It  ha 
sought  to  obviate  these  by  the  direct  applica- 
tion of  steam,  and  Wilson's  tanks  have  partially 

j  accomplished   the  objects,  but  as  a  port 
the  gelatin  is  dissolved  during  the  proct 

j  will  remain  with  the  tallow  to  deteriorate  it  in 
time  by  imparting  a  bad  odor,  some  more  ef- 
fectual means  are  desirable. 

D'Arcet's  method,  said  to  be  excellent,  is  to 

|  mix  the  minced  tallow  with  one  half  its  weight 

;of  water  acidulated  with  3-3  pr.  ct.  sulphuric 
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acid,  and  to  continue  boiling  until  the  com- 
plete separation  of  the  fatty  from  the  cellular 
matter.  If  the  steam  is  applied  directly,  the 
•water  may  be  diminished  to  a  5th  and  the  acid 
increased  to  6  pr.  ct.  This  mode  yields  2  to 
5  pr.  ct.  more  tallow  than  the  old  plan  of  ren- 
dering ;  for  by  chemically  destroying  the  cellu- 
lar matter,  it  renders  easy  the  entire  separa- 
tion of  the  fat,  and  moreover  prevents  or 
greatly  modifies  the  stinking  vapors,  and 
hardens  and  improves  the  quality  of  the 
tallow. 

There  are  several  other  modes  of  rendering 
tallow  and  hardening  it  by  admixture  with  cer- 
tain salts,  all  of  which  are  detailed  in  Morfit's 
■■ . [ppUed  C!ti  mistry." 

TAMARINDS.  The  fruit  of  the  Tamarindus 
Indicus,  containing  in  100  parts,  citric  acid 
9-40,  tartaric  acid  1-55,  malic  acid  -45,  bitar- 
trate  of  potassa  3-25,  gum  4-70,  jelly  6-25, 
parenchymatous  matter  34-35,  and  water 
27-55. 

The  pods  are  preserved  by  saturating  them 
with  boiling  syrup,  and  thus  prepared  are  ex- 
ported from  the  West  Indies,  the  source  whence 
we  obtain  them. 

TANGHININ.  Chem.  Syn.  Tanguin.  Ex- 
tracted by  ether  from  the  seeds  of  the  Tcfflghinia 
Madagascariensis,  after  the  separation  of  the  oil 
by  pressure.  'Crystallizes  in  brilliant  scales, 
which  are  poisonous.  Effloresces  on  exposure, 
and  dissolves  in  alcohol  and  ether,  and  in  water 
imparting  a  bitter,  acrid  taste. 

TANGUE.  Agric.  The  sand,  lining  the  sea 
shore,  containing  the  organic  matter  thrown 
up  by  the  surf.  It  is  used  as  a  manure,  but 
should,  for  the  purpose,  be  previously  washed 
free  of  salt.  Dead  tangue  is  that  which  has 
lost  strength  by  the  putrefaction  of  its  animal 
matter. 

TANKELITE.  Mm.  Xenotime,  Phosphate 
of  Yttria.  Cryst.  Quadratic,  with  perfect  la- 
teral cleavage.  H.  =  4-5—5-0.  G.  =  4-14— 
4-56.  Yellowish  brown,  resinous,  opake  ;  frac- 
ture splintery,  uneven,  with  pale,  brown  streak. 
Behaves  like  apatite,  but  is  infusible ;  with 
boracic  acid  and  iron  it  shows  phosphoric  acid; 
insoluble  in  acids.     From  Lindesnaes,  Norway. 

TANNIN  AC1°  }  Chem"  Syn"  Tannic  ackL 
Quercitannic  acid  exists  most  abundantly  in 
Gall  nuts,  but  is  also  found  in  the  bark  of 
every  species  of  Quercus  and  in  numberless 
other  plants,  save  in  the  leaves  of  herbaceoe, 
which,  with  few  exceptions  rarely  contain  it. 
The  tannin  of  nut-galls  serves  as  the  type  of 
all  other  species,  and  gives  a  bluish  black  pre- 
cipitate with  persalts  of  iron,  while  that  from 
certain  other  sources  gives  a  green  or  a  gray 
reaction ;  and  hence  the  names  of  green  and 
gray  applied  to  such  tannins. 

Prep.  Dormine  prepares  tannin  economi- 
cally by  macerating  powdered  galls,  which 
have  been  exposed  for  several  days  to  a  moist 
atmosphere,  with  ether  of  -76  spec.  grav.  suf- 
ficient to  form  a  thin  paste.  In  a  day  or  two 
the  vessel  is  to  be  unclosed,  and  its  contents 
transferred  to  a  square  piece  of  duck  linen, 
and  subjected  to  gradual  pressure.  The  syrupy 
liquid  running  off  is  to  be  exposed  in  very  thin 
strata  to  a  heat  of  104°  to  113°.  The  evapora- 
tion of  the  ether  in  this  way  leaves  the  tannin 
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in  light  porous  laminae.  In  order  to  entirely 
exhaust  the  galls,  the  pressed  caked  should  be 
powdered  and  macerated,  and  pressed  twice, 
each  time  with  ether,  as  above,  to  which  6  pr. 
ct.  of  water  is  added.  This  method  yields  75 
pr.  ct.  of  tannin.  To  remove  chlorophyll  oil, 
gallic  and  ellagic  acids,  it  must  be  well  washed 
with  a  mixture  of  ether  and  water.  After  fre- 
quent agitation  and  subsequent  repose,  three 
strata  are  formed,  of  which  the  lower  is  pure 
tannin. 

As  it  is  desirable  sometimes  to  estimate  the 
tannin  value  of  a  material  to  be  used  for  the 
operation  of  tanning,  Warington  has  invented 
a  process  which  consists  in  employing  a  test 
liquor  of  gelatin  of  such  strength  that  each 
measure  of  10  grs.  in  the  ordinary  alkalimetry 
tube,  having  the  volume  of  1000  grs.  of  dis- 
tilled water  divided  into  100  equal  parts,  shall 
be  capable  of  precipitating  the  tenth  of  a  grain 
of  pure  tannin.  A  hot  infusion  of  the  mate- 
rial to  be  examined,  in  a  bruised  state  if  ne- 
cessary, is  to  be  prepared,  strained,  and  the 
test  gelatin  liquor  gradually  added  until  no 
further  precipitate  is  formed.  To  obtain  at 
intervals  portions  of  the  solution  under  trial  in 
a  bright  state,  so  as  to  be  able  to  ascertain  the 
progress  of  the  operation,  a  glass  tube  having 
an  internal  diameter  of  about  half  an  inch  is 
employed,  having  the  lower  orifice  loosely 
closed  by  a  small  piece  of  wet  sponge  ;  this, 
from  the  curdy  nature  of  the  precipitate,  on 
being  immersed,  allows  the  clear  liquor  to  filter 
through  the  sponge  by  ascent,  and  the  filtrate 
is  then  to  be  poured  into  a  small  test-glass, 
and  acted  upon  by  an  additional  quantity  of 
the  solution  of  galatin;  if  this  renders  it  tur- 
bid, it  is  decanted  back  to  the  original  bulk, 
and  the  process  continued.  In  this  way  great 
accuracy  may  be  arrived  at  after  a  little  prac- 
tice.     (Ch.  Gaz.  v.  147.) 

Prop.  Form.  CIS050<,  +  3  HO.  Has  a  pale 
yellow  color  and  shining  appearance :  and 
forms  an  astringent  solution  with  water,  from 
which  sulphuric,  hydrochloric,  phosphoric, 
arsenic  and  boracic  acids  precipitate  it  as  a 
white  compound  of  tannin  and  the  other  acids, 
soluble  in  pure  water  and  in  alcohol.  The 
sulphuric  compound  by  boiling  in  dilute  oil  of 
vitriol  or  caustic  alkali  yields  a  large  amount 
of  crystallized  gallic  acid. 

Tannin  precipitates  solutions  of  starch,  albu- 
men and  gluten.  Its  compound  with  gelatin 
is  known  in  the  arts  as  leather,  and  hence  its 
use  in  tanning  skins. 

By  exposure  to  air,  or  by  the  aid  of  ferments, 
the  aqueous  solution  of  tannin  is  transformed 
into  gallic  and  ellagic  acids.  By  adding  potassa 
in  excess  to  the  solution,  previous  to  exposing 
it,  the  tannoxylic  or  rubitannic  acid  is  formed. 
Its  formula  in  the  anhydrous  state  is  C15H3Ou, 
and  that  of  its  lead  salt  is  3  PbO,  C15H5Ou. 
By  boiling  instead  of  exposing  the  potassic 
solution  of  tannin,  tannomelanic  or  tannohumic 
acid  is  formed.  It  is  a  dark  humus-like  pow- 
der, of  the  composition  C14H.07,  2  HO,  and  is 
bibasic.     Buchner,  jr. 

When  heated  in  open  vessels,  tannin  burns 
without  residue,  but  by  distillation  yields  the 
same  products  as  Gallic  Acid. 

According  to  Wohler  and  Frerichs,  tannin,  in 
its  passage  through  the  animal  system,  is  trans- 
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formed   into  gallic  and  pyrogallie  acids,  and 
humus-like  substances. 

£0  !  ,H80.8)  pre- 
pared by  gradually  neutralizing  tannn 
with  potassa.  White  fiocciihs  are  formed  which 
slowly  turn  to  gray,  tlien  green,  and  finally 
become  crystalline.  The  excess  of  tannin 
which  should  always  be  used  may  be  removed 
by  alcohol. 

Tannate  of  Ammonia.      NIT3.  HO,  GIBH80IS,  I 
ClgH609.     Obtained  as  white  floeculap  by  pass- 
ing ammoniacal  gas  through  a  solution  of  tan- 
nin in  absolute  alcohol. 

Tannates  of  Baryta.  The  salt  obtained  by 
the  double  decomposition  of  chloride  of  barium 
and  tannate  of  soda  contains  4  (ClgIIg012), 
3  BaO;  and  that  precipitated  by  absolute 
alcohol  and  carbonate  of  baryta  from  concen- 
trated aqueous  solution  has  the  composition 
3  (ClgH8Ol2),  4  BaO.  The  persalts  of  iron 
strike  a  •blue-black  color  with  the  neutral  tan- 
nates.  Those  tannins  which  precipitate  the 
persalts  of  iron,  gray  or  green,  are  either  prin- 
ciples peculiar  to  the  plant  whence  obtained, 
or  else  are  true  tannin,  which  varies  from  its 
characteristic  reaction  owing  to  combination 
with  some  foreign  matter.  Stenhouse  classifies 
the  tannins  into  those  which  do,  and  those  which 
do  not  yield  pyrogallic  acid. 

TANSY.  The  herb  Tanacetum  vulgare.  It 
contains,  according  to  Fromherz  and  Peschier, 
wax.  chlorophyll,  yellow  coloring  matter, 
tannic  and  gallic  acids,  bitter  extractive,  gum, 
woody  fibre,  and 

Volatile  oil.  Yellow,  sometimes  green;  of  a 
bitter  taste  and  spec.  gray.  962.  Bitter  ex- 
tractive,  or  extractive  consisting  partly  of 
resin. 

Tanacetk  acid.  Crystallizable,  and  precipi- 
tates lime,  baryta,  and  oxide  of  lead.  Leroy 
also  found  a  peculiar  inodorous  and  bitter  sub- 
stance, very  soluble  in  ether,  less  so  in  alcohol, 
and  almost  insoluble  in  water,  imparting  to  it 
however  a  bitter  taste,  which  he  called  Tana- 
cetin. 

TANTALITE.  Mm.  See  Columbite.  It 
may  be  added  that  the  spec.  grav.  varies  from 
5-47  to  7-48. 

TANTALUM.     See  Coltjmbitjm. 

TAPIOCA.  Pharm.  The  granular  fecula 
of  the  root  of  the  Cassava  (Jatropha  Manihoi) 
plant.  Prepared  as  meal,  it  is  called  Moustache 
or  Cipipa  (Brazilian  arrow-root).  It  is  highly 
nutritious,  and  forms  an  excellent  article  of 
diet  for  the  sick,  and  for  this  purpose  is  to  be 
boiled  in  water  and  seasoned  with  lemon  juice 
and  sugar.  The  "pearl  tapioca"  sold  in  the 
shops  is  a  factitious  article  made  probably  from 
potato  starch. 

TAQUA  NUT.  Syn.  Vegetable  Ivory.  The 
fruit  of  the  Phytelephas  macrocarpa,  a  South 
American  plant  allied  to  the  palms.  Connel's 
analysis  gave;  gum  6-73,  legumin  3-80,  albu- 
men" -42.  fat  oil  0-73,  ash  0-61,  water  9-37, 
lignin  81-34. 

Mulder  expresses  its  composition  by  C24H12 

°n-  .     ., 

TAR.     Syn.     Pix  liquida.     The  dark  viscid 

liquid   obtained   in  the   distillation    of  wood, 

and  consisting  of  pyrogenous  resin  dissolved  in 

volatile   oils  and    acetic    acid.       These   latter 

being  evaporated,  the  tar  hardens  into  Pitch. 
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The  oil  i  ;u«'d  by  distill ati 

.<  e  of  terpentine,  owing  its  darl 
to  the  presence  of  pyrogenous  oil 

pAli.W'riv,       Kl'l'lON!-.!       C&BASOTS,       PlGAMAR, 
Capnomor,    and    Pittac  m„    and    Pyroligneoas 

acid  arc  also  products  of  the  distillation  of  tar. 

TARAXACUM.  Syn.  Dandelion.  The  root 
of  the  Leontodon  taraxacum.  The  juice  con- 
tains, according  to  John  and  Squire,  resin, 
sugar,  gum,  inulin,  salts  of  potassa  and  lime, 
albumen,  gluten,  water,  and  a  peculiar  prin- 
ciple, the 

Taraxacin  of  Pollez.  Crystallizable,  bitter, 
fusible  but  not  volatile,  sparingly  Boluble  in 
cold,  very  soluble  in  hot  water,  in  alcohol,  and 
ether. 

TARTAB  "I 

TARTAR' EMETIC,  i     See  Tartaeic  a' '"'■ 

TARTARIC  ACID.  Chem.  Found  by  Scheele 
originally  in  grape  juice,  but  existing  also  in 
madder,  potatoes,  quassia,  squills,  and  numer- 
ous other  plants. 

Prep.  One  part  of  crude  tartar  (Argal),  in 
powder,  is  boiled  for  two  or  three  hours  in 
water  sufficient  to  dissolve  it.  The  crystals 
which  form  on  cooling  are  to  be  redissolyed  in 
water,  treated  with  4  pr.  ct.  of  bone-black  and 
pipe-clay,  filtered,  and  set  aside  to  recrystal- 
lize.  In  this  way  tartrate  of  lime,  lees,  color- 
ing, and  other  foreign  matters  are  separated. 
To  these  purified  crystals  dissolved  in  lOpts. 
of  water,  powdered  chalk  is  to  be  added  until 
effervescence  ceases.  Insoluble  tartrate  of 
lime  and  soluble  (neutral)  tartrate  of  potassa 
are  formed.  To  convert  the  latter  into  the 
former,  sulphuric  acid  must  be  added.  Sul- 
phate of  lime  is  thus  formed  in  proportion 
sufficient  for  the  precipitation  of  the  neutral 
tartrate  of  potassa,  as  tartrate  of  lime.  Filter, 
wash,  and  treat  the  precipitate  with  dilute 
sulphuric  acid,  which  eliminates  the  acid,  and 
forms  insoluble  plaster  of  Paris.  The  filtered 
liquor,  on  evaporation,  will  yield  tartaric 
which  requires  several  crystallizations  for  its 
purification. 

Prop.  C8Ii40,g,  2  Aq  crystallized,  or  it 
may  be  written  C4H206,  HO.  Crystallizes  in 
colorless,  transparent,  oblique  rhombic  prisms, 
of  an  agreeable  sour  taste,  and  spec.  grav. 
1-75.  Is  unalterable  in  the  air,  soluble  in 
alcohol,  and  readily  in  water.  Its  aqueous 
solution  moulds  on  exposure,  and  yields  acetic 
and  butyracetic  acid.  It  combines  and  forms 
salts  with  all  the  oxides;  but  caustic  alkalies 
in  excess  and  at  high  temperatures  produce 
its  decomposition  into  acetic  and  oxalic  acids. 

Action  of  Heat.  According  to  Laurent  and 
Gerhardt  (Comptes  Rendus,  1848),  tartaric  acid 
may  become  modified  without  loss  or  any  change 
in  composition.  By  fusion  merely,  it  is  modi- 
fied into  a  mixture  of  two  acids  isomeric  with 
the  original  acid,  lnetatartaric  and  isotartaric. 

Metatarlaric  acid.  Forms  crystallizabli 
distinguishable  from  the  corresponding  tar- 
trates by  their  greater  solubility.  The  bi-salts 
of  ammonia,  C4H6Am06,  and  the  neutral  salts 
of  lime,  '"iH/'a/),,  -f  8  Aq,  are  .•  specially 
characteristic  in  this  respect.  This  acid  ana 
its  salts  are  converted  into  tartaric  acid  and 
tartrates,  by  ebullition. 

acid.      Its  neutral   salts  have  the 
composition  of  the  bi-tartrates,  and  hence  in 
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the  modification,  tartaric  acid  has  solely,  by  a 
molecular  transposition,  changed  its  capacity 
of  saturation.  The  neutral  isotartrate  of  lime, 
C4H6Ca06,  extremely  soluble  and  uncrystalliza- 
ble,  if  heated,  alters  into  neutral,  crystallizable 
metatartrate  of  lime,  and  metatartaric  acid. 

Tartrelic  acid.  C4H405.  Obtained  by  heating 
tartaric  acid  until  water  ceases  to  be  given  off. 
Is  deliquescent,  soluble  in  water,  and  furnishes 
salts  of  the  formula  of  the  bitartrates,  minus 
1  eq.  of  water.  The  tartrelic  acid  of  Freniy 
is  a  derivative  of  tartralic  acid,  which  he  ob- 
tained by  heating  tartaric  acid. 

By  a  still  higher  heat  tartaric  acid  may  be 
converted  into  an  oily  and  a  crystalline  pyro- 
genous  acid. 

According  to  Laurent  and  Gerhardt,  the  so- 
called  insoluble,  anhydrous  acid,  which  Fremy 
obtained  by  heating  tartrelic  acid,  is  only  an 
isomorphic  condition  of  the  original  acid. 

Action  of  Ammonia,  When  ammoniacal  gas 
is  passed  over  anhydrous  tartaric  acid,  moist- 
ened with  alcohol, 

Tartraminate  of  ammonia  is  formed.  It  is 
insoluble  in  alcohol,  but  dissolves  readily  in 
water.  [Laurent,  Ann.  der  Chem.  und  Pharm. 
lx.  p.  326.) 

Action  of  Acids.  Oil  of  vitriol  abstracts 
water  from  tartaric  acid,  and  gives  products 
analogous  to  the  tartralic  and  tartrelic  acids 
of  Fremy.      Under  certain   circumstances  of 


time  and  temperature,  it  forms  sulphotartaric 
acid,  or  disengages  carbonic  oxide  and  sul- 
phurous acid,  leaving  a  black,  undetermined 
residue.  Nitric  acid  oxidizes  and  transforms 
tartaric  into  oxalic  acid. 

Action  of  Sugar.  Tartaric  acid,  according  to 
Vogel,  when  mixed  with  three  parts  of  sugar 
and  exposed  to  moist  air,  attracts  moisture, 
and  forms  with  absolute  alcohol  a  solution 
from  which  lime  precipitates  only  traces  of 
tartrate.  Neither  the  sugar  nor  tartaric  acid 
can  be  separated  from  the  alcoholic  or  the 
aqueous  solution,  in  crystals.  The  modifica- 
tion thus  produced  is  Fremy's  tartralic  acid 
(Chem.  Gaz.  iv.  150). 

Pyrotartaric  acid.  C5H404  (Arppe).  Prepared 
by  distilling  Racemic  or  tartaric  acids,  the 
former  with  pumice-stone,  and  the  latter  with 
platinum-black  (Millon  and  Reiset).  Crystal- 
lizes in  discoid  groups  of  long,  transparent 
prisms.  Is  soluble  in  water,  alcohol  and  ether ; 
melts  at  212°,  and  boils  at  874°.  The  formula 
of  its  silver  salt  is  AgO,  C5H303. 

Pyrotartaric  acid,  when  distilled  with  fused 
phosphoric  acid,  yields  anhydrous  acid,  C5H303, 
a  colorless,  oily  liquid,  boiling  at  446°,  and 
remaining  liquid  at  14°.  From  its  alcoholic 
solution  water  throws  down  oily  drops,  which 
after  a  time  crystallize.  Below  is  Arppe's 
tabular  arrangement  of  the  formula  of  the  py- 
rotartrates : — 


C5H303  =  Pt. 
I.  Acid  Salts. 


CaO  Pt  +  5  HO  Pt  +  2  HO 

Fe20aFt3  +  15  HO  Pt  +  3  HO 

GO  Pt  +  3  HO  Pt 

NiO  Pt  +  3  HO_Pt 

BaO  Ft  +  HO  Pt  +  2  HO 


AgOPt 
PbOPt 
ZnOPt 
Feo0,Pt 


II 
KO  F  +  HO 
SrO  Pt  4-  HO 
ZnO  Pt  +  HO 


SrO  Ft  4-  HO  Pt  4-  2  HO 

KO  Pt  +  HO  Pt 

NaO  Pt  4-  HO  Pt 

AmO  Ft  -f  HO  Ft 

3  BaO  Ft  +  2  HO  Ft  4-  3  HO. 

Neutral  Salts. 


NiO  Pt  +  2  HO 
PbOFt4-  2  HO 

A1203  F2  4-  HO 
Fe203  Pt2_4-  5  HO 
3  Fe203,  Pt 
9  Fe203,  Pt  4-  HO 


BaO  P~t  +  2  HO  CoO  Pt  4-  8  HO 

CaO  Ft  4-  2  HO  CoO  Pt  +  HO 

CoO  Ft  4-  2  HO  MnO  Pt  +  3  HO 

CuO  Ft  +  2  HO  MnO  Pt  4-  HO. 

MgO  Pt  4-  4  HO      ZnO  Pt  +  3  HO     MgO  Ft  4-  6  HO 
MgO  Ft  4-  HO         ZnO  Pt  +  HO        NaO  Pt  4-  6  HO. 

III.   Basic  Salts. 
3  PbO,  Pt 

2  CuO,  Pt  +  2  HO  2  Bi203,  Pj;3  4-  2  HO 

2  SnO,  Pt  2  Fe203,_Pt3  +  HO 

2  ZnO,  Ft  +  HO  2  U203,  Pt3  +  HO. 


(Liebig's  Annalen,  lxvi.  73,  and  Chem.  Gaz.  vi.  313.) 


Tartrates. 
The  neutral  salts  have  thejbrmula  2  RO,  T, 
and  the  acid  salts  RO,  HO,  T.  All  of  the  tar- 
trates emit  the  odor  of  caramel,  when  heated 
above  392°.  The  soluble  neutral  salts  become 
less  so  upon  the  addition  of  an  excess  of  the 
acid ;  tliis  addition  dissolves  those  which  are 
insoluble  or  only  sparingly  soluble.  The  tar- 
trates insoluble  in  water,  are  distinguished  by 
their  ready  solubility  in  aqua  ammonia  and 
caustic  potassa. 


Tartrate  of  Potassa  (neutral).  2  KO,  HO,  C8 
H40I0.  Prepared  by  neutralizing  cream  of 
tartar  with  carbonate  of  potassa.  Crystallizes 
in  right  rhombic  prisms,  which  are  very  soluble 
in  water. 

Bi-tartrate  of  Potassa.  Syn.  Cream  of  tartar, 
Supertartrate  of  potassa.  KO,  HO,  T.  Drops 
as  crude  tartar  or  argol  from  sour  wines,  and 
purified  as  directed  for  the  preparation  of  tar- 
taric acid.  Crystallizes  in  hard,  opake,  oblique 
rhombic,  or  irregular  six-sided  prisms.     They 
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are  slightly  acid  to  the  taste  and  to  test-paper, 
unalterable  in  the  air,  but  fusible  and  decom- 
posable by  heat  into  carbon  and  carbonate. 
Is  soluble  in  18  pts.  hot  and  200  pts.  of  cold 

water,  in  the  6trong  mineral  acids,  in  caustic 
and  carbonated  soda  and  potassa,  but  insoluble 
in  alcohol. 

Tartrate  of  Oxide  of  Ethyl.  Syn.  Tartrovinic 
acid.  AeO,  HO,  ¥  {Ghtirm  Yarn,).  Crystal- 
lizes in  long,  rhombic  prisms,  very  soluble  in 
water  and  alcohol,  but  insoluble  in  ether.  It 
forms  double  salts  with  the  bases. 

Soluble  Tartar.  Syn.  Tartrate  of  potassa  and 
boracic  acid.  KO,  T,  B03  (Duflos).  Prepared 
by  heating  together  47 \  pts.  of  cream  of  tartar 
and  15$  pts.  of  boracic  acid  with  water,  and 
evaporating  the  solution.  Forms  a  white, 
amorphous  acid  mass,  very  soluble  in  water, 
but  insoluble  in  alcohol. 

Seignette's  Salt.  Syn.  Tartrate  of  soda  and 
potassa,  Rochelle  salt.  C8H„OI0,  2  HO  (KO, 
NaO,  6  HO).  Prepared  by  dissolving  together 
in  water  1  pt.  of  crystallized  carbonate  of  soda 
and  1£  pts.  of  cream  of  tartar.  Crystallizes 
in  large,  transparent,  right  rhombic,  6,  8,  and 
10-sided  prisms. 

Tartar  Emetic.  Syn.  Tartrate  of  antimony 
and  potassa,  Tartarized  antimony.  C8H4O10, 
2  HO,  KO,  Sb203.  Prepared  by  triturating 
together  3  pts.  of  oxide  of  antimony  and  4  pts. 
of  cream  of  tartar,  thinning  with  water,  and 
heating  the  mixture  at  158°,  until  complete 
solution.  Filter  and  evaporate,  to  form  crys- 
tals. Forms  octahedral  crystals  of  great  bril- 
liancy. They  whiten  on  exposure,  lose  1  eq. 
of  water  at  212°,  and  2  eqs.  at  442°.  Is  solu- 
ble in  14  pts.  cold,  and  2  pts.  boiling  water, 
and  precipitable  from  the  latter  in  fine  powder, 
by  excess  of  alcohol. 

The  neutral  tartrate  of  potassa  and  antimony 
consists  of  3  T,  3  KO,  Sb03. 

Ammoniated  Tartar.  Syn.  Tartrate  of  po- 
tassa and  ammonia.  1',  KO,  Ad  II20  -f-  Aq. 
Prepared  by  neutralizing  cream  of  tartar  with 
ammonia,  and  crystallizing  the  solution.  Crys- 
tallizes in  large,  transparent,  rhombic  prisms, 
soluble  in  water. 

TARTROVINIC  ACID.    See  Tartaric  Acid. 

TASTE.  Chem.  One  of  the  properties  of 
bodies  which  are  soluble  in  water.  It  is  pun- 
gent, like  mustard ;  saline,  like  common  salt, 
nitre,  &c. ;  bitter,  like  aloes ;  astringent,  like 
oak  bark ;  sweet,  acid,  alkaline,  &c.  In  mine- 
ralogy it  is  also  employed  to  distinguish  a  few 
minerals :   salt,  trona,  borax,  copperas,  &c. 

TAURIN.  Chem.  Redtenbacher  (Liebig's 
Annalen,  1848)  gives  as  its  formula  C4NH706S2, 
equal  to  bisulphate  of  aldehyde-ammonia,  in 
about  the  same  state  of  condensation  as  cya- 
nate  of  ammonia  in  urea.     See  Bile. 

TAUTOLITE.  Mm.  A  mineral  from  Laacher 
lake,  related  to  chrysolite,  but  not  well  ex- 
amined. 

TEA.  The  dried  leaves  of  the  Thea  Chinen- 
sis,  an  evergreen  plant,  native  to  China  and 
Japan.  An  aqueous  decoction  forms  the  well- 
known  refreshing  beverage.  The  different 
varieties  of  tea  are  all  from  the  same  species, 
though  classified  under  the  two  grand  divisions 
n  and  black  teas.  Their  difference  exists 
in  the  mode  of  culture,  preparation,  and  the 
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nature  of  the  soil  upon  wliirli  grown,  the  latter 
having  an  Important  influence  upon  the  aroma 
(due  to  essential  oil),  <i]>oii  which  its  commer- 
cial value  mainly  depends. 

Waringtoa  has  shown  (Chem.  Oaz.  ii.  196) 
that  the  difference  in  tint  is  owing  to  adventi- 
tious substances  mechanically  attached  to  the 
surface  of  the  curled  leaves.  This  pulverulent 
coating  upon  green  tea  was  proved  bj  chemical 
and  microscopic  investigation,  to  be  Prussian 
blue  and  sulphate  of  lime,  with  traces  of  silica, 
alumina,  (probably  kaolin),  and  magnesia.  It 
was  also  ascertained  that  the  bloom  and  tint 
characteristic  of  teas  is  imparted  by  a  mixture 
of  gypsum  and  some  appropriate  vej 
color;  hence  the  teas  as  they  reach  us  are 
always  adulterated. 

The  constituents  of  green  tea  are  (according 
to  Mulder),  in  100  pts. : — 


Volatile  oil 0-79 

Chlorophyll 2-22 

Wax 0-28 

Resin 2-22 

Gum 8-5G 

Salts 5-56 

Tannin 1780 


Thein  (Caffeln)..  0-43 
Extractive,  trace 

of  apotheme  ...22-80 
Muriatic  extract  23-60 

Albumen 8-00 

Lignin 17-G8 


Black  tea  contains,  in  100  pts. : — 


Volatile  oil 0-60 

Chlorophyll 1-84 

Resin 3-64 

Gum 7-28 

Albumen 2-80 

Lignin 28-32 


Tannin 12-88 

Thein  (Caffein)..   0-46 

Extractive 19-88 

Apotheme. 1-18 

Muriatic  extract  19-12 
Salts 5-24 


The  average  of  water  in  green  teas  is  10  pr. 
ct.,  and  in  black  teas  8  pr.  ct. 

Peligot  has  ascertained  that  the  proportion 
soluble  in  hot  water  depends  upon  the  age  of 
the  leaf.  He  found  the  average  in  100  pts.  as 
follows : — 

Soluble  parts. 

Dry  black  teas 43-2 

Dry  green  teas 471 

Black  teas  in  their  commercial  state ....  38-4 
Green  teas        "         "         "         "     ....  43-4 

Peligot's  researches  also  prove  that  thein  not 
only  exists  in  far  larger  quantities  tha 
hitherto  been  admitted,  but  that  it  is  the  prin- 
cipal   nitrogenous    substance.       This   chemist 
obtained  from  100  pts.  of — 

Thein. 

Hyson 2-40 

Another  kind 2-56 

Mixture  of  equal  proportions   of   gun-  ") 
powder,  imperial,  hyson,   caper,   and  L   2-70 

pekoe J 

Gunpowder fi-22 

Another  kind.... 8-50 

(Comptes  Rendus,  1843.) 

TEARS.  The  limpid  fluid  secreted  by  the 
lachrymal  glands.  Their  composition  has  not 
been  accurately  determined. 

TEETH.       Consist   of    three    portions,    the 
osseous  part,   or  dentine;    the  enamel, 
perior  covering  of   the   bony 
the  cortical  matter,  overlaying  the  enamel  of 
the  crown. 

The  following  is  Von  Bibra's  analyses  of 
human  teeth : — 
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Molar  tooth  of  a 
woman  aged  25  years. 


Molar  tooth  of 
an  adult  man. 


Enamel. 

81-63 


Phosphate  of  lime,  with  a  little  fluoride  of 

calcium 

Carbonate  of  lime 8-88 

Phosphate  of  magnesia 2-55 

Salts 0-97 

Cartilage 5-97 

Fat a  trace 


Osseous  portion. 

67-54 

7-97 
2-49 
1-00 
20-42 
0-58 


Enamel. 

89-82 

4-37 
1-34 
0-88 
3-39 
0-20 


Osseous  portion. 

66-72 

3-36 
1-08 
0-83 
27-61 
0-40 


(Simon's  Chemistry  of  Man,  p.  607. 


The  pretended  destructive  action  of  sugar 
upon  teeth,  is  denied  by  Marchand  (Chem.  Gaz. 
v.  312)  and  others.  A  practical  refutation  ex- 
ists, also,  in  the  health  and  beauty  of  the  teeth 
of  the  plantation  negroes,  who  are  constantly 
chewing  the  sugar-cane. 

Decayed  teeth  are  repaired  by  plugs  of  gold, 
tin,  and  cement.  The  first  is  by  far  the  more 
duVable]  the  latter  should  never  be  used,  par- 
ticularly, as  in  the  case  of  "Succedaneum," 
where  they  contain  mercury,  which  produces 
salivation,  and  ultimately  poisons  the  system. 
White  gutta  percha,  precipitated  from  its  alco- 
holic solution  by  ether,  and  softened  under 
water,  makes  a  very  excellent  temporary  plug. 

Of  the  cements,  that  known  as  Dr.  Oster- 
meyer's,  is  one  of  the  least  objectionable.  It 
is  made  by  quickly  mixing  together  13  pts.  pure 
and  finely  powdered  caustic  lime,  and  12  pts. 
anhydrous  phosphoric  acid,  and  immediately 
compressing  a  q.  s.  into  the  dried  cavity  of  the 
tooth.  In  a  short  time  it  becomes  very  hard 
and  firm,  from  the  formation  of  phosphate  of 
lime,  and  the  tooth  is  thus  rendered  solid  and 
serviceable.  Asbestos,  saturated  with  a  solu- 
tion of  West  India  copal  in  absolute  alcohol, 
and  tinctured  with  oil  of  peppermint,  is  some- 
times used  as  a  temporary  cement.  The  hollow 
of  the  tooth  should  be  moistened  with  a  tinc- 
ture of  guiacum  and  myrrh,  previous  to  its 
application. 

Finely  divided  asbestos,  immersed  in  "col- 
lodion" or  ethereal  solution  of  gun  cotton, 
slightly  narcotized  with  morphia,  has  recently 
been  recommended  as  an  effectual  remedy  for 
toothache. 

TELLURIC  BISMUTH.  Mm.  Tetradymite, 
Bornite.  Cryst.  Hexagonal,  foliated.  H.=2. 
G.  =  7-5.  Lead-gray,  steel-gray;  metallic 
shining  ;  opake  ;  sectile,  soils  paper  slightly ; 
foliae  not  elastic.  Fuses  readily  on  charcoal, 
tinging  the  flame  blue,  forms  a  white  coating 
with  reddish  border;  in  an  open  tube  it  fuses, 
gives  the  odor  and  a  red  sublimate  of  selenium, 
emits  white  fumes,  and  a  yellowish  white  subli- 
mate of  tellurous  acid,  and  leaves  a  brownish 
white  residue.  Form.  BiTe3,  in  which  a  portion 
of  Te  is  replaced  by  sulphur  in  the  Hungarian 
tetradymite,  and  by  selenium  in  the  Virginian 
mineral.  Occurs  at  Schemnitz,  Retzbanya; 
Virginia,  U.  S. 

TELLURIC  LEAD.  See  Foliated  Tellu- 
rium. Another  species  is  described  by  G.  Rose, 
with  three  rectangular  cleavages.  H.  =  3. 
q  __  8-159.  Tin-white;  metallic;  sectile.  Be- 
havior similar  to  foliated  tellurium,  leaving 
silver  instead  of  gold.  Form.  Pb  Te,  with  a 
little  Ao-Te.  From  the  Savodinsky  mine,  on 
the  Altai  Mountains. 

TELLURIC    SILVER.      Mm.      In    coarse- 


grained masses.  H.  =  2  —  2-5.  G.  =  8-31  — 
8-38.  Lead-gray,  steel-gray ;  metallic.  It  fuses 
in  an  open  tube,  and  gives  a  slight  sublimate ; 
it  does  not  coat  charcoal,  and  leave  a  brittle 
silver-globule.  Form.  AgTe.  From  the  Savo- 
dinsky mine,  on  the  Altai  Mountains. 

TELLURIUM.  Min.  Ger.  Gediegen  Syl- 
van, and  Tellur.  Cryst.  six-sided  prisms ;  also 
massive  and  granular.  H.  =  2  —  2-5.  G.  = 
5-7 — 6-1.  Tin-white ;  metallic  ;  brittle.  Fuses 
and  volatilizes  on  coal,  with  much  smoke  and 
a  greenish  flame,  leaving  oxide  of  iron ;  in  a 
tube  it  behaves  similarly,  and  gives  a  subli- 
mate, which  fuses  to  clear  drops  of  tellurous 
acid.  Form.  Te,  containing  some  iron  and  gold. 
Talathna,  Transylvania. 

TELLURIUM.  Chem.  Sylvan,  Tellur.  Its 
existence  was  surmised  by  Miiller  v.  Reichen- 
stein  in  1782,  and  proved  by  Klaproth  in  1798, 
but  nearly  all  its  properties  and  combinations 
were  investigated  by  Berzelius.  It  is  among 
the  rarest  elements,  occurring  in  native  tellu- 
rium, telluric  bismuth,  foliated  tellurium,  gra- 
phic tellurium,  &c. 

1.  Prep.  From  telluric  bismuth,  by  mixing 
the  powdered  ore  with  an  equal  weight  of  car- 
bonate of  soda  or  potassa,  and  a  little  olive  oil 
to  make  a  stiff  dough,  heating  it  first  carefully 
in  a  well-covered  platinum  crucible  to  char  the 
oil,  then  to  a  white  heat,  pulverizing  the  mass 
rapidly,  and  washing  it  on  a  covered  filter  with 
boiled  water,  which  dissolves  chiefly  telluret, 
seleniuret  and  sulphuret  of  alkali.  By  blow- 
ing air  through  the  clear  liquid,  tellurium  is 
precipitated  ;  it  is  washed  on  a  filter,  collected, 
fused  and  distilled  in  a  current  of  hydrogen  to 
free  it  from  impurities.  From  telluric  silver 
it  is  obtained  either  by  heating  it  in  a  stream 
of  chlorine,  or  by  heating  it  with  1  pt.  nitre 
and  \\  pts.  carbonate  of  potassa,  extracting 
with  water,  evaporating  nearly  to  dryness,  mix- 
ing with  charcoal  powder,  drying  thoroughly, 
and  then  treating  it  like  telluric  bismuth.  Tel- 
luric gold  is  first  boiled  with  muriatic  acid 
several  times  and  Washed  with  boiling  water  to 
remove  sulphurets,  treated  with  nitric  acid,  the 
solution  decanted  from  gold,  evaporated  to 
dryness,  dissolved  in  muriatic  acid  and  the 
tellurium  precipitated  by  sulphurous  acid  or 
an  alkaline  bisulphite.  When  in  solution  it  is 
separated  from  a  large  number  of  metals  In- 
sulphuretted  hydrogen  ;  from  the  precipitated 
sulphuret,  tellurium,  with  antimony,  arsenic, 
&c,  is  extracted  by  sulphydrate  of  ammonium, 
and  when  in  solution  again  as  tellurous  acid, 
is  preciptated  as  metal  by  sulphurous  acid  or 
a  sulphite.  The  separation  of  selenium  and 
tellurium  is  best  effected,  converting  them  into 
seleniated  and  tellurated  alkali,  by  fusion  with 
carbonate  of  soda   and  nitre,  (after  previous 
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oxidation  by  nitric  acid  or  aqua  regia),  dis- 
solving in  water,  and  adding  nitric  acid  and 
nitrate  of  baryta.  Seleniatc  of  baryta  remains 
undissolved. 

Prop.  When  fused  it  is  tin-white,  metallic, 
lustrous,  very  brittle,  spec.  grav.  6-188 — 6-24  I : 
crystallizing  in  hexagonal  or  rhombic  forms: 
when  precipitated  it  is  a  In-own  powder;  fuses 
below  600°,  boils  at  a  full  red  heat,  giving  a 
yellow  vapor  ;  above  its  fusing  point  it  burns 
in  the  air  with  a  blue  flame  to  tellurous  acid  : 
oxidized  to  tellurous  acid  by  nitric  acid  and 
hot  oil  of  vitriol,  to  telluric  acid  by  fusion  with 
alkaline  nitrate.  Sym.  Te.  Eq.  64  (64-14. 
H=  1,  or  801-70  0  =  100.    Berz.) 

Tellurefs.  Tellurium  and  potassium,  when 
heated,  unite  with  a  strong  evolution  of  heat 
and  light,  forming  a  metallic,  crystalline  com- 
pound of  a  yellowish  or  reddish  color,  soluble 
in  water  with  a  purple  color.  The  telluret  of 
sodium  is  similar. 

2.  Tellurous  acid.  Oxide  of  Tellurium.  Te02. 
Made  by  evaporating  the  nitric  solution  of  the 
metal  to  dryness,  and  gently  heating ;  if  eva- 
porated spontaneously,  it  crystallizes  ;  and  still 
better  by  mixing  a  boiling  solution  of  bichloride 
of  tellurium  in  muriatic  acid  with  boiling  water 
and  letting  it  cool,  the  acid  separates  in  small 
8-hedra.  It  becomes  yellow  by  heating,  and 
fusing  at  a  beginning  red-heat  to  a  transparent 
yellow  liquid,  volatilizing  slightly,  congeals  on 
cooling  to  a  white  crystalline  mass.  Its  hydrate 
is  made  by  precipitating  an  alkaline  tellurite 
by  nitric  acid  in  very  slight  excess,  stirring  it 
for  some  time,  and  washing  in  a  filter  with  ice- 
water.  A  white  powder,  reddening  litmus, 
losing  its  water  at  104°.  The  dry  acid  dis- 
solves slightly  in  water,  and  the  solution  does 
not  redden  litmus  ;  the  hj'drate  is  more  soluble, 
the  solution  has  acid  reaction,  decomposes  at 
104°,  precipitating  dry  acid.  The  hydrate  dis- 
solves in  acids  as  an  oxide,  forming  salts,  which 
have  a  similar  taste  and  emetic  effect  with  salts 
of  antimonic  oxide.  Metallic  tellurium  is 
thrown  down  from  their  solutions  by  many  of 
the  metals,  sulphurous  acid  and  alkaline  bisul- 
phites, tin-salt  and  copperas  ;  precipitates 
white  by  alkalies  and  their  carbonates  (soluble 
in  excess  of  alkali),  by  phosphate  of  soda, 
acetate  of  lead,  nitrate  of  mercurous  oxide ; 
blackish  brown,  by  sulpho-hydrogen  and  sul- 
phide of  ammonium  (soluble  in  excess  of  the 
latter)  ;  grayish  blue  by  ammonia-oxide  of 
copper ;  yellow  by  tincture  of  galls. 

.Tellurites.  As  an  acid,  it  readily  unites  with 
the  alkalies  by  fusion  or  in  the  wet  way ;  other 
salts  are  obtained  by  precipitation  with  the 
alkaline,  or  by  fusing  the  acid  and  oxide  to- 
gether. An  oxide  unites  with  1,  2  or  4  of  the 
acid.  The  salts  are  colorless,  if  the  base  be 
so  ;  fusible,  congealing  crystalline ;  generally 
reducible  by  ignition  with  charcoal  to  metallic 
tellUrets ;  the  alkaline  are  readily  soluble  in 
water;  the  alkaline-earthy,  difficultly;  the  rest 
insoluble;  nearly  all  are  soluble  in  strong  muri- 
atic acid,  and  the  solutions  give  the  reactions 
of  oxide  of  tellurium,  unless  a  strong  base  in- 
terfere. 

3.  Telluric  arid.  Te03.  Obtained  by  dissolv- 
ing tellurous  acid  in  twice  as  much  potassa  lye 
as  is  necessary  for  saturation,  passing  chlorine 
through  the  liquid  until  the  precipitate  re-dis- 
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solves  and  it  smells  of  chlorine,  supersaturating 

i  with  ammonia  and  adding  a  solution  of  chloride 

of  barium,  as  long   as   a   precipitate  ensues, 

washing  the  latter  with   ice-water,  drying  it  at 
a    gentle    warmth,    decomposing    1    )>t.    of   thi- 

tellurate  of  baryta  by  1  pt.  oil  of  vitriol  with 

4 — 8  pts.  water,  and  evaporating  the  Solution 
to  crystallize,  first  in  a  water-bath,  and  then 
spontaneously.  It  is  less  completely  changed 
into  telluric  acid  by  fusion  at  low  redness  with 
nitre.  It  forms  large  colorless  crystals,  with- 
out an  acid,  but  a  metallic  taste  ;  form.  Tet  I  \- 
3  IK):  they  retain  their  water  at  212°, 
eqs.  water  at  320°,  the  3d  eq.  below  redness, 
leaving  the  dry  acid,  and  at  a  still  higher  heat 
lose  oxygen,  becoming  tellurous  acid.  The  dry 
acid  is  insoluble  in  water,  the  hydrate  and 
crystallized  are  slowly  but  quite  soluble,  the 
latter  dissolving  in  every  proportion  in  boiling 
water. 

Tellurates.  It  is  a  very  feeble  acid,  and  the 
hydrate  only  drives  out  so  much  alkali  from 
the  carbonates  that  a  bi-tellurate  is  formed.  It 
unites  with  3-,  f,  1,  2  and  4  pts.  base.  The 
alkaline  salts  are  soluble  in  water,  the  quadri- 
salts  least;  those  of  the  alkaline-earths  are 
less  soluble,  of  the  metals  proper  still  less  or 
not  at  all ;  the  soluble  salts  give  a  white  pre- 
cipitate with  chloride  of  barium,  soluble  in 
muriatic  and  nitric  acids ;  they  are  easily  re- 
duced to  tellurites  by  heat,  and  to  tellurets  by 
heating  with  charcoal.  Berzelius  assumes  two 
modifications  of  telluric  acid,  the  anhydrous 
and  that  in  the  hydrate.  When  4  eq.  of  the 
hydrated  acid  are  dissolved  with  1  eq.  carbo- 
nate of  potassa  in  boiling  water,  and  cooled 
slowly,  the  quadritellurate  crystallizes  out 
white,  with  the  form.  KO,  4  Te03  +  4  HO.  If 
this  salt  be  gently  ignited,  it  forms  a  yellow 
powder,  containing  the  insoluble  modification, 
and  the  powder  itself  is  insoluble  in  the  cold  in 
water,  sulphuric,  muriatic,  and  nitric  acids, 
and  in  potassa  lye ;  soluble  in  boiling  nitric 
acid,  and  in  fusing  potassa,  which  changes  the 
acid  into  the  soluble  modification.  Quadritel- 
lurates  of  soda  act  similarly. 

4.  Telluretted  hydrogen.  Tellurhydric  acid. 
HTe.  Obtained  by  the  action  of  muriatic  acid 
on  telluret  of  potassium,  zinc  or  iron,  is  a 
colorless  gas,  smelling  like  sulphuretted  hy- 
drogen, soluble  in  water,  which  decomposes  it, 
precipitating  tellurium. 

5.  Sulphur,  a.  Bi-sulphuret,  Te  S2,  obtained 
brownish  black  by  passing  sulphohj'drogen 
through  the  solution  of  a  tellurite,  or  by  expos- 
ing a  solution  of  an  alkaline  bi-sulphuret  to  the 
air  as  a  shining  black,  half-metallic  crust.  It 
swells  up  by  heat,  half  fusing,  and  is  soluble 
in  caustic  alkali.  Sulphotellurites.  It  forms 
salts  with  other  sulphides,  whose  general 
formula  is  3  MS,  TeS2.  Those  of  the  alkalies 
are  obtained  by  passing  sulphohydrogen 
through  a  solution  of  their  tellurites;  the  alka- 
line-earthy salts  are  made  by  boiling  solutions 
of  their  sulphurets  with  bisulphuret  of  tellu- 
rium. The  alkaline  salts  are  brownish  yellow 
when  dry,  pale  yellow  in  crystals  or  in  solu- 
tion;  they  are  soluble  in  water  and  decompose 
by  exposure ;  the  dry  salts  keep  for  some  time. 
The  salts  of  the  metals  proper  are  obtained  by 
double  decomposition  ;  they  are  generally 
brown  while   moist,  black  when   dry.     b.   Ter- 


TELLUROUS  ACID. 

sulphuret.    TeS3.   Obtained  by  passing  sulpho- 
hydrogen  through  a  solution  of  telluric  acid,  is 
blackish  gray,  metallic,  and  forms  sulpho-tel- 
lurates,  which  have  not  been  minutely  studied. 
6.  Chlorine,  a.  Protochloride,  TeCl,  obtained  by 
passing  a  gentle  stream  of  chlorine  over  tellu- 
rium or  its  dry  acids,  at  a  high  heat,  is  black, 
fusible,  volatile,  with   a  vapor  resembling  the 
violet  of  iodine  in  color,  decomposed  by  water 
into  tellurous  acid  and  tellurium  ;  it  combines 
with  salammoniac.      b.   Bichloride,   TeCl2,    ob- 
tained by  passing  chlorine  in  excess  over  heated 
tellurium,  until  the  black  liquid  becomes  dark 
red  and  finally  yellow  ;   on  congealing,  it  forms 
a  white  crystalline  mass,  which  is  fusible,  and 
may  be  sublimed,  is  deliquescent  and  gradu- 
ally decomposes  with  water,  or  in  its  muriatic 
solution,  forming  tellurite  of  bichloride ;  the  latter 
is  crystallizable  and  decomposable  by  water 
into   a  solution  of  chloride  and  a  sediment  of 
tellurous  acid.    Bichloride  of  tellurium  and  pot- 
assium  is  obtained   by  dissolving  chloride   of 
potassium  in  a  muriatic  solution  of  tellurous 
acid  and  letting  it  stand  ;  chloride  of  potassium 
first  separates,  and  lastly,  yellow  crystals  of 
the   new  compound.     The  corresponding    am- 
monium salt  is  made  direct,  and  forms  yellow 
crystals. 

7.  Bromide  is  made  by  distilling  a  mixture 
of  the  two  elements  with  excess  of  bromine ;  a 
violet  vapor  condensing  in  black  crystals.  The 
bibromide,  TeBr2,  is  made  by  adding  powdered 
tellurium  to  bromine  in  a  tube  surrounded  by 
ice,  and  evaporating  off  the  excess  of  bromine. 
A  red,  fusible  mass,  which  congeals  crystalline, 
and  sublimes  in  yellow  vapor,  condensible  to 
yellow  crystals ;  it  dissolves  in  a  little  water, 
from  which  it  may  again  be  crystallized.  Its 
salt  with  chloride  of  potassium  is  similarly 
made  to  the  chloride-compound. 

8.  Iodide,  Tel,  is  made  by  distilling  a  mixture 
of  1  eq.  Te  with  a  little  more  than  1  eq.  iodine, 
and  sublimes  in  black,  metallic  crystals.  Bin- 
iodide,  Tel2,  made  by  digesting  hydrate  of  tel- 
luric oxide  with  iodohydric  acid,  is  black, 
crystalline,  fusible  with  decomposition,  decom- 
posed slowly  by  cold  water,  readily  by  hot, 
which  leaves  tellurite  of  biniodide  of  tellurium. 
It  also  forms  double  salts  with  other  iodides, 
and  with  hydriodic  acid. 

9.  Fluoride  is  obtained  by  subliming  the  fol- 
lowing body,  tellurite  of  bifluoride  of  tellurium. 
The  latter  is  made  by  dissolving  tellurous  in 
fluohydric  acid  and  evaporating.  After  sub- 
liming the  fluoride,  the  residue  is  a  tellunte- 
fluoride,  richer  in  tellurous  acid. 

TELLUROUS  ACID.  Min.  Found  in  a  thin 
coating  on  native  Tellurium. 

TENANTITE.  Min.  Graukupfererz.  Cryst. 
Regular,  12-hedron  with  cube,  f-hedron  and 
V-hedron.  H.  =  3-5-4.  G.  =  4-375-4-491. 
Blackish  lead-gray  ;  metallic  ;  fracture  uneven, 
with  reddish  gray  streak.  On  coal  it  emits 
arsenical  fumes,  and  leaves  a  magnetic  slag  by 

fusion.  Form.  4  p"  if  }  AsS3-  in  which  some 
of  the  sulphuret  of  iron  is  replaced  by  sul- 
phuret of  zinc.     From  the  Cornish  mines. 

TEPHROITE.     See  Manganosilicate. 

TERBIUM.      Chem.     See  Yttrium. 

TEREBEN.     See  Terpentine  and  Cammen. 

TERENITE.    Mm.  Cryst.  Quadratic.  H.=2. 


TERPENTINE. 

G.=2-53.  Yellowish  white  or  green;  pearly, 
feeble ;  brittle.  It  fuses  in  the  outer  flame  to 
a  white  enamel,  in  the  inner  with  intumescence 
to  a  blebby  glass  ;  gives  a  blue  color  with  co- 
balt. From  Antwerp,  St.  Lawrence  Co.  N.  Y. 
Emmons. 

TERPENTINE.  Syn.  Terebinthina.  The 
resinous,  semi-solid  exudation  of  the  whole 
genus  of  Pinus  belonging  to  the  Coniferoz  family. 
The  Carolina  or  American  terpentine  is  ob- 
tained from  incisions  made  in  the  Pinus  palus- 
tris  and  tceda.  Venice  terpentine  is  from  the 
Pinus  larix.  By  distillation  with  water  essen- 
tial oil  passes  over  and  resin  remains.  The 
different  varieties  are  distinguished  by  their 
proportions  of  oil  and  resin. 

Oil  of  terpentine.  Syn.  Terebenthene.  Used 
in  the  arts  as  a  solvent  and  as  a  thinner  and 
drier  of  paints.  The  oil  obtained  at  the  first 
distillation  contains  resin,  formic  and  other 
acids,  from  which  it  must  be  freed  by  distilla- 
tion with  water  and  subsequent  rectification 
over  chloride  of  calcium. 

Prop.  C20,  H16.  A  clear,  colorless,  very  fluid 
essence,  of  strong  balsamic  odor,  and  sharp, 
biting  taste.  Spec.  grav.  086  at  71-6.  When 
pure,  is  neutral  to  test  paper,  boils  at  312°, 
and  gives  a  vapor  of  spec.  grav.  4-764.  Cooled 
to  —16-6  it  drops  white  crystals  of  hydrate. 
Is  insoluble  in  water  but  dissolves  readily  in 
alcohol,  ether,  and  the  fat  oils.  Spirits  of 
terpentine  polarizes  to  the  left,  but  this  pro- 
perty is  essentially  modified  by  heat  and  other 
circumstances.     See  Camphen. 

Hydrate  of  Terpentine.  Syn.  Terpine,  Ter- 
pentine, Camphor.  Formula  C20H22  +  6  aq. 
(lF%erS)=C20H16-f6aq. 

Drops  spontaneously  from  the  oil  at  very  low 
temperatures  or  by  long  standing,  and  formed 
artificially  according  to  Wiggers,  (Ch.  Gaz.  iv. 
364),  by  prolonged  contact  of  the  essence  with 
nitric  acid  and  alcohol.  Crystallizes  in  right 
rhombic  prisms,  soluble  in  200  parts  of  cold 
and  22  parts  of  boiling  water,  and  more  soluble 
in  alcohol  and  ether.  When  heated  to  217°,  it 
melts  and  becomes  anhydrous,  C20H20O4.  This 
latter  is  a  crystalline  milky  mass,  which  melts 
at  217°,  boils  at  489°,  and  sublimes  when  ex- 
posed to  air  into  shining  prisms. 

Terpine,  by  the  action  of  a  few  drops  of  the 
weakest  acid  upon  its  aqueous  solution,  and  dis- 
tidation  is  entirely  transformed  into — 

Terpenole.  C28H170.  A  colorless,  oily  liquid, 
with  the  odor  of  hyacinths.  Spec.  grav.  0-852 ; 
boiling  point  334°. 

For  the  compounds  of  the  above  hydrates, 
with  hydrochloric  acid,  see  Camphen.  Oxida- 
tion of  the  Oil.  By  exposure  to  air,  the  oil 
resinifies  and  yields  also  formic  acid.  When 
heated   with  litharge,   a  new  acid  is  formed, 

the 

Trretinic  acid.  CgH,03.  Separates  from  al- 
cohol in  delicate  white  crystals,  and  forms 
compounds  with  the  metallic  oxides. 

By  the  prolonged  action  of  nitric  acid,  the 

oil  is  converted  into  a  nitrogenous  resin,  and 

Terebenic  acid.      Syn.   Terpen  tinic    or   Terebic 

acid.      Cl4H907,  HO,    {Bromeis).      Crystallizes 

in  small,  four-sided  prisms,  which  are  non-vola- 

I  tile.     Rabourdin  {Chem.  Gaz.  iii.  287)  in  a  simi- 

I  lar  manner  obtained  Terebilic  acid  identical  in 

I  composition  with  the  above,  but  differing  in 
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properties.  Is  soluble  in  alcohol,  hot  water, 
and  ether,  and  forms  salts,  which  arc  nearly 
all  soluble.  The  neutral  lead  salt.  PbO,  C,4 
H907,  is  in  white  crystals.  The  aci.l  fuses  at 
392°,  without  loss  of  weight,  but  above  that 
temperature  decomposes  into  carbonic  and  /'//- 
roterebilic  acids.  The  latter,  C12HJ0O4,  is  a 
colorless,  oily  fluid,  which  retains'  liquidity  to 
4°.  Is  of  a  pungent  taste,  and  caustic  to  the 
skin.  Does  not  alter  on  exposure  to  air,  dis- 
solves in  water,  alcohol,  and  ether,  and  forms 
difficultly  crvstallizable  salts  of  the  composi- 
tion KG.  Cl2H903. 

In  addition  to  the  above  named,  prussic  and 
oxalic  acids  and  ammonia  are  among  the  pro- 
ducts of  the  action  of  nitric  acid  upon  oil  of 
terpentine;  and  Cailliot  (Comptes  Fundus,  xxiii. 
p.  920)  has  obtained  three  new  acids,  as  fol- 
lows: — 

Tcrcphthalic  acid.  C16H6Og  =  C16H4()6  -4- 
2  HO.  Is  isomeric  with  Laurent's  phthalic 
acid,  from  which,  however,  it  is  sufficiently 
distinct.  Is  white,  tasteless,  insoluble  in  water, 
alcohol,  and  ether:  and  when  heated  with  hy- 
drate of  lime,  is  entirely  converted  into  car- 
bonic acid  and  benzole.  If  heated  alone,  a 
portion  sublimes,  unaltered,  and  another  part 
passes  into  carbonic  acid  and  benzole.  Nearly 
all  the  salts  of  this  acid  are  crvstallizable. 

Tereberizic  acid.  C14H704  =  C,4HgQ£  +  IIO. 
Closely  resembles  benzoic  acid,  from  which  it 
differs  only  by  one  eq.  of  hydrogen.  The  two 
need  not  be  confounded,  however,  for  the  tere- 
benzic  acid  is  decomposed  by  boiling  water, 
and  crystallizes  in  needles  instead  of  laminae. 
It  moreover  melts  at  33G°,  while  benzoic  fuses 
at  248°. 

Terechrysenic  acid.  Syn.  Terechrysic  acid. 
C6H406  !=  C6B304  +  HO.  An  orange-yellow, 
deliquescent  mass,  soluble  in  water,  alcohol, 
and  ether.  Forms  soluble  salts,  with  a  large 
number  of  bases. 

In  the  resinous  mass  from  which  these  three 
acids  were  separated,  Cailliot  detected  three 
substances,  allied  in  physical  and  chemical 
properties  to  the  natural  resins.  The  first,  a. 
C40H24O20,  insoluble  in  alcohol  and  alkalies, 
corresponding  to  the  sub-resins;  the  second, 
b.  O40H20OI0,  soluble  in  alcohol,  and  insoluble 
in  alkalies,  and  corresponding  to  the  neutral 
resins;  for  example,  abietin;  and,  thirdly,  c. 
C40H240)C,  soluble  in  alcohol,  and  in  alkalies, 
and  very  analogous  to  colophony. 

Action  of  hydrochloric  acid  upon  the  oil.  The 
products  are  a  liquid  and  a  solid  compound. 

1.  Ilydrochlorate  of  terebentMn  (solid).  Syn. 
Artificial  Camphor.  Muriate  of  Camphen  or 
of  Dadyl.  Formula  C20H16,  HC1.  Crystal- 
lizes from  boiling  alcohol  in  flexible  needles, 
which  are  white  and  insoluble  in  water,  but 
soluble  in  ether  and  in  alcohol.  Fuses  at  302°, 
boils  at  329°,  and  sublimes,  only  partially  al- 
tered. By  distillation  over  lime  heated  to  red- 
ness, the  HC1  acid  is  removed,  and  Dadyl  (Tere- 
ben,  Camphilen)  passes  over.  (See  Camphen.) 

2.  Liquid  Muriate  of  TerebenthPn.  Syn.  Ily- 
drochlorate of  Ter6ben.  Formula  C20H|6, 
HC1.  A  colorless,  volatile  liquid,  insoluble  in 
and  lighter  than  water,  soluble  in  alcohol  and 
ether.  By  distillation  over  caustic  lime,  it 
yields  Pencyl,  (Pencylen,  Te>6bylen),  for  the 
properties  of  which  see  Camphen. 
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if  Sulphuric  acid  upon  Oil  of  Terpentine. 

The  careful  addition  of  \,  of  oil  of  vitriol  to 
cooled  essence  of  terpentine  reddens  and  thick- 
ens it;  and  this  mixture,  on  repose,  gives  a 

liquid  which  by  distillation  yields  teiehen    and 

colophen.     (See  Camphen,  p.  405.) 
TERRA  DE  JAPONICA.     See  Catbohi  . 
TERRA  DE  SIENN  L     Tech.  Chem.     A  mine- 
ral product,  used  as  a  pigment.      In  the  raw 
state  it  is  brownish,  and  occasionally  li 
Spec.  grav.  of  the  brown  is  2-1.      When  burned, 
it  becomes  reddish  brown.     Mauss's  Analysis 
of  Sienna  dried  at  212°,  gave: — 

Brown  lumps.     Yellow  In. 

Sesquioxide  of  iron Gti-0 28-8 

Oxide  of  manganese....   3-4 II 

Arsenic  acid 8-7 0*5 

Silica 8-0 68-0 

Water 13-3 4-6 

The  content  of  arsenic,  therefore,  renders  it 
a  very  injurious  color. 

TESSELITE.     See  Apophyllite. 

TEST.  Chem.  Syn.  Reagent.  A  chemi- 
cal agent,  by  which  the  presence  of  a  body  18 
detected.  Thus,  for  example,  baryta  forms  in- 
soluble white  precipitate,  with  sulphuric  acid. 
Silver  gives  a  white  precipitate,  with  IIC1  acid, 
soluble  in  ammonia,  and  this  characteristic  be- 
havior renders  these  two  acids  appropriate  re- 
agents for  detecting  the  presence  of  the  other 
two  substances,  and  vice  versa.  So,  likewise, 
protoxide  of  iron  always  gives  a  dark  blue  pre- 
cipitate, insoluble  in  acids,  with  red  prussiate 
of  potassa.  The  peroxide  of  that  metal  gives 
none,  and  these  reactions  being  peculiar  to 
these  bodies  serve  for  their  recognition.  The 
"test  series"  necessarily  comprises  a  number 
of  reagents,  but  does  not  require  one  for  every 
substance,  since  certain  reagents  produce  well- 
marked  differences  of  behaviour  to  a  number 
of  different  bodies.  These  are  termed  general 
tests.  Others  again  produce  peculiar  and  cha- 
racteristic reactions  with  one  substance,  and 
are  termed  special  tests.  For  their  mode  of 
preparation  and  application,  and  for  their  be- 
haviour, see  the  works  on  Qualitative  Analy- 
sis, by  Rose,  Fresenius,  Noad,  and  others. 

TETARTIN.     See  Albite. 

TETRADYMITE.     See  Telluric  Bismuth. 

TETRAKLASITE.     See  Scapolite. 

TETRAPHYLIN.     See  Tripiiylin. 

THAKCETONE.  Chem.  One  of  a  series  of 
products  formed  by  the  contemporaneous  action 
of  sulphur  and  ammonia  upon  Acetone.  A 
brownish  yellow  mass,  resembling  varnish,  so- 
luble in  water  and  alcohol  and  slightly  in  ether. 
It  is  neutral  to  vegetable  colors. 

Therythrin,  a  brownish  red  body,  soluble  in 
alcohol,  but  nearly  insoluble  in  water  and  pure 
ether,  is  another  of  the  series.  (Chem.  Gaz.  i. 
677.) 

THALLITE.     See  Epidote. 

THALLOCLOR.  Syn.  Chlorothalle.  A  green, 
flocculent  matter,  obtained  by  Schnedderman 
and  Knop  {Chem.  Gaz.  iv.  81)  from  the  Celra- 
ria  Islandica,  (see  Cktr.uun),  which  owes  the 
color  of  its  spherical  cells  to  t!is  substance. 

THEBAIN.     See  Opium. 

THEIN.     See  Tea. 

THENARDITE.  Min.  Cryst.  Right  rhom- 
bic, with   the  same   cleavage.     H.  =  2 — 2-6. 


THEOBROMIN. 

G.  =  2-73.  White,  vitreous,  translucent,  be- 
comes covered  with  a  white  powder  by  expo- 
sure to  light.  It  colors  the  flame  yellow,  fuses, 
sinks  into  the  coal,  and  is  reduced  to  sulphuret ; 
soluble  in  water.  Form.  NaO,  S03.  From  Es- 
partine,  near  Aranjuez,  Spain. 

THEOBROMIN.  Formula  C9H6N,02  ( Wos- 
hresensky),  or  C7H4N202  (Glasson).  Is  extracted 
from  the  seeds  of  the  Cacao  Theobroma,  by 
the  same  process  as  caffein  from  coffee.  Like 
caffein  it  is,  according  to  Liebig,  closely  re- 
luted  to  urea  and  uric  acid,— the  similarity 
exists  also  in  other  respects.  It  forms  a  white, 
crystalline  powder,  unalterable  by  exposure  to 
air  or  212°,  but  browns  at  482°  and  volati- 
lizes into  a  crystalline  sublimate,  leaving  a 
carbonaceous  residue.  Is  sparingly  soluble  in 
hot  water,  less  so  in  alcohol  and  ether,  but  dis- 
solves, apparently  without  decomposition,  in 
boiling  baryta  water. 

Muriate.     C7H4N202,  HC1. 

Nitrate.  Crystallizes  in  rhombic  prisms. 
Like  the  muriate,  it  is  readily  decomposed 
by  water. 

Theobromine  and  Nitrate  of  Silver.  AgO,  N05 
-4-  C7H4N202.  Crystallizes  in  brilliant,  silvery 
needles,  which  are  remarkable  for  their  insolu- 
bility. 

Theobromine  and  Chloride  of  Platinum.  PtCl2, 
4  HO  +  C.H4N202,  HC1.  Crystallizes  in  beau- 
tiful, monoklinometric  prisms,  which  effloresce 
by  long  exposure. 

When  heated  with  peroxide  of  lead  and  sul- 
puhric  acid,  a  product  is  obtained  which  im- 
parts a  blue  color  to  the  skin,  and  bears  some 
analogy  to  alloxan.      (Chem.  Gaz.  1847.) 

THERMOMETER.  An  instrument  for  de- 
termining the  temperature  of  a  body.  Its 
action  being  based  upon  relative  expansibility, 
under  the  influence  of  heat  and  cold,  the  com- 
parative temperature  only,  and  not  the  amount 
of  heat  is  indicated  by  this  means.  See  Ex- 
pansion and  Heat.  It  consists  of  a  cylindri- 
cal glass  stem,  with  a  capillary  bore  of  precise 
uniformity,  and  bulbed  at  one  extremity.  This 
bulb  is  to  be  filled  with  some  fluid  of  equable 
expansion ;  and  as  mercury  has  this  property 
in  an  eminent  degree,  and  moreover,  as  there 
is  a  wide  difference  between  its  boiling  and 
freezing  points,  it  is  most  used  for  all  temper- 
atures below  600°.  Alcohol,  which  does  not 
congeal  until  —  90°  by  its  greater  power  of 
dilatation,  is  more  applicable  for  indicating 
temperatures  below  0°.  The  air  thermometer 
is  sometimes  used,  and  is  exceedingly  accurate, 
from  the  equal  expansibility  of  the  air,  but  as 
it  is  very  sensitive  to  slight  differences  of  tem- 
peratures, the  consequent  length  of  tube  re- 
quired renders  it  inconvenient  for  common 
use,  and  limits  it  only  to  delicate  scientific  re- 
search. 

In  constructing  a  mercurial  thermometer,  the 
air  is  expelled,  and  the  bulb  filled  with  metal, 
which  is  heated  until  it  appears  at  the  top  of 
the  tube,  when  the  end  is  then  closed  hermeti- 
cally, over  a  spirit  lamp.  The  freezing  point 
is  then  determined  by  immersing  the  bulb  in 
melting  ice,  and  marked  with  a  file  upon  the 
Stem.  In  like  manner  the  boiling  point  is  de- 
termined by  immersion  of  the  bulb  in  boiling 
water,  and  likewise  indented  upon  the  stem. 
The  interval  between  these  two  points  of  gra- 
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duation,  the  freezing  and  boiling  points  of 
water,  are  then  apportioned  off  into  degrees. 
This  apportionment  varies  with  the  scale  em- 
ployed— the  three  principal  being  Farenheit's, 
Celsius  (Centigrade),  and  Reaumur's. 
Fig.  90.  Fig.  90  represents  a  thermometer, 
constructed  by  Greiner,  for  chemical 
purposes.  The  bulb  and  stem  are  closed 
•  n  \  in  a  glass  tube,  containing  the  scale 
JL  graduated  upon  paper.  It  is  very  cou- 
rjpij  venient  for  introducing  into  tubulurcs, 
and  is  more  readily  cleansed  than  those 
which  are  fastened  by  clamp3  to  wooden 
scales.  To  be  accurate,  the  base  of  the 
thermometer  must  be  uniform,  the  stem 
slender,  straight,  and  entirely  void  of 
air. 

Below  is  a  diagram,  (Fig.  91)  show- 
ing the  relative  positions  of  the  degrees 
of  the  three  scales. 

Fahrenheit's  scale  ranges  from  32°  to 
212°  ;  that  of  Celsius  (Centigrade)  from 
0°  to  100° ;  Reaumur's  from  0°  to  80°. 
The  first  is  most  popular  in  England 
and  in  this  country ;  the  second  in 
France  ;  and  the  third  in  Russia,  Spain, 
and  part  of  Germany.  The  scale  of 
Fahrenheit  has  its  zero  at  32°  below  the  freez- 
ing point  of  water,  and  the  other  two  exactly 
at  that  point.  Therefore,  in  comparing  the 
degrees  of  the  former  with  those  of  the  latter, 
the  negative,  or  those  below  zero,  have  a  prefix 
of  the  minus  ( — )  sign,  and  the  positive,  or 
those  above,  the  plus  (-)-)  sign.  The  diagram 
(Fig.  91)  will  present  the  relative  position  of 
the  corresponding  degrees  of  the  three  scales. 


The  following  rules  will  be  found  convenient 
for  translating  the  degrees  of  one  scale  into 
those  of  another : 

1.  To  reduce  Centigrade  degrees  to  those  of 
Fahrenheit,  multiply  by  9,  and  divide  by  5> 
and  to  the  quotient  add  32,  that  is, — 

Centex  9 +  32  =  Fahr 

2.  To  reduce  Fahrenheit's  degrees  to  Centi- 
grade : — 

Fahr.  —  32x5 
=  Cent. 
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3.  To  reduce  Reaumur's  to  Fahrenheit's: — 

Beau.  V  9 

— ;  +  32  =  Fahr. 

4 

4.  To  convert  Fahrenheit's  to  Reaumur's: — 

Fahr.  —  32  X  4 

=  Reaumur. 

Differential  Thermometer.  This  instrument, 
contrived  by  Leslie,  for  determining  very  Blight 
differences  of  temperature  is  a  0  tube,  with 
a  bulb  blown  at  either  end.  The  contained 
fluid  is  air  and  sulphuric  acid  reddened  with 
carmine.  So  long  as  the  surrounding  temper- 
ature is  uniform,  the  pressure  of  the  air  in  the 
bulbs  upon  the  liquid  column  will  also  be  uni- 
form ;  but  so  soon  as  they  cease  to  be  affected 
alike,  the  greater  elasticity  of  the  air  on  one 
side  will  drive  the  liquid  into  that  bulb  whose 


temperature  is  lowest,  and  thus,  bj  a  ninety 
adjusted  scale,  the  slightest  dilleienco  in  I  do 
temperature  of  the  two  bulbs  can  be  detected. 
When    the    expansive    influence    is    withdrawn 

from  that  bulb  which  experienced  it,  the  equ] 

librium  of  temperature  is  restored,  and  I  lie 
position  of  the  coloured  liquid  will  be  accu- 
rately balanced. 

Kryometer.  Fleischl  has  contrived  a  ther- 
mometer for  wry  low  temperatures,  which  lie 
calls  by  this  title.  The  thermometric  substance 
is  sulphuret  of  carbon,  tinted  violet,  with 
The  instrument  is  31  centimetres  long,  ami  the 
scale  ranges  from  -f-  40°  to — 120°,  Reaumur. 
[Pogendorff's  Annalen,  lxiii.) 

Annexed  is  a  convenient  table  for  showing  at 
a  glance  the  corresponding  degrees  of  Fahren- 
heit's, Reaumur's,  and  Centigrade  scales. 
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THERYTHRIN.     See  Thakcetone. 

THIALDIN.  Chan.  A  new  artificial,  or- 
ganic base,  obtained  by  Wohler  and  Liebig  in 
beautiful  large  crystals,  by  passing  sulphur- 
etted hydrogen  through  a  slightly  ammoniacal 
aqueous  solution  of  aldehydammonia.  Is  solu- 
ble in  alcohol  and  ether,  but  insoluble  in  water, 
fusible  and  volatile,  and  neutralizes  the  strong- 
est acids,  forming  crystallizable  compounds. 
Heated  with  lime,  it  gives  leucolin  or  quino- 
lein.  Formula  C12H)3NS4;  of  the  miniate, 
C12H13NS4,  HC1;  of  the  nitrate,  C12HI3NS4, 
NO.,  HO. 

THIALIC  OIL.  Chem.  The  ethereal  mix- 
ture formed  by  the  distillation  of  sulphuret  of 
potassium  with  sulphate  of  ethyl  and  potassa, 
in  the  preparation  of  bhulphuret  of  Ethyl. 

THIOFURFOLE.  Chcm.  Obtained  by  the 
action  of  sulphuretted  hydrogen  upon  an  alco- 
holic solution  of  furfuramide.  A  pulverulent 
substance,  of  a  yellow  color,  and  composition 
C10H4S2O2.      (Uahours,  Chem.  Gaz.  6,  459.) 

THIONURIC  ACID.     See  Uiuc  Acid. 

THLOSINNAMIN.     See  Mustard. 

THLAPSI  ARVENSE,  OIL  OF.  Obtained 
by  distilling  together  the  seeds  and  the  cold 
water  in  which  they  have  been  macerated.  Is 
colorless,  and  consists  according  to  Pleis,  of 
oil  of  garlic  and  mustard.    [Chem.  Gaz.  iv.  252.) 

TIIOMSONITE.  Min.  Comptonite,  Chali- 
lite,  (mesutype,  in  part.)  Cryst.  Right  rhoni- 
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bic,  plasmatic,  with  two  rectangular  cleavages, 
also  amorphous.  H.  =  4-75.  G.  =  2-3 — 2-4. 
White  (brown) ;  vitreous,  subpearly  ;  transpa- 
rent, translucent ;  brittle,  with  uneven  frac- 
ture. Behavior  like  the  zeolites ;  gelatinizes 
with  acids. 
Form.  3  NaO,  Si03  +  3  (A1203,  Si03)  +  6  IIO. 

^  2  [3  CaO,  Si03+  3  (A1203,  Si03)  +  6  HO.] 

The  general  formula  may  be  given  as  3  RO, 
Si03  -f  3  (A1203,  Si03)  +  6  HO.  It  occurs  in 
lava  of  Vesuvius,  in  basalt,  amygdaloid,  &c. 

THORINUM.  Chem.  Thorium.  One  of  the 
rarest  elements,  discovered  by  Berzelius  in 
1828,  in  a  mineral  called  thorite.  1.  The 
metal  obtained  by  heating  chloride  of  thori- 
num  and  potassium  in  a  tube,  forms  a  heavy 
lead-gray  powder,  which,  when  heated  in  the 
air,  burns  with  great  brilliancy  to  thorina. 
Sym.  Th.  Eq.  =  59-51  (743-86,  O  =  100, 
Berz. ) 

2.  Thorina,  TliO.  Prep.  Digest  powdered 
thorite  in  muriatic  acid;  evaporate  to  dryness 
to  render  .silica  insoluble;  extract  the  residue 
with  muriatic  acid  and  water,  precipitate  tin 
and  lead  by  sulphohydrogen ;  precipitate  tho- 
rina and  other  oxides  by  ammonia;  wash 
and  dissolve  in.  sulphuric  acid,  evaporate  at  a 
gentle  heat,  and  when  the  insoluble  sulphate 
of  thorina  has  deposited,  pour  off"  the  mother 
liquid,  wash  the  residue  with  boiling  water, 
dry  and  ignite ;    pure   thorina  remains    as   a 
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white,  infusible  powder,  insoluble  in  nitric  and 
muriatic  acids,  soluble  in  hot  oil  of  -vitriol. 
Some  thorina  may  still  be  obtained  from  the 
mother  liquor.  The  hydrate  is  obtained  from 
the  sulphate  by  solution  in  cold  water,  preci- 
pitation with  potassa,  and  washing  with  water, 
as  a  flocculent  precipitate,  like  alumina,  readily 
soluble  in  acids,  while  moist.  The  salts  of 
thorina  are  colorless,  and  have  a  pure  astrin- 
gent taste ;  caustic  alkali  throws  down  white 
hydrate,  insoluble  in  excess  of  the  precipitant ; 
carbonated  alkali,  white  carbonate,  soluble  in 
excess  of  the  precipitant ;  white  precipitates 
are  produced  by  phosphate  of  soda,  tungstate, 
molybdate,  arseniate,  ferroprussiate,  and  oxa- 
late of  alkali.  Excess  of  crystals  of  sulphate 
of  potassa  throw  down  sulphate  of  thorina  and 
potassa. 

3.  Sulphuret  of  Th.  formed  by  thorinum  in 
vapor  of  sulphur,  is  a  yellow  powder,  difficult 
of  decomposition  except  by  hot  aqua  regia.  It 
unites  similarly  to  phosphorus,  in  vapor,  form- 
ing a  dark  gray,  metallic  phosphuret. 

4.  Haloid  Salts.  Dry  chloride,  ThCl,  is  ob- 
tained by  charring  thorina  and  sugar,  and 
passing  a  stream  of  chlorine  over  it  in  an  ig- 
nited porcelain  tube,  as  sublimed  white  crys- 
tals. The  hydrated  salt  is  obtained  simply  by 
solution  of  the  earth  in  mm-iatic  acid  and  eva- 
porating, when  it  forms  a  crystalline,  very 
deliquescent  mass.  It  unites  with  chloride 
of  potassium  to  a  double  salt,  obtained  by  di- 
rect mixture  and  evaporation,  as  a  deliquescent, 
crystalline  mass ;  when  this  is  dried  and  ig- 
nited in  a  stream  of  muriatic  gas,  the  dry  salt 
is  obtained.  The  brofrdde,  ThBr,  is  very  deli- 
quescent, uncrystallizable,  and  forms  a  double 
salt  with  bromide  of  potassium.  The  fluoride, 
ThF,  obtained  like  the  chloride,  is  a  white  in- 
soluble powder  ;  its  compound  with  fluoride  of 
potassium  is  also  white  and  insoluble. 

5.  Oxijsalts.  Sulphate,  ThS03,  is  obtained  by 
digesting  for  some  time  thorina  with  a  mix- 
ture of  two  pts.  of  oil  of  vitriol,  and  one  pt. 
of  water,  and  driving  off  the  excess  of  acid. 
It  is  very  soluble  if  thrown  at  once  into  much 
water,  and  by  evaporating  above  68°,  deposits 
crystals  with  two  eq.  water,  by  spontaneous 
evaporation,  with  5  HO.  The  double  sulphate, 
with  potassa,  is  best  obtained  by  adding  to  the 
solution  of  sulphate  of  thorina  a  hot  saturated 
solution  of  sulphate  of  potassa  as  long  as  it 
precipitates.  On  cooling,  all  the  thorina  is 
thrown  down  as  the  double  sulphate,  with  the 
form.  KO,  SO,  +  ThO,  S03  +  HO.  The  nitrate 
evaporates  to  a  crystalline  mass,  which,  with 
its  double  salt  with  potassa,  is  very  soluble  in 
water  and  alcohol.  Thorina  has  so  much  affi- 
nity for  carbonic  acid,  that  its  hydrate  attracts 
it  from  the  air,  and  carbonated  alkali  throws 
down  a  hydrocarbonate,  insoluble  in  carbonic 
acid  water.  The  hydrate  and  carbonate  are 
quite  soluble  in  strong  carbonate  of  ammonia 
or  potassa.  . 

THORITE.  Min.  Massive  and  compact. 
H  above  6.  G.  =  4-63.  Black;  vitreous  on 
a  fresh  surface  :  resinous  on  an  exposed  sur- 
face •  brittle,  with  conchoidal  fracture  and  dark 
brown  streak.  In  a  closed  tube,  it  yields 
water,  and  becomes  brownish  red;  infusible; 
soluble  in  borax  and  mic.  salt,  giving  iron,  and 
in  the  latter  silica ;  gives  a  yellowish  brown 


slag  with  soda,  and  shows  manganese  on  pla- 
tinum foil ;  gelatinizes  with  muriatic  acid. 
Form.  3  ThO,  Si03  -f  3  HO.  From  Brevig, 
Norway.  It  was  in  this  mineral  Berzelius 
discovered  thorina. 

THRAULITE.     See  Hisingerite. 
THROMBOLITE.       Min.       An    amorphous 
phosphate   of   copper  from    Retzbanya,    Hun- 
gary.    According    to    Plattner's    analysis,    its 
form,  is  nearly  2  CuO,  P03  +  4  HO. 

THUJA  OIL.  Occurs  in  the  common  lignum 
vitos  (Thuya  occidentalis).  When  fresh  is  color- 
less, but  yellows  rapidly,  and  dissolves  readily 
in  alcohol  and  ether.  Schweizer  (Journ.  fur 
Prakt.  Chem.  30,  p.  376)  considers  it  a  mix- 
ture of  at  least  two  distinct  oxygeniferous  oils. 
Subjected  to  distillation,  it  commences  to  boil 
at  374°,  and  gives  between  380°  and  387°  a 
colorless  product;  between  387°  and  403°, 
the  liquid  passes  over  yellow,  and  leaves  a 
slight  red-colored  residue. 

Potassa  oxidizes  the  oil  without  disengaging 
hydrogen,  and  resinifies  it,  and  by  saturating 
the  accompanying  alkaline  liquid  with  an  acid, 
an  oil  is  obtained  having  the  characteristics  of 
carracrole. 

Iodine  transforms  the  oil  into  new  products, 
among  which  is  the  carburetted  hydrogen ; 
thujon  boiling  between  329  and  347°. 
THUMITE.  See  Axinite. 
THURINGITE.  Min.  Massive,  granular. 
Olive-green ;  pearly.  Form.  3  (3  FeO,  Si03)+ 
2  Fe203,  Si03  +  9  HO.  From  an  iron  mine 
near  Saalfeld.  It  may  be  viewed  as  a  hydrated 
Lievrite.     Rammehb. 

THYME,  OIL  OF.  Distilled  from  the  her- 
baceous portion  of  the  Thymus  vulgaris.  Ac- 
cording to  Doveri,  it  consists  of  two  distinct 
oils,  one  C34II260,  boiling  at  34G°,  and  the 
other,  C40H3007,  boiling  at  4-55°,  and  giving  a 
vapour  of  5-511  sp.  gray.  The  latter  is,  after 
repeated  distillations  over  anhydrous  phos- 
phoric acids,  converted,  by  the  loss  of  water, 
into  C40H26. 

TILE  ORE.  See  Red  Copper-ore. 
TIN.  Chem.  Ger.  Zinn.  Fr.  Etain.  Lat. 
Stannum.  Alchem.  Jupiter.  It  was  known  in 
very  ancient  times,  and  there  is  good  reason 
for  believing  that  tin  was  obtained  by  the  Phe- 
nicians  from  Cornwall  and  Spain,  at  least  1000 
B.  C.  It  occurs  mostly  as  oxide,  in  tin-ore  ; 
less  frequently,  as  sulphuret,  in  tin-pyrites ;  in 
small  quantities  in  some  epidotes,  rutile,  &c, 
in  meteoric  iron,  and  in  Saidschiitzer  mineral 
water. 

Metallurgic  Treatment  of  Tin-ore. 
Prep.  The  crude  ores  are  concentrated  by 
stamping  and  washing,  the  purer  stream-tin, 
&c.  being  worked  separately  from  the  more 
impure  ores.  The  assay  of  the  ore,  crude  or 
prepared  by  roasting,  is  made  in  a  rough  way, 
by  taking  a  little  out  of  each  lot  of  ore,  pow- 
dering them  to  get  an  average,  mixing  2  ounces 
of  the  powder  with  nearly  a  drachm  (or  4  pr. 
ct.)  of  ground  coal,  heating  in  an  open  cru- 
cible to  reduce,  and  pouring  the  melted  tin  into 
a  mould  ;  the  particles  remaining  in  the  cru- 
cible are  obtained  by  pulverizing  and  separat- 
ing them. 

Roasting.  The  prepared  ores  are  first  roasted 
in  a  reverberatory  similar  to  that  for  roasting 
copper  ores,  except  that  the  fumes  should  be 
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conducted  into  chambers  for  oondensing  ar- 
Benioua  acid.  Sulphur  and  arsenii  are  thus 
roasted  off,  and  the  metals  oxidized,  while  a 
portion  of  sulphate  of  copper  is  formed.  The 
calcined  ore  is  exposed  to  the  air  for  some  daj  s, 
to  oxidize  a  portion  of  remaining  sulphuret, 
put  into  tubs  of  water,  which  extracts  the  solu- 
ble sulphates,  again  washed  to  concentrate  the 
ore  and  separate  the  better  from  the  inferior 
qualities,  which  are  separately  treated.  The 
solution  of  sulphates  is  precipitated  by  metallic 
iron,  ;uid  all  the  copper  thus  obtained. 

Reduction,  The  reduction  of  the  ore  is 
effected  either  in  reverberatories  or  a  small 
blast-furnace.  The  latter  is  used  at  Altenberg, 
Geyer,  Ehrenfriedersdorf,  >.vc  in  Germany,  and 
for  stream-tin,  in  England.  The  ores  are  con- 
centrated to  about  50  pr.  ct.  tin;  and  for  one 
operation,  18  cwt.  of  these  are  taken,  with 
some  previous  residues,  and  (io  pr.  ct.  tin  slag; 
from  which  some  G.j  cwt.  of  finer  metal  are 
fust  obtained,  ami  from  slags,  &c,  ■">  cwt.  more. 
The  slags,  scoria;,  &c,  are  reworked,  until  al- 
most all  the  metal  is  extracted. 

The  reverberatories,  with  basin -shaped 
hearths,  are  used  for  the  ordinary  tin  ores  in 
Cornwall.  The  ore,  fine  coal,  and  some  slaked 
lime  are  well  mixed,  damped  with  water, 
thrown  into  the  furnace  in  charges  of  from  12 
— 16  cwt.,  and  the  heat  gradually  raised,  to 
reduce  the  oxide.  When  reduced,  the  charge 
is  stirred,  to  separate  the  tin  and  remove  the 
scori;e.  The  scoriae  is  divided  into  three  kinds  : 
|  of  the  whole,  being  very  poor,  is  thrown  away  ; 
another  portion  is  stamped,  washed,  and  sepa- 
rately smelted,  to  form  an  inferior  tin;  and  a 
third,  rich  in  tin,  is  resmelted.  When  the 
scoria;  has  been  removed,  the  channel  is  opened, 
through  which  the  tin  flows  into  a  receiving 
basin,  where  the  scoriae  and  tin  separate,  and 
the  latter  is  ladled  out  and  cast  into  blocks. 

Eliquation.  The  blocks  are  laid  on  the 
hearth  of  a  reverberatory  similar  to  that  used 
for  reduction,  with  a  concave  hearth,  a  mode- 
rate fire  is  given,  by  which  the  purer  metal  is 
eliquated  from  the  more  infusible  alloys,  and 
some  scorice,  and  runs  into  the  refining  basin, 
while  the  alloys  remain  on  the  hearth.  Other 
blocks  are  laid  on  successively,  until  some  5 
tons  of  metal  are  eliquated.  The  fire  is  in- 
creased to  fuse  the  residuum,  which  is  run  oft' 
into  a  separate  basin,  wdrere,  after  repose,  the 
less  impure  metal  is  removed  from  a  useless 
alloy,  and  subjected  to  repurification. 

Refining.  Billets  of  green  wood  are  plunged 
into  the  refining  basin  (poling),  and  by  their 
evolution  of  gas  cause  an  ebullition  which 
brings  a  scum  of  oxides  to  the  surface,  and 
the  rest  of  the  metal  to  separate  into 
layers,  the  purest  being  at  the  top,  under  the 
scum,  a  less  pure  in  the  middle,  and  a  more 
impure  alloy  at  the  bottom.  The  froth,  con- 
taining oxides  of  tin,  iron,  &c.,  is  skimmed 
oil'  and  thrown  back  into  the  furnace,  and  the 
tin  below  is  ladled  out  and  cast  into  cast-iron 
moulds.  The  top  layer  yields  the  finest  tin, 
tin,  and  the  lowest  is  worked  with  freshly- 
reduced  tin  ;  the  greater  part  being  cast  into 
large  blocks,  receives  the  name  block  tin.  Re- 
fining is  also  performed  by  tossing,  in  which  a 
workman  ladles  out  some  tin  and  pours  it  from 
a  height  into  the  bath.  The  scum  in  this  case 
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fully  removed,  ami  the  metal  kept  in  a 
Mate  of  quiet  fusion,  by  which  the  same  takes 
place  into  layers  of  purer  and  impure  metal. 
To  make  grain  tin,  a  block  is  heated  until  it. 
becomes  brittle,  and  being  let  fall,  breaks  into 
semicrystalline,  elongated  pieces. 
The  amount  of  tin  annually  produced  in  the 

world,  amounts  to  about  10,000  tons,  of  which 
Cornwall  and  Devonshire,  in  England,  furnish 
nearly  one  half. 

Manufacture  of  Tin-plate  or  Sheet-tin. 

Tin-plate,  or  rather  tinned  plate,  consists  of 
sheet-iron  alloyed  and  coated  externally  with 
pure  tin.  Sheet-iron  of  good  quality  is  cut 
into  the  sizes  required,  bent  into  a  A  form, 
heated  to  redness  in  a  reverberatory,  dipped 
into  dilute  muriatic  acid,  drained,  and  again 
heated,  to  scale  the  whole  surface.  They  are 
then  beat  level  and  smooth,  passed  cold  th 
chilled  rollers,  immersed  in  the  lyes,  a,  weak 
bath  of  fermenting  bran-water,  pickled  by 
agitation  for  some  time  in  a  hath  of  dilute  sul- 
phuric acid,  scoured  in  water  with  sand  ami 
hemp,  and  kept  for  use  in  pure  water.  The 
cleaned  plates,  dried  by  bran,  are  kept  in  a 
bath  of  melted  tallow,  grease-pot,  for  an  hour, 
and  then  passed  through  a  series  of  rectangu- 
lar pots.  The  first  is  the  tin-pot,  containing  a 
melted  mixture  of  block  and  grain-tin,  covered 
by  grease,  into  which  the  plates  are  dipped, 
one  by  one,  and  kept  there  for  \\  hours  or 
more,  then  put  on  an  iron  grating  to  drain, 
and  dipped  into  the  wash-pot,  which  contains 
pure  and  fused  grain-tin.  In  this  the  super- 
fluous tin  is  removed  from  the  surface.  The 
plate  is  lifted  out,  scoured  on  both  sides  with  a 
hempen  brush,  dipped  for  a  moment  into  the 
melted  tin,  in  a  compartment  of  the  wash-pot, 
to  remove  the  marks  of  the  brush  and  give 
uniform  smootlmess  to  the  surface,  and  then 
immersed  in  the  adjoining  grease-pot,  where 
some  superfluous  tin  is  removed,  and  collects 
on  the  lower  edge.  The  plate  is  next  pul  into 
the  empty-pot,  to  drain.  When  cool  enough,  the 
lower  edge  of  the  plate  is  dipped  into  the  list- 
pot,  containing  \  inch  depth  of  melted  tin.  by 
which  the  accumulation  of  tin  on  this  < 
melted  off,  leaving  a  dull  edge,  to  be  seen  on 
all  sheets  of  tin.  The  plate  is  then  cleansed 
with  bran,  and  packed.  What  is  commonly 
block-tin,  is  made  from  heavier  sheet- 
iron,  and  coated  more  carefully  ami  heavier 
with  tin.  By  the  operation  of  tinning,  a  por- 
this  metal  penetrates  the  iron,  and 
alloys  with  it,  the  quantity  of  tin  increasing 
from  the  interior  to  the  outer  surface,  which 
i  ing  of  pure  tin. 

The  surface  of  tin  plate  is  rendered  crystal- 
line by  brushing  its  surface  with  nitric 
slightly  diluted,  and  containing  some  salam- 
moniac  or  common  salt  in  solution,  and  im- 
mediately immersing  it  in  water,  to  -top  the 
action  at  any  desired  point.  By  cooling  parts 
of  the  surface  with  cold  water,  the  crystalliza- 
tion is  varied,  as  it  is  also  by  directing  tic 
of  a  blowpipe  flame  to  different  parts  of  the 
surface.  After  cleansing  the  surface  with  the 
gentlest  friction,  it  is  varnished. 

Tin  and  its  Mbtalloidax  Compoi 
1.  Tin.     Commercial  tin  is  purified  by  keep- 
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ing  it  fused  in  the  air,  when  it  separates  into 
strata  of  different  purity,  or  by  stirring  the 
melted  metal  in  the  air,  to  oxidize  foreign  me- 
tals with  some  tin,  or  lastly  by  converting  it 
wholly  into  oxide  by  nitric  acid,  washing  the 
oxide  with  muriatic  acid  and  water,  and  re- 
ducing it  in  a  crucible  with  charcoal.  It  is  a 
brilliant  white  metal,  with  a  faint  lead-tint 
when  compared  with  silver,  crystallizing  in  the 
quadratic  system  (?)  ;  spec.  grav.  =  7-29,  of 
the  rolled  7*29$ ;  harder  than  lead,  emits  a 
peculiar  noise  when  bent,  called  the  cry  of  tin, 
which  is  attributed  to  the  sliding  of  the  crys- 
talline plates  over  each  other;  is  not  vei'y  ex- 
tensible, but  is  malleable  into  thin  sheets,  tin- 
foil;  fuses  at  440°— 44ij°;  boils  at  a  white 
heat,  and  burns  with  a  blue  flame  to  binoxide ; 
at  a  lower  heat  it  forms  a  dross  on  the  surface 
of  mixed  oxides,  tin-ash  ;  oxidizes  readily  with 
nitric  acid  to  a  white,  insoluble  powder  ;  dipped 
in  a  muriatic  solution  of  gold,  it  becomes  black 
without  evolving  gas,  while  zinc  blackens  with 
evolution  of  gas,  and  lead  is  unaltered.  Sym. 
Sn  (stannum).  Eq.  58-82  (735-294,  0  ==  100, 
Berz. ) 

2.  Oxygen,  a.  Oxide  of  Tin.  Protoxide,  SnO. 
Evaporate  a  solution  of  crystallized  chloride 
of  tin,  containing  a  piece  of  metallic  tin,  to 
dryness  and  fusion,  mix  3  pts.  of  it  with  2  pts. 
crystallized  carbonate  of  soda,  heat  and  stir 
the  fused  mixture  until  it  is  entirely  black,  ex- 
tract chloride  of  sodium  after  cooling  with 
boiling  water,  and  dry  the  oxide  at  a  gentle 
heat.  It  is  less  perfectly  made  by  precipitat- 
ing hydrated  oxide,  and  either  drying  it  in  an 
atmosphere  of  hydrogen,  or  boiling  it  in  water. 
It  is  a  nearly  black  powder,  which  becomes 
crystalline  by  boiling  with  a  little  potassa, 
while  a  portion  dissolves  as  binoxide.  The 
hydrate  is  made  by  precipitating  chloride  by 
an  escess  of  ammonia  or  carbonate  of  potassa. 
Salts.  Generally  colorless  or  yellowish,  with 
acid  reaction  and  disagreeable  metallic  taste  ; 
the  neutral  or  slightly  acid  salts  decompose 
with  water  containing  air ;  their  tendency  to 
oxidize  is  a  striking  property,  on  which  much 
of  the  use  of  tin-crystals,  in  color-printing, 
depends.  Zinc  and  cadmium  precipitate  me- 
tallic tin  from  its  salts,  except  from  the  acetate ; 
sulphohydrogen  and  sulphydrate  of  ammonium 
throw  down  brown  sulphuret  (except  from  a 
strong  acid  solution),  soluble  in  excess  of  the 
latter ;  and  the  limits  of  the  reaction  are  1  pt. 
salt  to  120,000  pts.  water  ;  iodide  of  potassium 
gives  yellow  iodide,  which  passes  under  some 
circumstances  into  red ;  ammonia  and  carbo- 
nated alkalies  give  white  hydrate,  insoluble  in 
excess  of  the  precipitant,  but  soluble  in  potassa, 
from  which  it  deposits  a  portion  as  metal.  A 
white  precipitate  is  produced  by  phosphate  of 
soda,  oxalic  acid,  the  two  prussiates  of  potash, 
alkaline  succinates  and  benzoates ;  yellow  by 
croconate  of  potassa  and  tincture  of  galls. 
The  insoluble  are  soluble  in  muriatic  acid,  un- 
less previously  ignited.  _ 

b.  Binoxide  of  Tin.  Stamuc  acid.  Sn02,  con- 
taining 78-H2  pr.  ct.  metal.  It  is  obtained  by 
calcination  of  tin  in  the  air;  by  precipitating 
with  alkali  and  ignition;  or  by  the  action  of 
nitric  acid,  and  ignition.  It  is  a  yellowish 
powder,  becoming  transiently  dark  yellow,  or 

oraii'-e  by  heat;  reduced  by  ignition  with  car- 
ts,     j  11(. 
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bon,  in  hydrogen  or  carbonic  oxide,  more  easily 
by   heating  with  cyanide   of   potassium.     The 
hydrate  is  made  by  precipitation  from  bichlo- 
ride by  alkali,  or  by  the  action  of  nitric  acid 
on  the  metal.     But  the  hydrate  made  by  these 
two  methods  has  differing  properties,  and  con- 
stitutes   two    modifications,    a  Sn()2,    made    by 
alkali,  and  b  Sn02,  made  by  nitric  acid.     a  Sn02 
is  slightly  soluble  in  nitric  acid,   fcSn02  is  in- 
soluble ;  °  is  soluble  even  in  dilute  sulphuric 
acid,  and  not  precipitable  by  boiling,  *  is  in- 
soluble even  in  oil  of  vitriol,  but  it  absorbs  the 
acid,  swells,  and  becomes  yellow  ;  a  is  perfectly 
soluble  in  muriatic  acid,  and  is  not  precipitated 
by  boiling ;   b  is  scarcely  soluble   in   muriatic 
acid,  but  combines  with  it  to  a  salt,  insoluble  in 
muriatic  acid,  and  when  the  acid  is  poured  off 
and  the  residue  washed  with  a  little  water,  it 
dissolves,  but  is  again  precipitated  by  boiling 
and  by  adding  muriatic  acid ;  both  °  and  b  are 
soluble  in  caustic  and  carbonated  alkali,  and 
when  precipitated   by   an   acid,    exhibit  their 
separate  properties  as  before  solution.     When 
*,  still  moist,  is  treated  with  muriatic  acid,  and, 
after  pouring  off  the  acid,   distilled,  °  passes 
over ;   on  the  other  hand,  when  °  in  solution  is 
boiled  with  nitric  acid,  the  greater  part  of  it 
becomes  * ;  the  salts  formed  with  acids  by  °  are 
more  soluble  in  water,  those  by  b  less  soluble. 
Both  oxides  unite  with  alkalies,  and  act  the 
part  of  acids,  forming  stannates,  but  *  is  dis- 
solved   in    much   larger    quantity   by   alkalies 
than  °.     The  hydrate  of  °  appears  to  be  2  HO, 
Sn02,  that  of  b,  HO,  Sn02. 

Salts.  They  are  colorless  or  yellow,  with  an 
acid  test  when  soluble;  the  insoluble  are  solu- 
ble in  muriatic  acid ;  from  their  solutions  zinc 
and  cadmium  throw  down  tin  in  dendritic  form; 
sulphuretted  hydrogen,  alone  or  with  alkali, 
throws  down  yellow  sulphuret,  soluble  in  the 
alkalies  and  sulphide  of  ammonium  ;  caustic 
alkalies  precipitate  white  hydrate,  soluble  in 
slight  excess  of  potassa ;  the  precipitated  hy- 
dtate  by  carbonated  alkali  is  slightly  soluble 
in  excess  of  the  precipitant,  but  separates  by 
standing;  that  by  bicarbonatcs  is  insoluble, 
and  that  by  carbonates  of  alkaline  earths  con- 
tains no  alkali  which  the  others  do  ;  phosphate 
of  soda  and  succinate  of  ammonia  give  white 
precipitates,  the  succinate  removing  all  the  tin 
from  solution;  infusion  of  galls  and  yellow 
prussiate  of  potash  produce  a  yellow  jelly; 
the  precipitate  produced  by  boiling  bichloride 
of  tin  with  alkaline  acetate  or  formiate  re- 
dissolves  on  cooling,  or  by  washing  with  cold 
water. 

c.  Scsquioxidc  of  Tin.  Sn20?.  Neutralize  a 
solution  of  protochloride  of  tin  by  ammonia, 
and  superneutralize  a  solution  perchloride  of 
iron  by  ammonia  ;  add  the  latter  to  the  former, 
this  being  in  excess.  The  precipitate  dries  to 
yellow,  translucent  grains,  soluble  in  ammonia. 
>>  Oxide  of  tin  abstracts  protoxide  from  a  cold 
solution  of  protochloride,  becoming  orange- 
yellow,  and  probably  SnO,  3  Sn02. 

3.  Sulphur,  a.  Sulphuret  of  Tin.  SnS.  Ob- 
tained by  fusion  of  sulphur  and  tin,  pulverizing, 
and  remelting;  is  crystalline,  dark  lead-gray, 
easily  reduced  to  metal  by  heating  with  cyanide 
of  potassium,  fusible  in  all  proportions  with 
metallic  tin,  and  soluble  in  muriatic  acid  with 
evolution  of  sulphohydrogen.     It  is  obtained 
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in  the  wet  way  by  precipitating  protochloride  I 
by  sulphuretted  hydrogen. 

b.  Sesquisulphuret.  SngS,.  Obtained  by  heat- I 
ing  3  pts.  a.  with  1  pt.  sulphur  in  a  retort ;   is 

i  yellow,  metallic;  potassa  lye  extracts 
from  it  hisulphuret,  and  muriatic  acid  proto- 
Bulphuret. 

c.  Bisulphuret  of  Tin.  Mosaic  gold,  Zinnsulfid. 
SnS2.  Obtained  by  heating  protochloride,  pro- 
toxide, or  oxide  with  sulphur.  The  various 
proportions  are  equal  pts.  tin  filings,  sulphur, 
and  salammoniac ;  4  pts.  tin  filings,  3  sulphur, 

amoniae^  1  pt.  amalgam  (composed  of 
12  tin  and  6  mercury)  with  7  Bulphur  and  >>  sal- 
ammoniac  ;  5  protosulphuret  of  tin  and  8  chlo- 
rido  of  mercury-  0 old-colored,  translucent 
scales,  of  a  peculiar  soapy  feeling.  The  yel- 
low precipitate  obtained  by  sulphohydrogen 
from  salts  of  binoxide,  dries  to  dark  yellow, 
hard  lumps.  Decomposed  by  nitric  acid,  solu- 
ble in  potassa  and  in  boiling  muriatic  acid.  It 
forms  double  salts  with  metallic  sulphurets, 
sulphostannates ;  those  of  the  alkalies  being 
obtained  by  solution  of  the  sulphuret  of  tin  in 
caustic  or  sulphuretted  alkalies. 

4.  Phosphuret  of  Tin.  Is  obtained  of  a  silver- 
white  color,  and  crystalline,  by  throwing  phos- 
phorus on  melted  tin.  By  saturating  dry  bi- 
chloride of  tin  by  phosphohydrogen,  and  add- 
ing water ;  a  yellow  phosphuret  separates,  of 
the  form.  Sn2P3. 

5.  Alloys.  Tin  alloys  readily  by  heat  with 
many  metals,  which  it  renders  more  brittle. 
It  alloys  with  potassium,  sodium,  selenium,  and 
tellurium.  The  alloy  with  arsenic  is  harder, 
and  has  more  ring  than  tin  ;  15  pts.  tin  to  1  pt. 
arsenic  crystallizes  in  broad  laminre.  The  alloy 
with  molybdenum  is  an  infusible  powder ;  with 
tungsten  light  brown,  porous,  and  somewhat 
malleable. 

It  alloys  readily  with  the  noble  metals,  ren- 
dering them  brittle  ;  gold  with  a  large  quantity 
of  tin  is  white  and  brittle,  but  it  will  bear  8  pr. 
ct.  tin  without  losing  malleability.  4  tin  to-1 
iridium  is  malleable,  but  hard.  It  amalga- 
mates readily  with  mercury ;  1  tin  to  3  mer- 
cury gives  cubic  crystals.  The  coating  of  a 
mirror  is  made  by  spreading  tin-foil  smoothly 
on  a  stone  table,  rubbing  a  little  mercury  (con- 
taining tin)  over  it  to  amalgamate  the  surface, 
pouring  a  large  quantity  of  mercury  on  it, 
pushing  a  clean  plate  of  glass  on  this,  begin- 
ning along  one  edge,  pressing  it  with  weights, 
and  giving  the  table-top  gradually  an  inclined 
position  to  drain  off  the  excess  of  mercury. 
Glass  bulbs  are  sometimes  coated  internally 
with  an  amalgam  of  1  tin,  1  lead,  2  bismuth, 
and  10  mercury,  which  is  drawn  in,  passed  all 
around,  and  the  excess  poured  out. 

With  antimony  it  forms  a  white,  hard,  and 
somewhat  ringing  metal.  Former  English 
pewter  contained  some  8  pr.  ct.  antimony. 
This  is  now  replaced  by  Britannia  metal,  which 
contains  other  proportions  and  other  metals. 
See  Allot.  Alloys  with  bismuth,  see  under 
Allot,  with  copper  under  Beonze,  with  lead, 
&c.  under  Lead. 

Haloid  Salts. 

1.    Chlorine,     a.  Protochloride  of  Tin.     SnCl. 
The  anhydrous  salt,  made  by  distilling  a  mix- 
ture of  equal  parts  of  tin  filings  and  corrosive 
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sublimate:  is  a  gray,  shining  mass.  Tli 
talli/.ed  salt  is  obtained  by  dissolving  tin  in 
muriatic  acid,  and  evaporating  to  crystallize. 
Vessels  of  copper  may  be  used,  provided  they 
contain  an  excess  of  tin  to  the  end  of  the  ope- 
ration. Another  solution  is  sometimes  made 
by  calico  printers,  by  dissolving  tin  in  a  mix- 
ture of  2  pts.  nitric  to  1  muriatic  acid,  con- 
tained in  a  vessel  surrounded  by  cold  water. 
The  crystals  arc  SnCl,  ll<>.  By  solution  in 
water,  a  milkiness  is  usually  occasioned  by  the 
air  in  the  water,  or  by  a  portion  of  oxychloride 
of  tin;  muriatic  acid  clears  it.  Chloride  of 
tin  is  an  excellent  reducing  agent  ;  it  reduces 
the  acids  of  arsenic  to  metal,  of  molybdenum 
and  tungsten  to  their  blue  oxides,  the  higher 
oxides  of  manganese,  iron,  and  copper  to  lower 
oxides,  the  oxides  of  silver  and  mercury  to 
metal.  It  forms  double  salts  with  the  alkalies 
and  alkaline  earths.  When  potassa  is  added 
to  the  chloride  in  solution,  until  the  precipitate 
redissolves,  and  the  solution  is  evaporated  in 
vacuo,  a  basic  salt  crystallizes.  A  basic  oxy- 
chloride is  obtained  by  adding  a  large  quantity 
of  water  to  a  solution  of  chloride,  or  a  smaller 
quantity  of  potassa  than  is  necessary  to  de- 
compose it;  form.  SnCl,  SnO  -f-  2  110;  it  is 
soluble  in  potassa,  but  deposits  metallic  tin 
after  some  time. 

b.  Scsquichloride.  Sn2Cl3.  Obtained  by  dis- 
solving sesquioxide  in  muriatic  acid ;  is  used 
to  precipitate  purple  of  Cassius.  See  under 
Gold. 

c.  Bichloride  of  Tin.  SnCl2.  The  anhydrous 
compound,  fuming  liquor  of  Libavius,  is  ob- 
tained by  distilling  4  pts.  chloride  of  mercury 
with  1  pt.  tin  (amalgamated  with  a  little  mer- 
cury, and  reduced  to  powder) ;  or  by  distilling 
dry  sulphate  of  tin  with  common  salt.  It  is  a 
colorless,  thin  liquid,  very  fuming  in  the  air, 
not  congealing  at  — 20°,  boiling  at  148°;  3  pts. 
of  it  mixed  with  1  pt.  water,  congeals  to  a 
solid  mass  of  crystals.  These  may  also  be 
obtained  by  dissolving  tin  in  aqua  regia  by 
heat,  or  by  oxidizing  the  protochloride  in  solu- 
tion by  nitric  acid  or  chlorine.  It  forms  double 
salts  with  alkaline  chlorides,  by  mixing  them 
together,  the  tin-salt  being  in  excess,  and 
evaporating.  The  salts  of  potassium  and  am- 
monium are  anhydrous,  that  of  sodium  hy- 
drated  and  subject  to  efflorescence.  The  am- 
monium salt,  Pink-salt  of  the  color  printer, 
made  by  adding  salammoniac  to  a  solution  of 
bichloride  and  crystallizing,  dissolves  in  3  pts. 
water  at  64°,  and  bears  ebullition ;  but  if  di- 
luted and  boiled,  it  precipitates  hydrated  oxide. 

Anhydrous  bichloride  absorbs  sulphuretted 
hydrogen,  forming  2  SnCl2  +  SnS2.  When  bi- 
sulphuret is  saturated  with  chlorine,  the  brown 
liquid  congeals  to  yellow  crystals,  which  have 
the  form.  SnCl2-f  SC12.  The  dry  chloride 
absorbs  phosphuretted  hydrogen,  forming  a 
solid  with  the  form.  3  SnCl2  -f  PH3.  It  also 
absorbs  ammonia,  forming  a  white  powder, 
which  may  be  sublimed  unaltered ;  formula 
SnCl2  +  NH3. 

2.  Bromide  of  Tin.  SnBr.  Is  white  and 
soluble.  The  bibromide,  SnBr2,  formed  direct 
from  tin  and  bromine,  is  fusible,  soluble  in 
water,  and  sublimes  unaltered. 

3.  Iodide  of  Tin.  SnI.  Obtained  by  heating 
iodine  and  tin;  is  brownish  red,  soluble  and 
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crystallizable,  fusible,  and  sublimes  at  a  high 
heat.  It  absorbs  2  NH3,  and  becomes  a  white 
powder.  It  forms  double  salts  with  iodides  of 
the  alkalies  and  alkaline  earths,  the  form,  be- 
ing Alk  I  -f-  2  SnI,  except  for  ammonia,  which 
is  NH4I  -f  SnI.  By  mixing  dry  protochloride 
with  chloride  of  iodine,  an  orange  bi-chlor- 
iodide  crystallizes  out,  with  the  form.  SnI, 
SnCl2.  Biniodide  of  tin,  Sul2,  obtained  by 
dissolving  hydrated  oxide  in  iodhydric  acid, 
forms  yellow  crystals,  decomposable  by  water. 
4.  Fluoride  of  Tin.  SnF.  Is  very  soluble 
and  crystallizable.  The  bifluoride,  SnF2,  is 
uncrystallizable,  and  coagulates,  when  heated 
to  ebullition.  The  silico-fluoride,  3  SnF2  -f 
2SiF3,  is  soluble,  crystallizable,  and  lets  fall 
silica  when  exposed  to  the  air. 

Oxysalts. 

1.  Sulphate  of  Tin.  SnO,  S03.  Is  obtained 
as  a  saline  mass,  by  dissolving  tin  in  oil  of 
vitriol,  or  the  acid  slightly  diluted ;  soluble  in 
boiling  water  with  a  brown  color,  and  crystal- 
lizable. Sulphite  of  tin,  SnO,  S02,  is  obtained 
as  a  white  powder  by  adding  sulphite  of  soda 
to  chloride  of  tin.  The  hyposulphite  is  soluble. 
Tin  dissolves  in  sulphurous  acid,  but  forms  at 
the  same  time  some  hyposulphite  and  sulpliuret. 

Sulphate  ofbinoxide.  Sn02,  2  S02.  Is  obtained 
anhydrous  by  dissolving  tin  filings  in  3  times 
their  weight  of  boiling  oil  of  vitriol,  and  eva- 
porating off  the  excess  of  acid  at  a  gentle  heat, 
or  by  dissolving  the  hydrate  in  sulphuric  acid. 

2.  Nitrate  of  Tin.  SnO,  N05.  Is  obtained 
only  in  solution  by  dissolving  the  hydrate  in 
nitric  acid,  and  readily  decomposes  in  the  air 
by  heat.  When  tin  is  acted  on  by  nitric  acid 
«f  1-114,  a  double  salt  is  obtained  of  NO,,  with 
SnO  and  NH3. 

Nitrate  of  binoxide.  Sn02,  2  N05.  Is  obtained 
by  dissolving  the  hydrate  in  cold  nitric  acid, 
to  saturation,  when,  if  the  acid  were  strong,  it 
crystallizes  ;  it  decomposes  readily  by  heat. 

3.  Phosphate  of  Tin.  2  SnO,  P05.  Obtained 
by  precipitation,  is  white  and  fusible  to  a  glass. 
Borate  is  white,  insoluble,  and  fuses  to  an  opake 
glass.  Phosphite,  2  SnO,  P03,  precipitates  as 
a  white  powder ;  its  solution  in  muriatic  acid 
is  the  most  powerful  reducing  agent  in  the 
moist  way.  Phosphite  of  binoxide  is  a  white, 
insoluble  powder.  Chlorate  and  iodate  are 
very  fugitive. 

TINCAL.     See  Borax. 

TIN-ORE.  Mm.  Tin  stone,  Wood  tin,  Stream 
tin,  Oxide  of  tin.  Zinnerz,  Zinnstein.  Cryst. 
Quadratic,  usually  1st  and  2d  vertical  prisms, 
with  the  8-hedron.  Often  twinned  on  an  edge 
of  the  8-hedron.  Also  fibrous,  granular,  com- 
pact, as  in  stream  and  wood  tin.  H.  =  6 — 7. 
G.  =  0-5 — 7-1.  Brown  and  black,  in  wood-tin 
often  gray,  white,  ochrey-yellow  ;  adamantine, 
wood-tin  dull ;  subtransparent,  opake ;  brittle, 
sub-brittle,  with  subconchoidal  fracture,  and 
gray  or  pale  brown  streak.  Unaltered  by  heat  in 
the  pincette  ;  on  coal  reduced  by  a  good  inner 
flame  with  some  difficulty,  readily  with  soda, 
only  decomposed  by  fusion  with  alkali.  It  is 
essentially  binoxide  of  tin,  Sn02,  with  a  little 
iron  and  manganese,  and  the  Finbo  variety  with 
columbic  acid.  Found  in  primary  rocks,  in 
Cornwall,  Zinnwald,  Schlackenwald,  Galicia, 
Sweden,    Greenland,    Malacca,    Banca,     New 
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Hampshire,  Massachusetts,  Virginia,  but  not 
yet  found  in  workable  quantities  in  the  United 
States. 

TIN  PYRITES.  Mm.  Bell-metal  ore,  Sul- 
phuret  of  tin,  Zinnkies.  Cryst.  Regular,  cubic ; 
usually  massive,  granular.  II.  =  4.  G.  =  4-3 
— 4-4.  Steel  gray ;  metallic;  opake;  brittle, 
with  uneven  fracture  and  black  streak.  Fuses 
at  a  strong  heat,  and  coats  the  coal  white  with 
oxide  of  tin;  gives  white  fumes  and  sulphurous 
odor  in  an  open  tube ;  after  roasting  shows  the 
presence  of  iron  and  copper,  and  with  soda, 
also  of  tin ;  gives  a  hard  button  with  soda  and 
borax  of  tough  and  hard  copper ;  soluble  in 
nitric  acid.  Form.  2  FeS,  SnS2  -4-  2  Cu2S, 
SnS2,  or  perhaps  2  Cu2S,  SnS2,  in  which  a  por- 
tion of  the  Cu2S  is  replaced  by  FeS,  and  also 
by  ZnS.     Only  found  in  Cornwall. 

TITANIC  ACID.     See  Anatase  and  Rutile. 

TITANIC  IRON.  Mm.  Syn.  Ilmenite,  Iserine, 
Crichtonite,  Menakan,  Washingtonite,  Hysta- 
tite,  Eisenrose,  Basanomelan,  Titaniferous  iron. 
Cryst.  Hexagonal,  one  or  more  rhombs  with 
large  end-planes  ;  usually  in  plates  and  grains. 
H.  =  5—6.  G.  =  4-5—5.  Iron-black;  sub- 
metallic,  with  the  same  streak  ;  opake ;  frac- 
ture conchoidal ;  more  or  less  magnetic.  Infu- 
sible ;  shows  iron  with  the  fluxes,  and  man- 
ganese on  platinum  foil ;  gives  with  mic.  salt 
in  the  reducing  fire  a  reddish  glass,  which  tin 
either  colors  violet  or  decolorizes ;  more  or  less 
soluble  in  aqua  regia,  leaving  titanic  acid.  A 
great  number  of  analyses  have  been  made  of 
this  mineral,  which  doubtless  includes  many 
varieties,  and  possibly  several  species.  Very 
different  formulte  have  been  given,  from  the 
different  content  of  protoxide  and  peroxide  of 
iron,  the  usual  one  being  FeO,  Ti02  -f-  *  Fe203; 
but  Rose  and  Scheerer  have  declared  for  a 
novel  view,  that  the  mineral  contains  sesqui- 
oxide  of  titanium  and  not  titanic  acid,  and 
that  the  oxide  of  iron  found  depends  upon  the 
deoxidation  of  peroxide  of  iron,  during  solu- 
tion, its   oxygen   converting   the  titanic  oxide 


into  acid,  so  that  the  formula  would  be 


Fe203  \ 
Ti203./ 

Berzelius  thinks  that  this  formula  is  contrary 
to  atomic  views,  and  opposed  to  the  magnetic 
character  of  some  of  the  varieties.  But  the 
latter  objection  ceases,  if  we  suppose,  as  is 
likely,  that  some  specimens  contain  magnetic 
iron,  and  moreover  the  crystalline  form  agrees 
with  that  of  specular  iron.  Its  localities  are 
numerous. 

TITANIFEROUS  CERITE.  Mm.  A  black- 
ish-brown mineral  with  a  vitreous  lustre,  and 
conchoidal  fracture,  from  the  Coromandel 
coast.  It  contains  oxides  of  cerium,  iron,  tita- 
nium, with  silica,  lime,  alumina  and  water. 

TITANITE.     See  Spiiene. 

TITANIUM.  Chem.  Menakan,  Titan.  Sup- 
posed to  exist  by  Gregor  in  1791  ;  recognised 
by  Klaproth  in  1794.  Mostly  examined  by 
Klaproth  and  Rose.  It  occurs  in  rutile,  ana- 
tase and  brookite  with  but  little  foreign  mat- 
ter ;  is  a  more  or  less  abundant  constituent  in 
titaniferous  iron  and  a  few  minerals;  and  is 
found  in  small  quantity  in  many  mineral  sub- 
stances. 

1.  Titanium.  It  is  obtained  as  an  incidental 
product  in  many  iron-blast  furnaces,  slags,  in 
cavities,  and  more  frequently  in  the  old  hearth- 
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stones,  which  nrc  often  penetrated  by  metallic 
iron  and  titanium.  From  this  source  it  is  ob- 
tained by  treatment  with  muriatic  and  then 
with  nitro-muriatic  acid;  which  leaves  the 
titanium  in  the  form  of  a  copper-red  powder, 
or  in  cubical  crystals  of  spec.  grav.  4-3.  It 
has  been  found  in  an  old  hearth-stone  at  Dun- 
cannon  Iron  Works  on  the  Susquehanna,  be- 
low the  mouth  of  the  Juniata,  and  at  Consho- 
hocken  furnace,  on  the  Schuylkill,  above 
Philadelphia.  It  is  also  obtained  by  heating 
titanfluoride  of  potassium  with  potassium,  or 
chlortitanium-ammonia  with  or  without  sodium. 
It  is  generally  in  powder,  of  a  red,  violet,  or 
black  color,  which  last  becomes  red  by  pul- 
verizing. In  coarse  powder  it  is  not  attacked 
by  any  of  the  common  acids  alone,  nor  by 
aqua  regia  with  the  aid  of  heat,  but  it  is  solu- 
ble in  heated  nitrofluohydric  acid.  It  scarcely 
oxidizes  in  the  air  except  by  calcination,  and 
by  fusion  with  borax  and  saltpeter  it  is  oxi- 
dized. Sym.  Ti.  Eq.  24  (24-12.  H  =  1,  or 
301-55.     0=100.  Berz.) 

2.  Titanic  acid.  Titanic  oxide.  Ti02.  It  is 
always  procured  from  rutile  or  titanic  iron, 
from  the  latter  of  which  in  fine  powder,  a 
large  portion  of  the  iron  may  be  first  extracted 
by  muriatic  acid.  The  finely-powdered  mine- 
ral is  fused  with  carbonate  of  soda  in  a  cru- 
cible, treated  with  water,  which  dissolves  the 
alkali  and  leaves  acid  titanate  of  soda;  it  is 
washed  on  a  filter  until  the  liquid  passes 
through  cloudy,  when  it  is  removed  from  the 
filter,  dissolved  in  strong  muriatic  acid,  diluted 
with  water,  treated  with  sulpho-hydrogen, 
which  throws  down  tin,  (this  is  filtered  off), 
poured  into  a  flask,  to  which  ammonia  is  added, 
and  then  corked ;  the  precipitate  is  titanic 
acid,  and  sulphurets  of  iron  and  manganese  ; 
after  settling,  the  clear  liquor  is  drawn  off  by 
a  syphon  and  must  smell  of  sulphydrate  of  am- 
monium, (if  not,  the  latter  must  be  added,  and 
the  solution  again  allowed  to  settle) ;  a  solu- 
tion of  sulphurous  acid  is  poured  over  the 
residue  in  the  flask,  which  dissolves  all  the  sul- 
phurets  and  not  a  trace  of  titanic  acid,  pro- 
vided the  sulphurous  acid  were  in  excess  ;  the 
acid  is  washed  on  a  filter.  By  igniting  titanic 
iron  with  sulphur,  sulphuret  of  iron  is  formed, 
which  may  be  removed  by  muriatic  acid,  and 
by  retreating  the  residue  either  by  sulphur  or 
in  sulphuretted  hydrogen,  and  by  muriatic  acid, 
titanic  acid  may  be  obtained  free  from  iron. 

Prop.  A  white,  tasteless,  infusible  powder, 
becoming  yellow  by  heat,  but  white  again  on 
cooling.  When  precipitated,  it  is  soluble  in 
acids,  °  Ti02,  but  by  a  gentle  heat,  water 
passes  off,  and  at  a  much  higher  heat  it  under- 
goes a  kind  of  ignition,  and  is  insoluble  in 
acids,  l  Ti02.  The  former  is  procured  from 
the  latter  by  ignition  with  alkali,  solution  in 
cold  acid  and  precipitation  ;  or  by  heating  with 
oil  of  vitriol ;  or  by  mixing  it  with  charcoal, 
and  passing  chlorine  over  it,  when  a  soluble 
chloride  distils  over.  The  three  native  titanic 
acids,  rutile,  brookite,  and  anatase,  seem  to 
be  three  modifications  of  this  acid. 

From  solutions  the  hydrate  is  precipitated 

by  ammonia  ;  it  is  white,   gelatinous,   soluble 

in  acids,  and  slightly  in  carbonated  alkalies.   It 

is  also   preci  pi  table  by  carbonated  alkali,  an 

of  which  redissolves  a  portion  ;  yellow 
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prussiate  of  potash  gives  a  reddish  brown  pre- 
cipitate, soluble  in  excess  of  the  precipitant  ; 

nut  galls  also  give  a  brownish  red  precipitate. 

/inc.  iron,  and  tin  give  to  the  arid  solutions 

of  titanic  acid  a  blue  or  purple  oolor,  and  then 
a,  similar  powder,  whioh  changes  in 

to  titanic  acid;   this  is  probably  sesquioxide  of 
titanium  =  Ti203  =  TiO,  Ti<>\. 
A  protoxide,  TiO,  appears  to  be  formed  by 

heating  the  acid  in  a  charcoal  crucible;  it  is 
black,  insoluble  in  all  acids,  and  difficult  to 
oxidize  to  titanic  acid. 

3.  Bisulphuret  of  Ti.  TiS2  is  obtained  by 
passing  bisulphuret  of  carbon  over  titanic  acid 
intensely  ignited  in  a  porcelain  tube  ;  it  is  dark- 
green  with  a  brass-yellow  streak.  By  igniting 
a  mixture  of  1  titanic  acid,  1  sulphur,  and  \ 
coal,  digesting  and  washing  with  water,  then 
with  oil  of  vitriol,  a  bronze  yellow  sulphuret  is 
obtained. 

By  fusing  phosphate  of  titanium  with  char- 
coal powder,  Chenevix  obtained  a  white,  me- 
tallic, brittle  phosphuret.  Alloys  of  titanium 
have  been  but  little  examined. 

4.  Chloride  of  Ti.  TiCl2,  formed  by  passing 
chlorine  over  heated  metallic  titanium,  or  a 
mixture  of  powdered  rutile  and  coal,  is  a  clear, 
heavy  liquid,  boiling  at  275°,  with  a  strong 
acid  odor,  fuming  in  the  air,  forming  a  saline 
mass  with  a  little  water,  dissolving  in  more 
water.  The  latter  is  also  obtained  by  solution 
of  the  hydrated  acid  in  muriatic  acid  ;  by  eva- 
poration, a  portion  is  converted  into  til 
acid,  and  by  sufficient  heat,  it  loses  all  its  mu- 
riatic acid.  The  dry  chloride  absorbs  dry 
ammonia,  becoming  a  red  powder,  2  NII3, 
TiCl2,  which  by  ignition  in  a  tube  leaves  me- 
tallic titanium,  and  evolves  salammoniac  with 
a  yellow  sublimate,  which  is  a  double  chloride 
of  titanium  and  ammonium,  8  NH4C1,  2  TiCl2. 
Dry  chloride  absorbs  phospho-hydrogen,  form- 
ing a  brown  powder,  which  yields  in  a  tube  a 
yellow  sublimate,  PH4C1,  3  TiCl2.  By  mixing 
chloride  of  titanium  with  chloride  of  sulphur, 
and  exposure  to  cold,  large  yellow  crystals  are 
obtained,  x  TiCl2,  SC12 ;  very  soluble  in  water, 
and  changing  into  titanic,  muriatic,  sulphuric, 
and  dithionous  acids. 

5.  Fluoride  of  Ti.  TiF2.  The  dry  compound 
is  obtained  by  distilling  fluor  spar,  titanic  acid, 
and  fuming  sulphuric  acid,  as  a  colorless, 
fuming  liquid.     The  hydrated  salt  is  pn  i 

by  dissolving  the  hydrated  acid  in  fluohydric 
acid,  and  may  be  crystallized  by  evaporation. 
By  solution  in  water  it  is  resolved  into  an  in- 
soluble basic  salt,  and  a  soluble  acid  salt,  which 
latter,  is  titanfluohydric  acid,  analogous  to  sili- 
cofluohydric  acid;  HF -f-  TiF2.  This  acid 
forms  double  salts  with  other  fluorides,  those 
of  the  alkalies,  KF,  TiF2,  &c,  being  crystalline, 
and  soluble  in  water  without  decomposition, 
those  of  lime  and  magnesia  with  decomposition. 
The  ammoniacal  salt  leaves  by  heat  in  a  pla- 
tinum retort,  NH4F,  2  Ti  F2. 

6.  Oxysalts.  Acid  sulphate  is  obtained  by  heat- 
ing titanic  acid  with  oil  of  vitriol  until  t lie 
excess  of  sulphuric  is  driven  off,  and  diss  dving 
in  a  little  water;  when  diluted  and  heated,  or 
by  adding  alcohol,  a  basic  salt  precipitated; 
another  b.-isic  salt  precipitates  on  add; 
phuric  acid  to  a  dilute  muriatic  solution.  A 
sulphate  of  titanic  oxide  of  potassa  is  obtained 
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by  dissolving  titanic  oxide  in  fusing  bisulphate 
of  potassa  ;  water  separates  most  of  the  titanic 
acid,  and  ammonia  throws  down  the  rest  from 
the  aqueous  solution.  A  nitrate  is  obtained  by 
solution  of  the  hydrated  oxide  in  nitric  acid. 
Phosphoric  acid  throws  down  from  the  muriatic 
solution  of  the  oxide  a  white  phosphate,  soluble 
in  excess  of  the  solution  and  of  phosphoric 
acid.  A  white  phosphite  is  obtained  by  dis- 
solving terchloride  of  phosphorus  in  water, 
neutralizing  with  ammonia  and  adding  it  to  a 
solution  of  chloride  of  titanium. 

TOADSTONE.     Geol.     Earthy  basalt. 
TOBACCO.     The  dried  leaves  of  the  Nico- 
tiana  Tabacum,  extensively  employed  for  smok- 
ing, &c.     Posselt  and  Reimann's  analysis  of  the 
leaves  give  as  their  composition:  — 

Nicotin 0-060 

Nicotiamn 0-010 

Bitter  extractive 2-870 

Gum  and  malate  of  lime 1-740 

Green  resin 0-267 

Albumen 0-260 

Gluten 1-048 

Malic  acid 0-540 

Malate  of  ammonia 0-120 

Sulphate  of  potassa 0-048 

Chloride  of  potassium 0-063 

Malate  and  nitrate  of  potassa 0-095 

Phosphate  of  lime 0-166 

Malate  of  lime 0-242 

Silica 0-088 

Lignin 4-969 

Water 87-820 

Starch trace 

The  ashes  of  the  plant  contain — 

(1)  J.  W.  Jones.    (2)  A.  S.  Jones. 

Silica 15-59  14-50 

Lime 11-60  14-25 

Magnesia 7-75  6-50 

Potassa 7-30  8-40 

Soda 2-50  2-75 

Chloride  of  potassium..  1-75  1-80 

Alumina  and  ox.  1 

manganese        / 4-50  3-20 

Carbonic   acid 19-75  18-00 

Sulphuric  acid 12-30  13-90 

Phosphoric  acid 14-80  15-00 

Ammonia 2-00  1-50 

No.  1  was  a  light  tobacco,  used  for  smoking, 
and  No.  2  was  grown  on  limed  land.  Barral, 
(CompLes  Rendus,  xxi.  1374),  who  examined  a 
dozen  different  kinds  of  tobacco,  states  : — 

That  the  quantity  of  ashes  in  all  species 
averages,  in  round  numbers,  7  pr.  ct.  for  the 
roots,  10  for  the  stems,  22  for  the  branches, 
23  for  the  leaves,  and  only  4  for  the  seeds. 

That  the  composition  of  the  ashes  varies  with 
the  nature  of  the  soil  upon  which  the  tobacco 
grew.  The  root  contains  about  eight  times  as 
much  silica  as  all  the  other  parts  of  the  plant, 
and  the  proportion  is  greater  in  the  branches 
than  in  the  leaves.  The  upper  parts  of  the 
plant  contain  more  lime  than  the  root,  and  the 
proportion  of  potassa  decreases  from  the  stem 
upwards. 

That  tobacco  is  richer  in  nitrogen  than  any 
other  plant,  the  quantity  varying,  however,  in 
different  varieties.  It  ranges  from  5  to  6  pr. 
ct.  in  the  leaves,  and  the  branches  contain  only 
1  to  1-5  pr.  ct.  less.     In  the  seeds  there  is  about 


6  pr.  ct.  of  nitrogen,  and  10  pr.  ct.  of  a  color- 
less fat  oil. 

According  to  Goupil,  tobacco  also  contains 
citric  acid,  and  Barral  has  also  announced  the 
presence  of  nicotic  acid. 

Zeise,  who  examined  the  products  of  the  dry 
distillation  of  tobacco,  finds  them  constituted 
of  peculiar  empyreumatic  oil,  butyric,  carbonic, 
and  acetic  (?)  acids,  ammonia,  paraffin,  resin, 
water,  carbonic  oxide,  and  carburetted  hydro- 
gen. Melseus  (Ann.  de  Chim.  et  de  1'hys.  ix.) 
also  found  nicotin. 

Oil  of  Tobacco.  Light  brown,  very  poisonous, 
of  an  acrid  taste,  and  of  the  odor  of  much-used 
tobacco  pipes.  When  dehydrated  over  chloride 
of  calcium  and  rectified,  it  boils  at  284°,  but 
its  boiling  point  gradually  reaches  572°,  the 
color  during  the  interval  becoming  yellow, 
green,  and  ultimately  brown,  the  original  odor 
being  lost  during  the  reaction. 

Nicotic  Acid.  C6H03-f-  HO,  (Barral).  Crys- 
talizes  in  micaceous  scales,  soluble  in  water, 
forming  an  insoluble  salt  of  lead,  and  crystal- 
lizable  compounds  with  ammonia,  nicotin,  and 
potassa. 

Nicotianin.  The  essence  or  ordorant  princi- 
ple contains  nitrogen,  according  to  Barral.  It 
is  a  fatty  substance,  obtained  by  distilling  the 
leaves  with  water.  According  to  Landerer,  it 
does  not  exist  in  the  fresh  leaves,  but  is  gene- 
rated during  their  desiccation.  It  is  volatile, 
soluble  in  alcohol  and  ether,  but  insoluble  in 
water.  By  distillation  with  potassa,  it  yields, 
(Barral), — 

Nicotin.  Formula  CI0H7N,  (Melsens  and 
Schloesiny) ;  C10H8N,  (Ortigosa);  C20H14N2, 
(Barral).  A  colorless,  oily  liquid,  existing  in 
tobacco,  and  readily  extracted  by  Schloesing's 
process,  (Comptes  Rendus,  1846).  It  is  a  highly 
poisonous,  powerful  base,  very  soluble  in  ether, 
alcohol,  and  oils,  decomposable  by  exposure 
to  air  and  by  the  action  of  chlorine,  iodine, 
and  nitric  acid.  Spec.  grav.  1-048.  Boils  and 
decomposes  at  585°,  but  distils,  unaltered,  at  a 
lower  temperature.  It  is  miscible  with  water, 
but  separates  on  the  addition  of  caustic  potassa . 
The  salts  of  nicotin  are  very  soluble  in  water 
and  alcohol,  and  difficultly  crystallizable. 

According  to  Schloesing,  (Chem.  Gaz.  v.  43), 
the  content  of  nicotin  in  the  different  tobaccos 
is  as  follows  : — 

Lot 7-96 — per  cent,  of  the 

Lot  et  Garonne 7-34      dried  tobacco. 

Nord 6-58 

He  et  Vilaine 6-29 

PasdeCalais 4-94 

Alsatia 3-21 

Virginia C-87 

Kentucky 6-09 

Maryland 2-29 

Havanna,  less  than 2-00 

It  will  be  seen  from  this  table  that  those  to- 
baccos which  contain  the  most  nicotin  are  also 
the  best  suited  for  the  manufacture  of  snuff. 

The  above  method  of  determining  the  amount 
of  nicotin  applied  to  snuff  indicated  as  a  mean 
2-04  nicotin  pr.  ct.  of  the  dried  powder  ;  whence 
it  is  concluded  that  about  two-thirds  of  the 
nicotin  contained  in  the  mixed  leaves  destined 
for  the  manufacture  of  snuff  is  destroyed  by 
the  fermentation.  The  ammonia  exists  in  the 
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snuff  in  tlic  state  of  a  salt;  the  nicotin,  partly 
in  a  free  state,  and  parti;  as  a  neutral  Bait,  or 
altogether  in  the  state  of  a  Bubsalt.  It  is  to 
two  salts  that  snuff  owes  its  property  of 
exciting  the  mucous  membrane  of  the  nose. 

The  similarity  in  composition,  and  many  re- 
actions between  nicotin  and  anilin,  induced 
-l  the  query  whether  the  former 
might  Dot  be  formed  by  the  oxidation  of  the 
latter;  but  Barral  has  shown  from  the  deter- 
mination of  the  specific  gravity  of  these  vapors, 
(Chem.  Gaz.  v.  445),  each  calculated  according 
to  C]0H7N,  that  of  nicotin  extends  to  2  vols.,  and 
that  of  anilin  to  4  vols.  ;  hence,  as  the  formula 
must  be  doubled,  all  analogies  disappear. 

In  the  action  of  nicotin  upon  protochloride 
of  platinum  two  new  compounds  are  formed  :  1. 
An  orange-colored  salt,  Pt+  01,  CI0H7N,  2  KC1 ; 
2.  A  red'  salt,  Pt  -f  01,  G,0H7N,  KC1,  (Raeuzky). 
Nicotin  gives,  by  digestion  and  distillation  with 
potassa,  an  agreeably  smelling,  oily  fluid,  which 
forms  with  bichloride  of  platinum  a  very  solu- 
ble salt  in  yellow  scales. 

TOLEN.     See  Tolu  Balsam. 
TOLU  BALSAM.      The  balsamic,   concrete 
exudation  of  the  Mijrospermum  toluiferum.     It 
consists,  according  to  Kopp,  of  free  cinnamie 
acid,  018H304,  tolen,  and  two  resins. 

Tolen.  C10H8.  A  pungent,  colorless  fluid,  of 
spec.  grav.  U-858  at  50°,  and  boiling  at  309— 
320°. 

Alpha  Resin.  C36H1908.  Brown,  translucid, 
brittle,  and  shining  when  cold.  Fuses  at  140°, 
and  by  dry  distillation  yields  benzoen  and  ben- 
zoic acid.  Dissolves  readily  in  alcohol  and 
ether.  Its  solution  in  caustic  potassa  decreases 
on  exposure. 

Beta  Resin.  C36II20O10.  Dull  yellowish  brown, 
tasteless,  and  inodorous,  slightly  soluble  in  al- 
cohol and  ether.  Sulphuric  acid  colors  it  vio- 
let red.  and  the  alpha  resin  purple. 

dole.  Syn.  Benzoen.  C14H8.  A  product 
of  the  destructive  distillation  of  the  balsam. 
With  nitric  acid  it  forms  nitrotoluide,  (proto-ni- 
trobenzoen),  CI4NII704,  a  liquid,  analogous  to 
nitrobenzide,  which,  when  placed  in  vapor  over 
red  hot  lime,  is  converted  into  anilin,  C,2NH7, 
and  carbonic  acid.  By  the  successive  action 
of  alcoholic  ammonia  and  sulphuretted  hydro- 
gen it  is  converted  into  sulphur  and  a  new  arti- 
ficial base. 

Totuidin.  C14H9N,  (Muspratt  and  Hoffman). 
A  transparent,  colorless,  crystalline  mass,  of 
the  exact  taste  and  smell  of  anilin,  soluble  in 
alcohol,  ether,  pyroxylic  spirit,  acetone,  sul- 
phuret  of  carbon,  the  fixed  and  essential  oils, 
and  slightly  in  water.  Fuses  at  104°  and  boils 
at  388°.  Belongs  to  the  same  class  of  bodies 
as  anilin,  and  like  it  forms  with  most  acids 
readily  crystallizable  compounds.  Its  acid  solu- 
tion imparts  an  intense  yellow  color  to  fir-wood 
and  elder  pith,  but  it  does  not,  like  anilin,  give 
a  deep,  beautiful  blue  with  chloride  of  lime. 
TOLUIDIN.  See  Tolu  Balsam. 
TOMBAC.  See  Alloy. 
TOMBACITE.  Mm.  An  arsenical  nickel; 
described  by  Breithaupt,  but  not  minutely  ex- 
amined. 

TONKA   BEAN.     The    pod    containing   the 
seed  of  the  Dipterix  odorata  of  Willd.  and  the  Cou- 
marouna  odorata  of  Aublet,  a  large  tree  grow- 
ing in  Guiana.     It  contains  a  colorless  fat  oil, 
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soluble  in  ether,  but    insoluble  in  water  and  in 

'  has  an  agreeable  aromatic  odor, 

which  is  due  to  its  active  constituent. 

Citumnrin  exists  also  in  other  plan!-,,  anion./ 
which  are  the  Melilottts  officinalis  and  Antkox- 
aiithinn  odoratitm.  To  extract  it.  the  sliced 
beans  are  macerated  in  cold  alcohol  of  IIS  1 K . 
and  the  liquor  distilled.  The  syrupy  residue, 
on  cooling,  drops  small  yellow  prisms  <  f  OOU- 
marin,  which  may  be  purified  by  re.  i 
lization. 

Prop.  Composition,  C,0H30a  {limn 
11,0.,  (JDelalande);  C18H60<  (Bleibtreu).  '  A  con- 
crete volatile  oil,  or  stearopten,  Forming  white 
crystals  of  greater  spec.  grav.  than  water, 
fusing  at  122°,  and  boiling  at  518°,  apparently 
unaltered.  Hot  water  dissolves  ii  more  readily 
than  cold,  and  drops  it  in  needles  on  cooling. 
In  ether  and  alcohol  it  is  very  soluble.  Dis- 
solves also  in  warm  potassa  solution,  but  is 
reprecipitated  unaltered  by  acid-. 

Coumaric  acid.  C18H705,  HO,  (I)clalande). 
Obtained  by  boiling  coumarin  in  very  strong 
potassa  solution,  and  precipitating  the  liquor 
with  IIC1  acid.  The  coumaric  acid  falls  in 
bright  lamellae.  During  the  reaction  of  the 
potassa,  salicylic  acid  is  also  a  product,  but 
Bleibtreu  did  not  observe  any  evolution  of  hy- 
drogen, as  Delalande  had  noted.  To  free  the 
crystals  of  salicylic  acid,  they  must  be  washed  ; 
and  to  separate  traces  of  undecomposed  cou- 
marin, dissolved  in  aqua  ammoniac,  and  boiled 
until  the  complete  expulsion  of  the  volatile 
alkali.  The  acid  is  then  precipitated  with 
nitrate  of  silver,  and  the  salt  washed  succes- 
sively with  water,  alcohol  and  ether.  The  de- 
composition of  the  salt  by  HC1  acid  yields  the 
acid  which  may  be  taken  up  by  ether.  The 
ethereal  solution  being  evaporated  and  then 
treated  with  water,  drops  the  coumaric  acid  in 
crystals. 

It  dissolves  readily  in  alcohol,  ether,  and 
water,  and  does  not  produce  the  least  colora- 
tion with  the  persalts  of  iron  (Bleibtreu).  At 
374°  it  fuses,  and  above  that  temperature  de- 
composes in  part  into  a  brown  resin  and  oil, 
and  sublimes  in  brilliant  white  crystals. 

Nitrocoumarin.  C18H5N04,  04.  (Bleibtreu). 
Formed  by  dissolving  coumarin  in  cold  fuming 
nitric  acid,  and  treating  the  solution  with  ex- 
cess of  water.  If  the  mixture  be  heated,  picric 
acid  is  formed.  It  crystallizes  in  silky,  white 
needles,  which  are  soluble  in  boiling  water, 
alcohol,  and  ether.  At  338°  it  sublimes  unal- 
tered into  pearly  white  crystals. 

The  transformation  of  coumarin  into  salicylic 
and  carbazotic  acids  establishes  its  relation  to 
salicyl. 

TOPAZ.  Min.  Pycnite,  Schorlite,  Physa- 
lite,  Pyrophysalite.  Cryst.  Right  rhombic ; 
vertical  prisms  often  striated,  and  terminated 
by  8-hedral  planes  and  an  end-plane;  also 
granular.  H.=  8.  G.  =  3-4— 3-u5.  Yellow, 
white,  green,  blue,  red  ;  vitreous  ;  transparent, 
subtranslucent ;  fracture  subconchoidal,  un- 
even. Infusible;  difficultly  soluble  in  fluxes, 
leaving  silica  in  mic.  salt,  and  opalizing;  with 
a  little  soda,  half  fusible,  with  more,  infusible; 
fused  with  soda  and  roasted  in  an  open  tube, 
it  shows  traces  of  fluoric  acid.  Decomposed  by 
ignition  with  alkali,  and  partially  by  heating 
with  sulphuric  acid.     Formula  for  topaz  pro- 
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posed  by  Rammelsberg  from  Forchhammer's 
late  analyses  (A12F3  +  SiF3)-f2  (A1203,  Si03+ 
2  A1203,  Si03),  and  of  Pycnite  (A12F3  +  SiF3) 
+  3  (AJgOg,  Si03)  -f  2  Al2()3,  Si03.  The  first 
member  may  be  viewed  as  A1203  -4-  Si03,  in 
which  oxygen  is  replaced  by  fluorine.  It  occurs 
in  primary  rocks  in  many  localities  in  F]urope, 
but  in  the  United  States,  only  at  Trumbull  and 
Middletown,  Connecticut. 

Topaz.     See  Quartz.     Oriental  Topaz. 
See  CORUNDUM. 

TOPAZOLITE.     See  Garnet. 
TOURMALIN.     Min.  Turmalin,  Schorl,  Ru- 
bellite,  Indicolite,  Aphrizite.  Cryst.  Hexagonal, 
usually  prismatic  (sometimes  rounded  by  the 
number   of   planes)   and  terminated    by  a  flat 
rhomb.    II.  =  7—8.    G.  =  3-02— 3-08.  Color, 
black,  brown,  blue,  green,  red,  rarely  white  ; 
sometimes  red  internally  and  green  externally; 
sometimes   many  colors    in  the  same  crystal ; 
also    dichroic ;    lustre  vitreous ;    transparent, 
opake ;     brittle,    with    subconchoidal,    uneven 
fracture,    and  white   streak.      Their    behavior 
varies;  some  fuse  to  a  slag,  others  only  swell 
up  ;  the  black  sometimes  burns  white,  at  others 
it  does  not ;  some  give  the  reactions  of  iron  and 
manganese ;   all  show  boracic  acid,  with  fluor 
spar  and  bi-sulphate  of  potassa.     It  is  impos- 
sible to  give  a  correct  formula  at  present  for 
tourmalin,    which    consists    of   silica,    boracic 
(carbonic)   acid,   alumina,   oxides  of  iron  and 
manganese,  magnesia,  lime,  lithia,  soda,  po- 
Tourmalin  has  been  divided  into  four 
groups,  according  as  the  alkalies  and  magnesia 
predominate.     Hermann  divides  them  from  his 
late  examination    into   Schorl    (black,   brown, 
green),     Achroite     (colorless),    and     Rubellite 
(red),    and    including    carbonic    acid    in    his 
formula,  and  writing  both  boracic  and  silicic, 
B02,  SiOa.      The  localities  of  tourmalin    are 
numerous. 

TRACHYTE.  Geol.  A  gray  feldspathic  rock, 
of  little  lustre.  When  studded  with  crystals 
of  feldspar,  it  is  a  trachytic  porphyry.  Ber- 
thier's  analysis  of  one  from  Dept.  Puy  de  Dome 
makes  it  a  feldspar ;  Abich's,  of  one  from  Tran- 
sylvania, gives  12£  pr.  ct.  of  matter  decom- 
posable by  acid,  consisting  of  magnetic  iron  and 
glassy  feldspar,  and  the  rest  of  albite,  contain- 
ing soda,  potassa,  and  lime. 

TRAGACANTH.  The  gummy  exudation  of 
the  Astragalus  tragacantha  of  Crete.  Spec, 
grav.  1  -384.  Swells  in  water,  and  forms  an 
adhesive  paste  without  dissolving.  Is  entirely 
insoluble  in  alcohol.  It  consists  of  several 
components. 

1.  Traganthin.  Adraganthin,  (53  pr.  ct.) 
This  is  the  arabin  portion  soluble  in  water,  but 
giving  no  precipitate  with  silicate  of  potassa 
or  sesqui  chloride  of  iron. 

2.  Baseofin,  (33  pr.  ct.).  (See  Gums)  ; 
3.  Insoluble  starch;  4.  Water.  The  ashes  amount 
to  2-5  pr.  ct.  .  - ' 

TRAIN  OIL.  The  train  oil  of  the  beaked 
whale  (Balazna  rostrata)  is  far  better  suited 
for  purposes  of  illumination  than  the  ordinary 
brain  oil.  It  burns  with  a  flame  of  intense 
brilliancy,  becomes  turbid  at  46°,  and  forms 
a  crystalline  paste  a  few  degrees  above  32°. 
According  to  Scharling,  (Joum.far  Pralcl.  Chem. 
xliii  p  "">7)>  lt  consists  principally  of  a  very 
liquid  fat,  containing  no  glycerin,  with  traces 


of  spermaceti  and  other  fats:  and  appears  to 
be  a  compound  of  an  acid  with  a  base.  Thus 
admitting  the  composition  of  the  oil  as  required 
by  analysis  to  be  C62H60O4,  we  have 

New  acid =  C38H3503 

New  base =  C24H250. 

TRAP.  Geol.  A  name  given  to  a  class  of 
intrusive  rocks,  which  are  sometimes  very  hard, 
tough  and  crystalline,  at  others  soft  and  earthy. 
The  crystalline  usually  consists  of  a  feldspar 
and  hornblende,  the  latter  rendering  it  darker 
in  proportion  to  its  quantity.  Trap  embraces 
Diorite,  Greenstone,  and  Hypersthene  rocks. 

TRASS.      Geol.     A  natural  cement,  or  vol- 
canic ash.     Illgner's   analysis  of   one  variety 
gives  49  pr.  ct.  decomposed  by  muriatic  acid, 
43   undecomposed  and  7$  pr.  ct.   ammoniacal 
water.     The  undecomposed  contains  87  pr.  ct. 
silica ;  the  decomposed  23  silica,  36  alumina, 
24  oxide  of  iron,  11   lime  and  magnesia,  and 
52-  soda  and  potassa. 
"TRAVERTINE.     See  Calcareous  Spar. 
TREACLE.     See  Sugar. 
TREMOLITE.     See  Hornblende. 
TRIGENIC  ACID.      Chem.    Formed  by   the 
action  of  cyanic  acid  upon   aldehyde.      (Liebig 
and  Wohler).    Crystallizes  in  radiately-grouped 
prisms,  difficultly   soluble   in   water  and  inso- 
luble in  alcohol.     The  silver    salt  is   a  white 
powder,  (soluble  in  hot  water),  which  by  expo- 
sure to  light  becomes  violet.     By  heat  it  yields 
quinolin.      (Liebig' s  Annalen,  lix.  p.  291.) 
TRICLASITE.     See  Fahlunite. 
TRIPHAN.     See  Spodumen. 
TRIPHYLIN.     Min.    Triplite,  Pitchy   Iron- 
ore,    Tetraphylin,    Perovskin.      Cryst.      Right 
rhombic,    with  one  perfect  cleavage,  and  two 
others  imperfect ;  usually  massive.     H.  =  5 — 
5-5.     G.  =  3-44—3-77.      Greenish  gray,  yel- 
lowish, bluish,  brown,  subject  to  tarnish ;  re- 
sinous ;  translucent,  opake  ;  streak  gray,  yel- 
lowish gray. 

Behavior.  Triphylin  yields  water  ;  fuses 
readily  to  a  steel-gray,  magnetic  globule, 
coloring  the  flame  bluish  green,  especially  after 
moistening  with  oil  of  vitriol;  shows  with  the 
fluxes,  iron  and  manganese.  Tetraphylin  be- 
haves similarly,  but  gives  a  strong  manganese 
reaction ;  with  boracic  acid  and  iron  it  shows 
phosphoric  acid.  Triplite  gives  traces  of  fluo- 
ric acid  in  an  open  tube  and  shows  manganese 
in  borax.  They  dissolve  readily  in  acids,  and 
are  mostly  decomposed  by  potassa-lye.  Form, 
of  triphylin,  3  RO,  P05,  in  which  RO  =  FeO, 
MnO,  LiO,  (Triplite  =  4  RO,  P05).  But  Fuchs 
observed  that  triplite  is  only  disintegrated  tri- 
phylin, containing  peroxide  of  iron  and  manga- 
nese, no  lithia,  and  5  pr.  ct.  water.  Triphylin 
is  from  Bodenmais  ;  tetraphylin  from  Finn- 
land  ;  triplite  from  Bodenmais,  Limoges,  and 
from  Washington,  Connecticut.  See  Hetero- 
zite,  Huraulite. 

TRIPOLI.  Geol.  A  deposit  almost  wholly 
consisting  of  siliceous  shells  of  animalculse,  the 
silica  amounting  to  80  pr.  ct.  It  is  used  for 
polishing. 

TRONA.  Min.  Urao.  Cryst.  Oblique  rhom- 
bic;  also  fibrous.  H.  =  2-5— 3.  G.=  2-11. 
Grayish  or  yellowish  white  ;  vitreous,  glisten- 
ing ;  translucent ;  taste  alkaline ;  does  not 
effloresce  in  dry  air.  Fuses  in  its  crystal- 
water  ;  gives  a  yellow  soda-flame ;  dissolves  in 
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water,  and  has  alkaline  reaction.  Form.  2  NaO, 

3  C02  -f-    4  HO  =   sesquicarbonate  of 
From  Maracaibo,  S.  A. 

TROOSTITE.  Min.  Tcphroite.  Cryst.  Hexa- 
gonal, the  prism  terminated  by  rhombfl]  per- 
fect hexagonal  cleavage;  also  massive  and 
granular.  II.  =-  5-5.  G.  =  301—  303.  Dull 
asparagus-green,  yellow,  gray,  reddish  brown; 
vitreous  ;  transparent,  translucent  ;  brittle, 
with  couchoidal  fracture  and  white  streak. 
Imperfectly  fusible ;  shows  manganese  with 
borax ;  effervesces  with  muriatic  acid  and 
evolves  some  chlorine.  Form.  3  FeO,  2  Si03+ 
3  (3  MnO,  SiOs)  {•>.)  with  7  pr.  ct.  carbonate  of 
manganese.  With  Franklinite  at  Sterling,  N. 
Jersey. 

TRUFFLES.     {Tuber  cibarium.)     See  Fungi. 

TSANTJAN.  Syn.  Kanten.  A  preparation 
of  the  Fucus  car/iii/f/inoMis,  {Siebold),  used  in 
Japan  as  a  substitute  for  the  edible  birds' 
nests,  and  exported  to  China  as  an  article  of 
commerce.  It  has  the  form  of  twisted  isinglass, 
of  a  yellowish  white  color,  and  is  used  in  the 
form  of  jelly.  It  probably  contains  pectin  and 
pectates.     Jl/n/. 

TSCBEWKINITE.  Mm.  Massive.  H.  =  4 
—4-o.  G.  =  4-508— 4-549.  Velvet-black  ;  sub- 
translucent,  opake,  edges  brown  by  trans- 
mitted light;  fracture  flat  conchoidal.  It  ex- 
hibits phosphorescence  by  heat,  swells,  becomes 
brown,  and  fuses  to  a  black  bead ;  yields  water 
in  a  tube  ;  shows  iron  and  silica  with  the  fluxes, 
and  manganese  with  soda.  The  difficulties  of 
analysis  prevent  the  establishment  of  a  for- 
mula; it  contains  silica,  titanic  acid,  oxides 
of  cerium,  lanthanum,  didymium,  iron  and 
manganese,  &C.      From  the  llmengebirg. 

TUESITE.     Mm.     See  Haloylite. 

TUFA.  Geol.  A  volcanic,  earthy  rock.  See 
Tkass. 

TUGGHADA.  Syn.  Chew  resin.  A  new 
resin  found  in  the  cavities  of  Pinus  abies,  in 
Noorland,  and  so  called  because  the  country 
people  chew  it.  It  is  brittle,  but  softens  between 
the  teeth  and  developes  a  balsamic  odor  and 
acid  taste,  and  ultimately  becomes  pink. 

By  distillation,  it  yields  a  dark  yellow  es- 
sence, entirely  different  from  the  oil  of  terpen- 
tine. By  boiling  with  water,  an  acid  is  taken 
up,  and,  on  cooling,  crystallizes  out  in  red 
granules.  The  earthy  and  alkaline  salts  of 
this  acid  are  yellow,  soluble  in  water  and  in 
alcohol  but  insoluble  in  ether  and  not  crystal- 
lizable.  {Berlin,  Annuaire  de  Chimie,  1845, 
p.  371.) 

TUNGSTATE  OF  LEAD.  Mm.  Cryst. 
Quadratic.  II.  =  2-75— 3-0.  G.  ==  7-904— 
8-088.  Green,  gray,  brown,  red;  streak  white  ; 
subtranslucent.  It  fuses,  giving  off  vapors  of 
lead  which  coat  the  coal,  and  leaving  a  dark, 
submetallic,  crystalline  globule,  gives  with  mic. 
salt  a  colorless  glass  in  the  outer,  a  blue  in  the 
inner  flame,  soluble  in  nitric  acid,  leaving  yel- 
low tungstic  acid.  Form.  PbO,  W03.  From 
Zinnwald,  Bohemia. 

TUNGSTEN.     See  Scheelite. 

TUNGSTEN.  Chem.  Wolframium,  Schee- 
lium.  Tungstic  acid  was  discovered  by  Scheele 
in  1781,  de  Luyart  obtained  the  metal,  and 
Berzelius  chiefly  investigated  its  properties.  It 
is  a  rare  metal,  and  occurs  in  few  minerals,  as 
in  Tungsten,  Wolfram,  Tungstate  of  lead,  &c. 
928 


1.  Tungsten.  Obtained  by  feduoing tungstic 
acid  by  the  most  powerful  ignition  with  char- 
coal :  or  by  hydrogen  at  a  high  heal  ;  or  bj 
hydrogen  at  a  lower  heat,  when  the  acid  con- 
tains a  little  potaesa.    It  is  between  Bte< 

and  silver-white,  very   hard   and   brittle, 
gray.    17-">:    burns   to  tungstic  acid    by  ignition 
in  the  air,  and  forms  the  same  by  nitromuriatio 
acid.      Sym.    W.   (Wolframium).     Eq.  =  95. 
(1188-30.     0=  100.      / 

2.  Oxygen,     a.    Binozide  of    Tu.     W< ' 
tained   by   evaporating   tungstate   of  p 

with  excess  of  salamnioniac  to  dryness,  igniting 
in  a  crucible,  extracting  chloride  of  potassium 
by  water,  and  unaltered  tungstate  of  pol 
by  boiling  with  dilute  potassa  ;  a  black  powder. 
It  is  also  obtained  by  acting  on  tungstic  acid 
by  zinc  and  dilute  muriatic  acid,  which  are 
renewed  until  the  whole  is  changed  into  cop- 
per-red laminae,  wrashing  with  water  apart 
from  the  air,  and  keeping  under  water.  By 
ignition  with  carbonate  of  soda  it  is  converted 
into  tungstate  of  soda  and  metallic  tungsten. 

b.  Blue  oxide.  W205  =  W02,  WOg,  is  obtained 
by  heating  tungstate  of  ammonia  in  a  tube 
until  it  assumes  a  dark  blue  color,  or  by  pass- 
ing hydrogen  or  carbonic  oxide  over  the  heated 
acid. 

c.  Tungsdc  acid.  W03.  Obtained  from  the 
mineral  Wolfram  (Tungstic  iron),  by  digesting 
the  fine  powder  repeatedly  with  muriatic  acid, 
to  which  a  little  nitric  is  added  towards  the 
last  to  peroxidize  iron,  until  the  brown  powder 
has  passed  into  yellow,  washing  well  with 
water,  then  treating  the  residue  with  ammonia, 
which  dissolves  out  tungstic  acid,  evaporating 
the  filtered  solution  to  dryness,  or  to  crystalli- 
zation, and  ignition  in  the  air,  by  which  tung- 
stic acid  remains.  Wolfram  may  also  be  fused 
with  2  pts.  carbonate  of  soda  or  potassa,  boiled 
with  water,  the  hot  liquid  treated  with  salam- 
moniac,  evaporated  to  drjmess,  and  ignited,  as 
in  preparing  binoxide,  above  given.  By  fusion 
of  Wolfram  with  2  pts.  chloride  of  calcium,  and 
extraction  of  the  powdered  mass  with  boiling 
water,  tungstate  of  lime  remains,  which,  as  well 
as  the  mineral  tungstate  of  lime  is  treated  with 
nitric  or  muriatic  acid  to  separate  tungstic 
acid.  The  dry  acid  is  a  yellow  powder,  scarcely 
soluble  in  muriatic  and  in  fluoric  acid,  reduced 
by  heat  with  carbon,  or  hydrogen,  or  by  many 
organic  bodies  to  a  lower  oxide  or  to  metal.  A 
hydrate  is  obtained  by  supersaturating  a  hot 
very  dilute  solution  of  tungstate  of  potas  a  bj 
warm  nitric  acid,  when  the  gelatinous  hydrate 
separates  after  some  time.  When  tungstic  acid 
is  precipitated  by  an  acid,  it  retains  a  portion 
of  the  precipitant. 

Tungstates.  The  tungstates  of  alkali  and 
magnesia  are  soluble  in  water,  all  are  insoluble 
in  alcohol ;  muriatic,  sulphuric,  and  nitric  acids 
decompose  the  tungstates,  separating  part  as 
tungstic  acid  and  part  as  a  compound  with  the 
decomposing  acid.  Solutions  of  the  alkaline 
tungstates  give  a  white  precipitate  with  sul- 
phuric, muriatic,  nitric,  phosphoric  and  acetic 
acids,  insoluble  in  their  excess,  except  in  the 
phosphoric;  oxalic,  tartaric  and  citric  give  no 
precipitate;  the  addition  of  bi-sulphuret  of 
ammonium  and  then  of  muriatic  acid  gives  a 
precipitate  of  tersulphuret  of  tungsten  ;  salts 
of  the  alkaline  earths  and  metals  throw  down 
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tungstatcs  of  these  bodies  from  the   alkaline 
tungstates. 

2.  Tungstate  of  potassa.  a.  The  neutral  salt 
is  obtained  by  digesting  tungstic  acid  with  a 
due  proportion  of  potassa,  and  evaporating. 
The  crystals  are  soluble  in  1  pt.  cold,  J  pt.  hot 
water,  with  the  form.  KO,  W03  -f  5  HO. 
6.  Bitungstate.  Dissolve  tungstic  acid  to  satu- 
ration in  a  boiling  solution  of  caustic,  carbo- 
nated or  tungstic  potassa,  and  filter  hot.  The 
crystalline  powder  is  permanent  in  air,  fusible, 
soluble  in  100  pts.  cold,  8$  pts.  boiling  water, 
and,  like  the  former,  precipitable  by  acids; 
form.  KO,  2  W08+  2  HO.  The  neutral  soda 
salt  has  the  composition  NaO,  W03-f-  2  HO, 
and  the  acid  salt  NaO,  2  W03  4-  4  HO.  The 
neutral  salt  of  ammonia  loses  ammonia  by  eva- 
poration and  the  bi-salt  crystallizes  with  the 
form.  NH,<),  2W03  +  HO.  The  neutral  salt 
of  magnesia  is  soluble,  those  of  baryta,  &c., 
the  earths  and  metals  insoluble.  The  acid 
salts  of  baryta  and  strontia  are  crystallizable. 

of  tungstic  oxide  and  soda,  NaO,  W03 
-f-  WO,.  W03,  obtained  by  passing  dry  hydro- 
gen over  heated  bitungstate  of  soda  as  long  as 
water  forms,  and  extracting  neutral  tungstate  of 
soda  by  water,  forms  golden  yellow,  metallic, 
cubes  and  powder ;  decomposable  by  heat  in 
the  air  into  tungstate  of  soda  (and  tungstic 
acid?).  The  potassa  salt  yields  copper-red 
needles,  resembling  sublimed  indigo. 

3.  Sulphur,  a.  Bisulphuret,  WS2,  obtained 
by  powerfully  igniting  1  pt.  tungstic  acid  with 
6  pts.  vermillion,  is  a  grayish  black  powder, 
lustrous  by  friction,  b.  Tersulphuret,  WS3,  ob- 
tained by  dissolving  tungstic  acid  in  bisulphu- 
ret of  potassium,  or  saturating  tungstate  of 
ammonia  by  sulpholrydrogen,  precipitating  by 
an  acid,  and  washing,  is  a  black  or  brown 
powder,  slightly  soluble  in  water,  (reprecipi- 
table  by  acids  or  salammoniac),  soluble  in  caus- 
tic alkali,  with  formation  of  alkaline  tungstate, 
and  sulphotungstate,  soluble  in  alkaline  sul- 
phides. Sulphotungstates,  in  which  the  tcrsul- 
phuret  is  the  acid,  and  another  sulphide  the 
base,  have  the  form.  MS,  WS3  ;  the  alkaline  are 
red,  crystallizable,  soluble;  the  others  obtained 
by  double  decomposition  with  the  alkaline. 

4.  Bichloride  of  tungsten.  WC12,  metallic 
tungsten,  heated  in  chlorine,  forms  bichloride, 
partly  in  fine  needles,  and  partly  fused,  sub- 
limes in  red  vapor  ;  decomposed  by  water, 
forming  binoxide  and  muriatic  acid;  by  alkali, 
forming  tungstate  and  muriate  of  ammonia, 
and  evolving  hydrogen.  Terchloride,  WC13, 
made  by  passing  chlorine  over  bisulphuret,  and 
subliming  from  one  bulb  to  another  through  a 
series  of  5  bulbs,  forms  transparent  red 
needles,  decomposable  by  water  and  in  the  air 
into  tungstic  and  muriatic  acids.  When  oxide 
of  tungsten  is  heated  in  a  stream  of  chlorine, 
tungstic  acid  remains,  and  an  oxychloride  sub- 
limes in  yellowish  white  scales,  sublimablc 
without  fusion,  decomposable  by  water  into 
tungstic  and  muriatic  acids.  Its  formula  is 
■\VC1  -\-  2  W03,  and  Berzelius  terms  it  Biaci- 
ehloride  <>('  Tungsten.  A  similar  biaci-bromido 
of  tungsten  is  obtained  by  heating  the  oxide 
Strongly  in  bromine;   WBr3  -f-  2  W03. 

6.    Fluoride  of  tungsten  is  obtained  by  dissolv- 
ing tungstic   acid  in  fluohydric  acid,  and  may 
be  evaporated  to  dryness.    It  decomposes  with 
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water,  leaving  a  basic  fluoride,  while  the 
tion  contains  tungsto-fluohydric  acid.  The 
potassa  salt  of  this  acid,  obtained  by  adding 
potassa  to  it,  until  a  permanent  precipitate 
appears,  forms  large  crystals,  permanent  in 
air,  soluble  in  hot  water.  Form.  KF,  WF3-)- 
KO,  W03.  The  similar  soda  salt  is  more  soluble 
in  water. 

TUNGSTIC  ACID.  Min.  Bright  yellow, 
earthy  tungstic  acid,  W03,  at  Lane's  mine, 
Monroe,  Connecticut. 

TURF.  Geol.  The  semifossilized  remains 
of  plants,  often  used  as  fuel,  and  in  one  part 
of  Denmark  so  rich  in  resin  as  to  be  used  for 
light.  Forchhammer's  examination  of  a  resin 
found  near  Holtegaard,  in  Denmark,  gives  Te- 
koretin,  almost  insoluble  in  alcohol,  fusing  at 
113°,  boiling  at  689°;  soluble  in  ether.  Form. 
C20II1S.  Phylloretin,  crystallizing  from  its  alco- 
holic solution,  fusible  at  188°,  boiling  at  089°. 
Form.  C  ,0H2-.  When  turf-wood  is  extracted  by 
alcohol,  evaporated  to  an  extract,  and  treated 
with  ether,  the  solution  deposits  Xytoretin, 
which  when  crystallized  is  composed  of  C40H34 
04,  combines  with  bases,  fuses  at  329°.  The 
portion  insoluble  in  ether  contains  Boloretin, 
composed  of  C40H33O3,  difficultly  soluble  in  alco- 
hol, readily  in  ether,  apparently  an  indifferent 
body.  Forchhammer  found  the  last  also  in  the 
fresh  leaves  and  twigs  of  fir-trees,  in  retinas- 
phalt,  and  in  amber. 

TURMALIN.     See  Tourmalin. 

TURMERIC.  Chem.  Tech.  The  root  of  the 
Curcuma  longa  and  rotunda,  much  used  as  a  dye- 
stuff.  It  contains  lignin,  starch,  gum,  an  odo- 
rant,  acrid,  volatile  oil,  a  brown  coloring  mat- 
ter, and — 

Curcumin.  The  yellow  coloring  principle, 
extracted  by  alcohol  and  ether.  Is  in  the  form 
of  a  brown,  resinous  mass,  which  gives  an  in- 
odorous, tasteless,  yellow  powder,  soluble  in 
alcohol,  ether,  and  the  oils,  but  nearly  insolu- 
ble in  water.  Fuses  at  104°,  and  bleaches  by 
exposure  to  the  sun.  Alkalies  change  it  to  a 
brown,  and  hence  paper  soaked  in  a  solution 
of  it  is  used  as  a  test  of  alkalinity ;  but  as 
strong  mineral  acids,  many  metallic  salts,  and 
alcoholic  solution  of  boracic  acid  change  it  to 
red,  or  brownish  red,  according  to  Berzelius, 
its  indications  are  not  reliable. 

TURNERITE.  Min.  Pictite.  Cryst.  Oblique 
rhombic.  H.  above  4.  Yellow  or  brown,  ada- 
mantine, transparent,  translucent,  streak  white, 
or  grayish.  According  to  Children,  it  consists 
chiefly  of  alumina,  lime,  and  magnesia,  with 
but  little  iron  and  silica.  From  Mt.  Sorel,  Dau- 
phine. 

TURNSOLE.     See  Litmus. 

TURPENTINE.     See  Terpentine. 

TURPETH  MINERAL.  The  subsulphate  of 
Mercury. 

TURQUOISE.     See  Calaite. 

TUTENAG.  The  Indian  name  for  Zinc; 
sometimes  applied  to  the  alloy  known  as  "  Chi- 
nese copper." 

TWIN  CRYSTALS.     See  Crystallography. 

TYROSIN.  One  of  the  products  of  the  de- 
composition of  casein.  CI6NH90.  (Liebig.)  Crys- 
tallizes in  fine  needles,  sparingly  soluble  in 
cold  water,  and  insoluble  in  alcohol  and  ether. 
It  dissolves  in  alkalies,  but  combines  with 
acids. 
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ULMIC  ACID,  "I     c      %. 
0LMIN.  ,     See  Mould. 

ULTRAMARINE.  Min.  See  Hawse.  Tech. 
A  beautiful,  blue  pigment,  formerly  obtained 
by  grinding  the  lapis  lazuli.     The  mineral  has 

epeatedly  and  carefully  analyzed,  and  as 
its  composition  appeared  to  be  simple,  repeated 
attempts  were  made  to  produce  it  artificially, 
which  have  resulted  in  success.  It  is  prepared 
from  alumina,  sulphuret  of  sodium,  and  coppe- 
ras. For  the  alumina,  the  purest  white  clay  is 
taken,  as  free  from  iron  as  possible,  and  very 
rich  in  alumina.  It  is  washed  over  and  passed 
through  fine  sieves,  the  last  slip  being  allowed 
1  posit,  and  the  deposit  kept  in  a  moist 
state.  The  sulphuret  of  sodium  is  prepared 
by  moistening  the  best  Salt-cake,  (from  the 
manufacture  of  carbonate  of  soda),  heating  it 
in  a  furnace  to  remove  every  trace  of  free  acid, 
mixing  100  pts.  of  this  dry  sulphate  with  33 
jits,  best  charcoal  and  10  pts.  fine  lime,  all  in 
fine  powder,  reducing  the  mixture  in  a  rever- 
beratory,  extracting  the  sulphuret  by  water, 
the  clear  solution  with  powdered  sul- 
phur, to  make  the  pentasulphuret,  (100  pts. 
fused  sulphuret  require  40 — SO  sulphur),  and 
concentrating  it  until  it  is  1-2,  (25°  B.),  when 
it  contains  25  pr.  ct.  dry  sulphuret.  To  make 
the  blue,  100  lb.  of  the  sulphuret  solution, 
(=  10,j  galls.),  are  evaporated  rapidly  to  a 
syrup,  25  lb.  of  the  dry  clay  stirred  in,  (or  so 
much  of  the  moist  as  contains  this  quantity), 
and  during  the  stirring  },  lb.  of  pure  cryst.  cop- 

added,  and  the  whole  intimately  mixed. 
It  is  then  evaporated  to  dryness,  during  con- 
stant stirring,  ami  reduced  rapidly  to  a  fine 
powder.  The  powder  is  heated  in  a  layer  of 
',)  inches  depth  in  a  muffle  to  a  gentle  red  heat, 
and  maintained  at  that  heat  for  J  to  1  hour, 
while  it  is  frequently  stirred.  When  cold,  it  is 
washed  with  water,  until  all  the  saline  matter 
is  extracted,  dried,  powdered,  sifted,  and  again 
heated  in  a  separate  muffle,  (10 — 15  lb.  at  a 
time),  to  a  moderate  red  heat  for  £  to  f  of  an 
hour,  and  when  the  blue  color  begins  to  appear, 
it  is  raked  until  a  fine  deep  is  attained.  It  is 
then  ground  fine,  and  -washed  over  to  obtain 
different  degrees  of  fineness.  (C.  P.  Pru\ 
For  further  details  of  this  interesting  manufac- 
ture, see  Chem.  Gaz.  iii.  238,  and  a  still  more 
detailed  account  in  Joiirn.fiir  Ptdk.  Chem.  Nov. 
1844. 

UMBELLIC  ACID.  Chem.  A  product  of 
the  oxidation  of  the  essence  of  aniseed,  star 
essence  and  fennel,  by  chromic  acid.  Formula 
C16IL03-{- Aq.  (Ilempel.)  Crystallizes  in  color- 
less needles.  Its  silver  salt  is  in  white,  lustrous 
laminae.  According  to  Hempel,  it  is  identical 
with  anisic  and  dragonic  acids. 

UMBER.  An  earthy  body,  containing,  ac- 
cording to  an  analysis  by  Maus, — 

Sesquioxide  of  iron 40-2 

Oxide  of  manganese 9-8 

Silica 33-1 

Water 10-5 

It  is  used  as  a  pigment,  and  as  a  drier  of  paints 
and  varnishes. 

UPAS  POISON.     See  Antiarin. 
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DRALITE.     The  crystalline  form  ii  augite, 

With  the  cleavage  of  hornblende. 

ORAL-ORTHITE.     See  Orthitb. 

QRAMIL.     See  UAc  A.on>. 

CRANIO  OCHRE.     Mm.      \  yellow,  earthy 

coating   on    uranium-ore;    either   hydrated   or 
carbonated  oxide. 

URANITE.  Mm.  Fran-mica.  Uranphyllite, 
Lime-uranite, Chalcolite, Copper-uranite.  Cryst. 
Quadratic,  with  many  8-hedra,  with  a  perfect 
cleavage  parallel  to  the  end-plane.  Lustre  of 
end-plane  pearly,  of  the  rest  adamantine,  I 
parent,  suhtranslucent,  seetile,  lamina,  brittle. 
Form,  of  uranite  3  RO,  PO-  -fr-  2  (8  D  ,<>,,  P()5) 
+  24  HO.  The  110  in  the  first  is  CaO  with 
a  little  BaO,  in  chalcolite  it  is  CuO.  There 
are  two  sub-species,  lime  and  copper-uranites. 

1.  Lime-uranite.  II.  =  2— 2-5.  G.  =  305— 
3-19.  Yellow  and  greenish.  2.  Copper-uranite 
or  chalcolite.  II.  =  2—2-5.  G.  =  3-5— 3<6. 
Emerald  and  other  bright  greens,  with  a.  paler 
streak.  Both  yield  water  in  a  tube,  becoming 
yellow,  fuse  on  coal  with  effervescence  to  a 
black  bead  with  crystalline  surface,  dissolve  in 
the  fluxes  with  a  yellow  color  in  the  outer  and 
a  green  in  the  inner  flame  :  but  chalcolite  gives 
the  reaction  of  copper  by  adding  tin  to  tli 
ofmic.  salt;  both  form  a  yellow,  infusible  slag 
with  soda,  the  chalcolite  giving  reduced  copper. 
Local.  Autun,  Limoges,  Cornwall,  &o.  In  the 
U.  S.  Middletown,  Conn.  ;  Chesterfield,  Mass.; 
Chester  on  the  Delaware  Biver. 

URANIUM.    Chem.    Discovered  by  Klaproth, 
in  178'.),  as   an   oxide;   the  metal  was  first  ob- 
tained in  1841,  by  Peligot.     It  occurs  in 
quantities  in  pitchblende  or  uranium  ore,  and 
in  smaller  quantities  in  some  other  minerals. 

1.  Uranium.  The  metal  is  obtained  by  quickly 
putting  alternate  layers  of  potassium  and  dry 
chloride  of  uranium  into  a  platinum  or  iron 
crucible,  binding  the  cover  on  by  wire,  and 
heating.  After  the  violent  combustion  which 
ensues,  it  is  again  heated  to  volatilize  the  ex- 
cess id'  potassium  and  fuse  its  chloride,  so  that 
the  metal  may  agglutinate.  The  cooled  mass 
is  dissolved  out  by  water,  which  leaves  uranium. 
Wdhler's  method  is  to  evaporate  the  muriatic 
solution  of  the  uranic  oxide-ammonia,  with 
an  excess  of  salammoniac  and  about  an  equal 
quantity  of  common  salt  to  dryness,  to  heat  it 
in  a  closed  crucible  to  volatilize  the  sal: 
niac,  and  fuse  the  common  salt,  and  extract  the 
cooled  mass  by  cold  water.  A  black  crystal- 
line or  amorphous  powder,  which  maybe  kept 
unaltered  under  pure  water,  but  by  the  sli| 
quantity  of  acid  it  oxidizes  rapidly  with  evolu- 
tion of  hydrogen.  When  heated,  it  burns  ra- 
pidly in  the  air  to  green  oxide.  Sym.  U.  Bq.  = 
60  (69-43  II  =  1  ;  742-875  0  =  1.  Ebebnm.) 

2.  Oxide  of  Uranium,  CO.  Obtained  by  heat- 
ing the  green  oxide  in  hydrogen,  or  with 
charcoal,  or  by  igniting  the  oxalate  apart  from 
the  air.  It  is  an  iron-gray  or  reddish  brown 
powder.  The  hydrate  is  obtained  of  a  > 
brown  color  by  precipitating  an  oxide  salt  by 
caustic  alkali.  It  forms  green  salts,  which  oxi- 
dize readily  in  the  air  by  nitric  acid,  are  pre- 
cipitable  by  alkalies  and  carbonate  of  lime,  re- 
soluble in  carbonate  of  ammonia. 

3.  Ozide-sesquioxide.  Green  oxide.  U304  = 
UO  -\-  U203.  It  is  obtained  from  uranium  ore 
or  pitchblende,  which  contains  50 — 90  pr.  ct. 
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of  it,  together  with  many  other  substances,  by 
solution  in  nitromuriatic  acid,  passing  sulpho- 
hydrogen  through  it,  warming  it  slightly  and 
filtering,  whereby  silica,  sulphur,  arsenic,  anti- 
mony, copper,  bismuth,  lead,  tin,  and  silver  arc 
ed.  The  filtrate  is  heated  with  nitric 
acid  to  peroxidize  iron  and  uranium,  precipi- 
tated by  ammonia,  washed,  and  the  precipitate 
treated  by  carbonate  of  ammonia,  which  dis- 
solves all  the  uranium  and  portions  of  zinc, 
nickel,  cobalt,  and  lime.  The  solution  is  eva- 
porated to  volatilize  the  ammonia,  and  the  ura- 
nium, after  washing  and  drying,  is  ignited  in  a 
platinum  crucible  to  convert  it  into  green  oxide. 
By  digestion  with  muriatic  acid,  the  green  ox- 
ide remains,  while  uranates  of  lime,  nickel,  &c, 
are  dissolved.  It  is  a  dark  green  or  black  pow- 
der, soluble  by  digestion  in  a  close  vessel  in 
strong  muriatic  or  sulphuric  with  a  green 
color.  Digestion  with  nitric  acid  changes  into 
a  peroxide  salt.  The  green  solution,  precipi- 
tated by  ammonia,  yields  a  grayish  green  hy- 
drate of  oxide-sesquioxide.  Ammonia  dissolves 
out  peroxide  from  the  fresh  hydrate,  and  leaves 
brown  hydrated  oxide. 

4.  Sesquioxide.  Uranic  acid.  U203.  The  hy- 
drate is  obtained  by  dissolving  green  oxide  in 
nitric  acid,  evaporating  to  dryness,  keeping  it 
fused  in  a  low  heat  until  nitric  acid  ceases  to 
pass  off,  and  boiling  in  water  until  nothing  more 
dissolves.  It  is  a  gold  or  orange-yellow  powder, 
which  by  careful  heating  loses  the  greater  part 
of  its  water,  becoming  brick-red,  and  at  a 
higher  heat  all  its  water  and  a  portion  of  oxy- 
gen. Its  salts  with  acids  are  yellow,  generally 
soluble,  and  contain  1  eq.  oxide  to  one  of  acid  ; 
reducible  by  sulphohydrogen,  several  metals 
and  other  bodies  to  a  lower  oxide;  precipitable 
of  a  brownish  black  by  sulphide  of  ammonium, 
after  standing  some  time ;  yellow  by  the  alka- 
lies, insoluble  in  their  excess,  by  the  carbo- 
nated alkalies,  soluble  in  their  excess,  espe- 
cially in  acid  carbonates,  by  carbonate  of  lime, 
alkaline  oxalate,  succinate,  and  phosphate ; 
brown  by  tincture  of  galls,  and  brownish  red 
by  yellow  prussiate  of  potash.  Its  combina- 
tions with  bases  may  be  termed  uranates,  and 
when  precipitated  by  the  alkalies,  these  accom- 
pany it,  as  well  as  when  mixed  with  metallic 
salts  and  precipitated  by  ammonia. 

5.  Sulphuret,  US,  is  made  by  introducing  the 
metal  into  the  vapor  of  sulphur,  or  by  passing 
bisulphuret  of  carbon  over  ignited  green  oxide. 
Yellowish  black,  readily  attacked  by  nitric  acid. 

Salts. 

I.  Haloid  Salts,  a.  Chloride  of  U.  UC1.  Make 
an  intimate  mixture  of  green  oxide  of  uranium 
and  I  charcoal,  adding  a  little  sugar  to  them, 
heat  the  mixture  in  a  crucible  to  char  the  sugar, 
break  it  thin  into  lumps,  put  these  in  a  very  in- 
fusible glass,  pass  dry  chlorine  slowly  over  it 
while  it  is  gently  heated,  then  more  chlorine  with 
a  hi"-her  heat,  The  chloride  sublimes  and  con- 
denses in  the  tube,  as  dark-green,  metallic 
8-hedra,  which  sublime  by  heat  with  a  red  va- 
por- it  is  very  soluble  in  water  and  liable  to 
oxid'ation.  By  passing  dry  hydrogen  over  the 
heated  chloride,  it  is  resolved  into  a  dark- 
brown  crystalline,  soluble  mass,  of  the  form. 
U4C13  =  U,C1  +  2  UC1. 

By  passing  chlorine  over  the  ignited  oxide 


of  uranium,  orange-yellow  vapors  form,  which 
condense  as  a  yellow,  crystalline,  fusible  body, 
very  soluble  in  water,  alcohol,  and  ether,  of 
the  form.  2  UO,  CI,  or,  according  to  Berzelius, 
basic  perchloride,  (Uran-biaci-chlorid),  U2C13 
-}-  2  U203.  This  compound  is  also  obtained  by 
solution  of  the  peroxide  in  muriatic  acid,  and 
evaporation  to  a  syrup,  when  it  will  crystallize 
in  a  dry  air.  It  forms  double  salts  with  alka- 
line chlorides,  those  with  potassium  and  ammo- 
nium being  crystallizable ;  form.  3  KC1  -j-  U2C13, 

2  U203  +  6  HO. 

b.  Bromide,  UBr,  is  obtained  by  dissolving  the 
hydrated  oxide  in  bromhydric  acid  and  evapo- 
rating, as  green  crystals  with  4  HO,  very  solu- 
ble and  decomposable.  By  dissolving  the  per- 
oxide in  the  same  acid  an  oxybromide  is  formed, 
of  a  yellow  color,  and  with  form.  U2Br3  -L-  2  U2 

03  -f-  aq.  A  similar  solution  in  iodhydric  acid 
yields  black  crystals  of  oxiodide. 

c.  Oxyfluoride  is  obtained  in  the  same  way  by 
fluohydric  acid,  uncrystallizable,  forming  yel- 
low double  salts  with  alkaline  fluorides.  Sili- 
cofluoride,  3  UF  -f-  2  SiF3  -f-  aq.,  is  obtained 
as  a  bluish  green  precipitate,  by  adding  silico- 
fluohydric  acid  to  a  solution  of  chloride. 

2.  Salts  of  Oxide,  a.  Sulphate  is  formed  by 
dissolving  green  oxide  in  excess  of  oil  of  vitriol, 
adding  a  little  water  and  alcohol,  and  exposing 
it  to  sun-light,  when  it  forms  green  crystals  on 
the  sides  of  the  glass,  with  the  form.  UO,  S03 
-f-  2  HO.  By  adding  sulphuric  acid  to  the  pro- 
tochloride,  green   crystals   are   obtained  with 

4  HO.  Both  are  permanent  in  the  air  when 
dry,  water  extracts  an  acid  salt,  which  rapidly 
passes  into  a  jiersalt  and  leaves  a  basic  salt,  as 
a  light  green  powder,  of  the  composition  2  UO, 
S03  +  2  HO.  It  forms  green,  crystallizable 
double  salts  with  the  alkaline  sulphates.  Sul- 
phite of  soda  added  to  a  solution  of  protochio- 
ride,  gives  a  grayish  green  precipitate  of  basic 
sulphite,  2  UO,  S02  -f  2  HO. 

b.  Chlorate  and  Perchlorate  are  only  known 
in  solution,  and  rapidly  oxidize.  Iodate  andper- 
iodate  are  grayish  green,  oxidable  precipitates. 

c.  Phosphate,  obtained  from  phosphate  of  soda 
and  chloride  of  uranium,  is  a  gelatinous,  green 
precipitate,  very  insoluble,  even  in  dilute  acids, 
almost  wholly  decomposable  by  potassa,  and  of 
the  composition  2  UO,  P05  -f  3  HO.  Borate 
is  grayish  green,  from  which  water  extracts  all 
the  acid. 

3.  Salts  of  Sesquioxide.  a.  I-  Sulphate  is  ob- 
tained by  dissolving  oxide,  or  green  oxide,  in 
a  little  nitric  acid,  mixed  with  sulphuric,  eva- 
porating to  dryness,  driving  off  the  excess  of 
acid,  dissolving  in  water,  and  evaporating  to  a 
syruo,  when  it  sometimes  crystallizes  with  the 
form'.  U203,  S03  +  3  HO,  or  U203,  3  S03  + 
2  U203  +  9  HO,  soluble  in  water  and  alcohol. 
A  §  Sulphate  is  obtained  by  dissolving  the  pre- 
ceding in  a  large  excess  of  sulphuric  acid,  and 
letting  it  evaporate  spontaneously ;  form.  U„ 
03,  2  S03  =  2  (U203,  3  S03)  +  U203.  Neutral 
sulphate  is  obtained  by  dissolving  either  of  the 
above  in  boiling  oil  of  vitriol,  when  it  separates, 
on  cooling,  in  yellow  crystals,  with  the  form. 
U203,  3  S03.  The  J  basic  salt  forms  double 
salts  with  the  alkaline  sulphates,  those  of  po- 
tassa having  the  composition  KO,  S03  -f-  U203, 
S03  +  2  HO,  and  2  (KO,  S03  +  3  (U203,  S03) 
+  HO. 
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b.  J  Nitrate  forms  large  crystals,  very  solu- 
ble in  water,  alcohol,  and  ether,  with  the  form. 
U208,  NO.  -\-  6  HO,  and  appears  to  beoome  a 
more  basic  salt  by  heat. 

c.  Phosphate,  U203.  P05,  is  a  pale-yellow  pre- 
cipitate, soluble  in  phosphoric  acid,  from  which 
solution  ammonia  precipitates  a  more  basic 
salt,  2  UjjOg,  P06.  Perphosphate  of  uranium 
and  lime,  or  copper.  Sec  Ukanite.  Borate  is 
a  pale-yellow  precipitate. 

d.  Iodale  is  a  yellow  precipitate,  insoluble  in 
water,  scarcely  soluble  in  nitric  acid,  and  has 
the  form.  U203,  10-  +  5  HO.  Bromate  is  un- 
crystallizable,  and  the  chloric  salts  have  not 
been  examined. 

e.  Carbonate  is  unknown,  but  its  double  salts 
with  alkaline  carbonates  are  crystallizable. 
By  precipitating  pcrnitrate  by  carbonate  of 
potassa,  dissolving  it  while  moist  in  bicarbo- 
nate of  potassa  to  saturation,  and  gently  eva- 
porating, it  forms  a  bright  yellow,  crystalline 
crust.  The  ammoniacal  salt  is  similarly  ob- 
tained by  carbonate  and  sesquicarbonate  of  am- 
monia on  cooling  the  warm  solution. 

4.  Uranates.  Uranate  of  potassa  is  obtained 
as  an  orange  powder,  by  adding  a  persalt  to 
an  excess  of  potassa,  or  by  fusing  the  oxide 
with  excess  of  potassa,  and  extracting  alkali 
with  water ;  form.  KO,  2  U203.  The  uranates 
of  potassa  and  soda  are  also  obtained  by  ignit- 
ing the  double  salt  of  peracetate  of  uranium 
and  potassa  ;  the  latter  is  yellow,  and  has  the 
same  composition  as  that  of  potassa.  The  salt 
of  ammonia  is  obtained  as  a  yellow  powder  by 
adding  a  persalt  to  an  excess  of  ammonia,  in- 
soluble in  water,  containing  salammoniac.  By 
igniting  the  double  acetate  of  uranium  and  lime 
or  magnesia,  similar  double  salts  are  obtained, 
the  former  orange-yellow,  the  latter  yellowish 
brown. 

URANIUM  ORE.  Mm.  Pitchblende,  Uran- 
pecherz.  Massive.  II.  =  5-5.  G.  =  6-468. 
Black,  brownish,  grayish,  submetallic,  dull : 
opake  ;  conchoidal  fracture.  Infusible ;  dis- 
solves in  the  fluxes  with  a  yellow  color  in  the 
outer,  and  green  in  the  inner  flame ;  soluble 
by  heat  in  nitric  and  nitromuriatic  acid.  Form. 
UO,  U203.  From  Schneeberg,  &c,  Saxony; 
Przibram,  &c,  Bohemia. 

URAN-MICA.     See  Uraxite. 

URANONIOBITE.  Min.  Uranotantalite, 
Uranocolumbite,  Samarskite,  Yttroilmenite  ('!). 
Crystalline  grains.  H.  =  5-5.  G.  =  5-617 — 
5-68.  Hermann's  Yttroilmenite  =  5-398 — 
5-45.  Lustre  submetallic,  shining;  opake; 
streak  dark  reddish  brown.  Decrepitates  in  a 
tube  and  becomes  blackish  brown;  on  coal 
fuses  on  the  edges  to  a  black  glass ;  in  borax 
gives  a  yellowish  green  in  the  outer,  a  yellow 
to  greenish  black  in  the  inner  flame ;  in  mic. 
salt  gives  an  emerald  green  unaltered  in  the 
inner  flame.  Most  perfectly  decomposed  by 
fusion  with  bisulphate  of  potassa.  It  contains 
about  56  pr.  ct.  niobic  and  tungstic  acids,  16 
protoxide  of  iron,  16  oxide  of  uranium  and  10 
yttria.  From  the  Umengebirg.  Hermann  as- 
serts his  Yttroilmenite  to  contain  an  element 
Ilmenium. 

URANPHYLLITE.     See  Ueanite. 

URAN  YITRIOL.     See  Johannite. 

URAO.     See  Trona. 

UREA.     Chem.     Syn.     Anomalous   cyanate 
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of  ammonia.  Exists  in  tin-  solid  portion  of  die 
Ubink,  of  which  it  forms  80  to  60  pr.  it.,  ac- 
cording to  the  nature  of  the  food  and  the 
of  the  system  or  power  of  •  assimilation.  The 
proportion  is  also  modified  by  disease,  aug- 
menting with  inflammation,  and  decreasing  in 
those  afflictions  in  which  the  blood  is  deficient 

in  quantity  or  poor  in  corpuscles.      In  certain 

■-,  the  urea,  while  in  the  urine,  be 
partially  transformed  into  carbonate  of  ammo- 
nia. Urea  has  been  found  in  the  blood,  and  in 
the  vitreous  humor  of  the  eye,  in  sweat,  in 
saliva,  and  i:i  milk.  It  has  been  detected  also 
in  the  serum  of  the  blood,  in  Blight's  d 
in  cholera,  diabetes,  and  in  dropsical  fluids. 
It  is  likewise  a  constituent  of  bile  and  biliary 
concretions,  and  of  the  liquor  amnii.  Is  pro- 
duced by  the  oxidatiou  of  uric  acid. 

J'rcji.  1.  By  evaporating  urine  to  syrupy 
consistence,  and,  when  told,  treating  it  With  an 
equal  volume  of  nitric  acid  of  density  L»42. 
Nitrate  of  urea  forms  in  a  thick  crystalline 
mass,  which  must  lie  washed  with  dilute  nitric 
acid,  in  which  it  is  insoluble,  then  pressed  be- 
tween bibulous  paper,  dried,  redissolved  in 
warm  water,  and  neutralized  with  carl 
of  lead.  The  residue,  after  evaporation,  when 
treated  with  alcohol,  yields  a  solution  of  urea, 
which,  after  the  removal  of  lead  by  sulphuretted 
hydrogen,  and  of  color  by  animal  charcoal,  crys- 
tallizes out  on  concentration  of  the  liquid. 

2.  Urea  is  prepared  artificially  by  heating 
to  dull  redness,  on  an  iron  plate,  a  thorough 
mixture  of  28  parts  of  dry  ferrocyani 
potassium  and  14  of  peroxide  of  manganese. 
When  the  resultant  brown  mass  is  cold,  it  is 
to  be  repeatedly  digested  in  cold  water,  and 
the  solution  mixed  with  20-5  parts  of  crystal- 
lized sulphate  of  ammonia  dissolved  in  water. 
Sulphate  of  potassa  and  cyanate  of  ammonia 
are  formed,  and  on  application  of  slight  heat 
the  latter  is  converted  into  urea.  The  fluid  is 
therefore  to  be  evaporated  to  dryness,  over  a 
water  bath,  and  the  mass  heated  with  a  small 
portion  of  water.  The  aqueous  solution,  on 
evaporation  to  dryness,  yields  sulphate  of  po- 
tassa and  urea,  which  may  lie  separated  by 
alcohol  of  90°,  which  dissolves  only  the  urea 
and  drops  it  again  in  crystals,  on  evaporation. 
From  5 — 6  ozs.  of  urea  may  be  obtained  from 
the  above  proportions.  Clemm  [Ann.  da 
und  Pharm.  lxvi.  p.  382)  gives  another  pro- 
cess, less  simple  than  the  above,  by  which  a 
Larger  product  may  be  obtained. 

Prop.  Formula  C2H4N202.  Crystallizes  in 
white,  transparent,  silky  needles ;  or  in  fiat  four- 
sided  prisms,  of  spec.  grav.  1  -o-r>.  Deliquesces 
in  moist  air  without  change  of  chemical  pro- 
perties. Slightly  soluble  in  ether;  and  readily 
so  in  water  and  in  alcohol.  A  concentrated 
aqueous  solution  withstands  lengthened  ex- 
posure and  even  boiling  without  alteration,  but 
the  presence  of  albumen  or  ferment  transforms 
it  into  carbonate  of  ammonia  :  metallic  - 
not  precipitate  its  solution  in  water. 

A  temperature  of  250°  melts  urea,  but  a 
higher  heat  transforms  it  into  ammonia,  cyanate 
of  ammonia,  and  dry  solid  cyanuric  acid. 
Liebig  and  Wohler  found  among  the  products 
of  its  decomposition  by  heat,  a  substance  of 
the  composition  C12H8Nfe04  ;  and  Wiedemann 
detected  another,  which  he  calls  Biuret,  (C„H5 


URETHAN. 

N304).  It  is  neutral,  crystallizable  and  soluble 
in  water  and  in  alcohol.  It  is  intensely  red- 
dened on  the  addition  of  caustic  potassa  and 
solution  of  sulphate  of  copper.  It  dissolves 
also  in  sulphuric  acid,  unaltered. 

Salts.  Nitrate.  Formula  C2H4N202-j-  N05  + 
HO,  or  according  to  Marchand,  02il4N202  -f- 
2  NOs,  HO.  Crystallizes  in  shining  scales  or 
in  opaque  prisms,  which  are  efflorescent.  Soluble 
in  water,  and  insoluble  in  nitric  acid.  At  316° 
decomposes  and  gives  off  carbonic  acid,  nitrous 
oxide,  nitrate  of  ammonia  and  free  urea  re- 
maining. During  this  reaction  there  is  also 
formed,  according  to  Pelouze,  a  new  acid  (C2H3 
N204)  in  grayish  crystallized  plates,  which  are 
soluble  in  water. 

Muriate.  An  unstable  compound,  which  at 
293°  gives  off  chloride  of  ammonium.  The 
residual  mass  yields  cyanuric  acid  to  water. 
(De  Vry.) 

Oxalate.  Formula  C2H4N202  -f-  C203  -f-  HO. 
Crystallizes  in  plates  or  prisms.  Slightly  solu- 
ble in  water  and  less  so  in  alcohol. 

URETHAN.     See  Ethyl. 

URTIIYLAN.     See  Methyl. 

URIC  ACID.  Chem.  Syn.  Lithic  acid,  Urilic 
acid.  Is  a  constituent  of  urinary  and  gouty 
concretions.  It  exists  also  in  the  excrements 
of  birds  and  of  serpents,  and  has  likewise  been 
found  in  the  human  saliva  and  perspiration. 

Prep.  By  dissolving  the  excrement  of  the 
boa-constrictor  in  a  boiling  caustic  potassa 
solution,  filtering  and  adding  hydrochloric  acid 
in  excess.  The  uric  acid  set  free  drops  as  a 
gelatinous  mass,  which,  when  well  washed  with 
cold  water  and  dried  in  the  air,  becomes  a 
crystalline  powder.  Bensch  (Ann.  der  Chem. 
tfitd  Pharm.  lvii.  266)  prepares  it  from  guano 
by  boiling  it  for  several  hours  with  potassa, 
lime,  and  water,  and  filtering.  The  filtrate  is 
then  evaporated  to  a  thick  paste  and  pressed 
in  a  linen  bag,  and  the  contents  of  the  bag 
diffused  in  water,  and  decomposed  by  hydro- 
chloric acid.  The  uric  acid  thus  thrown  down 
is  converted  into  urate  of  potassa,  and  repre- 
cipitated,  and  by  this  means  purified.  The 
product  equals  22  pr.  ct. 

Prop.  Crystalfizes  in  brilliant  white,  mica- 
ceous lamellae,  of  composition  C5N2II02  -f-  HO. 
Liebig  thinks  that  it  consists  of  urea  and  an 
hypothetical  substance,  which  he_calls  Uril 
(Ul),  or  cyanoxalic  acid :  thus,  2  Ul  -4-  1  eq. 
urea  (C2H4N202).  Is  tasteless  and  inodorous, 
insoluble  in  alcohol  and  ether,  and  but  slightly 
in  water.  Dissolves  readily  in  solution  of 
caustic  potassa  and  in  alkaline  fluids  generally, 
but  not  in  solutions  of  bicarbonate  of  potassa 
or  of  ammonia.  It  is  taken  up  by  solutions 
of  phosphate  of  soda  and  of  borax. 

When  treated  with  nitric  acid  it  effervesces 
and  leaves  a  brick-red  residuum  by  drying, 
which  on  the  addition  of  a  little  ammonia  turns 
deep  violet,  and  this  behavior  is  characteristic. 
Dilute  nitric  acid,  after  prolonged  action,  gene- 
rates a  series  of  new  products,  and  ultimately 
oxalic  acid.  Oxidizing  bodies  generally  pro- 
duce the  same  results. 

Salts.  Urate  of  Potassa  (neutral).  Forms 
crystals  of  composition  KO,  C5N2H02.  Soluble 
in  44  pts.  cold,  and  35  of  boiling  water.  The 
acid  salt,  KO,  2  (C5N2H02)  +  HO  insoluble  in 
alcohol  and  ether,  dissolves  in  i  90  pts.  of  cold, 
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and  75  pts.  of  hot  water.  The  soda  salts  are 
still  less  soluble  in  water. 

There  are  no  neutral  salts  of  ammonia  and 
magnesia.  The  bi-urate  of  ammonia  requires 
1600  of  cold  water  for  its  solution,  and  the 
magnesia  salt  3750  pts. 

Urate  of  Lime.  Soluble  in  1500  pts.  of  cold, 
and  in  1440  of  hot  water.  The  bi-salt  requires 
only  603  of  hot,  and  276  of  cold  water  for  its 
solution.     Allen  and  Bensch. 

Metamorphosis  of  Uric  acid.  The  permanency 
of  uric  acid,  under  ordinary  circumstances,  is 
disturbed  by  the  action  of  powerful  oxidizing 
agents,  which  generate  a  series  of  new  pro- 
ducts : — 

1.  Urea. 

2.  Allantoin.  Syn.  Allantoic  acid,  Amniotic 
acid.  One  pt.  of  acid  boiled  in  20  of  water, 
and  treated  with  fresh  peroxide  of  lead,  yields 
on  filtration  a  liquid  which  drops  transparent, 
glassy,  rhombic  prisms  of  allantoin.  It  occurs 
also,  ready  formed,  in  the  allantoic  fluid  of  the 
calf.  Formula  C4N2H303.  Dissolves  in  alco- 
hol, and  in  160  pts.  cold,  and  less  of  hot  water. 
Is  converted  by  caustic  alkalies  into  ammonia 
and  oxalic  acid. 

3.  Alloxan.  Syn.  Erythric  acid.  Prepared 
by  gradually  adding  4  pts.  of  nitric  acid  of 
spec.  grav.  1-45,  to  1  pt.  of  dry  uric  acid. 
The  resulting  liquid  soon  crystallizes  into  a 
mass  of  alloxan.  Composition  CgH3N2O10. 
Soluble  in  water  and  in  alcohol,  and  drops 
therefrom,  by  spontaneous  evaporation,  in  bril- 
liant, colorless  octahedra.  Its  solution  stains 
the  skin  purple.  When  heated,  alloxan  be- 
comes anhydrous,  and,  on  cooling,  crystallizes 
in  oblicpae  rhombic  prisms. 

4.  Alloxantin.  Form.  C8II5N2OI0.  Obtained 
by  treating  uric  acid  with  cold,  dilute  nitric 
acid.  Also  results  from  the  action  of  sulphu- 
retted hydrogen  upon  alloxan,  in  the  eaidier 
stage  of  the  process. 

5.  Parabanic  acid.  Formula  C6N204  -4-  2  HO. 
Results  from  the  action  of  8  pts.  of  nitric  acid 
upon  1  pt.  of  uric  acid  or  of  alloxan.  Crys- 
tallizes colorless,  and  partially  sublimes  when 
heated.  Soluble  in  water,  and  when  neutral- 
ized in  warm  solution  by  ammonia,  the  liquid 
on  cooling  drops  crystals  of  oxalurate  of  am- 
monia. This  latter  salt,  when  decomposed  by 
hydrochloric  acid,  yields — 

0.  Oxahiric  acid.  Formula  C6N2H307  -4-  HO. 
A  crystalline  powder,  which  by  long  boiling 
with  water  is  transformed  into  oxalate  of  urea 
and  free  oxalic  acid. 

7.  Murexid.  Syn.  Purpurate  of  ammonia. 
Formula  C]2H6N508  (Liebig  and  Wohler),  or 
C16HgN6On  (Fritzsche).  Prepared  by  warming 
uric  acid  together  with  dilute  nitric  acid,  and 
when  it  reaches  a  flesh  color  and  has  cooled  to 
160°,  by  adding  weak  ammonia  in  slight  excess. 
The  liquid  is  then  diluted  with  half  its  bulk 
of  water.  Short,  4-sided  prisms  drop  from  the 
liquid  on  cooling.  They  are  deep  red  by  trans- 
mitted, and  metallic-green  by  reflected  light. 
Its  aqueous  solution  is  purple.  In  caustic  po- 
tassa it  is  soluble  with  a  blue  color,  which  dis- 
appears on  the  application  of  heat,  ammonia 
being  evolved.  Is  insoluble  in  alcohol  and 
ether.  When  the  potassa  solution  is  treated 
with  dilute  sulphuric  acid,  it  precipitates — 

8.  Murexan.     Syn.  Purpuric  acid.    Formula 
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C6H4NsO.  {IMng  and  WShkr),  or  C16H4N601(1 
{Fritzsche).  Crystallizes  in  yellow,  silky  scales, 
insoluble  in  water  and  in  dilute  acids.  *  Strong 
sulphuric  acid  dissolves  and  yields  it  unaltered 
upon  the  addition  of  water. 

9.  Allozanic  acid.  Produced  by  the  action 
of  baryta  water  upon  a  concentrated  solution 
of  alloxan.  The  resultant  salt  of  baryta,  w  hell 
decomposed  by  sulphuric  acid,  yields  crystals 
of  alloxanic  acid,  of  composition  C8H2N20g  -f- 
-  HO.  Is  bibasic  and  isomeric  with  alloxan.  The 
formula  of  its  salts  is  C8H2N208,  2  RO+  Aq. 

10.  Mesoxalic  acid.  Obtained  by  precipitating 
a  solution  of  alloxan  with  a  boiling  solution  of 
acetate  of  lead,  and  decomposing  the  salt. 
Forms  sour  crystals,  of  the  composition  C304 
+  2  HO  (?). 

11.  MycomeMnie  acid.  Formula  C8H5N405. 
Prepared  by  heating  a  solution  of  alloxan  with 
ammonia,  and  decomposing  the  yellowish,  gela- 
tinous salt  with  dilute  sulphuric  acid.  A  very 
acid  powder,  slightly  soluble  in  hot,  and  less 
so  in  cold  water.  Its  silver  salt  is  yellow,  and 
insoluble  in  water. 

12.  Thionuric  acid.  Formula  C8II7N3014S2. 
Obtained  by  treating  alloxan  with  sulphurous 
acid  or  solution  of  a  sulphite,  and  boiling. 
The  crystals  of  ammonia  salt  which  form  on 
cooling,  are  converted  into  a  lead  compound 
which,  on  addition  of  sulphuric  acid,  yields 
thionuric  acid.  Is  bi-basic,  soluble,  and  crys- 
tallizable.  When  its  solution  is  heated,  it  be- 
comes cloudy,  and  drops — 

13.  Uramil.  Formula  C8H5N30G.  Is  in  crys- 
talline powder  or  feathery  scales,  soluble  in 
ammonia  and  in  potassa ;  the  solution  absorbs 
oxygen,  becomes  purple,  and  deposits  green 
crystals  of  potassium — mnrexid.  When  heated 
with  dilute  sulphuric  acid,  it  yields — 

14.  Uramilic  acid.  Formula Cl6HI0N5O,..  Crys- 
tallizes in  fine  prisms,  very  soluble  in  water. 

15.  Diahiric  acid.  Formula  C8H4N208.  Ob- 
tained in  the  latter  part  of  the  reaction,  when 
alloxan  is  treated  with  sulphuretted  hydrogen. 

Ilizes,  and  is  soluble  in  water.  By  ex- 
posure its  solution  absorbs  oxygen,  and  be- 
comes alloxantin.  Forms  sparingly  soluble 
salts,  which  are  permanent  only  when  dry. 

In  addition  to  the  foregoing,  there  are  other 
products  of  the  decomposition  of  uric  acid,  of 
which  several  have  been  mentioned  and  de- 
scribed by  Schlieper  (Liebi<fa  Anmilcn,  1845). 

16.  Leucoiuric  acid.  Formed  with  Difiuan, 
by  heating  alloxanic  acid  or  its  solution  to 
ebullition,  and  rapidly  evaporating  the  solu- 
tion. Formula  C6H3N206  (Schlieper).  A  snow- 
white,  crystalline  powder,  soluble  in  hot,  but 
insoluble  in  cold  water.  Readily  soluble  in 
alkalies,  and  may  be  re-precipitated  by  acids, 
if  the  solution  is  recent  and  cold.  Its  charac- 
teristic property  is  its  resistance  to  the  action 
of  acids. 

17.  Dijluan.     Formula  CGH,:v,05.     A  white, 
powder,  which  fuses  at  212°,  and  is  very 

deliquescent.  When  dried,  it  becomes  trans- 
parent and  brittle. 

18.  Hydusilic  acid.  A  product  of  the  imper- 
fect oxidation  of  uric  acid,  and  existing  in  the 
mother  liquor  filtered  from  the  impure  alloxan 
as  obtained  by  Schlieper'e  pi 

iv.   pp.    1  and  99).     Formula   CjjHjNjO,,.     A 
white,  loose  powder,  composed  of  slender  nee- 
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iluble  in  hot  water  and  in  alkalies,  but 
insoluble  in  alcohol,  a:ol  nearly  so  in  cold  \\a- 
ter.  Forms  both  acid  and  neutral  salts  with 
the  liases.  The  composition  of  the  silver  salt 
is  2  A,u«),  Ci2H8N308 

l'j.  Alliturie  acid.  '  Formula  C6N2H203+  III). 
Formed  by  evaporating  a  solution  of  alloxan- 
tine  with  excess  of  muriatic  acid.  A  yello 
crystalline  powder,  soluble  in  boiling  water 
and  in  strong  sulphuric  acid.  Water  precipi- 
tates it  from  the  latter,  unaltered.  Hot  nitric 
acid  produces  no  change.  Potassa 
and  at  the  same  time  decomposes  it. 

20.  Dilituric  <i<  id.    Exists  in  combination  with 
ammonia,  to  which,  as  well  as   to   other    b 
it  adheres  with  obstinate  tenacity.      Is  bil 
and  of  the  composition  C8N-H08  -}-  '_'  Aq.     'Die 
ammonia  salt,  G8N8H08,  NH40-f-HO,  is  in  In  il 
liar.t  yellow  laminae,  soluble  in  hot  water. 

URINARY  CALCULI.  Chem.  Physiol.  Mor- 
bid concretions  of  the  crystalli/.able  matters  of 
the  urine,  resulting  from  a  deranged  action  of 
lorn.  They  are  round,  oval,  polygonal, 
or  cylindrical,  according  to  the  location  or  ori 
gin,  and  they  vary  in  color  from  yellow,  red 
dish  brown,  to  dirty  green.  Their  density 
ranges  from  1-213 — 1:975,  and  their  weigh! 
from  a  few  grains  to  50  ozs.  Their  internal 
structure  is  uniform,  or  else  in  concentric 
layers,  formed  around  a  nucleus  of  the  same 
ingredients  as  the  calculus,  or  mucus,  blond, 
or  some  foreign  matter  introduced  into  the 
bladder.  The  components  vary  with  the  dis- 
ease and  state  of  the  system,  and  occur  more  or 
less  frequently,  as  to  proportion,  in  order  as 
follows : — 

Uric  Acid,  urate  of  ammonia,  oxalate  of 
lime,  neutral  and  basic  phosphate  of  lime, 
ammonia-magnesian  phosphate,  urate  of  soda. 
urate  of  magnesia,  urate  of  lime,  benzoatc  or 
hippurate  of  ammonia,  oxalate  of  lime,  uric 
or  xanthic  oxide,  cystin,  carbonate  of  lime, 
carbonate  of  magnesia,  fibrin,  silica,  urostea- 
lith,  albumen,  mucus,  perox.  iron,  fibrin,  oho- 
lesterin,  and  extractive  matters. 

Urinary  calculi  arc  styled,  according  to  their 
composition,  as  follows  : — 

1.  Calculi  of  uric  acid, 

2.  "       "  urate  of  ammonia, 

3.  "       "   uric  or  xanthic  oxide, 

4.  "       "    cystin, 

5.  Fibrinous  or  protein  calculi, 

6.  Calculi  of  carbonate  of  lime, 

7.  "        "   phosphate  of  ammonia,  ami  mag- 

nesia,   and    of   phosphate   of 
lime, 

8.  "       "  neutral  phosphate  of  lime, 
'•'■         "       "   carbonate  of  lime, 

10.         "       "   urostealith. 

Simon  (Clirm.  of  Man)  has  given  a  full  de- 
scription of  each,  with  directions  for  distin- 
guishing them. 

Uric  or  Xanthic  Oxide.    Syn.  Urous  a 
rare  ingredient  of  guano  and  of  calculi,  in  the 
latter  of  which  it  is   united  witli   but   a   small 
portion  of  animal  matter.     Formula 
Dissolves  in  nitric  acid,  which   on  evaporation 
leaves  it  as  a  yellow  residue.     Il  is  precip 
by  acids  from  its  potassa    solution,  as  a  white 
powder.      Is  partially  soluble  in  hot  water,  but 
insoluble  iu  alcohol,  ether,  and  solution  of  car- 
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bonatc  of  potassa.     Its  solution  in  sulphuric 
acid  is  not  precipitated  by  water. 

Cystin.  Syn.  Cystic  oxide.  Formula  CeXII6 
04S2.  Frequently  forms  the  sole  ingredient  of 
a  calculus.  Crystallizes  in  G-sided,  colorless, 
transparent  scales.  Is  soluble  in  alkalies  and 
in  acids,  forming  with  the  latter  crystalline 
compounds.  Insoluble  in  water  and  in  alcohol. 
Burns  with  a  bluish  flame,  and  emits  a  peculiar 
odor,  which  is  characteristic. 

t'roxii-iiliie.  Discovered  by  Heller  [Chem. 
Gaz.  iii.  468).  Soluble  in  carbonate  of  soda 
and  in  ether.  Softens  in  water  without  dis- 
solving, and  is  taken  up  slowly  by  hot  alcohol. 
Its  solution  in  nitric  acid  is  colorless,  but  by 
evaporation  leaves  a  residue  which  ou  treat- 
ment with  ammonia  or  potassa  becomes  dark 
yellow. 

When  heated,  it  emits  the  odor  of  benzoin 
and  shellac,  and  if  ignited,  burns  with  a  clear 
yellow  flame,  or  leaves  an  ash  principally  of 
lime. 

URINE.  Chem.  Physiol.  The  animal  excre- 
mentitial  fluid  secreted  by  the  cortical  portion 
of  the  kidneys,  and  thence  flowing  into  the 
bladder,  from  which  it  is  ejected  by  the  con- 
traction of  the  attached  muscles,  through  the 
urethra.     Its  average  spec.  grav.  is  1012-5. 

Urine  recently  excreted  by  a  healthy  person 
is  transparent,  of  a  straw-yellow  color,  with  a 
peculiar  odor,  which  disappears  as  the  urine 
loses  its  warmth,  which  is  that  of  the  mean 
temperature  of  the  body.  Prout,  Spangeberg, 
Simon,  and  others,  mention  abnormal  urines  of 
a  blue  color  ;  Dulks  one  of  a  black,  and  Velsen 
another  of  a  violet  hue.  The  physical  and 
chemical  characters  present  modifications  vary- 
ing with  the  nature  of  the  food  and  the  patho- 
logical state  of  the  system. 

Urine  consists,  according  to  Marchand  and 
Lehman,  of — 

1.  2. 

Water 933-199 

Solid  residue 66-801 

Urea 32-675 

Uric  acid 1*065 

Lactic  acid 1-521 

Extractive 11-151 

Mucus '283 

Sulphate  of  potassa 3-587 

"  "   soda 3-213 

Phosphate  of  soda , 3-056 

Bi-phosphate  of  ammonia 1-552 

Chloride  of  sodium 4*218 

"         "   ammonium 1-652 

Phosphates  of  lime  and  mag- 
nesia   


938-856 

61-144 

30-321 

1-001 

1-362 

10-553 

•201 

3-201 

3-011 

-■'.CIS 

I-231 

4-001 

1-231 


unnamed  new  acids,  by  Pettinkofer  and  Ileint- 
zig ;  and  carbonic,  fluoric,  and  hippuric  acids, 
and  creatin  are  also  components. 

According  to  Simon  and  others,  bodily  exer- 
cise augments  the  amount  of  urea  and  of  sul- 
phates. The  amount  of  urea  is  also  increased 
by  an  excess  of  nitrogenous  food,  and  vice  versa. 
If  the  system  becomes  unhealthy,  then  the 
nature  of  the  urine  changes,  and  includes  in 
its  composition  abnormal  constituents,  viz., 
albumen,  sugar,  carbonate  of  ammonia  and 
of  lime,  pus,  fibrin,  fat,  cystin,  and  the  ingre- 
dients of  the  blood.  The  urinary  deposits 
known  as  Umnary  Calculi  are  morbid  se- 
cretions. 

Healthy  urine  is  not  precipitated  by  acids, 
though  oxalic  acid  produces  a  cloudiness.  Free 
alkalies  throw  down  phosphate  of  lime.  The 
mucus  separates  in  slight  nebulaj  after  long 
standing,  and  by  continued  exposure  the  urine 
emits  an  unpleasant  odor,  and  carbonate  of 
ammonia  is  formed,  which  by  precipitating  the 
phosphate  of  lime  and  ammonio-magnesian 
phosphate,  causes  turbidity.  By  still  further 
exposure  the  urine  becomes  concentrated,  and 
drops  its  saline  constituents  in  crystals. 

For  information  in  detail,  see  the  very  elabo- 
rate and  able  article  in  Simon's  "Chemistry  of 
Man." 

UROERYTHRIN, )    <,      TTp]NF 
UROGLAUCIN.     j    See  Ur1NE' 
UROSTEALITE.     See  Urinary  Calculi. 
UROXANTHIN/1    „      TTl?TVP 
URRIIOIDIN.      }    See  UeTM" 
URYL.     Chem.    Syn.  Cyanoxalic  acid.    Sym- 
bol,   Ul.      The  assumed  radical  of  uric  acid, 
and  certain  of  its  derivatives.      It  contains  the 
elements  of   2  eqs.   oxalyl   (C202)    and  2  eqs. 
of  cyanogen   (2  C2N)  =  C8N204,   the  formula 
for  nryl. 

See  Lichens. 
See  Garnet. 
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1-210 


Lactates 


1-618 


1-001 
1-032 


The  amount  of  water  often  fluctuates.     The 
yellow  coloring  matter  of  normal  urine  is  due 
to   the   presence  of  Haemaphcein,   and  the  red 
color  to    Uroerythrin.      Heller  has  announced 
the  presence,  in  healthy  urine,  of  another  pig- 
ment   Uroxanthin,  which  by  oxidation  is  trans- 
formed into  a  ruby-red  matter,   Urrhoidin,  and 
one    of  a   blue    tint,    Uroglaucm.     The    strong 
odor  ami  deep  color  of  inspissated  urine, 
:  by  Scharling  to  a  brown,  organic 
which  he  calls  the  oxide  of  a  new  radi- 
cal    termed    Omiehmyl.      In  addition  to  these 
constituents,    there  have  been   described  two 


VACCINIC  ACID.      Chem.     Found  by  Lerch 
in  Butter,  and  intermediate  in  composition  be- 
tween caproic  and   butyric  acids.     It  is  not  a 
mt  constituent.      (Chan.  Gaz.  ii.  381.) 

VALENCIANITE.     Min.     It  is  a  Feldspar. 

VALERACETONITRIL.     See  Gelatin. 

VALERIAN.  Chem,  Pharm.  Therootofthc 
Valeriana  officinalis.  Trommsdorff's  analysis 
gives  as  its  composition — Volatile  oil  1-2,  pecu- 
liar extractive,  (soluble  in  water  and  insoluble 
in  ether  and  alcohol),  1  -25  ;  gum  18-75;  soft 
odorant  rosin  6-25  ;  lignin  63.  The  active  prin- 
ciple of  the  plant  is  its  essential  oil,  which  con- 
tains a  peculiar  volatile  acid,  the — 

Valerianic.  Syn.  l'hocenic  acid.  Existslike- 
wise  in  the  bark  and  berries  of  the  Viburnum 
opulus.  Is  also  a  product  of  the  action  of  po- 
tassa upon  oil  of  potato  spirit  (see  AmTl),  and 
upon  Casein.  Is  formed,  too,  by  the  putre- 
faction of  casein,  and  by  the  action  of  potassa 
and  sulphuric  acid  upon  oil  of  chamomile,  of 
chromic  acid  upon  Gelatin,  and  of  nitric  acid 
upon  Olein.  According  to  Lowig,  valerianic 
acid  exists  in  valerian,  combined  with  glycerin, 
forming  a  peculiar  tat. 

935 


VALERIANIC  ACID. 


Y\\ .\I'H  M. 


Prep.  Bighini  proposes  the  following  me- 
thod:— 20  lbs.  of  wild  valerian  runt  are  taken, 
(collected  in  themonth  of  October  or  November), 
and  after  having  washed  them  with  water  and 
out  them  in  very  small  pieces,  they  are  piled  up 
in  a  marble  mortar,  adding  enough  water  to  re- 
move all  the  juice  by  means  of  pressure.  The 
juice  thus  obtained  is  placed  in  a  small  pan,  and 
heated  nearly  to  the  boiling-point;  carbonate 
of  lime  in  very  fine  powder,  or  lime  water,  is 
then  added;  valerianate  of  lime  is  precipitated, 
and  after  repose  for  2-3  hours,  water  acidulated 
with  muriatic  acid  is  added  to  the  precipitate. 
The  latter,  combining  with  the  lime,  gives  rise  to 
the  production  of  chloride  of  calcium,  and  sets 
free  the  valerianic  acid.  The  whole  is  exposed 
to  a  gentle  heat ;  and  after  continuing  the  eva- 
poration until  a  pellicle  commences  to  be  formed, 
the  liquid  is  introduced  into  a  retort,  and  dis- 
tilled in  a  sand-bath  to  remove  the  valerianic 
acid,  whilst  the  chloride  of  calcium  remains  in 
the  retort.  The  distillation  should  be  carried 
to  dryness.  The  quantity  of  root  mentioned 
above  yielded  by  this  process  160  grins,  of  vfvy 
pure  valerianic  acid.  (Journ.  de  Ohim.  Mid. 
July,  1845.) 

Prop.  A  pale  yellow,  limpid,  inflammable 
oil,  of  strong  penetrating  odor  and  acrid  taste. 
Spec.  grav.  0-944;  boils  at  270° ;  dissolves  in 
alcohol,  ether,  spirits  of  terpentine,  and  in  20 
pts.  of  water.  When  a  strong  solution  of  any 
of  its  salts  is  decomposed  by  an  acid,  the  vale- 
rianic becomes  Va,  3  HO. 

According  to  Kolbe  [Chem.  Gaz.  v.  227), 
when  subjected  as  valerianate  of  potassa  to  a 
voltaic  current,  it  is  resolved  into  hydrogen, 
carbonic  acid,  a  newr  gaseous  hydrocarbon, 
C8H8,  an  ethereal  oil  consisting  partly  of  C8H9 
and  carbonate  of  potassa.  This  chemist  views 
valerianic  acid  as  a  conjugate  compound  of  the 
radical  C8H9  with  oxalic  acid. 

Valerianate  of  .oxide  of  Ethyl.  AeO,  Va.  An 
oily  liquid,  with  a  penetrating  odor.  Spec. 
grav.  S'.)4.      Otto, 

Valerianate  of  Zinc.  Prepared  by  digesting 
1  pt.  of  freshly  precipitated  carbonate  of  zinc 
in  2  pts.  of  valerianic  acid,  dissolved  in  860 
pts.  of  water.  On  filtering  and  cooling,  pear- 
ly scales  are  deposited.  Dissolves  in  160  pts. 
of  water  and  60  pts.  of  alcohol,  of  -833.  Ac- 
cording to  Laragne  and  Hurant  [Journ.  de 
Pharnt.  1846),  much  of  this  salt,  found  in  com- 
merce, under  this  name,  is  butyrate  of  zinc, 
which  resembles  it  closely  in  physical  proper- 
ties. 

Valerianate  of  Iron.  Formula  3  Fe203  -f-  7 
Va  -|-  2  HO.     An  amorphous  red  powder. 

Valerianate  of  Baryta.  Form.  BaO  -f-  C10II9 
03.  Crystallizes  in  minute  white  prisms,  of 
great  lustre,  and  readily  soluble  in  water.  By 
distillation  above  002°,  it  yields  Valeral  or  Va- 
lerianic aldehyde,  C,0II10O2,  [Chancel).  A  clear, 
colorless  fluid;  boiling  at  230°;  insoluble  in 
w;uer,  but  soluble  in  alcohol,  ether,  and  the 
essential  oils;  and  of  spec.  grav.  820°  at  72°. 
ndus,  xxi.) 

VALERIANIC  ACID.     See  Valerian. 

VALERONITRIL.     See  Gelatin. 

VALONIA.     The  acorn  of  the  Quercua  aegi- 
rom  the  Levant.     The  dry  extract  gave  no 
trace  of  pyrogallic  acid  by  distillation.     Sten- 
house. 
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VANADATE  OF  COPPER.    Mia.    An  earthy 

coating,  and  renil'orm  ma>ses,  with  lamellar 
structure,  of  a  lemon-yellow  Color,  and  pearly 
lustre;  from  the  eastern  slope  of  the  Ural. 

VANADATE  OF  LIME.  Min.  It  probably 
exists  in  URANIUM  ( Inr.. 

VANADINE-BRONZITE.  Min.  Schafhaeuti 
analysed  a  bron2ite  containing  vanadic  oxide. 

VANADINITE.  Mm.  Vanadate  of  load, 
Vanadinbleierz.  ^Cryst.  Hexagonal,  generally 
in  incrustations.  II.  =  2-7f>.  G.  =  6-662 — 
7-23.     Yellow,  reddish-brown,  subtranslucent, 

opake,  brittle  with  white  or  yellowish  streak. 
It  decrepitates  violently,  fuses  on  coal  with 
emission  of  sparks  to  a  globule  of  lead,  anil 
coats  the  coal;  soluble  in  mic.  salt  \,  illi  a  yel- 
low color  in  the  outer,  and  green  in  the  inner 
flame  ;  decompot  ed  by  nitric,  muriatic,  and  sul- 
phuric acids.  Form,  of  that  from  Zimapan, 
2  PbO,  V03  -f  (PbCl,  2  PbO.)  It  w:> 
found  in  1801  at  Zimapan,  in  Mexico,  bj  Del 
Bio,  and  lias  since  been  found  at  Wanlockhead, 
Scotland,  and  at  Beresow. 

VANADIUM.  Chem.  Del  Bio  found  a  me- 
tallic acid  in  1801,  in  a  brown  lead  oi. 
Zimapan,  in  Mexico,  which  he  thought  new, 
and  termed  the  metal  erythronium.  Collet 
Discotil's  assertion  that  it  was  chromic  acid 
was  received  by  Del  Bio.  Sefstrom  found  a 
new  metal  upon  dissolving  some  Swedish  iron, 
which  he  termed  vanadium,  and  which  Wohler 
showed  to  be  identical  with  Del  Bio's  erythro- 
nium, It  has  been  chiefly  studied  by  Berze- 
lius.  It  occurs  in  small  quantity,  as  vanadate 
of  lead,  also  in  some  iron  and  copper  ores,  and 
in  uranium  ore. 

1.  Vanadium.  Obtained  by  heating  vanadic 
acid  powerfully  in  a  charcoal  crucible,  or  In  a, 
lower  Ileal  iii  a  porcelain  crucible  mixed  with 
potassium;  or  lastly,  by  heating  the  ter- 
chloride,  charged  with  dry  ammonia,  in  a  cur- 
rent of  dry  ammonia.  Silver-white,  or  black, 
metallic,  oxidized  readily  by  heating  in  the 
air,  and  by  nitric  or  nit  roinuriatic  acids.  Sym. 
V.  Eq.  68-55  (856-89  <)  =  100  Berz.) 

2.  Oxides,  a.  Suboxide  if  V.  VO.  Obtained 
bj  reducing  vanadic  acid  in  hydrogen  at  a  red 
heat;  is  black,  infusible,  a  better  negative 
electromotor  than  copper,  gold,  or  platinum, 
decomposed  when  heated  in  chlorine  into  ter- 
chloride  and  vanadic  acid;  it  combines  neither 
with  acid  nor  base. 

I.  Oxide  of  V  Vanadous  acid.  V02.  The 
hydrate  is  obtained  by  freeing  a  blue  vanadium 
solution  from  vanadic  acid  by  sulpho-hydrogen, 
sugar,  or  alcohol,  precipitating  by  carbonate 
of  soda  in  slight  excess,  washing,  drying  rapidly 
in  paper,  and  then  in  vacuo.  It  is  light  brown- 
ish gray,  and  when  ignited  in  vacuo  loses 
water,  and  becomes  the  black,  dry  oxide.  Its 
salts,  with  acids,  are  brown  or  green  when 
dry,  blue  when  in  solution;  precipitable  brown 
by  caustic  alkali ;  grayish  while  by  carb 
alkali;  yellow  by  yellow  prussiate ;  and  yel- 
lowish green  by  red  prussiate  of  potash  :  bluish 
black  by  infusion  of  galls;  blackish  brown  by 
sulphide  of  ammonium,  soluble  with  a  purplish 
colour  in  an  excess  of  the  precipitant.  '  Ir'also 
acts  as  an  acid,  combining  with  bases  to  form 
vanadites,  those  of  the  alkalies  being  made  by 
direct  solution,  and  the  others  by  precipita- 
tion; they   are   dark  brown  or  black,    readily 
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oxidized  to  vanadates  in  the  air,  changed  to  blue 
by  acids,  to  purplish  red  by  sulphohydrogen. 

c.  Vanadic  add.  V03.  Obtained  1.  from 
uranium  ore  (pitchblende),  by  fusing  it  with 
an  equal  quantity  of  saltpeter  and  carbonate 
of  soda,  dissolving  out  by  boiling  water,  neu- 
tralizing exactly  by  nitric  acid  (free  from  red 
fumes),  precipitating  by  chloride  of  barium  or 
acetate  of  lead,  decomposing  the  precipitate 
by  boiling  with  dilute  sulphuric  acid,  neutrali- 
zing the  yellow  filtrate  by  ammonia,  and  pre- 
cipitating vanadate  of  ammonia  by  putting  a 
piece  Of  salammoniac  into  the  liquid.  2.  From 
vanadate  of  lead  by  dissolving  in  nitric  acid, 
precipitating  by  sulphohydrogen,  heating  the 
blue  filtrate,  evaporating  the  clear  liquid  to 
dryness  by  a  gentle  heat,  boiling  the  red  resi- 
due with  carbonate  of  ammonia,  and  filtering 
hot,  when  the  vanadate  of  ammonia  crystal- 
lizes out,  and  may  be  purified  by  recrystalliza- 
tion.  By  heating  vanadate  of  ammonia  nearly 
to  ignition  in  an  open  crucible,  with  frequent 
stirring,  dark  red  vanadic  acid  remains.  It  is 
fusible,  and  congeals  to  a  yellowish  red,  crys- 
talline mass,  with  a  brick-red  powder,  soluble 
in  1000  pts.  of  water,  with  an  acid  reaction, 
insoluble  in  absolute  alcohol.  It  dissolves  in 
acids  to  yellow  or  red  solutions,  which  leave 
red  or  yellow  compounds,  sometimes  crystal- 
lizes, upon  evaporation.  By  dust,  organic  acid, 
sugar,  alcohol,  &c,  the  solutions  are  reduced 
to  a  lower  oxide ;  sulphydrate  of  ammonium 
gives  a  brown  precipitate,  soluble  in  an  excess 
of  the  same ;  alkalies  a  brown,  soluble  in  an 
excess  with  a  yellow  or  brown  color.  It  forms 
neutral  and  acid  salts  with  bases.  Both  are 
yellow,  but  some  of  the  neutral  are  also  ob- 
tained colorless,  generally  soluble  in  water, 
not  in  alcohol;  they  give  orange  precipitates 
with  salts  of  lead,  copper,  mercury,  and  anti- 
mony. 

d.  Vanadates  of  V.  1.  Purple.  When  the 
hydrated  oxide,  b.  is  exposed  in  a  loosely  closed 
bottle  for  24  hours,  and  water  poured  on,  it 
becomes  green ;  this  is  washed  with  water  on 
a  filter,  until  a  purple  solution  passes  through, 
which  is  probably  a  basic  vanadate  of  the 
oxide.  2.  The  oxide  dried  in  the  air,  and  di- 
gested with  a  little  water,  becomes  the  green 
oxide,  which  dissolves  in  water,  with  a  black- 
ish green  colour.  It  is  also  obtained  by  mix- 
ing a  neutral  salt  of  the  oxide  with  a  neutral 
alkaline  vanadate  in  solution,  or  by  fusing  the 
oxide  and  acid  in  equivalent  proportions  ;  its 
formula  is  V02,  2  V03.  3.  Bivanadate,  V02, 
4  V(  )3.  is  obtained  of  a  green  color,  by  mix- 
ing a  neutral  oxide-salt  with  an  alkaline  bi- 
vanadate] it  is  more  perfectly  precipitated  by 
salammoniac.  4.  The  orange-colored  oxide  is 
obtained  by  exposing  a  solution  containing 
more  than  1  pr.  ct.  oxide  to  the  air,  when  it 

-  from  green,  through  yellow  to  orange. 

'ulphurets,     a.  Bisulphuret.    Sulphovana- 

dou's   acid.     VS.,.     Obtained   dry,   by  passing 

sulphohydrogen    over    the    ignited   oxide,    is 

black     insoluble    in    muriatic    and   sulphuric 

tic  alkali.      The  alkaline  sul- 

phydrates  give  rich  purple  solutions,  with  the 

ide,    from  which    acids   throw 

the  brawn  sulphUret,  soluble  in  alkalies 

and  sulphydrates,  with  a  purple,  in  alkaline 

carbonates  with  a  brown  color.     The  sulpho- 
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vanadites  of  the  alkalies  arc  purple  and  solu- 
ble, those  of  the  alkaline  earths  reddish  brown, 
and  less  soluble. 

b.  Tersulphwret.  Sulphovanadic  acid.  VS3. 
Obtained  by  dissolving  vanadic  acid  in  sulphy- 
drate of  ammonium,  and  precipitating  by  an 
acid,  is  brown-white,  moist,  black  when  dry, 
soluble  in  caustic ;  carbonated  and  sulphur- 
etted alkalies  with  a  brown  color.  The  sul- 
phovanadates  of  the  alkalies  are  reddish  brown 
in  solution,  those  of  the  alkaline  earths  darker, 
and  less  soluble ;  all  others  insoluble. 

4.  Phosphuret  is  obtained  by  strongly  ignit- 
ing the  phosphate  with  a  little  sugar ;  a  black, 
porous  mass.  Vanadium  forms  brittle  alloys 
with  the  metals,  which  have  not  been  minutely 
studied. 

5.  Haloid  salts.  Vanadic  acid  dissolves  in 
muriatic  acid  with  evolution  of  chlorine,  but  to 
reduce  the  acid  wholly  to  oxide,  the  liquid  is 
digested  with  vanadium,  or  its  protoxide,  or 
with  alcohol,  sugar,  &c.  It  is  a  blue  solution 
of  bichloride,  which,  by  evaporation,  leaves  a 
brown  basic  salt.  When  oxide  of  vanadium, 
obtained  by  ignition  of  vanadate  of  ammonia 
in  a  close  crucible,  is  dissolved  in  heated  and 
strong  muriatic  acid  to  saturation,  it  gives  a 
brown  solution,  which,  by  gradual  evaporation, 
(rapidly  by  oil  of  vitriol)  passes  into  the  blue 
terchloridc,  is  obtained  by  passing  chlorine 
through  an  ignited  mixture  of  suboxide  and 
charcoal.  It  condenses  to  a  light  yellow  liquid, 
which  boils  above  212°,  fumes  in  the  air,  form- 
ing, by  the  moisture,  muriatic  and  vanadic 
acids,  and  runs  to  a  red  liquid;  it  absorbs 
ammonia,  and  becomes  white,  and  this  body, 
distilled  in  a  current  of  ammonia,  yields  vana- 
dium. The  blue  solutions  of  the  oxide  iu 
bromo-  and  iodohydric  acids,  change  readily  in 
the  air.  The  blue  solution  in  fluohydric  acid, 
forming  the  bifluoride,  leaves,  by  evaporation, 
a  brown  residue,  soluble  in  water ;  and  by 
spontaneous  evaporation  a  green  syrup,  in 
which  green  crystals  are  formed.  The  latter 
are  soluble  in  alcohol,  and  the  tincture  be- 
comes blue  by  sulphohydrogen.  It  forms  solu- 
ble double  salts  with  alkaline  fluorides.  Fluo- 
hydric acid  dissolves  vanadic  acid,  but  the 
perfluoride  is  easily  decomposed.  Silicofluo- 
ride,  an  orange-colored,  amorphous  mass,  partly 
dissolving  in  water,  with  a  yellow  color,  and 
partly  remaining  as  a  dark  green  mass. 

6.  O.q/salts.  Sulphate,  V02,  2  S03,  is  ob- 
tained by  dissolving  vanadic  acid  or  oxide  in 
oil  of  vitriol,  diluted  with  an  equal  weight  of 
water,  passing  sulphohydrogen  through  the 
dilute  solution  to  reduce  vanadic  acid,  and 
evaporating,  when  a  dirty  blue  crust  of  the  salt 
is  deposited.  It  is  washed  with  absolute  al- 
cohol, and  becomes  a  cerulean  powder,  which 
is  deliquescent,  and  then  soluble  in  water ; 
the  crystals  from  the  deliquesced  mass,  and 
the  blue  powder,  contain  4  eq.  HO.  It  forms 
an  uncrystalliaable  double  salt  with  sulphate 
of  potassa.  The  nitrate  is  obtained  only  as  a 
blue  solution.  The  neutral  phosphate,  V02, 
P06,  forms  a  blue,  uncrystallizable  syrup, 
which  if  mixed  with  absolute  alcohol,  gives  a 
grayish  blue  precipitate,  probably  a  basic  salt. 
The  biborate,  V02,  4  B03,  is  a  grayish  white 
precipitate. 

7.  Vanadates.     Neutral  vanadate  of  potassa 
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yields,  by  evaporation,  a  white,  earthy  mass. 
The  bivanadate  is  obtained  by  adding  strong 
to  an  almost  boiling  solution  of  the 
It,  until  the  precipitate  is  redissolved, 
itating  by  alcohol,  dissolving  the  preci- 
.   and  crystallizing.     It   forms 
-tn!s.  of  the  composition  KO, 
2  V03-f-  3  HO,  which  lose  their  water  by  heat, 
I,  and  are  then  fusible.     The 
and  of  lithia  are  similar.     The 
neutral  salt  a  is  obtained  by  digest- 

ing vanadic  acid  with  ammonia,  to  form  bivana- 
upersaturating  with  ammonia,  warming 
the  yellow  solution  until  it  is  discolored,  ami 
letting  it  crystallize,  or  precipitating  it  by  al- 
Another  method  is,  to  put  a  muss  of 
salammoniac  into  a  solution  of  neutral  vana- 
date of  potassa  or  soda.  It  is  white,  crystal- 
and  bas  the  form.  NHjO,  V03.  If  the 
yellow  solution  be  not  heated,  and  then  be  suf- 
fered to  evaporate,  a  yellow  crystalline  modi- 
fication is  obtained.  The  bisalt  is  obtained 
like  that  of  potassa,  and  forms  large  transpa- 
rent crystals.  The  acid  forms  basic,  neutral, 
and  bi-salts,  with  baryta,  strontia,  and  lime, 
tln.se  of  baryta  being  least,  and  those  of  lime 
most  soluble.  The  neutral  sa.lt  of  magnesia  is 
very  soluble,  the  acid  salt  slightly  soluble. 
The  salts  of  the  metals  proper,  are  yellow, 
reddish,  or  brown,  generally  insoluble,  or  diffi- 
cultly soluble  in  water. 

8.  Salts,  with  vanadic  acid  as  base.  The 
sulphate  of  vanadic  acid  is  obtained  by  dissolv- 
ing vanadic  acid  in  oil  id'  vitriol,  diluted  with 
half  its  weight  of  water,  and  evaporating  off 
the  excess  of  acid  at  the  lowest  possible  heat; 
it  forms  reddish  brown,  crystalline  scales,  deli- 
quescent and  very  soluble,  and  giving  a  double 
salt  with  sulphate  of  potassa.  The  neutral 
sulphate  of  the  oxide,  dissolved  in  nitric  acid, 
ami  evaporated  to  dryness,  a  red  basic  salt, 
V03,  -  S03.  The  nitrate  of  vanadic  acid  leaves 
a  red  residue  by  evaporation.  The  phosphate 
is  obtained  by  dissolving  phosphate  of  the  oxide 
in  nitric  acid,  and  evaporating  off  the  excess 
of  nitric  acid;  it  is  j-ellow,  crystalline,  and 
has  the  form.  2  Y()3,  3  !'()..  This  salt  forms  a 
double  salt  with  phosphate  of  soda,  when  phos- 
phate and  vanadate  of  soda  are  mixed  in  solu- 
tion, treated  with  nitric  acid  and  evaporated. 
The  most  remarkable  compound  is  that  with 
silicic  and  phosphoric  acids,  made  by  adding 
nitric  acid  to  mixed  solutions  of  phosphate, 
vanadate,  ami  silicate  of  soda,  and  evaporat- 
ing. It  forms  yellow,  shining  scales,  with  the 
form.  2  Si08,  P06  +  2  V03,  P06  -f-  6  HO.  It 
is  quite  soluble  in  water,  and  yields  the  same 
scales  by  evaporation. 

VAPOR.     See  tables  in  the  Appendix. 
VAREC.     See  Soda. 

VARGASITE.  A  pale-green,  columnar  mi- 
neral, not  further  described. 

VARIEGATED  COPPER.  Min.  Buntkup- 
fererz.  Cryst.  Regular ;  the  cube  and  8-hedron, 
sometimes  twinned  on  a  plane  of  the  latter; 
also  granular.  H.  ==  3.  G.  =  5-003.  Cop- 
per-red to  pinchbeck-red,  tarnishing  readily  in 
the  air  with  iridescence  and  prevalence  of  blue, 
lustre  metallic,  brittle  with  uneven  fracture, 
and  grayish  black,  shining  streak.  It  fuses  on 
coal  to  a  brittle,  magnetic  globule,  gives  off 
sulphur'>u>  gas,  and  after  roasting  gives  with 
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soda  particles  of  metallic  iron  ami  copper  ce- 
parated,  soluble  in  muriatic  acid,  leavii 
phur.  Form.  3  Cu2S,  Fe3S3,  containing  55 j)  pr. 
Ct.  metallic  copper,  and  16  pr.  ct.  iron:  but  as 
it  is  apt  to  have  copper  pyrites  and  vitreous 
copper  mingled  with  it,  the  |  of  oop- 

per   varies.     It   is  not   a   rare  ore  of  copper, 

either  alone  or  associated  with    copper  pyrites. 

Flemington,  New  Jersey,  and  Bristol,  Connecti- 
cut, arc  among  American  localities.  The  crys- 
tals have  been  found  in  Cornwall. 

VARIOLA  AMARA.     A  lichen,   growing  in 
grayish  crusts   upon  the  bark   id'  beech 
in  mountainous  regions.      It  is  used  as  a  tonic 
and  febrifuge  in  certain  cases,  (.It, urn.  de  Pharm. 
1844). 

Midler  found  in  100  pts.  of  the  lichen — 

Pikrolichenin 2-395 

Brownish  yellow  resin,  (by  ether) 0-677 

Dark  green,  bitter  resin 1*979 

Chlorophyll 4-114 

Mucous  sugar 1-960 

Bitter  extractive,  (by  water) 3-645 

Oxalic  acid 3-208 

Lime 2-521 

Silica 1-77D 

Iron traces 

Lignin  and  undetermined  matters 777ol 

Pikrolichenin  is  the  bitter  principle  first  dis- 
covered by  Alms.  It  forms  crystals,  which  are 
only  slightly  soluble  in  cold  alcohol  of  -912. 

YARIOL1TE.     See  Feldspab. 

VARISCITE.  Min.  Reniform.  II.  =  5.  G. 
=  2-345 — 2-379.  Apple-green;  feeble,  greasy 
lustre;  translucent ;  white,  shining  streak.  It 
yields  alkaline  water  in  a  tube  ;  infusible  ;  gives 
a  yellowish  green  glass  with  borax.  Chiefly 
composed  of  phosphoric  acid  and  alumina. 
From  Massbach,  in  Voigtland. 

VARNISH.  Fr.  Vernis.  Ger,  Firniss.  The 
term  varnish  applies  to  those  liquids  which  im- 
part a  brilliant  polish  to  solid  surfaces.  They 
consist  mostly  of  finely  divided  resinous  matter, 
dissolved  or  suspended  in  a  suitable  menstruum. 
These  liquids  are  applied  in  coats  by  means  of 
a  brush,  and  when  thus  exposed  leave  by  eva- 
poration a  hard,  brilliant,  and  transparent  ad- 
herent covering,  retaining  all  the  properties  of 
the  original  resin  with  additional  lustre.  A 
good  varnish  should  afford  a  durable  polish  un- 
alterable by  either  air  or  moisture.  The 
resins  are  mastic,  amber,  sandarac,  shellac, 
elemi,  colophony,  anime,  and  copal ;  the  men- 
strua are  spirits,  essences,  and  oils.  When  al- 
cohol, or  like  liquids,  are  the  vehicle,  the  var- 
nishes are  termed  "  spirit  varnishes.'"  These 
lose  all  their  solvent  by  evaporation,  and  arc 
the  most  brittle.  Terpentine  alone  gi 
more  plastic  and  solid  varnish,  for  being 
partially  resinified  by  evaporation  improves  the 
properties  of  the  resins  employed.  "  0 
"fat"  varnishes  dry  slower,  but  are  more  per- 
manent. Each,  however,  has  its  appropriate 
application. 

In  the  manufacture  of  varnishes  great  care 
and  cleanliness  should  be  observed.  The  re- 
sins should  be  washed  in  hot  water  to  remove 
dusty  and  dirty  particles,  then  dried  and  as- 
sorted in  shades,  reserving  the  lightest-colored 
pieces  for  the  finest  varnishes. 
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Spirit  Varnishes. 

Copal,  in  fine  powder 5  pts. 

Sulphuric  ether,  pure 2     " 

Agitate  the  two  together  in  a  stoppered  flask  for 
an  hour,  allow  a  day's  repose,  and  then  add 
two  additional  pts.  of  ether,  and  agitate  as  be- 
fore. This  yields  a  very  transparent,  brilliant 
polish.     Place  in  a  flask — 

Alcohol 500  pts. 

Ether GO    " 

In  this  hot  mixture  a  bag  is  to  be  suspended, 
containing  120  pts.  of  copal  previously  oxidized 
by  long  exposure  in  powder,  and  the  whole 
heated  until  complete  solution.  This  varnish  is 
very  white  and  drying.  According  to  Berzelius, 
if  powdered  copal  is  digested  with  ether,  the 
syrupy  mixture  heated  to  ebullition,  and  then 
heated  with  small  quantities  of  warm  alcohol 
of  -82  spec,  grav.,  a  limpid  solution  is  formed, 
by  agitation,  which  will  bear  dilution  with  al- 
cohol to  a  large  extent. 

The  advantages  of  this  kind  of  varnish  are 
solidity,  and  brilliant,  and  colorless  transpa- 
rency. It  is,  however,  only  available  for  in- 
terior work,  and  for  fancy  and  fine  articles.  A 
combination  of  soft  and  hard  resins  gives  a 
much  better  varnish  than  either  alone.  The 
stronger  the  alcohol  the  better  the  quality  of 
the  product,  and  as  direct  application  of  fire  is 
apt  to  generate  color,  the  mixture  of  the  mate- 
rials should  be  made  by  simple  digestion  in  a 
water-bath,  as  shown  by  Fig.  92. 


Fig.  92. 


Varnish  for  Paper  Articles. 

Alcohol,  36°— 40°  B 32  pts. 

"Washed  mastic 6     " 

Sandarac 3    " 

Venice  terpentine 3    " 

Bruised  glass 4    " 


Mix  together  and  place  the  glass,  sandarac, 
and  mastic,  previously  powdered,  in  a  tinned- 
copper  digester,  (Fig.  92),  of  capacity  sufficient 
for  double  the  quantity  of  varnish  to  be  made  ; 
add  the  alcohol,  heat  the  whole  by  means  of  a 
water-bath,  and  stir  constantly  with  a  smooth 
wooden  spatula.  After  several  hours,  when  so- 
lution is  complete,  add  the  terpentine,  stir 
thoroughly,  warm  for  an  hour,  remove  from 
the  fire,  and  the  next  day  strain  through  cloth. 
This  mode  of  manipulating  is  of  general  appli- 
cation to  all  of  the  spirit  and  essence  varnishes. 

Varnish  for  Light  Articles  of  Furniture. 
Galipot  (selected) 3  pts. 

Anime  "1         ,  i     « 

„,      .    y  each J- 

Elemi  J 

Bruised  glass 2     " 

Alcohol  36°  B 16     " 

Copal   Varnish. 

Oxidized  copal 1  pts. 

Alcohol,  40°  B 3    " 

Digest  for  a  week  or  more,  taking  care  to  agi- 
tate several  times  daily. 

Varnish  for  White  Woods. 

Bleached  shellac  (recent) 3    lbs. 

Alcohol  of  40°  B 2 \ -galls. 

Melt  the  shellac  in  1  gallon  of  the  spirits,  and 
then  add  an  half  gallon  more.  After  straining, 
mix  in  the  residue.  If  color  is  required,  a  por- 
tion of  the  alcohol  may  be  previously  tinted  by 
red  sanders,  but  in  this  case  it  is  more  econo- 
mical to  use  unbleached  shellac  of  a  light  color. 

Brilliant  and  Colorless  Spirit  Varnish. 

Bleached  shellac 8  pts. 

Sandarac  (washed) 4     " 

Bruised  glass 4    " 

Alcohol,  40°  B GO    " 

Varnish  for  Musical  Instruments. 

Sandarac 4  pts. 

Seed  lac 2    " 

Mastic,  in  tears 2     " 

Elemi 1     " 

Bruised  glass 4    " 

Venice  terpentine 2     " 

Alcohol 32     » 

Either  of  these  varnishes  may  be  colored  by 
the  addition  of  suitable  pigment.  For  exam- 
ple, dragon's  blood  and  sanders  yield  red,  saf- 
fron and  gamboge,  yellow. 

Essence  Varnishes. 

These,  as  well  as  their  mode  of  manufacture, 
are  very  analogous  to  the  preceding,  and  though 
less  siccative  possess  the  advantages  of  afford- 
ing a  durable  polish  less  liable  to  crack  or 
damage  by  rubbing. 

Table  Varnish. 

Rub  up  finely-powdered  dammar  resin,  (se- 
lected and  washed),  with  double  its  weight  of 
recently  distilled,  clear  spirits  of  terpentine, 
and  add  200  grains  of  camphor  to  every  lb.  of 
resin  employed.  The  whole  is  then  to  be  di- 
gested in  a  close  vessel  for  24  hours,  and  fre- 
quently shaken  in  the  interval.  The  superna- 
tant, clear  portion,  is  then  decanted  for  use. 
Exposure  while  being  heated  over  a  water-bath 
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will  remove  any  color,  and  impart  perfect  lim- 
pidity. 

Common  Table  Varnish. 
Dissolve  3  lbs.  of  Venice  terpentine  in  8  lbs. 
of  hot  spirits  of  terpentine,  and  then  transfer 
the  clear  liquor  to  a  cool,  open  vessel. 

Copal  Varnish  for  Inside  Work. 

Copal,  in  powder 6  pts. 

Fresh  spirits  of  terpentine 10    " 

This  varnish  is  rendered  less  brittle  by  a  slight 
addition  of  camphor. 

Transfer  Varnish,  (mordant.) 

Mastic 4  pts. 

Sandarac 4    " 

Gamboge 2    " 

Terpentine 1     " 

Spirits  of  terpentine 24    " 

Copal   Varnish. 

Copal 30  pts. 

Oil  of  lavender 180    " 

Camphor 4    " 

Spirits  of  terpentine  <  b    ■  ± 

1  l  l     per  consistence. 

Add  the  copal  portionwise  to  the  heated  oil,  hold- 
ing the  camphor  in  solution,  and  promote  the 
mixture  by  constant  stirring ;  then  gradually 
add  the  spirits  to  the  hot  varnish.  The  pro- 
duet  is  light  colored,  and  gives  a  solid,  trans- 
parent, flexible  coating. 

Oil  Vaenisiies. 
These  varnishes,  composed  of  a  very  inti- 
mate mixture  of  resin,  oil,  and  spirits  of  ter- 
pentine, differ  from  the  preceding  in  being  less 
diving,  but  give  a  polish  of  greater  lustre  and 
Lty,  and  more  resistant  to  the  effects  of 
heat,  light,  and  sudden  changes  of  temperature. 

Fig.  93. 


Their  application,  therefore,  is  of  extended  use- 
fulness, as  they  arc  specially  adapted  for  I 
panel,  carriage,  and  other  work,  which  require 
frequent  washing. 

The  oils  almost  exclusively  used  for  this  pur- 
pose are  those  of  linseed  and  walnuts,  The 
gums  are  the  different  kind  of  copal  and  am- 
ber. 

As  the  oil,  especially  when  new.  always  con- 
tains mucilage  and  more  or  less  foreign  matter, 
and  as  these  ingredients  prevent  the  ready  ab- 
sorption of  oxygen  by  the  oil— a  very  ne< 
condition  in  order  that  it  may  become  sir 
— it  is  necessary  to  give  a  preliminary  treat- 
ment to  render  it  proper  for  varnish.  The  best 
method,  it  is  said,  is  to  rub  the  raw  oil  with 
dry  sulphate  of  lead  until  it  has  a  milky  ap- 
pearance. The  mixture  is  then  to  be  exposed 
to  the  light  for  several  days,  and  frequently 
stirred  during  the  interval.  During  this  i 
the  sulphate  of  lead  precipitates,  carrying  with 
it  most  of  the  mucus  and  impurities,  while  the 
residue  forms  a  compact  membrane  from  which 
the  supernatant  clear  oil  can  be  decanted.  This 
oil  dries  quickly,  and  whitens  entirely  in  time. 
The  process,  also,  is  economical,  particularly 
as  the  lead  sediment  may  be  repeatedly  used 
after  separation  of  the  mucous  deposit. 

The  above  method,  however  good,  is  not  that 
usually  adopted  for  improving  the  drying  | 
of  oil.     The   common  plan  is  to  boil  it  with 
dryers,  such  as  litharge,  red  lead,  white  vitriol, 
&c.     The  "oil  varnish"  thus  obtained  is,  how- 
ever,  inferior  in  properties   to   that  prepared 
with  the  sulphate  of  lead.     This  latter,  alter 
purification,  may  perhaps  be  better  ada]  ted 
for  its  purpose  by  subsequent  boiling,  and  so 
we  give  the  mode: — The  boiler  lor  the  pu 
must  be  of  capacity  sufficient  for  double  the 
quantity  of  its  charge  of  oil.     Its  construction 
and  position  in  the  furnace  is  shown  at  fig.  93. 
A  is  the  iron-bound  brick  fur- 
nace, and  B  the  cast-iron  boil- 
ing   kettle,    enveloped    in    the 
mason  work  C.     The  chir 
is  seen  at  D,  the  ash-pot  al  E. 
The  receiving  kettle  is  shown 
at  F,  the  cover,  II,  fitting  over 
the    whole    top,    spoul    <!    in- 
cluded,   is    suspended    by    an 
iron    chain    working    upon    a 
pulley.    The  boiler, 
well  cleansed,  is   to   be   half- 
filled  with   old  linseed   oil.   as 
that  having  age  is  more  dry- 
ing,    and    then     heated 
gradually  until   it  comm 
to  simmer.      This  heat  may  be 
continued   for   an   hour,   so   as 
to  expel  all  moisture,  but  care 
must  be  taken   to   skim  off  all 
the  scum  as  it  rises  to  the  sur- 
face.     (It  is  at  this  stage,  in 
the  old  method,  thai  the  driers 
are    added.     The  proportions 
are    14  lbs.   litharge,    12  lbs. 
red   lead,   and   8  lbs.    recently 
burned  amber,  to  be  well  pow- 
dered and  gradually  sprinkled 
in,  and  prevented  adhering  to 
the   bottom  by   frequent    stir- 
ring.    The  heat  is  continued 
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gently  for  2  hours  longer,  and  after  24  hours 
cooling  and  repose,  the  clear  oil  is  decanted 
and  strained.)  After  this  the  heat  may  be 
cautiously  increased  until  the  oil  bubbles,  and 
subsequently  becomes  calm.  At  this  stage  it 
emits  gaseous  vapor,  which  flashes  when  put 
in  direct  contact  with  a  lighted  taper.  As  soon 
as  the  vapor  can  be  inflamed  in  this  way,  the 
fire  is  to  be  discontinued,  the  scum  removed, 
and  the  oil  allowed  to  cool.  If  the  oil  has  been 
too  highly  heated,  the  vapor,  instead  of  flash- 
ing, will  burn  continuously,  and  cause  loss  or 
damage,  unless  the  flame  is  immediately  extin- 
guished by  closing  the  kettle  with  the  lid.  The 
oil,  after  straining,  is  thus  rendered  suitable 
for  varnish. 

The  next  step  is  the  selection  of  the  resin. 
Copal  is  that  most  generally  employed.  Of  this 
there  are  several  species  and  grades.  That 
from  Calcutta  is  the  best,  but  whatever  the 
kind,  it  should  be  washed  to  remove  dirt,  and 
culled  in  regard  to  shade  and  fusibility.  The 
whiter  pieces  are  to  be  reserved  for  the  fine 
quality  of  varnish.  A  very  good  mode  of  test- 
ing the  fusibility,  is  to  soak  the  resin  in  an 
alkaline  ley  (1  lb.  pearlash  to  70  lbs.  water) 
for  48  hours,  and  then  removing  every  trace 
of  alkali  by  repeated  washing  in  fresh  waters. 
The  more  fusible  pieces  are  then  softened,  and 
can  be  accordingly  separated  from  the  harder 
and  more  refractory.  Subsequent  exposure 
to  sun  effects  the  necessary  drying. 

The  oil  and  copal  being  prepared,  it  is  neces- 
sary, before  proceeding  to  the  manufacture  of 
varnish,  to  bear  in  mind  the  following  precau- 
tions : — 

1.  That  oil  varnish  is  not  a  solution,  but 
an  intimate  mixture  of  resin  in  boiled  oil  and 
spirits  of  terpentine. 

2.  That  the  resin  must  be  completely  fused 
previous  to  the  addition  of  the  boiled  or  pre- 
pared oil. 

3.  That  the  oil  must  be  heated  to  250°— 300°. 

4.  That  the  spirits  must  be  added  gradually 
and  in  thin  stream,  while  the  mixture  of  oil 
and  resin  is  still  hot. 

5.  That  the  varnish  should  be  made  in  dry 
weather,  otherwise  moisture  is  absorbed,  and 
its  transparency  and  drying  quality  impaired. 

The  heating  vessel  must  be  of  copper,  with 
a  solid  bottom  fastened  by  rivets,  and  not  sol- 
dered. A  flange  on  the  exterior  serves  as  its 
support  upon  the  ledge  of  the  furnace.  The 
whole  arrangement  is  seen  at  fig.  93,  before 
given.  An  iron  stirrer  and  a  brass  sieve  com- 
prise the  remainder  of  the  furniture. 

As  before  said,  the  copal  does  not  dissolve, 
but  mixes  with  the  hot  oil.  To  promote  this 
action,  the  copal  is  first  fused  alone  in  the  kettle, 
over  a  moderate  charcoal  fire  kept  constantly 
supplied  with  fuel,  without  disturbing  the  ket- 
tle, until  the  completion  of  the  mixture  with 
oil.  If  it  is  melted  in  the  boiling  oil,  the  re- 
sulting varnish  is  more  colored  and  less  drying. 
There  is,  however,  great  care  required  in  fusing 
the  copal  by  itself;  for  if  the  heat  is  not  care- 
fully managed,  or  if  it  is  too  much  prolonged, 
the  resin  becomes  pitchy,  and  gives  an  inferior 
varnish.  Constant  stirring  is  requisite,  to  pre- 
vent adhesion  to  the  sides  and  bottom  of  the 
vessel,  and  consequent  scorching.  As  a  par- 
tial preventive,  all  the  pieces  of  copal  should 


be  of  uniform  fusibility ;  for  example,  amber 
requires  a  higher  heat  for  fusion  than  hard 
Copal.;  this  latter  higher  than  that  fur  the 
demi-hard  variety ;  and  this  again  is  of  more 
difficult  fusion  than  tender  copal.  The  diffe- 
rent varieties  should  therefore  never  be  fused 
together,  for  that  which  melts  first  may  lie 
scorched  by  the  high  heat  required  to  melt 
those  that  are  more  refractory.  If  it  is  de- 
sired to  mix  them  in  order  to  regulate  the 
quality  of  the  varnish,  it  must  be  in  a  state 
of  fusion. 

When  the  melted  resin  is  perfectly  fluent, 
the  hot  oil  is  then  to  be  ladled  in  gradually, 
during  constant  stirring,  with  the  iron  spatula. 
To  determine  the  perfection  of  the  mixture,  a 
drop  must  now  and  then  be  taken  out,  and  cooled 
upon  a  glass  plate.  If  on  cooling  it  is  limpid 
and  takes  a  wax-like  consistence,  penetrable 
with  the  nail  without  cracking,  the  proper  pro- 
portion of  oil  has  been  added ;  on  the  contrary, 
if  it  is  hard  and  brittle,  more  oil  is  required. 
The  precise  amount  of  liquid  can  only  be  de- 
termined by  experiment,  for  resins  vary  in 
their  saturating  power.  As  a  general  rule,  the 
hard  and  demi-hard  copal  will  bear  one-half 
their  weight  of  oil,  and  a  little  more  than  their 
weight  of  spirits  for  a  good  varnish,  drying  in 
24  hours.  The  best  way,  however,  is  to  test 
every  new  lot  of  resin  on  a  small  scale. 

The  spirits  of  terpentine  is  added  while  the 
mixture  of  oil  and  resin  is  still  hot.  It  should 
be  previously  warmed,  and  allowed  to  flow  in 
a  thin  stream  and  during  constant  stirring. 
If  viscosity  should  ensue,  the  addition  of  ter- 
pentine must  be  immediately  stopped,  and  the 
mixture  replaced  over  the  fire  and  heated 
gradually  up  to  000°.  Limpidity  is  thus  re- 
stored, and  upon  removal  from  the  fire  a  q.  s. 
of  spirits  of  terpentine  may  then  be  added,  to 
impart  the  proper  consistence.  The  product 
is,  however,  inferior  to  that  which  would  have 
resulted  by  proper  observation  of  the  rules 
before  recorded. 

So,  likewise,  when  the  oil,  by  reason  of  any 
content  of  water  or  other  impurity,  makes  an 
opake  mixture  with  the  melted  resin ;  or  when 
added  too  cold  it  produces  clots,  the  remedy  is 
to  boil,  and  add  spirits  of  terpentine,  as  is 
usual,  and  then  strain.  This  varnish,  how- 
ever, is  inferior  and  less  homogeneous  than 
would  have  resulted  from  skilful  management. 

The  proportions  of  ingredients  of  a  good 
varnish  are — 

Copal 3    lbs. 

Prepared  oil li   " 

Ess.  terpentine 4 — 5     " 

Amber  Varnish. 

Amber 2  lbs. 

Prepared  oil 3    " 

Ess.  terpentine q.  s. 

Black  Japan  Varnish. 

Hard  copal 3    lbs. 

Boiled  asphaltuni 1       " 

Oil  prepared  with  dryers 2 — 3      " 

Ess.  terpentine 0-75  " 

Amber  may  be  substituted  for  copal,  but  the 
varnish  is  less  brilliant. 

Japan  {Copal)  Varnish. 
Pale,  African  copal,  7  lbs. ;  fuse,  add  an  £ 
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gallon  of  prepared  linseed  oil,  boil  for  five  mi- 
nutes, and  remove  from  the  fire.  Then  mix  in 
intimately  3  galls,  hot  oil  of  terpentine,  and 
strain  into  a  covered  cistern.  This  varnish, 
used  by  japanners,  dries  in  fifteen  minutes,  and 
may  lie  polished  as  soon  as  it  has  hardened. 

VARVICITE.  Mm.  Crystalline  plates  and 
fibres.  11. =2-5— 3.  G.=4-283--4-623.  Steel- 
gray,  iron-black;  submetallie ;  opake;  black 
streak.  Form.  Mn203,  IK)  +  2  Mn02.  Pro- 
bably a  mixture  of  the  two  oxides. 

VAUQUELINITE.  Mm.  Cryst.  Oblique 
rhombic;  also  imitative  and  amorphous.  H. 
=2-5 — 3.  G.  =  5-5 — 5-78.  Dark-green,  nearly 
black;  adamantine;  subtranslucent,  opake; 
rather  brittle,  with  uneven  fracture  and  siskin- 
green  or  brownish  streak.  It  swells  up  on 
coal,  and  fuses  with  much  effervescence  to  a 
dark  gray,  metallic,  shining  globule.  The 
fluxes  give  a  green  glass  in  the  outer  flame, 
and  mic.  salt  shows  copper  in  the  inner  flame, 
especially  by  adding  tin ;  soda  gives  a  green 
glass  in  the  oxidizing  flame,  which  becomes 
yellow  on  cooling.  Partly  soluble  in  nitric 
acid,  with  a  yellow  residue.  Form.  3  CuO, 
2  Cr03  4-2(3  PbO,  2  CrOs).  From  Beresof, 
Siberia ;  near  Sing-Sing,  N.  York,  &c. 

VEGETABLE  IVORY.  The  seeds  of  the 
Phytelaphas  macrocarpa  and  microcarpa,  im- 
ported into  Europe  from  Peru. 

VELVET  COPPER.  Mm.  Kupfersammterz. 
In  spherical  or  mamillary  masses  of  short, 
delicate  fibres,  of  the  finest  cobalt-blue,  with 
a  silky  lustre.  Contains  silicic  and  sulphuric 
acids,  with  oxides  of  copper  and  zinc.  From 
Moldwa. 

VERATRIN.  Pharm.  Chem.  A  poisonous 
alkaloid,  existing  in  the  root  of  Hellebore, 
and  in  the  seeds  of  Sabadilla. 

Prep.  Dissolve  the  alcoholic  extract  of  saba- 
dilla in  dilute  sulphuric  acid,  heat  with  animal 
charcoal,  and  precipitate  by  an  alkali.  To 
separate  the  veratrin  from  sabadillin  and  other 
impurities,  the  precipitate  is  redissolved  in  di- 
lute oil  of  vitriol,  and  nitric  acid  is  then  added 
until  black  sediment  ceases  to  be  formed.  Fil- 
ter, and  precipitate  the  filtrate  by  dilute  po- 
tassa:  wash  dry,  and  dissolve  the  precipitate 
in  absolute  alcohol.  Evaporate,  treat  with 
boiling  water,  to  remove  sabadillin,  &c.  The 
residue  yields  the  veratrin  to  ether. 

Prop.  Formula  C34H28N06.  Is  an  uncrys- 
tallizable,  white  powder,  soluble  in  alcohol, 
less  so  in  ether,  and  but  very  slightly  in  water. 
Melts  at  239°.  Its  muriate  and  sulphate  are 
crystallizable. 

VERATRIC  ACID.     See  Sabadilla. 

YERATRUM.  See  Hellebore  and  Saba- 
dilla. 

VERD  ANTIQUE.  Gcol.  A  green  porphyry, 
composed  of  a  feldspathic  paste  imbedding  de- 
tached ci'ystals  of  the  same,  and  usually  of  a 
lighter  color. 

VERDOUS^CID.  }  Extracted  from  tne roots 
of  the  Srahiosa  succisa ;  but  existing  also  in  a 
variety  of  plants  of  the  families  Dipsaceae,  Com- 
posite, and  Eupatoriae.  Their  properties  are 
undetermined. 

VERDIGRIS.     Acetate  of  Copper. 

VERDITER.  Tech.  Chem.  Sym.  Bremen 
green.  A  bluish  green  pigment,  consisting  of 
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a  mixture  of  the  hydrate  and  carbonate  of  cop- 
per.    The  process  for  it*   manufacture  is  u 

follows  : 

a.  22-")  lbs.  of  sea  salt,  and  222  lbs.  of  blue 
vitriol,  both  free  from  iron,  arc  mixed  in  the 
dry  state,  then  reduced  between  mill-stones 
with  water  to  a  thick  homogeneous  paste. 

h.  22")  lbs.  of  plates  of  old  copper  are  cut  by 
scissors  into  bits  of  an  inch  square,  then  thrown 
and  agitated  in  a,  wooden  tub  containing  two 
lbs.  of  sulphuric  acid,  diluted  with  a  sul 
quantity  of  water,  for  the  purpose  of  separat- 
ing the  impurities  ;  they  are  afterwards  washed 
with  pure  water  in  casks  made  to  revoh 
their  axes. 

c.  The  bits  of  copper  being  placed  in  oxida- 
tion-chests, along  with  the  magma  of  common 
salt  and  blue  vitriol  previously  prepared  in 
strata  of  half  an  inch  thick,  they  are  left  for 
some  time  to  their  mutual  reaction.  The 
chests  are  made  of  oaken  planks  joined  without 
iron  nails,  and  set  aside  in  a  cellar,  or  other 
place  of  moderate  temperature. 

The  saline  mixture,  which  is  partially  con- 
verted into  sulphate  of  soda  and  chloride  of 
copper,  absorbs  oxygen  from  the  air,  whereby 
the  metallic  copper  passes  into  a  hydrated 
oxide,  with  a  rapidity  proportioned  to  the 
extent  of  the  surfaces  exposed  to  the  atmo- 
sphere. In  order  to  increase  this  exposure, 
during  the  three  months  that  the  process  re- 
quires, the  whole  mass  must  be  turned  over 
once  every  week,  with  a  copper  shovel,  trans- 
ferring it  into  an  empty  chest  alongside,  and 
then  back  into  the  former  one. 

At  the  end  of  three  months,  the  corroded 
copper  scales  must  be  picked  out,  and  the 
saline  particles  separated  from  the  slimy  oxide 
with  the  help  of  as  little  water  as  possible. 

d.  This  oxidized  schlam,  or  mud,  is  filtered, 
then  thrown,  by  means  of  a  bucket  containing 
30  pounds,  into  a  tub,  where  it  is  carefully  di- 
vided or  comminuted. 

e.  For  every  six  pailfuls  of  schlam  thus  thrown 
into  the  large  tub,  12  pounds  of  muriatic  acid, 
at  15°  Baume,  are  to  be  added  ;  the  mixture  is 
to  be  stirred,  and  then  left  at  rest  for  24  or  3G 
hours. 

/.  Into  another  tub,  called  the  blue  back, 
there  is  to  be  introduced,  in  like  manner,  for 
every  six  pailfuls  of  the  acidified  schlam,  15 
similar  pailfuls  of  a  solution  of  colorless  cleat 
caustic  alkali,  at  19°  Baume". 

g.  When  the  back  (e)  has  remained  long 
enough  at  rest,  there  is  to  be  poured  into  it  a 
pail  of  pure  water  for  every  pail  of  schla 

h.  AVhen  all  is  thus  prepared,  the  set  of 
workmen  who  are  to  empty  the  back  (e),  and 
those  who  are  to  stir  (/),  must  be  placed  along- 
side of  each.  The  first  set  transfer  the  schlam 
rapidly  into  the  latter  back  ;  where  the  second 
set  mix  and  agitate  it  all  the  time  requisite  to 
convert  the  mass  into  a  consistent  state,  and 
then  leave  it  at  rest  from  36  to  48  hours. 

The  whole  mass  is  to  be  now  washed;  with 
which  view  it  is  to  be  stirred  about  with  the 
affusion  of  water,  allowed  to  settle,  and  the 
supernatant  liquor  is  drawn  off.  This  process 
is  to  be  repeated  till  no  more  traces  of  ; 
remain  among  the  blue.  The  deposit  must 
be  then  thrown  upon  a  filter,  where  it  is  to  be 
kept  moist,  and  exposed  freely  to  the  air.    Th» 


VERMrCULITE. 

pigment  is  now  squeezed  in  the  filter-bags,  cut 
into  bits,  and  dried  in  the  atmosphere,  or  at  a 
temperature  not  exceeding  78°  Fahr.  It  is 
only  utter  the  most  complete  disiccation  that 
the  color  acquires  its  greatest  lustre. 

An  inferior  article  is  made  by  precipitating 
nitrate  of  copper  with  chalk,  stirring  the  mix- 
ture until  the  liquor  loses  color,  decanting, 
washing,  filtering,  and  drying  in  the  sun.  A 
trituration  of  the  precipitate  in  its  pasty  state, 
produces  uniformity  and  beauty  of  color. 

VERMLCULITE.  Min.  Probably  Pyro- 
niYLi.ri  b. 

VERMILLION.     See  Mercury. 
VESUVIAN.     See  Idocrase. 
VESUVIAN  SALT.     See  Aphthitalite. 
VIGNITE.      Min.      A    very    blue    magnetic 
iron,   probably   a   mixture    of    magnetic    iron, 
carbonate,  and  phosphate  of  iron. 

VILLARSITE.  Min.  Cryst.  Right  Rhom- 
bic, 8-hedral.  II.  =  3  —  3-5.  G.  =  2-975. 
Yellowish  green  ;  sub-transparent ;  infusible, 
giving  a  green  enamel  with  borax  ;  decomposed 
by  strong  acids.  From  Traversella,  Piedmont. 
VINEGAR.  See  Acetic  Acid. 
VINOUS  FERMENTATION.  See  Fermen- 
tation, Alcohol,  and  Ethyl. 

VIOLAN.  Min.  Amorphous.  G.  =  3-233. 
Violet  blue,  waxy,  opake ;  fusible  by  a  strong 
heat.  It  is  a  silicate  of  alumina,  magnesia, 
lime,  protoxide  of  iron,  and  soda.  From  St. 
Marcel,  Piedmont. 

YIP. I DIC  ACID.  A  product  of  the  oxidation 
of  Pfaff's  Caffeo-tannic  acid.  Form.  C14H607, 
[Rochltder,  Liebig's  Annalen,  lxiii).  The  aque- 
ous solution  gives  a  bluish  green  precipitate, 
with  barytic  water.  It  appears  to  be  identical 
with  Runge's  green  acid  from  Coffee. 

VITELLIN.  See  Egg  ;  and  Noad's  paper  in 
Chem.  Gaz.  v.  410. 

VITREOUS  COPPER.  Min.  Copper  glance, 
Sulphuret  of  copper,  Kupferglanz.  Cryst. 
Right  rhombic  ;  prismatic  and  8-hedral ;  often 
compounded   like    arragonite ;   also    granular. 

H.  —  2-5 3.     G.  =  5-5  —  5-8.     Streak  and 

color  grayish  black,  sometimes  tarnished  ;  me- 
tallic ;  opake ;  fracture  conchoidal ;  sectile, 
with  shining  streak.  Colors  the  blowpipe  flame 
blue;  evolves  sulphurous  acid  by  roasting; 
fuses  readily  in  the  outer  flame;  yields  copper 
with  sola ;  soluble  in  nitric  acid,  leaving  sul- 
phur. Form.  Cu2S.  It  is  frequent  in  copper 
mines.  Beautiful  and  large  crystals  occurs  at 
Bristol,  Connecticut. 

VITREOUS  SILVER.  Min.  Sulphuret  of 
silver:  Silberglanz  ;  Glaserz.  Cryst.  Regular. 
PI.  VIII.,  figs.  1,  2,  3,  4,  6,  8,  9,  &c.  Also,  fili- 
form and  amorphous.  H.=  2 — 2-5.  G.=  7-196 
—  7-365.  Streak  and  color  grayish  black; 
shining;  metallic;  opake;  negatively  electric 
by  friction.  It  fuses  on  coal,  swelling  up; 
evolves  sulphurous  acid,  leaving  a  globule  of 
silvr  :  soluble  in  nitric  acid,  leaving  sulphur. 
Form.AgS.  It  is  one  of  the  most  important 
ores  ,,f  <ilver  occurring  in  the  Erzgebirg,  Hun- 
I-xieo,  &c.  I  found  a  small  quantity 
in  the  ore  from  Davidson  county,  North  Caro- 

VITRIOL.      The  former  name  for  metallic 

sulph  iti  9,  whence  vitriolic  acid,  the  name  for 

,  i  1   employed  in  the  last  century. 

The  terms  green,  blue,  and  white  vitriol,  arc 
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still  retained  in  commerce  for  the  sulphates  of 
iron,  copper,  and  zinc. 

VITRIOL  OCHRE.  See  Coqtjimbite. 
VIVIANITE.  Min.  Phosphate  of  iron,  Blue 
iron  earth,  Mullicite,  Eisenblau,  Glaukosiderit, 
Eisenphyllit,  Siderischer  Diatomphyllit.  Cryst. 
Oblique  rhombic,  prismatic,  with  terminal 
planes ;  with  a  perfect  cleavage,  parallel  with 
a  lateral  end-plane ;  also  imitative  and  earthy. 
H.  =  1-5—2.  G.  =  2-661.  Colorless  and 
transparent  previous  to  exposure  to  air;  chang- 
ing by  exposure  to  sea-green  and  sometimes 
blue,  and  usually  becoming  translucent  unless 
in  well-defined  crystals  ;  lustre  vitreous,  pearly 
on  cleavage-plane  ;  brittle,  with  an  almost  color- 
less streak  when  fresh,  but  blue  after  exposure. 
The  earthy  variety  is  a  white,  opake  powder 
when  fresh,  becoming  blue  by  exposure. 

In  a  tube  it  gives  water,  puffs,  and  becomes 
gray  and  red  ;  on  coal  it  burns  red,  fuses  to  a 
gray,  shining  globule,  and  shows  the  presence 
of  iron  with  the  fluxes  ;  soluble  in  nitric  or  mu- 
riatic acid,  and  perfectly  decomposed  by  fusion 
with  carbonate  of  soda.  The  formula  of  the 
fresh  mineral  is  doubtless  3  FeO,  P05  +  8  HO  ; 
but  by  oxidation  a  portion  of  the  iron  oxidizes 
still  higher,  and  a  portion  of  water  is  lost,  so 
that  the  blue  mineral  contains  a  large  propor- 
tion of  the  former  with  a  small  quantity  of 
3  Fe203,  2  P05  +  8  HO. 

Local.  It  has  many  localities,  is  often  as- 
sociated with  shells  in  the  secondary  and  ter- 
tiary softer  rocks,  and  with  more  modern  bog- 
ore.  It  is  especially  abundant  in  many  parts 
of  the  green-sand  formation  in  New  Jersey, 
Delaware,  and  Maryland,  and  I  found  well-de- 
fined crystals  in  Delaware.  (See  Sil.  Journ. 
1850.) 

VOLATILITY.  The  property  of  subliming, 
unaltered,  at  low  temperatures. 

VOLBORTHITE.  Min.  Vanadinkupfererz. 
In  small  aggregated  globules,  harder  than  calc. 
spar.  G.  =  3-55.  Olive-green,  with  yellow- 
ish green  streak ;  vitreous  ;  thin  splinters  trans- 
parent, translucent.  Yields  water  in  a  tube, 
and  becomes  black;  fuses  on  coal  in  the  outer 
flame  to  a  black  slag,  and  by  a  continued  heat 
leaves  a  globule  of  copper;  shows  copper  with 
all  the  fluxes ;  soluble  in  nitric  acid,  from  which 
water  throws  down  after  some  time  a  brick- 
red  precipitate  of  vanadic  acid.  Probably  from 
between  Miask  and  Katherinenburg. 

VOLCANIC  ASHES.  Geol.  Finely-pulver- 
ized mineral  matter  ejected  from  volcanoes,  con- 
taining minerals  soluble  in  muriatic  acid,  and 
others  (feldspathic  ?)  not  soluble.     See  Trass. 

VOLCANIC  GLASS.     See  Obsidian. 

VOLCANITE.     See  Augite. 

VOLCKNERITE.  Min.  A  white  pearly  mi- 
neral. G.  =  2-0-1.  Yields  water,  exfoliates, 
and  is  infusible;  dissolves  in  the  fluxes  with 
effervescence.  Form.  6  MgO,  A1203  -4-  15  IK). 
From  the  Ural. 

VOLKHONSKOITE.  Min.  Amorphous,  green, 
dull,  shining,  resinous  touch,  polished  by  the 
nail ;  very  brittle  ;  adheres  to  the  tongue  ;  con- 
tains chiefly  silica,  oxides  of  chrome,  ami  iron, 
and  water.     From  Siberia.     See  Milosciiin. 

VOLTAITE.  Min.  Cryst.  Regular.  Brown 
or  black;  soluble  in  water  with  decomposition. 
Form.  3  (  RO,  S(  >3)  +  2  (R203,  3  S03)  +  12  HO. 
The  RO  =  chiefly  FeO  with  a  little  KO,  NaO, 
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and  the  R,03  =  chiefly  Fe302  with  a  little  Al . 
03.  From  the  Solfaterra,  near  Naples,  and 
since  made  artificially  by  Abich 

VOLTZITE.  Min.  In  spherical  globules. 
H-  =  4-5.  G.  =  3-G6.  Dirty  rose-red,  yellow- 
ish, vitreous,  greasy,  opake  or  Bubtranslucent. 
Behaves  like  blende.  Form.  ZnO  +  4  ZnS. 
From  Rosiers,  Dpt.  Puy  de  Dome,  and  the  cin- 
ders of  many  iron  furnaces. 

VORAULITE.     See  Lazulite. 

VULPINITE.     See  Anhydrite. 


w. 


WACKE.      Gcol-    An  earthy  basalt. 

WAD.  Min.  Amorphous,  and  imitative, 
without  crystalline  structure.  It  is  a  soft, 
brown  or  black,  friable,  earthy  oxide  of  man- 
ganese, but  the  state  of  oxidation  is  uncertain. 
As  Rammelsberg  suggests,  it  has  probably 
arisen  from  psilomelan  by  a  pseudomorphic 
change. 

WAGNERITE.  Min.  Cryst,  Oblique  rhom- 
bic. H.  =  5— 5-5.  G.  =  2-985— 3-11.  Yel- 
low, sometimes  grayish,  vitreous,  translucent, 
fracture  splintery.  It  fuses  with  difficulty  in 
thin  splinters  to  a  dark  greenish,  gray  glass ; 
moistened  with  oil  of  vitriol,  it  colors  the  flame 
bluish  green ;  dissolves  in  the  fluxes,  anil  fuses 
with  soda ;  soluble  in  nitric  and  sulphuric  acids 
with  evolution  of  fluohydric  acid.  Form.  MgF 
-4-  3  MgO,  P05.  From  Hollgraben,  near  Wer- 
fen,  in  the  Pongau  of  Salzburg. 

WARWICKITE.  Mn.  Cryst.  Oblique  rhom- 
bic. II.  =  5-5—6.  G.  =  3—3-29.  Resem- 
bles hypersthene,  for  which  it  was  formerly 
taken.  It  consists  chiefly  of  titanium  and  fluo- 
rine with  7  pr.  ct.  iron,  according  to  Shepard's 
analysis.  Berzelius  remarks,  that  such  a  result 
is  very  improbable,  and  that  it  might  be  rutile 
with  titanic  iron,  and  some  fluoride  of  iron. 
But  both  the  crystalline  form  and  spec.  grav. 
are  against  such  a  view.  From  near  Edenville, 
New  York. 

WASHINGTONITE.     See  Titanic  Iron. 

WATER.  Ckem.  Tech.  Syn.  Oxyhydric  acid, 
Protoxide  of  Hydrogen.  Ger.  Wasser.  Fr.  Eau. 
One  of  the  so-called  elements  of  the  older  phi- 
losophers. A  transparent,  inodorous,  scarcely 
compressible  liquid,  diffused  throughout  nature, 
as  vapor  in  the  air,  as  water  of  Crystalliza- 
tion in  crystals,  as  a  constituent  of  innumera- 
ble inorganic  and  organic  bodies,  and  as  the 
material  of  oceans,  seas,  lakes,  rivers,  springs. 
and  fountains.  Its  composition  was  first  an- 
nounced in  1783,  by  Priestley,  Cavendish,  and 
Lavoisier.  Water  plays  an  important,  indeed 
an  indispensable  part  in  domestic  economy,  in 
the  practice  and  furtherance  of  the  useful  arts, 
and  in  analytic  chemistry.  As  the  source  of 
steam,  it  may  be  considered  as  a  prime  ele- 
ment in  human  progress. 

Prep.  By  the  union  of  one  volume  of  oxygen 
with  two  volumes  of  hydrogen,  by  combustion, 
compression,  electricity,  or  contact  of  platinum. 
The  intense  heat  evolved  during  this  reaction 
constitutes  the  principle  of  Dr.  Hare's  hydroxy" 
gen  or  compound  Blowpipe.  Waterman 
produced  by  igniting  many  metallic  oxides  in 
contact  with  dry  hydrogen  gas,  and  during 
many  chemical  changes. 
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WATER. 

Symbol  BO.     Eq.  =  9.     It  is  the  unit 
by  which  the   density  "I'  solids  and   liquids  are 

compared,  and  therefore  its  spec,  gra 
The  percentage  composition  of  water  is,  hydro- 
gen 11-11  and  oxygen  88*89. 

As  found  in  nature,  it  is  more  or  less  impreg- 
nated with   gaseous   and  saline   matters,  which 

impart,  in  many  instances,  medicinal  proper- 
ties, and  thus  give  to  certain  waters  their  value 
as  therapeutic  agents.  The  soluble  matters 
vary  in  nature  and  proportion  with  the 
of  the  water  and  the  constituents  of  the  BO)] 
which  it  traverses.  Those  waters  rich  in  chlo- 
ride of  sodium  are  called  Salines.  All  of  the 
solid  constituents  may  be  retained  by  Distilla- 
tion, the  water  passing  over  pure  and  suitable 
for  purposes  of  analytic  chemistry  and  pharma- 
ceutic dispensation.  The  first  portions  of  the 
distillate  contain  the  volatile  and  gaseous  mat- 
ters and  must  be  rejected.  The  residue  in  the 
still  contains  all  the  fixed  portion,  provided  the 
heat  has  not  been  raised  above  212°.  To  ob- 
tain water  chemically  pure,  it 'may  be  di 
from  a  copper-still,  well  tinned  on  the  inner 
surface,  and  with  a  helm  and  cooler  of  solid 
tin.  Those  made  in  Germany  are  of  thi 
forms  and  material.  Distilled  water,  as  well 
as  that  which  is  boiled,  is  insipid,  owing  to  the 
expulsion  of  air  and  carbonic  acid  which  im- 
part pungency  of  taste. 

The  suspended  matters  contained  in  waters 
maybe  separated  by  standing  or  by  Fn, mix- 
tion. The  incrustations  which  form  on  the 
sides  of  steam  boilers,  tea  kettles,  &c,  are  the 
saline  and  earthy  constituents  which  have 
dropped  from  the  water  during  its  concentra- 
tion by  evaporation.  They  generally  consist 
of  sulphate  of  lime,  &c.  So  also  stalactites 
and  stalagmites  are  formed  in  caves  by  the 
spontaneous  evaporation  of  water  surcharged 
with  lime  salts.  Putrid  waters  owe  their  offen- 
sive taste  and  smell  to  the  presence  of  sus- 
pended organic  matter.  As  long  as  they  retain 
the  least  portion  of  these  fermentable  particles, 
putrescence  will  inevitably  ensue,  and  hence 
such  waters  are  unsuitable  for  brewers,  ships. 
or  domestic  use.  Careful  and  repeated  filtra- 
tion through  charcoal  and  sand  is  the  most  effec- 
tual remedy. 

Water  appears  colorless  in  small  quantities, 
but  in  large  volumes  is  blue  by  reflected,  mil 
green  by  transmitted  light.  A  very  characte- 
ristic property  is  its  solvent  power,  and  hence 
its  use  as  a  standard  for  the  comparison  of  the 
solubility  of  bodies.  (See  SOLUTION  and  AB- 
SORPTION.) With  few  exceptions  this  power  is 
increased  by  heat  as  to  solids,  but  with  1 
to  gases  the  lower  the  temperature  of  the  water 
the  greater  the  amount  of  gas  taken  up.  In 
this  process  of  solution  bodies  are  rarely  af- 
fected in  their  chemical  condition  by  the  water. 
In  certain  cases,  for  example  nitrate  of  bis- 
muth, an  insoluble  salt  is  formed  by  diluting 
its  solution  with  water.  Those  gaseous  or  vo- 
latile matters  which  are  not  in  definite  combi- 
nation with  the  water  may  be  expelled  by  heat. 

The  compounds  which  it  forms  with  organic 
and  inorganic  bodies  are  termed  hydrates.  (See 
Hydrogen.) 

Those  substances  which  are  absorbent  of 
moisture  are  called  deliquescent  or  hygroscopic, 
and  according  to  the  extent  of  this  property 
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depends  their  use  for  Desiccation  in  Analy- 
sis. 

Water  is  limpid  down-to  32°,  when  it  congeals. 
If  the  water  is  kept  in  strict  repose  and  cooled 
very  gradually,  its  fluidity  may  be  retained  to  a 
much  lower  temperature.  This  freezing  process 
is  a  true  crystallization,  resulting  in  ice,  snow, 
hail,  or  frost,  according  to  temperature  and 
volume  of  water.  In  ice,  the  crystals  are  con- 
fused and  aggregated ;  in  snow  they  are  stel- 
lated groups  of  six-sided  prisms  ;  in  frost  reg- 
ular hexahedral  laminae. 

The  liquefying  point  of  ice  being  constant  is 
taken  as  the  zero  in  the  graduation  of  Thermo- 
meters. Unlike  most  other  bodies,  water  ex- 
pands in  congealing,  and  with  such  force  as  to 
shatter  the  stoutest  containing  vessel.  This 
expansion  is  partly  due  to  the  accidental  in- 
corporation of  air  bubbles  during  freezing,  and 
hence  the  ice  is  less  dense  than  water.  Ice  in 
liquefying  renders  latent  heat  sufficient  to  warm 
an  equal  quantity  of  water  at  39°  to  167°.  It 
is  this  absorption  of  heat  in  melting  that  gives 
to  ice  all  its  usefulness  for  freezing  cream  and 
for  other  cooling  purposes.     See  Heat. 

Contraction  ensues  from  32°  to  39-2°  upon 
application  of  heat ;  and  conversely,  by  cold,  di- 
lates from  39-2°  to  many  degrees  below  its  freez- 
ing point.  This  property  of  irregular  Expan- 
sion in  certain  ranges  of  temperature  has  an 
important  bearing  in  the  economy  of  nature, 
as  shown  at  page  CI 9.  The  maximum  density 
of  water  being  39-2,  that  is  the  degree  at  which 
it  is  sometimes  taken  for  comparing  the  densi- 
ties of  solids  and  liquids. 

Water  is  815  times  heavier  than  atmospheric 
air,  and  one  cubic  inch  at  62°  and  30  bar.  weighs 
252-458  grains.  At  212°  it  boils,  if  pure,  for 
the  presence  of  saline  matters  decreases  its 
tension  and  consequently  raises  its  boiling 
point.  The  amount  of  heat  required  to  con- 
vert water  into  elastic  vapor  is  five  and  an  half 
times  greater  than  is  necessary  to  raise  it  from 
32°  to  212°.  The  pressure  of  the  atmosphere 
being  removed,  the  boiling  temperature  is  re- 
duced, and  upon  this  law  is  founded  the  econo- 
mical mode  of  Evaporation  in  vacuo. 

Water  is  indecomposable  by  heat,  but  is  re- 
duced by  electricity  and  by  many  of  the  simple 
bodies;  thus  potassium,  sodium,  &c,  abstract 
its  oxygen,  and  chlorine,  iodine,  &c,  the  hydro- 
gen. Grove  {Chem.  Gaz.  iv.  406)  affirms,  how- 
ever, that  he  has  succeeded  in  decomposing 
water  solely  by  heat.  For  other  properties, 
see  Hydrogen  and  the  heads  referred  to  in  this 
article. 

Water  for  convenience  of  description  may  be 
classified  as  follows  : — 

1.  Rain  Water.  This,  as  well  as  that  from 
snow,  are  the  purest,  next  to  distilled  water. 
Their  impurities  are  the  matters  _  soluble  in 
water  with  which  the  atmosphere  is  charged, 
and  consist  of  very  minute  quantities  of  carbo- 
nic acid,  carbonate  of  ammonia,  chloride  of 
sodium,  organic  and  suspended  mineral  mat- 
ters. When  the  rain  is  accompanied  by  electri- 
cal discharges  it  is  said  to  contain  also  traces  of 
nitric  acid  and  nitrates.  Snow  water,  according 
to  chemists,  is  richer  in  oxygen  than  other  water. 

2.  Spring  or  Fountain  Water.  This  varies  in 
purity  with  the  nature  of  the  soil  which  it  tra- 
verses     It  may  very  properly  be  classed  with — 
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3.  River  Water.  Is  next  in  purity  to  rain 
water,  but  contains  saline  and  other  ingredi- 
ents in  variable  proportions.  When  lime  or 
chloride  of  sodium  is  a  prominent  component, 
the  waters  are  termed  hard  because  of  their  pe- 
culiar taste  and  property  of  decomposing  or 
rendering  insoluble  the  soap  used  in  wash- 
ing. 

4.  Sea  Water.  Is  highly  charged  with  salts, 
and  distinguished  by  its  bitter,  disagreeable, 
saline  taste.     See  table  of  analyses,  p.  946. 

5.  Ulineral  Waters.  These  are  very  variable 
in  their  composition,  some  containing  but  few, 
and  others  many  ingredients.  Strictly  speak- 
ing, all  waters  holding  mineral  matter  in  solu- 
tion, without  regard  to  the  proportion,  belong 
to  this  class ;  but  in  the  usual  acceptation  of 
the  term,  it  embraces  only  those  which  are 
highly  impregnated.  Sea  water  and  the  like 
may,  therefore,  be  included  under  this  head. 
AVhen  chloride  of  sodium  is  present  in  sufficient 
quantity  to  render  its  extraction  profitable,  the 
waters  are  called  salines.  Calcareous  waters  are 
those  in  which  lime  is  largely  present,  the  term 
selenitic  being  applied  to  those  in  which  the 
lime  exists  as  sulphate.  Mineral  waters  are 
also  styled  magnesian,  when  magnesian  salts 
give  them  their  characteristic  taste  and  proper- 
ties ;  hepatic  or  sulphurous  when  they  contain 
appreciable  quantities  of  sulphuretted  hydro- 
gen or  soluble  sulphurets ;  and  chalybeate  when 
carbonate  of  iron  (rarely  sulphate)  is  the  cha- 
racteristic constituent.  Acidulated  waters  are 
those  in  which  the  salts  are  bicarbonates,  and 
which  therefore  contain  free  carbonic  acid. 
Thermal  waters  from  "hot  or  warm  springs" 
owe  their  high  temperature  to  old  but  continu- 
ous, or  recent  volcanic  influences.  Many  of 
these  mineral  waters,  as  before  said,  contain 
ingredients  which  render  them  eminently  me- 
dicinal. Some  are  applicable  to  one,  and  others 
to  another  class  of  disease,  according  to  the 
therapeutic  properties  of  their  ingredients,  and 
hence  the  mineral  springs  of  accredited  virtues 
are  famous  resorts  for  invalids. 

The  "  mineral  water"  of  the  shops  is  nothing 
more  than  water  surcharged  with  carbonic  acid, 
and  sweetened  with  syrups  of  different  flavors. 
For  exportation  this  water  is  drawn  direct  from 
the  fountain  and  immediately  corked  with  fas- 
tenings. The  machinery  for  the  purpose  is  de- 
scribed by  Souberain  in  his  "  Traite  de  Pharma- 
cie."  For  the  convenience  of  those  unable  to 
be  visiters,  the  waters  of  mineral  springs  are 
bottled  up  and  exported ;  and  the  art  of  imitat- 
ing natural  waters  by  artificial  means  has  been 
successfully  carried  out  in  Germany  and  other 
countries.  Some  of  them,  however,  undergo 
change  by  time  and  transportation. 

Souberain  in  his  "  Traite  de  Pharmacie"  gives 
the  most  approved  methods  in  detail.  The  first 
step  is  to  ascertain  by  accurate  analysis  the 
ingredients  of  the  original  water,  their  exact 
state  of  existence  and  proportion.  This  being 
done,  if  the  water  is  a  mere  solution  of  saline 
matters,  it  is  to  be  compounded  accordingly  of 
pure  water,  and  the  constituents  in  proper  ra- 
tio. Should  some  of  the  ingredients  be  insolu- 
ble or  nearly  so  in  themselves,  as  is  frequently 
the  case,  time,  aided  by  machinery,  is  required 
to  effect  their  solution.  In  most  instances, 
however,  the  insoluble  salts  may  be  incorpo- 
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rated  with  the  -water  by  generating  them  therein 
by  double  decomposition.  The  bicarbonated 
waters  are  made  byusing  carbonates  without  re- 
gard to  solubility,  and  impregnating  the  waters 
with  carbonic  acid  by  means  of  a  force  pump. 
The  insoluble  carbonates  are  thus  converted 
into  soluble  bi-salts.  Waters  of  this  kind  are 
called  "  acidulated  salines."  Feruginous  waters 
must  be  prepared  with  water  freed  from  air  by 
boiling,  otherwise  the  iron  may  become  peroxi- 
dized  and  insoluble.  The  sulphuretted  waters 
contain  sulphur  in  the  form  of  sulphuretted 
hydrogen,  or  in  combination  with  alkaline  bases, 
and  are  prepared  by  saturating  the  simple  so- 
lutions with  sulphuretted  hydrogen  gas. 

Action  of  icater  upon  metallic  vessels  and  conduits. 

As  the  population  of  cities  and  towns  in- 
crease, so  also  augments  the  necessity  of  an 
increased  supply  of  potable  water,  and  as  wells 
afford  but  a  limited  amount,  some  more  inex- 
haustible source  must  be  found.  Neighboring 
streams  are  most  generally  tapped  for  this  pur- 
pose, and  as  the  pipes  in  which  the  water  is  con- 
ducted and  used  are  metallic,  it  is,  as  affecting 
the  public  and  private  hygiene,  a  duty  to  in- 
quire how  far  the  constituents  of  the  water  are 
prejudicial  by  reason  of  their  chemical  action 
upon  metal. 

In  a  majority  of  cases,  where  iron  pipes  are 
employed,  the  water  is  not  in  the  least  affected, 
or  so  slightly  as  not  to  be  in  the  smallest  de- 
gree prejudicial.  The  convenience  of  setting 
flexible  lead-tubes,  together  with  their  cheap- 
ness, has  introduced  them  into  general  use 
for  conducting  water  through  short  distances. 
Experience  has  shown  that  nearly  all  fresh- 


river  water,  and  the  water  of  most  springs, 
will    not    be   seriously  affected    in   leaden    pipers 

of  loo  yards  length,  which  is  much  Longer  than 
is  usually  employed.     Spring  and  creek  water 
flowing  from  matamorphlc  rooks  maj  b< 
rally  relied  upon,  unless  they  happen  to  be  too 

pure,  as  suitable  for  leaden  pipes.  We  lia\e 
not  sufficient  experience  to  pronounce  upon 
limestone  waters  with  certainty,  but  there  is 
every  ground  for  asserting  that  they  may  be 
passed  through  leaden  pipe  with  impunity, 
since  such  waters  deposit  notable  quantities 
of  sulphate  of  lime.  It  is  from  well  and  spring 
waters  of  alluvial  and  modern  formations  that 
we  have  most  to  fear  in  the  use  of  leaden  pipe  ; 
for  experience  has  shown  that  notable  quanti- 
ties of  lead  are  dissolved  by  waters  of  this 
character,  and  the  health  of  many  persons  has 
been  seriously  affected  by  the  free  use  of  the 
water.  In  one  such  case,  the  remedy  proposed 
by  the  author  was  successful,  although  the 
length  of  pipe  was  3000  feet.  Many  experi- 
ments have  been  made  on  this  subject  with 
more  or  less  success  by  Christison,  York,  &c, 
but  until  a  large  number  of  waters  shall  have 
been  minutely  analyzed,  of  those  which  have 
proved  injurious  and  those  which  have  not, 
where  lead  pipe  has  been  employed,  no  sound 
generalization  can  be  given.  See  Lead.  Solid 
tin  pipe  is  too  costly,  and  lead  pipe  internally 
coated  with  tin  is  too  uncertain  to  be  impli- 
citly relied  on  for  universal  employment. 

The  first  of  the  following  tables  presents  a 
view  of  several  ocean  waters,  and  of  inland  seas. 
The  second  and  third  tables  present  a  complete 
view  of  many  saline  springs,  from  Ure's  Supple- 
ment, drawn  from  a  German  source. 
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Specific  gravity. 


Chloride  of  sodium 

"        "  potassium.. 

"        "  magnesium 

"        "  calcium 

Bromine  salt 

Sulphate  of  lime 

"        "   magnesia.. 

"  "  potassa.... 
Carbonate  of  lime i 

"  "   magnesia' 


Elton  Lake 


1-27288 


38-3 

2-3 

197-5 


53-2 


291-3 


1-22742 


78-554 

6-586 

145-897 

31-075 
1-374 
0-701 


264-187 


3 
English 
Channel. 


27-00 
0-77 
3-67 

0-30 
1-40 
2-30 

0-33 


35-77 


4 
Black  I 


1-01365 


14-019 
0-189 
1-303 

0-005 
0-105 
1-470 

0-359 
0-209 


17-659 


5 
Azof. 


1-0097 


9-658 
0-128 
0-887 

0-003 

0-288 
0-764 

0-022 
0-129 


11-879 


6 
Caspian. 


1-00539 


3-673 
0076 
0-032 


0-490 
1-239 

0-171 
0013 


6-294 


Mediter- 
ranean. 


2-94 
0-05 
0-32 

0-05 
013 
0-24 

0-01 


3-74 


1.  Analyzed  by  H.  Rose.  Gobel's  analysis 
of  the  same  gives  less  magnesian  and  more 
sodium  chloride.  2.  Analyzed  by  J.  C.  Booth 
and  A.  Muekle,  quoted  from  report  to  Congress, 
Feb.  1849,  made  by  Lieut.  W.  F.  Linch,  U.  S.  N. 
who  commanded  the  late  expedition  to  the  Jor- 
dan and  Dead  Sea.  An  interesting  report  on 
the  geology  of  that  region  may  be  looked  for 
from  H.  J.  Anderson,  M.  D.,  the  geologist  to 
the  expedition.  Calculated  by  the  later  de- 
terminations of  equivalents,  the  numbers  will 
vary  slightly  from  those  in  the  table.  It  is  also 
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probable  that  the  determination  of  bromine  is 
too  high,  from  the  impracticability  of  determin- 
ing it  accurately  in  the  presence  of  such  a  large 
excess  of  chlorine.  3.  By  Schweitzer.  4,  5, 
and  6,  by  Gb'bel.  7.  By  Usiglio.  Wollaston 
found  that  taken  from  a  depth  of  400—450  ft. 
in  the  Mediterranean  its  spec.grav.  was  1  -0296, 
and  it  contained  4  pr.  ct.  saline  matter;  at  a 
depth  of  670  feet  it  was  1-1288,  and  its  saline 
content  17-3  pr.  ct.  Clemm's  and  Soltmann's 
analyses  of  the  water  of  the  German  Ocean 
give  31-87  pr.  ct.  of  solid  matter. 
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WAYELLITE. 


WAX. 


But  few  of  the  springs  in  the  United  States 
have  been  thoroughly  analyzed;   but  separate 
are  in  preparation  which  will  embrace 
them. 

WAVELLITE.  Min.  Subphosphate  of  alu- 
mina, De-vonite,  Hydrargyrite,  Lasionite,  Strie- 
gesan,  Kakoxea.  Cryst.  Right  rhombic,  with 
ct  rhombic  prismatic  cleavage;  usually 
b  liar  concretions  having  a  radiated  struc- 
ture. 11.  =  3-25—4.  G.  =  2-337— 2-3G. 
White,  passing  into  yellow,  green,  gray,  brown, 
black;  vitreous,  inclining  to  pearly  and  resin- 
ous; translucent.  In  a  tube  it  yields  water, 
containing  fluoric  acid;  swells  and  becomes 
white  on  coal ;  otherwise  behaves  like  alumina  ; 
dissolves  in  acids  and  caustic  alkalies.  Form. 
A12F3  +  3  (4  Al2<>3,  3  PO  +  18  HO).  Kakoxen 
has  not  yet  been  determined.  Peganite  belongs 
rather  to  calaite.  Found  in  Devonshire,  near 
Cork.  From  Zbirow,  Bohemia ;  Bellows  Falls, 
New  Hampshire. 

WAX.  Chem.  Tech.  Fr.  Cire.  Ger.  Wachs. 
The  matter  excreted  by  the  common  bee  (Apis 
mellifica),  and  forming  the  cell-work  of  the 
honeycomb.  This  product  results  from  the 
assimilation  and  chemical  transformation,  by 
the  vital  process,  of  a  portion  of  the  saccharine 
nourishment  of  the  bee.  The  honey  being  se- 
parated from  the  comb  by  draining  and  pres- 
sure, the  residue  is  to  be  melted  in  hot  water 
and  cast  into  blocks.  These  blocks,  freed  of 
the  Bubsident  impurities  by  means  of  a  knife, 
are  hard,  yellow,  and  of  a  granular  structure 
and  peculiar  agreeable  odor.     Fuses  at  145°. 

Crude  wax  when  exposed  in  thin  ribbons  to 
air,  light,  and  moisture,  is  blanched  and  de- 
odorized. In  this  process  it  changes  its  melt- 
ing point  to  158°  and  congeals  at  149°,  and  ac- 
cording to  Lewy  it  also  acquires  oxygen  and 
loses  carbon.  Spec.  grav.  -900 — -9G6.  For  the 
details  of  the  bleaching  process  and  of  the 
mode  of  making  wax  candles,  see  Morfit's  "  Ap- 
plied  ( '!<■  •ins/,-)/." 

Prop.  Wax  consists  of  two  substances  Cerin 
and  Myricin,  and  Lewy  adds  a  third  constituent, 
Cerolein.  They  are  separable  by  boiling  alco- 
hol, which  leaves  the  myricin  undissolved  and 
drops  the  cerin  on  cooling.  The  cerolein  may 
be  separated  from  the  mother  liquor  by  concen- 
tration.    The  cerin  and  myricin  are  isomeric. 

Cerin.  C68H6g04.  Constitutes  the  largest 
portion  of  wax ;  crystallizes  from  alcohol  in 
needles,  and  melts  at  145°;  soluble  in  16  pts. 
of  alcohol.  By  the  action  of  potassa  lye,  neu- 
tral ceraine  results.  It  is  nearly  insoluble  in 
alcohol.  The  saponified  portion  of  unbleached 
cerin  simultaneously  obtained  when  heated  with 
HC1  acid  gives  Cerinic  acid,  [Lewy),  which  forms 
white  crystals,  soluble  in  absolute  alcohol,  and 
melting  at  149°.  In  this  saponification  no  gly- 
cerin is  eliminated,  but,  by  the  substitution  of 
potassa-lime  for  potassa,  Lewy  obtained  stearic 
acid.  Warington  and  Francis,  who  repeated 
Lewy's  experiments,  did  not  realize  similar  re- 
sults, but  obtained  a  new  body,  P.icudo-ceraine, 
analogous  to  Ettling's  cerain/>  (and  very  closely 
allied  to  cerin),  differing  from  it  chiefly  in  fus- 
ing at  158°,  by  greater  solubility  in  hot  alcohol, 
and  by  forming  saponaceous  compounds  with 
the  alkalies.  In  a  subsequent  review  of  these 
researches,  Lewy  attributes  this  difference  to 
the  mode  of  operating  pursued  by  these  che- 
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mists  (Mtikm't  and  Reiset'i  .and 

concludes  that  wax  like  fats  may  be  oxidized 
into  stearic  and  ultimately  into  margaric  acid, 

and  that  the  only  difference  between  the  prin- 
ciples of  wax  and  other  fats  is  that  resulting 
from  a  more  or  less  ad\  aneed  -tale  of  oxidation. 

Myricin.  Flocoulent,  soluble  in  200  pts.  boil- 
ing alcohol  and  in  99  pts.  cold  ether.  1  i 
149°.  It  is  isomeric  with  the  cerin  of  un- 
bleached wax,  but  not  with  that  of  the  bleached, 
for  according  to  Lewy,  white  cerin  contains  more 
oxygen  and  less  carbon  than  yellow,  while  the 
composition  of  myricin  is  constant  under  either 
circumstances.  By  the  action  of  potassa-lye  it 
is  transformed  into  myricinic  acid,  fusing  at  11 1°. 

( '  violin.  Soft  and  very  soluble  in  alcohol 
and  cold  ether.  Reddens  litmus,  and  fuses  at 
83-5°.  Its  state  of  oxidation  is  higher  than 
that  of  myricin. 

Brodie,  in  recent  papers  (Chem.  Gaz.  vi.  7), 
presents  a  somewhat  different  view  of  the  che- 
mical nature  of  wax.  He  denies  the  statement 
of  Lewy  and  Gerhardt  that  cerin  bears  the  re- 
lation to  stearic  acid  of  an  aldehyde,  and  pro- 
nounces it  to  be  an  hydrated  acid  existing  as 
such  in  the  wax.     He  calls  it — 

Cerotic  acid,  and  it  may  be  obtained  either 
by  repeatedly  crystallizing  cerin  from  ether, 
or  by  precipitating  its  alcoholic  solution  with 
alcoholic  solution  of  acetate  of  lead,  and  de- 
composing the  resulting  compound  with  ace- 
tic acid.  The  pure  acid,  C54H5404,  is  a  volatile, 
white,  brittle,  crystalline  body,  fusible  at  174° 
— 176°.  It  constitutes  22  pr.  ct.  of  wax.  As 
to  myricin,  Brodie  saponified  it  after  some  diffi- 
culty, and  obtained  among  the  products  pal- 
mitic acid,  C32H3204,  and  a  new  wax  alcohol, 
analogous  to,  but  differing  from  the  cerotin  of 
China  wax.     This  alcohol  he  terms — 

Melissine.  Form.  C60H62O4.  By  oxidation 
with  lime  and  potassa  it  becomes  melissic  acid, 
C60H60O.  Chlorine  generates  a  body  of  the  al- 
dehyde series,  analogous  to  chloral,  but  with 
a  substitution  of  between  14  and  l-r>  equivs.  of 
chlorine  for  hydrogen.  In  its  transformation 
the  alcohol  loses  2  equivs.  of  hydrogen  without 
substitution.  Brodie  obtained  by  distillation 
of  myricin  palmitic  acid  and  solid  melene  =  C60 
H60,  melting  at  62°. 

The  conclusions  from  these  researches  assign 
to  waxes  the  same  relation  to  fats  as  fatty  bodies 
to  the  alcohol  and  acetic  acid  of  vinous  fermen- 
tation, all  belonging  to  a  series  similar  in  che- 
mical properties,  and  capable  of  analogous  me- 
tamorphoses. 

Action  of  Heat  vpon  Wax.  An  undetermined, 
fatty  acid,  a  carbohydrogen  oil,  parafifine,  and 
margaric  acid  are  formed  by  distillation,  but  no 
sebacic  acid  or  acrolein. 

Action  of  Nitric  Acid.  According  to  Gerhardt, 
the  action  of  nitric  acid  produces  the  same  pro- 
ducts obtained  in  the  same  manner  by  Laurent 
from  fats. 

Vegetable  Waxes.  Wax,  similar  to,  though 
not  identical  with  beeswax,  exists  in  many  vege- 
table products ;  forming  the  glaucous  powder 
covering  certain  fruits  and  the  glazed  coating 
of  many  kinds  of  leaves.  It  is  also  contained 
in  the  pollen  of  some  plants,  whence  it  is  col- 
lected by  the  bees.  Vegetable  waxes  vary  in 
color,  but  they  may  be  readily  whitened  by 
beating  them  in  fusion  with  dilute,  sulphuric 


WAX. 


WHEAT. 


acid,  and  agitating  the  mixture  with  nitrate  of 
soda.  The  nitric  acid  which  is  thus  eliminated 
in  its  transit  through  the  mass  bleaches  it  by 
oxidizing  its  coloring  matters.  Of  several  spe- 
cies ;    those  which  have  been  examined  are — 

Palm  Wax.  Formula  C36H3602,  {Boussingault 
ami  Lewy).  From  the  bark  of  the  Ccroxi/lon 
audicola,  growing  in  New  Granada.  Yellowish 
white,  pulverulent,  and  fusible  at  101°. 
Myrtle  Wax,  which  see. 
China  Wax.  Syn.  Sinesin.  Form.  C36H3602 
(Lewy),  or  C108H108O4  {Brodie).  Supposed  to  be 
the  product  of  the  insect  Coccus  ceriferus,  which 
feeds  upon  the  Rhus  succedaneum.  It  is  white, 
crystalline,  and  similar  to  spermaceti  in  appear- 
ance, but  harder  and  more  brittle  and  fibrous. 
Fuses  at  180-5°,  and  dissolves  in  naphtha,  from 
which  it  crystallizes,  and  slightly  in  alcohol  and 
ether.  Saponifies  by  boiling  with  potassa-lye, 
but  gives  no  glycerin.  Potassa-lime  produces 
Sinesic  acid,  C36H3603,  which  melts  at  17G° 
(Lewy).  Brodie,  on  the  other  hand,  gives  a  dif- 
ferent view.  By  fusion  with  potassa  that  che- 
mist obtained  a  wax  acid,  forming  a  soap  with 
the  potassa,  and  another  body  dissolved  in  the 
soap  solution,  by  precipating  with  chloride  of 
barium  and  washing  out  the  dried  baryta  salt 
with  ether  which  dissolves  out  cerotin. 

Ceroiin.  C54H6g02  {Brodie).  Waxy  in  ap- 
pearance, crystallizable,  and  fusible  at  175°.  It 
agrees  with  the  composition  of  the  alcohol  of 
cerotic  acid  existing  uncombined  in  beeswax,  and 
by  the  action  of  lime  and  potassa  it  yields  this 
acid,  which  also  forms  that  part  of  the  wax  which 
is  rendered  soluble  by  the  fusion  with  potassa. 
Chinese  wax  yields,  by  distillation,  cerotic 
acid  and  hydrocarbon,  resembling  paraffin. 
Brodie  calls  it  Ceroten,  C54H54,  a  crystalline 
solid,  which  fuses  at  136-4°. 

Japan  or  Tree  wax.  This,  also,  is  a  product 
of  the  Rhus  succedaneum;  but  Sthamer  has 
shown  that  it  is  a  fat  identical  in  composition 
with  palmitin,  from  Palm  Oil.  It  contains  no 
olein,  but  is  readily  saponified.  Hot  nitric  acid 
generates  succinic  acid.  Fuses  at  104° — 108°. 
Chamcerops  wax.  From  the  Ckamwrops  hu- 
milis,  growing  in  the  West  Indies.  Falls  from 
the  leaves  in  white  powder,  and  consists,  ac- 
cording to  Teschemacher,  of  cerin  and  myricin. 
Camauba  wax.  C36H3602  {Lewy).  Forms 
the  brittle  coating  of  the  leaves  of  a  palm  tree 
growing  in  Ceara  and  other  of  the  northern 
provinces  of  Brazil.  Is  soluble  in  boiling  alco- 
hol and  ether.     Fuses  at  185°. 

Ocuba  wax.  Extracted  by  boiling  the  fruit 
of  the  Myristica  ocuba,  officinalis,  cebifera,  grow- 
ing in  Para  (Brazil),  and  in  French  Guiana. 
It  is  yellowish  white,  naturally,  but  may  be 
perfectly  bleached.  Is  soluble  in  boiling  alco- 
hol, and  fuses  at  98°. 

Jbucuiba  wax.  From  Brazil,  and  analogous 
to  the  preceding,  being  the  product  of  the 
Myristica  bicuiba  or  bicuhyba.  _ 

Andaquies  Wax.  From  the  Orinoco  and 
Amazon  rivers,  and  produced  by  a  species  of 
bee.  Composition  =  C 2^2^  (Letvy).  Spec 
erav  -917  at  0°.  Fuses  at  1/0-6°.  Lewy  found 
it  to  consist  of  three  different  constituents, 
separable  by  alcohol  in  the  same  manner  as 
cerin  and  cerolein  from  beeswax.  There  are 
two  solid,  identical  in  composition,  fusing 
point,  and  properties,  the  first  (50  pr.  ct.)  with 


palm  wax,  and  the  second  (45  pr.  ct.)  with 
cerosie  or  cane  wax.  The  third,  or  oily  matter, 
forming  the  residual  5  pr.  ct.  of  the  wax,  has 
not  been  examined. 

Cerosie  or  Cane  wax.  C48H4802  {Leu-y).  De- 
tached from  the  epidermis  of  the  sugar-cane, 
and  is  most  abundant  in  the  violet  variety.  It 
is  white  when  pure,  crystallizable,  fusible  at 
179-6,  insoluble  in  cold,  but  very  soluble  in 
boiling  alcohol.  Is  also  insoluble  in  ether.  By 
union  with  sulphuric  acid,  it  forms  Sulfo-cerocic 
acid.  Treated  with  potassa  lime,  cerosie  yields : 
Cerosie  acid.  C48H4803  {Lewy),  or  C48H50O2 
{Dumas).  White,  crystallizable,  slightly  solu- 
ble in  alcohol  and  boiling  ether,  and  fusible  at 
200°.  According  to  Avequin,  one  hectare  of 
violet  cane  yields  100  kilogs.  of  wax. 
WEBSTERITE.  See  Aluminite. 
WEHRLITE.  It  is  probably  Lievrite. 
WEISSITE.  Mm.  Reniform,  foliated.  H. 
above  6.  G.=2-8.  Ash-gray,  pearly  and  waxy, 
subtranslucent.  It  yields  water,  fuses  on  the 
edges,  dissolves  slowly  in  the  fluxes,  leaving 
silica  in  mic.  salt.  Form.  3  RO,  2  Si03  4- 
2  (A1203,  2  Si03).  Erikmatts  mine,  near  Fah- 
lun  ;   and  Potton,  in  Lower  Canada. 

WELD.  The  stems  and  leaves  of  the  Ri^rda 
luleola,  an  annual  European  plant,  naturalized 
in  the  United  States,  used  in  the  arts  as  a  yel- 
low dye-stuff.  Its  coloring  power  is  due  chiefly 
to  a  yellow  principle,  called  by  Chevreul — ■ 

Luteolin.  Crystallizes  in  white  spangles, 
soluble  in  alcohol,  in  ether,  and  in  water.  Is 
volatile,  and  sublimes  in  bright  yellow  needles. 
Sulphuric  acid  dissolves  it  with  a  yellow  color. 
Protosulphate  of  iron  precipitates  it  pale  green- 
ish yellow,  turning  olive-brown  on  exposure. 
Potassa,  soda,  ammonia,  baryta,  strontia,  and 
lime  change  solution  of  luteolin  to  a  brilliant 
deep  yellow,  and  after  a  day  all  the  coloring 
matter  subsides.  By  exposure  to  air  or  the 
action  of  chromic  acid,  it  is  resolved  into — 

Luteolein.  In  golden-yellow  laminae.  Is  vola- 
tile, and  soluble  in  water,  alcohol,  and  ether. 

Chevreul  also  found  a  reddish  matter  in  weld, 
which  he  attributes  to  the  oxidation  of  the 
tannin. 

WERNERITE.  See  Scapolite. 
WHEAT.  The  grain  of  the  Triticum  hyber- 
num.  When  ground  and  bolted,  it  yields  Bran 
and  Flour,  the  latter  used  as  the  basis  of 
Bread.  The  results  of  twenty-four  analyses, 
by  Boussingault,  showed  that  the  bran  varies 
from  13-2  to  38-5  pr.  ct,  and  the  flour  from 
86-8  to  61-5  pr.  ct.  in  different  varieties;  and 
that  under  the  same  circumstances  the  compo- 
sition of  the  flour  ranges  as  follows : — 

Gluten  and  albumen from  18-2  to  25-5 

Starch,  sugar,  gum,  and  water,   "    81-8  "  74-5 

Hardy's  analysis  of  two  varieties  of  Virginia 
flour  {Journ.  of  Agric.  iii.  411),  gave- 

Starch 56-5 


Albumen 

Sugar 

Gluten 

Gum 

Oil 

Water 

Soluble  salts 

Husks  and  bran  16-5 
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0-9 
.  1-2 
.17-0 
.  1-3 
.  0-8 
.  5-0 
.  0-5 


2. 

55-8 
1-0 
1-4 

18-5 
1-5 
10 
4-6 
0-8 

15-3 
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The  ashes  of  wheat  contains,  according  to 
Schmidt, — 

-  a 25-90 

Soda  0-44 

Lime 1-92 

Magnesia 6  -27 

Perox.  iron 1*33 

Phosphoric  acid 60-39 

Silica 3-37 

The  proportions  of  these  ingredients  vary 
with  the  nature  of  the  soil  upon  which  the 
plant  is  grown.  For  the  composition  of  wheat 
straw,  see  Asir.  Sharpe's  investigations  show 
that  the  average  of  inorganic  matter  abstracted 
from  the  soil  by  the  growing  crop  is  one  pound 
per  acre. 

As  wheat  flour  is  not  unfrequently  mixed 
with  foreign  matters,  Donny  [Bulletin  de  la  So- 
cieti  d?  Encouragement,  1847)  has  recommended 
the  following  modes  of  detecting  adultera- 
tions :  — 

Adulteration  of  Flour  by  means  of  the  Fecula 
of  Potatoes.  This  process  is  founded  upon  the 
fact  that  a  weak  solution  of  potash,  which  has 
no  visible  effect  upon  starch,  possesses,  never- 
theless, the  property  of  swelling  the  grains 
of  fecula,  and  considerably  increasing  their 
volume.  The  solution  employed  by  M.  Donny 
is  made  with  1  grm.  75  centigrms.  of  caustic 
potash  dissolved  in  100  grms.  of  distilled  water. 
and  consequently  contains  about  1  -60  centigrms. 
of  alkali.  His  method  of  proceeding  is  as  fol- 
lows:— The  flour  to  be  examined  being  placed 
upon  a  plate  of  glass,  is  diluted  with  the  above 
solution,  and  inspected  through  the  microscope; 
the  grains  of  fecula  may  then  be  easily  detected 
by  their  great  size,  compared  to  the  starch, 
which  is  not  affected  by  the  solution.  The 
operation  may  be  rendered  still  more  certain, 
by  adding  iodized  water  to  the  mixture  after 
being  well-dried  from  the  solution,  as  the  blue 
tint  which  will  be  assumed  by  the  fecula  will 
render  the  same  more  apparent.  The  difference 
caused  by  this  process  is  so  great  that  it  is 
impossible  to  be  mistaken,  the  grains  of  fecula 
being  by  the  solution  increased  to  a  size  about 
fifteen  times  as  big  as  the  starch. 

This  process  is  also  applicable  to  the  dis- 
covery of  fecula  in  bread  itself.  For  this  pur- 
pose, it  is  only  necessary  to  take  a  small  quan- 
tity of  the  crumb,  and  wet  it  through  with  the 
solution  of  potash;  a  portion  of  the  liquid  is 
then  squeezed  out,  and  placed  under  a  lens ; 
on  inspecting  it,  grains  of  fecula  will  be  dis- 
covered by  their  having  swelled  considerably  ; 
they  are,  however,  more  difficult  to  distinguish, 
by  their  being  misshapen  by  being  baked;  but 
on  drying  and  treating  them  with  iodine,  the 
detection  will  be  made  with  the  same  facility 
as  when  flour  is  operated  upon. 

Mixture  of  Wheat  Flour  with  Leguminous  Flour. 
The  leguminous  substances  which,  when  pul- 
verized, are  most  commonly  employed  for  adul- 
terating wheat  flour,  are  peas,  haricot-beans, 
horse-beans,  &c.  It  may  be  remarked  that  the 
presence  of  these  substances,  when  in  any 
quantity,  cause  a  smell  which  renders  their 
detection  easy ;  some  of  them,  such  as  haricot- 
beans,  will  not  combine  in  the  making  of  bread, 
and  cannot  therefore  be  employed  to  any  extent. 
Pease-meal  will  not  generally  mix  well  with 
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wheaten  flour,  and  an  eye  somewhat  experi- 
enced will  easily  detect  the  mixed  Hour,  from 
its  green  appearance. 

Donny's  method  is  founded  upon  the  fact  that 
the  flour  of  leguminous  substances  always  con- 
tains portions  of  cellular  tissue,  which  maj  be 
discovered  by  means  of  a  lens  or  microscope. 
In  order  to  expose  to  view  this  tissue  (which 
is  reticulated,  and  consists  of  hexagonal  meshes, 
and  may  be  easily  recognised  when  once  - 
M.  Donny,  after  having  placed  ;i  small  quantity 

of  adulterated  flour  on  the  ohject-bearer,  dilutes 

it  slightly  with  a  solution  of  potash,  of  such  a 
strength  as  to  dissolve  the  fecula  without  touch- 
ing the  tissue.  By  this  means  the  tissue  is  laid 
bare,  and  its  form  will  be  very  evident;  ami  if 
the  leguminous  flour  amounts  only  to  3  or  I  pr. 
ct.,  it  may  be  discovered  with  certainty.  The 
only  point  which  requires  attention  is,  to  take 
care  not  to  agitate  the  mixture  too  much  while 
on  the  object-bearer,  for  the  cellular  tissue 
might  thereby  be  disintegrated,  and  the  opera- 
tion would  thus  be  rendered  much  more  difficult. 

Flour  of   Vetches  or  Horse-beans.     These  two 
substances,    besides    possessing    the    peculiar 
characteristics  possessed  by  leguminous   sub- 
stances as  above  mentioned,  and  which  would 
be  sufficient  to  distinguish  them,  have  another 
peculiar  feature,  which  has  not  yet  been  dis- 
covered in  any  other  substances.     This  peculiar 
feature,  which  was  discovered  by  M.  Donny, 
has  been  applied  by  him  with  perfect  success, 
in  detecting  the   presence  of  these  two  sub- 
stances in  flour   or   other  mixture.     For  this 
purpose,  the  flour  is  exposed  first  to  the  action 
of  the  vapor  of  nitric  acid,  and  afterwards  to 
that  of  ammonia ;   the  result  of  which  is,  that 
the  bean-meal  will  be  turned  a  purple  color, 
whilst  the  others  will  assume  a  yellowish  hue. 
The  following  is  the  method  of  conducting  the 
experiment: — 1   or  2  grms.  of  the  flour  to  be 
tested  are  placed  in  a  small  porcelain  capsule 
of  from  2  to  3  inches  in  diameter,  which  is 
slightly  wetted  in  order  to  make  the  flour  ad- 
here to  the  sides,  leaving  the  bottom  empty ; 
and  in  this  empty  space  a  small  quantity  of 
nitric  acid  is  placed,  so  as  not  to  be  in  im- 
mediate contact  with  the  flour.     The  capsule 
is  then  covered  with  a   small   glass   disc,  and 
slightly  heated  by  means  of  a  spirit-lamp.    The 
acid  becomes   vaporized,   and    acts    upon   the 
flour,  causing  it  to  assume  a  yellow  tint.    This 
tint  is,  however,  not  uniform,  it  being  deeper 
at  the  lower  part  nearest  the  acid,  and  getting 
gradually  lighter  towards  the  top.     The  opera- 
tion must  be  stopped  whilst  the  top  edge  is  still 
white,  and  before  it  has  been  sensibly  affected 
by  the  nitric  acid ;   the  nitric   acid  which  re- 
mains is  then  thrown  away,  and  ammonia  sub- 
stituted ;  the  operation  is  then  left  to  itself, 
and  a  ring  of  a  bright  red  color  will  be  formed 
around  the  middle  of  the  capsule,  i.  e.  in  that 
part  where  the  action  of  the  acid  has  neither 
been  too  strong  nor  too  weak.     As  was  before 
observed,  under  the  same  circumstances,  pure 
wheat  flour  becomes  yellow. 

If  a  mixture  of  the  two  flours  be  operated 
upon,  a  pink  tint  will  be  produced  in  depth 
proportioned  to  the  quantity  of  bean-meal. 
The  color,  which  is  doubtful  to  the  naked  eye, 
is  very  clearly  seen  under  the  lens  or  micro- 
scope, the  tint  being  produced  not  by  a  uniform 
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coloring  of  the  mass,  as  might  be  imagined, 
but  by  the  presence  of  a  certain  number  of 
colored  particles,  consisting  of  grains  of  a  deep 
red  color,  disseminated  in  a  white  or  slightly 
yellow  mass,  which  renders  their  detection 
very  easy  and  certain.  By  this  means  4  pr.  ct., 
and  even  a  less  quantity  of  bean-meal,  in 
wheaten  flour,  may  be  detected;  and  vetch- 
flour  may  be  discovered  by  the  same  method. 

Horse-bean  meal  is,  of  all  leguminous  sub- 
stances, that  which  seems  to  mix  best  with 
wheaten  flour ;  it  gives  greater  tenacity  to  the 
dough,  but  imparts  to  the  bread  a  disagreeable 
gray  color ;  it  has  been  employed  some  time 
by  some  of  the  Paris  bakers,  for  the  purpose 
of  turning  the  bread,  that  is  to  say,  causing  it 
to  separate  easily  from  the  peel  when  put  into 
the  oven,  and  also  to  give  the  upper  crust  the 
reddish  brown  color  so  much  liked,  which  is 
caused  by  a  portion  of  the  flour  becoming 
candied. 

The  red  color  which  the  bean-meal  assumes, 
in  consequence  of  the  reactions  above  de- 
scribed, allows  it  to  be  detected  in  bread ;  for 
this  purpose,  a  portion  of  the  crumb  is  taken 
and  macerated  in  cold  water  for  two  hours ;  it 
is  then  thrown  into  a  sieve,  and  the  liquor 
which  runs  from  it  is  allowed  to  settle,  and 
divides  into  two  strata ;  the  upper  stratum  is 
then  removed  and  carefully  evaporated,  and 
the  residuum  is  partially  dissolved  by  alcohol, 
after  which  the  alcoholic  solution  is  evaporated. 
The  residuum  of  this  evaporation,  which  must  be 
carefully  spread  upon  the  sides  of  the  capsule, 
is  submitted  to  the  successive  action  of  the  va- 
pors of  nitric  acid  and  ammonia ;  and  under 
the  action  of  these  reagents,  the  residuum  will 
assume  the  characteristic  red  color  of  bean- 
meal.  Vetch-meal  may  be  discovered  in  a 
similar  manner. 

Maize  and  Rice  Flour.  Rice  flour  could  only 
be  added  to  wheat  flour  in  particular  cases,  but 
the  flour  of  maize  is  frequently  used  for  that 
purpose.  Maize  and  rice  flour  may  be  distin- 
guished from  wheat  flour  by  the  fact  of  their 
presenting,  under  the  microscope,  angular  sur- 
faces, which  are  not  seen  in  the  latter ;  these 
fragments  are  produced  by  portions  of  the 
husk,  which  is  hard  in  rice  and  maize,  while  it 
is  always  pulverulent  and  farinaceous  in  even 
the  hardest  kind  of  wheat.  When  any  sus- 
pected flour  is  to  be  tested,  M.  Donny  advises 
the  gluten  to  be  first  separated  by  ordinary 
mechanical  means,  to  collect  the  starch,  and 
submit  it  (especially  the  coarser  portion,  which 
is  most  quickly  precipitated  in  water)  to  micro- 
scopic inspection,  which  immediately  shows  the 
angular  fragments  above  mentioned.  It  is 
generally  advisable,  for  this  purpose,  to  have 
a  lens  of  small  magnifying  power  only  which 
will  more  clearly  show  the  difference  between 
the  fragments  in  question  and  the  grains  of 

S  Tuck  -  Wheat  Flour.  Buck-wheat  flour,  like 
the  preceding,  presents  angular  masses,  which 
result  from  the  agglomeration  of  grains  of 
starch  set  closer  together ;  these  masses  may 
be  easily  detected  in  a  mixture  of  buck-wheat 
with  the  best  wheat  flour  ;  for  this  purpose,  it 
is  only  necessary  to  separate  the  gluten  and 
take  the  thickest  part  of  the  starch  which  is 
to  be  submitted  to  the  microscope.    The  general 


form  of  these  fragments  is  prismatic,  and  simi- 
lar to  what  is  called,  in  commerce,  "needle- 
starch." 

These  three  latter  kinds  of  flour,  maize,  rice, 
and  buckwheat,  are  rough  to  the  touch,  the 
same  as  potato  fecula ;  they  have  not  that  soft- 
ness and  unctuosity  possessed  by  wheat  flour, 
which  property  is  diminished  by  adulteration. 
(Chem.  Gaz.  v.  472—476.) 
WHEY.     See  Milk. 

WHITE    ANTIMONY.        Min.       Antimony 
bloom,     Oxide    of    antimony,    Antimonbluthe, 
Weissspiessglanzerz.      Cryst.    Right   rhombic, 
with  a  perfect  lateral  cleavage,  also  lamellar, 
columnar,  granular;   often  of  the  form  of  gray 
antimony.    H.  =2-5  — 3.    Q.  =  5-566.  White 
peach-blossom  red,  gray,  grayish  yellow ;  lustre 
adamantine,     shining,     dull ;     subtransparent, 
opake ;    sectile.     Sublimes   in   a   tube ;    fuses 
easily  on   coal,   evolving  white  fumes,  which 
coat  the  coal,  and  yields  metallic  antimony  in 
the  inner  flame  ;   soluble  in  muriatic  acid,  re- 
precipitable    by  water.     Form.    Sb203.     Crys- 
tals occur  at  Przibram,  Bohemia  ;  the  lamellar 
occurs  with  gray  and  other  ores  of  antimony. 
WHITE  ARSENIC.     See  Arsenious  Acid. 
WHITE  COPPERAS.     See  Coquimbite. 
WHITE  GARNET.     See  Lbucite. 
WHITING.     Tech.     Prepared  from  Chalk, 
which,   for   the  purpose   is  ground,    and   then 
washed  over  to  separate  the  finer  from    the 
coarser  and  heavier  particles. 
WHITE  IRON  PYRITES.  See  Iron  Pyrites. 
WHITE   LEAD.     Min.     Carbonate  of  lead, 
Weissbleierz,  Bleierde.     Cryst.  Right  rhombic, 
prismatic  ;   frequently  twinned  parallel  to  the 
planes  of  the  vertical  prism,  by  the  union  of 
several  individuals,  as  in  PI.  IX.  fig.  60,  so  that 
when  the  interstices  are  filled  up,  it  resembles 
a  hexagonal  figure,  as  PI.  VIII.,  fig.  27;   also 
massive,  granular,  compact,  earthy.     H.  =  3 
—  3-5.      G.   =  6-465  —  6-48.     White,    gray, 
grayish  black  ;   adamantine,  metallic  if  dark  ; 
transparent,  translucent,  opake  in  some  of  the 
compact   and   earthy ;  very  brittle  with    con- 
choidal  fracture.     Decrepitates  by  heat,    be- 
coming yellow,  coats  the  coal  yellowish,  and 
leaves  a  globule  of  lead ;  tarnishes  with  sul- 
phohydrogen ;     dissolves    in   nitric    acid   with 
effervescence,  reprecipitable  by  sulphuric  acid, 
soluble  in  caustic  potassa.     Form.  PbO,  C02. 
The    compact    and    massive   varieties    contain 
oxide    of    iron   and   other    impurities.      Fine 
foreign  localities  are  Leadhills,  &c,  Scotland  ; 
Nertchinsk,  &c,  Siberia;  Przibram,  Bohemia. 
In  the  United  States,  splendid  specimens  have 
been  found  at  Washington  mine,  Davidson  Co., 
North  Carolina,  in  flat  transparent  crystals  of 
more  than  an  inch  breadth ;  also  at  Austin's 
mines,  Wythe  Co.  Virginia;  in  Madison  and 
Jefferson  Cos.  Missouri,   &c.    &c.     The   most 
abundant  locality  of  white  lead,  is  that  of  Mine 
a  la  Motte,  Madison  Co.  Missouri,  where  some 
thousand  tons  of  lead  have  been  smelted  from 
that  ore  alone.     From  this  mining  tract,  beau- 
tiful specimens  have  been  obtained,  associated 
with  green  carbonate  of  copper,   and  bluish 
black  earthy  cobalt.     J.  C.  B. 

WHITE  LEAD.     See  Carbonate  of  Lead. 
WHITE    PRECIPITATE.      Chloramide    of 
Mercury. 

WHITE    TELLURIUM.      Min.      Aurotellu- 
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vite,  Weisstellur,  Tellursilberblci.  Cryst.  Righl 
rhombic.     Soft.     G.  =  10-678.     Silver-white; 

inclining  to  yellow:  metallic,  opake,  rather 
brittle.  It  behaves  like  telluric  silver,  bat 
does  not  smell  of  sulphurous  acid;  soluble  in 
nitric  acid,  leaving  sold.  Form.  AgTe  + 
8  PbTe  4-  2  Au2Te3.  From  Nagyag,  Transyl- 
vania. 

WHITE  VITRIOL.  Mm.  Cryst.  Right 
rhombic,  with  a  perfect  cleavage  parallel  to 
shorter  lateral  axis.  H.==2— 2-5.  G.=2-Q36. 
White;  vitreous:  transparent,  translucent; 
brittle ;  taste  astringent,  metallic,  nauseous. 
It  froths  by  heat,  gives  off  sulphuric  acid,  and 
coats  the  coal  with  white  oxide  of  zinc;  soluble 
in  water,  behaving  like  zinc-salts.  It  occurs 
in  association  with  other  ores,  and  is  doubtless 
formed  by  the  oxidation  of  blende. 

WHITE  VITRIOL.     The  Sulphate  of  Zinc. 

WICIITIN.  Mm.  Cryst.  Right  rhombic  (?) 
cleaving  into  a  rectangular  prism.  Scratches 
glass.  Black,  with  flat  conchoidal  fracture. 
It  contains  Si03Al203,  Fe^O.,,  FeO,  MgO,  CaO, 
NaO.     From  Wichty,  in  Finnland. 

WTLLIAMITE.  Mm.  Wilhelmite,  Hebetin. 
Cryst.  Hexagonal;  also  massive.  H.  =5 — 5-5. 
G.  =  4  —  4-18.  Yellow,  brownish  ;  resinous  ; 
translucent,  opake ;  streak,  white  or  yellowish. 
Behaves  like  siliceous  zinc.  Form.  3  ZnO, 
Si03.  Old  Mountain  in  Limburg;  Franklin, 
N.  Jersey. 

WILNITE.     See  Idocrase. 

WINE.  The  fermented  juice  of  the  grape, 
or  Vitis  vim/era.     Its  general  components  are 


alcohol,  sugar,  extractive  and  coloring  mat- 
ters, bitartrate  of  petassa,  cenanthio  ether,  and 
of  tannin,  lime,  gum,  malic  and  acetic 
acids,  and  acetic  ether.  Wines  differ  in  color, 
taste,  consistence,  and  amount  of  alcohol,  with 
the  kind  of  grape  whence  obtained,  and  the 
mode  of  preparation.  White  grapes  give  white 
wines,  and  the  color  of  red  wines  is  derived 
from  the  husks  of  red  grapes.  Spirituous  or 
generous  wines  are  those  in  which  the  sugar  is 
not  entirely  transformed.  Dry  wines  are  those 
from  juice  containing  BUgar  and  ferment  in  the 
proper  proportions  for  mutual  decomposition, 
Light  wines  arc  weaker,  because  the  amount 
of  sugar  in  the  juice  was  not  sufficient  to  gene- 
rate a  large  amount  of  alcohol.  These  latter 
are  liable  to  become  acescent,  if  the  ferment 
is  in  excess.  Sparkling  wines  are  not  com- 
pletely fermented,  and  retain  carbonic  acid  in 
solution,  which  on  escaping,  produces  the  cha- 
racteristic effervescence.  Certain  wines  owe 
their  astringency  to  the  presence  of  tannin. 

The  richer  and  riper  the  grape  the  stronger 
will  be  the  wine.  The  vinous  odor  is  due  to 
oenanthic  ether  and  the  boquet  to  volatile  Blat- 
ter generated  during  the  fermentation ;  for  ex- 
ample, acetic,  butyric,  or  other  ether.  The 
spec.  grav.  ranges  from  1-0627  to  11288. 

The  proportion  of  alcohol  contained  in  dif- 
ferent wines,  given  by  Brande  (Table  I.)  has 
been  reduced  to  the  standard  of  absolute  alco- 
hol by  Fesser;  and  that  by  Fontenelle  (Table 
II.),  to  the  same  standard  by  Schubarth,  as  in 
the  following  tables : — 


Table  I. 


Name  of  the  Wine. 


Fort  Wine 

Do 

Mean... 
Madeira 

Do 

Sherry  

Do 

Bordeaux,  Claret.. 

Do 

Calcavella 

Lisbon 

Malaga 

Bucellas 

Red  Madeira 

Malmsey 

Marsala 

Do 

Champagne  (rose) 

Do.  (white) 
Burgundy 

Do 

White  Hermitage.. 

Red  do 

Hock 

Do 

Vin  de  Grave 

958" 


Spec.  grav. 


100  measures  con- 
tain at  60"  F. 


0-97616 
0-97200 
0-97460 

0-97810 
0-97333 
0-97913 
0-97700 
0-97410 
0-97092 
0-97920 
0-97846 
0-98000 
0-97890 
0-97899 
0-98090 
0-98190 
0-98000 
0-98608 
0-98450 
0-98300 
0-98540 
0-97990 
0-98495 
0-98290 
0-98873 
0-98450 


Alcohol  Absolute 
of  0-825.  alcohol. 


21-40 
25-83 
23-49 
19-34 
21-42 
18-25 
19-83 
12-91 
16-32 
18-10 
18-94 
17-26 
18-49 
18-40 
16-40 
15-26 
17-26 
11-30 
12-80 
14-53 
11-95 
17-43 
12-32 
14-37 
8-88 
12-80 


19-82 
23-92 
21-75 
17-91 
22-61 
17-00 
18-37 
11-95 
1511 
16-76 
17-45 
15-98 
17-22 
17-04 
15-91 
14-31 
15-98 
10-46 
11-84 
13-34 
11-06 
16-14 
11-40 
13-31 
8-00 
11-84 


Name  of  the  Wine. 


Frontignac 

Cote-Roti 

Roussillon 

Cape  Madeira 

Muscat 

Constantia 

Tinto  

Schiraz 

Syracuse 

Nice 

Tokay 

Raisin  wine 

Drained  grape  wine 
Lachrymae  Christi.. 

Currant  wine 

Gooseberry  wine... 
Elder  wine  ~| 

Cider  I  

Perry  J 

Brown  stout 

Ale 

Porter 

Rum 

Hollands 

Scotch  whisky 

Irish  whisky 


Spec.  grav. 


0-98452 
0-98495 
0-98005 
0-97924 
0-97913 
0-97770 
0-98399 
0-98176 
0-98200 
Q-98263 
0-98760 
0-97205 
0-97925 

0-97696 
0-98550 

0-98760 

0-99116 
0-98873 

0-93494 
0-93855 


100  measures  con- 
tain 60"  F. 


Alcohol  Absolute 
ofO-825.    alcohol. 


17-79 
12-27 
17-24 
18-11 
18-25 
19-75 
13-30 
15-52 
15-28 
14-63 
9-88 
25-77 
18-11 
19-70 
20-55 
11-84 

9-87 

6-80 
8-88 
4-20 
53-68 
51-00 
64-32 
53-90 


11-84 
11-36 
15-96 
16-77 
17-00 
18-29 
12-32 
1  1-36 
14-15 
13-64 
9-15 
23-86 
16-77 
18-24 
19-03 
10-96 

914 

6-30 
8-00 
3-89 
49-71 
47-77 
50-20 
49-91 


WINE. 


WOAD. 


Table  II. 


Name  of  the  Wine. 

Absolute 
alcohol. 

Name  of  the  Wine. 

Absolute 
alcohol. 

Name  of  the  Wine. 

Absolute 
alcohol. 

Roussillon  (Eastern 

Sejeau             8yrs.old 

8-635 

Montpellier,  5  yrs.  old 

7-413 

Pyrenees.) 

Narbonne       8   "      " 

8-379 

Lunel            8    "       " 

7-564 

Rive-salts  18yrs.  old 

9-156 

Lezignan      10   "      " 

8-173 

Frontignan  5    "       " 

7-098 

Banyulls     18  "      " 

9-223 

Mirepeisset  10   "     " 

8-589 

Red  Hermitage  4      " 

5-848 

Collyouvrel5   "      " 

9-080 

Carcasonne   8    "     " 

7-190 

White     do.  4    " 

7-056 

Salces         10  "      " 

8-580 

Burgundy     4    "       " 

6-195 

Department  of  Vlle- 

Grave            3    "       " 

5-838 

Department  of  the 

raull. 

Champagne  (sparkling) 

5-880 

Aude. 

Nissau            9yrs.old 

7-896 

Do.  white       do. 

5-145 

Fitou  and  Leucate" 

Beziers           8    "      " 

7-728 

Do.  rose 

4-956 

lOyrs.  old 

8-568 

Montagnac  10    "     " 

8-108 

Bordeaux 

6-186 

Lapalme     10    "     " 

8-790 

Meze             10    "     " 

7-812 

Toulouse 

5-027 

Adulteration  of  Wines.  Great  fraud  is  not 
unfrequently  practiced  in  the  "doctoring"  of 
•wines.  Strength  is  imparted  by  the  addition  of 
alcohol,  acidity  corrected  by  the  use  of  litharge, 
astringency  conferred  by  alum,  bark  or  rhatany, 
flavor  by  essential  oil  or  ambergris,  and  color 
heightened  by  the  use  of  color  stuffs.  Lead  is 
detected  by  the  aid  of  sulphuretted  hydrogen. 


Tests  for  Coloring  Substances  in  Wines.  Jacob 
found  that  basic  acetate  of  lead  on  the  one  hand, 
and  sulphate  of  alumina  with  carbonate  of 
ammonia  on  the  other,  suffice  for  the  de- 
tection and  discrimination  of  the  various  co- 
loring materials  employed  for  coloring  red 
wine  :- 


Sulphate  of  alumina  and 
carb.  of  ammonia. 


Ordinary  red  wine 

Logwood 

Brazil  wood 

Wild  poppy 

Recent  juice  of  danewort") 

(Sambucus  ebulus) J 

Fermented  do 

Elder  berries 

Privet  berries 

Litmus 


Grayish  precipitate.. 
Dark  violet  precip. ... 

Rose-red  precip 

Grayish  precip 

Bright  violet  precip. 

Bright  violet  precip. 
Bluish  gray  precip. . 

Pale  green  precip 

Rose-red  precip 


Basic  acetate  of  lead. 

Bluish  gray  precipitate. 

Blue  precip. 

Wine-red  precip. 

Dirty  gray  precip. 
f  Bluish  gray  precip.     Super- 
[      natant  liquid  violet. 

Beautiful  grass-green  precip. 

Dirty  green  precip. 

Dirty  green  precip. 

Bluish  gray  precip. 


When  litmus  is  present  in  small  quantity  it 
is  not  indicated  by  the  above  tests ;  the  wine 
should  then  be  cautiously  evaporated  to  the 
consistence  of  an  extract,  a  small  quantity  of 
which  is  dissolved  in  a  little  distilled  water,  and 
then  examined.  (Journ.  de  Chim.  Med.,  1844, 
p.  92.) 

Test  for  Alcohol.  Heat  the  wine  in  open  cap- 
sule, and  hold  a  lighted  taper  over  the  surface. 
If  spirit  has  been  added,  it  inflames  at  a  mode- 
rate'heat,  but  otherwise  does  not  take  fire  un- 
til the  wine  boils. 

Detection  of  Free  Sulphuric  Acid.  Lassaigne, 
Henri  &  Co.  propose  the  following  method  for 
detecting  this  acid  in  wines,  even  to  a  thou- 
sandth and  one-half  part: — 

When  a  piece  of  paper  which  has  been  touched 
with  pure  wine  is  dried  at  a  gentle  heat,  the 
spotted  portion  is  unaltered;  whereas  paper 
which  has  been  moistened  with  wine,  to  which 
a  very  small  quantity  of  sulphuric  acid  has 
been  added,  reddens,  and  becomes  brittle  and 
friable  between  the  fingers  when  slightly  rubbed 
before  the  white  paper  becomes  at  all  colored. 

Pure  wine,  to  which  nothing  has  been  added, 
leaves  by  spontaneous  evaporation  a  violet-blue 
spot  •  whereas  wine  to  which  a  very  small  quan- 
tity of  sulphuric  acid  has  been  added,  (two  to 
three  thousandths),  gives  by  drying  a  rose- 
coloured  spot. 


The  paper  most  proper  for  the  experiment  is 
common  glazed  paper,  containing  starch  or 
fecula.  This  kind  of  paper  is  well-known  in 
commerce ;  and  it  is  easy  to  discover  it  by  the 
blue  color  which  it  assumes  when  moistened 
with  an  aqueous  solution  of  iodine.  (Chem. 
Gaz.  vi.) 

The  juice  of  gooseberries,  currants,  and  se- 
veral other  ripe  fruits,  yield  wine  by  fermen- 
tation of  inferior  quality. 

WINTERGREEN.     See  Gaultheria. 

WITHAMITE.     See  Epidote. 

WITHERITE.  Min.  Carbonate  of  barytes, 
Barolite.  Cryst.  Right  rhombic  ;  twinned  like 
Fig.  60,  PI.  ix. ;  also  imitative  forms,  espe- 
cially globular  with  columnar,  lamellar,  or  gra- 
nular structure,  and  amorphous.  H.  =  3 — 
3.75_  G.  =  4-29 — 4-30.  White,  yellowish,  vi- 
treous, subtransparent,  translucent,  brittle  with 
uneven  fracture.  Fuses  to  a  clear  glass,  which 
becomes  enamel  white  on  cooling ;  it  boils  on 
coal,  becomes  caustic,  and  sinks  into  the  coal ; 
soluble  in  dilute  nitric  and  muriatic  acids,  pre- 
cipitable  from  a  very  dilute  solution  by  sulphu- 
ric acid.  Form.  BaO,  C02.  Obtained  in  con- 
siderable quantity  in  England,  associated  with 
galena. 

WOAD.  Syn.  Pastel.  A  blue  dye-stuff  pre- 
pared by  powdering,  fermenting,  and  drying 
the  leaves  of  the  Glastum,  (Isalis  tinctoria),  an 
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WOHLERITE. 


WOOD. 


herbaceous  plant  cultivated  in  Europe.  It  is 
far  inferior  in  coloring  power  to  Indigo.  Woad 
substitute  is  made  from  sumac,  peat,  oak  bark, 
and  the  stems  and  stalks  of  the  hop  plant. 
(See  "  Treatise  on  Calico  Printing"  p.  133.) 

WOHLERITE.  Min.  Tabular,  granular. 
H.  =  5-5.  G.  =  3-41.  Various  shades  of  yel- 
low, brownish,  grayish;  vitreous:  transparent, 
subtranslucent ;  splintery  fracture.  By  a  strong 
heat  it  fuses  to  a  yellowish  glass,  and  shows 
with  the  fluxes  the  presence  of  manganese,  iron, 
and  silica;  decomposed  by  heated  muriatic 
acid,  with  the  separation  of  silicic  and  colum- 
bic  acids.  Probable  form.  3  Zr203,  Ta203  -4- 
5  (NaO,  Si03  +  3  CaO,  Si03).  From  the 
islands  of  Langesund-Fiords,  near  Brevig,  Nor- 
way. 

WOLCHOXSCOITE.     See  Volkhonskoite. 

WOLFRAM.  Min.  Tungstate  of  iron,  Schee- 
late  of  iron  and  manganese.  Cryst.  Right 
rhombic,  with  a  perfect  vertical  cleavage ;  also 
lamellar,  columnar,  granular.  H.  =  5 — 5-5. 
G.  =  7-1 — 7-4.  Dark  grayish  brownish  black, 
submetallic,  opake,  streak  dark  reddish  brown. 
Fuses  on  coal  to  a  magnetic  globule ;  shows  iron 
with  borax ;  with  mic.  salt  in  the  inner  flame 
it  becomes  dark  red,  by  adding  tin,  green;  shows 
manganese  with  soda,  and  is  reduced  by  it  on 
coal.  Decomposed  in  powder  by  hot  muriatic 
acid  leaving  a  yellow  residue.  Form.  RO,  W03 
in  which  RO  =  FeO  and  MnO  ;  but  it  is  uncer- 
tain whether  the  tungsten  is  present  as  W03  or 
W02  -f-  W03.  It  occurs  with  tin  in  Cornwall, 
Eng.,  Zinnwald,  &c.  In  the  United  States  at 
Lane's  mine,  Monroe,  Conn.,  &c. 

WOLLASTONITE.     See  Tabular  Si>ar. 

WOOD.  The  roots,  trunk,  and  branches  of 
trees,  are  so  called  in  reference  to  their  applica- 
tion as  Fuel,  or  uses  in  the  arts.  Chemically 
considered,  wood  consists  of  Lionin  or  woody 
fibre,  water,  and  sap,  holding  in  solution  albu- 
men, salts,  &c.  The  cellular  or  ligneous  por- 
tion is  by  far  the  largest,  and  upon  its  greater 
or  lesser  compactness  depends  the  distinction 
between  hard  and  soft  woods,  and  the  finer  the 
wood  the  greater  its  specific  gravity.  (See  Fuel 
for  table.)  Density  and  composition  of  sap  de- 
termine the  difference  between  woods.  The  sap 
of  the  coniferse  contains  resinous  matter ;  that 
of  the  beech  and  birch  extractive  matter,  and 
that  of  the  oak,  tannin.  It,  however,  forms  but 
a  slight  proportion  of  the  bulk  of  the  wood.  The 
amount  of  water  greatest  at  the  time  of  the 
flow  of  the  sap  varies  in  different  woods,  as 
will  be  shown  by  the  following  table  : — 

100  parts  of  fresh  cut  wood  from 

Water. 

Hornbeam  (Carpinus  betulus)  contain 18-6 

Willow  (Salix  caprea) 26-0 

Sycamore  (Acer  pseudoplatanus) 27-0 

Mountain  Ash  (Sorbus  aucuparia) 28-3 

Ash  (Fraxinus  excelsior) 28*7 

Birch  (Betulaalba) 30-8 

Wild  Service  Tree  (Crataeg.  torminalis). ...  32-3 

Oak  (Quercus  robur) 34-7 

Pedicle  Oak  (Quercus pedunculata) 35-4 

White  Fir  (Pinus  abies,  Duroi) 37-1 

Horse-chestnut  (Aesculus  hippocast.) 38-2 

Pine  (Pinus  sylvestris,  L.) 39-7 

Red  Beech  (Fagus  sylvatica) 39-7 

Alder  (Betula  alnus) 41-6 

Asp  (Populus  tremula) 43-7 
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Elm  (Ulmtu  camputrit) ( 1'5 

Red  I'ir  (Pinus picea,  Duroi) 1 6 -2 

Lime  Tree  (Tilin  eurqpad) '"'' 

Italian  Poplar  (Populus  dilatata) 18-2 

Larch  ( / 'in  us  larix) 18"6 

White  Poplar  (Populus  alba) 60-6 

Black  Poplar  (Populus  nigra) 61-8 

The  hygroscopic  nature  of  the  wood  prevents 
the  total  expulsion  of  water  by  air  diving,  for 
Rumford  found  that  air-dried  woods  heated  to 
277°  lost  weight,  (pr.  ct.),  without  being  al- 
tered, as  follows : — 

Oak  wood  lost 1604 

Elm      "  "  18-20 

Beech  "  "  18-56 

Maple  "  "  18-63 

Fir        "  "  17-53 

Birch    "  "  19-38 

Lime     "  "  18-79 

Poplar"  "  19-55 

Late  experiments  have  shown  that  wood 
heated  in  dry  steam  under  pressure  becomes 
more  dense  and  less  liable  to  decay. 

The  ash  produced  by  incinerating  wood  in 
open  vessels  consists  of  silica,  saline,  and  earthy 
matters,  (see  Potassium  and  Ashes),  ranging 
from  ^  to  ^jj  pr.  ct.  of  the  original  wood,  and 
varying  in  composition  with  the  nature  of  the 
tree  and  that  of  the  soil  upon  which  it  was 
grown. 

The  relative  proportions  of  the  proximate 
constituents  of  woods  (dried  at  212°)  is  shown 
by  the  analysis  of  Schodler  and  Peterson. 

In  100  pts.  they  found : — 


Species  of  Wood. 


Pure  woody  fibre.. 

Quercus  robur 

Fraxinus  excel:  ior. 

Acer  campestris 

Fagus  sylvatica.... 

Betula  alba .-... 

Ulmus  campestris.. 

Populus  nigra 

Tilia  europsea 

Salix  fragilis , 

Pinus  abies 

Pinus  picea 

Pinus  sylvestris 

Pinus  larix 


Carbon. 


52-65 
49-43 
49-36 
49-80 
48-53 
48-60 
50-19 
49-70 
49-41 
48-44 
49-95 
49-59 
49-94 
50-11 


Ilydn  - 


5-25 

6-07 

6-075 

6-31 

6-30 

G-:!75 

6-425 

6-31 

6-86 

6-36 

6-41 

6-38 

6-25 

6-31 


Oxy- 
gen. 


42-10 
44-50 
44-57 
43-89 
45-17 
45-02 
13-39 
43-99 
43-73 
44-80 
43-65 
44-02 
13-81 
43-58 


Action  of  Heat  upon  Wood.  Heated  in  open 
vessels  it  is  transformed  into  carbonic  oxide  and 
acid  and  carbohydrogens,  which  pass  off  as 
gaseous  products,  and  into  ash  which  remains 
as  the  incombustible  residuum.  The  smoke  pro- 
duced during  the  reactions  consists  of  gaseous 
matter  holding  imperfectly  burned  particles  in 
suspension,  and  deposits  its  suspended  portion 
when  coming  in  contact  with  a  cool  surface  as 
Soot.  If  on  the  other  hand  the  heating  is 
without  access  of  air,  as  in  Dry  distillation, 
the  results  are  entirely  different,  a  series  of 
volatile  products  being  formed  while  Charcoal 
remains  as  residue. 

The  liquid  products  are  crude  Acetic  acid, 


Fig.  94. 


WOOD. 

(Pyroligneous),  Pyroxylic  or  Wood  spirit, 
Creasote,  Pyrogenous  resin  and  oil,  Eupione, 
Picamar,  Capnomor,  and  the  solid  Pittacal, 
Cedriret,  Pyroxanthin,  Paraffin,  Naphtha- 
lin. 

Of  these  components  all  have  been  described 
under  their  respective  heads  except — 

Eupione.  A  limpid,  colorless  fluid,  of  fragrant 
odor  and  spec.  grav.  -655.  Its  formula  is  C5H6. 
Some  chemists,  however,  consider  it  isomeric 
with  defiant  gas.  The  spontaneous  decompo- 
sition of  wood  and  the  preventive  means  are 
given  under  the  Decay  of  wood. 

Coloring  and  Preservation  of  Wood.  Wood 
may  be  colored  in  a  certain  way  and  of  many 
desirable  shades  without  obscuration  of  its  na- 
tural grain,  as  is  the  case  in  painting  it. 

The  usual  process  is  by  staining  with  a  solu- 
tion of  color-stuff,  or  else  by  first  impregnating 
the  wood  with  a  mordant  and  subsequently  with 
a  dye-stuff.  Boucherie's  more  recent  method 
is  to  saturate  the  wood  with  liquid  color  by 
means  of  its  own  capillary  power.  He  operates 
as  follows  : — A  billet  of  wood  retaining  its  bark, 
and  sawed  smoothly  and  square  at  each  end, 
is  encircled  at  one  end  with  a  leather  belt, 
tightly  fastened 
with  string  and 
wax  so  as  to 
insure  intimate 
closeness  with 
the  bark  of  the 
wood,  and  is,  in 
a  word,  water- 
tight. The  ob- 
ject of  this  band 
is  to  form  a  re- 
servoir, and  it 
should  be  ar- 
ranged so  as  to 
spread  accord- 
ingly. Thus 
fixed,  the  billet 
is  placed  verti- 
cally in  a  trough 
capable  of  hold- 
ing water  and 
supporting  the 
tree  in  an  up- 
right position.  The  leather  reservoir  is  filled 
with  water.  Fig.  94  exemplify  our  descrip- 
tion. 

A  is  the  piece  of  wood  to  be  divested  of  sap  ; 
it  may  rest  on  end  in  a  shady  corner ,_  and  im- 
mediately upon  the  ground,  unless  it  is  desired 
to  save  the  displaced  liquid  for  analysis,  or  for 
a  second  transit ;  then  the  bed  should  be  a  pan 
or  tub  B.  The  leathern  band,  forming  a  reser- 
voir or  gutter,  is  seen  at  D,  and  the  gutter  C 
is  kept  filled  with  water  as  fast  as  it  sinks  into 
the  wood.  The  first  liquids  which  reach  the 
tub  B  are  generally  ropy,  thick,  and  colored, 
but  as  soon  as  all  the  sap  is  displaced,  the  water 
passes  through  limpid,  and  thus  shows  that 
sufficient  has  been  employed.  Now,  if  the  wood 
is  to  be  treated  for  the  purpose  of  "preserv- 
ing it  "  then  after  the  clear  water  has  passed 
through,  the  appropriate  liquor  must  be  allowed 
to  percolate  in  a  similar  manner.  So,  likewise, 
the  wood  is  treated  with  coloring  matters.  In- 
digo, lake,  prussian  blue,  or  any  pigment  dif- 
fused in  water  do  not  enter  the  wood  acting 
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WOOD  OPAL. 

like  a  filter.      Colored  wine  produces   better 
effects. 

When  the  tree  is  too  long  to  be  maintained 
in  an  upright  position,  the  following  plan  is 
adopted,  as  shown  by  Fig.  95. 

Fig.  95. 


A  is  the  tree  resting  upon  supports  E,  above 
the  tub  B.  The  leather  or  rubber  bag  C  is 
closely  attached  as  before  directed,  and  con- 
nects with  an  uncovered  barrel  F,  resting  upon 
a  stand  G.  The  greater  the  height  of  this  stand 
the  more  powerfully  is  the  liquid  forced  through 
the  wood. 

Metallic  colors  are  far  more  durable  and 
brilliant  than  those  from  vegetables,  the  latter 
being  sensibly  altered  by  oil  polish.  Bouche- 
ries  has  applied  the  foregoing  process  to  the 
growing  tree  in  manner  as  follows.  Fig.  9G 
illustrates  the  process. 

Fig.  96. 


Two  semicircular  incisions  are  made  through 
the  bark  of  the  tree,  and  covered  with  leather 
or  lead  fastened  by  screws  in  such  a  manner  as 
to  form  tight  reservoirs,  as  seen  in  section  at 
q  g  g  g.  The  barrel  I  is  raised  upon  a  support 
high  enough  to  communicate  at  its  base,  as  at 
h,  with  the  protruding  part  of  the  band  g.  When 
the  cock  is  opened  the  color  liquid  passes  from 
the  barrel  to  the  reservoirs  surrounding  the 
incisions,  and  is  drawn  through  the  pores  of 
the  plant  by  the  force  of  capillarity.  For  de- 
details,  see  Journ.  Franklin  Institute,  1848. 

WOOD  OPAL.     See  Opal. 
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XANTIIROPICRIN. 


WOOD  TIN.     See  Tin  Ore. 

AVOODY  FIBRE.     See  Lignin. 

WOOL.  The  hairy  covering  of  sheep,  analo- 
gous in  composition  to  feathers,  and  similar 
substances.  In  commerce,  it  is  classified  into 
long  and  short  staple,  fleece,  and  dead  wool. 
The  length  of  the  filament  or  fibre  mostly  de- 
termines its  value ;  short  staple  seldom  exceeds 
three  inches.  Dead  wool,  or  that  which  is 
sheared  after  death,  is  less  capable  of  receiv- 
ing color  than  live  wool,  and  is  in  other  re- 
spects inferior.  The  quantity  and  quality  of 
wool  varies  with  the  kind  of  sheep,  their  age 
and  state  of  health,  their  food  and  manage- 
ment, and  the  nature  of  the  pasture.  More- 
over, different  parts  of  the  same  sheep  give 
distinct  qualities  of  wool:  for  example,  the  finest 
covers  the  spine ;  the  superfine,  the  flanks,  be- 
tween the  thighs  and  shoulders.  That  on  the 
neck  and  rump  is  the  third ;  and  that  on  the 
lower  part  of  the  neck  and  breast,  the  fourth 
quality.     Wool,  in  its  natural  state,  contains 


more  or  less  fatty  matter,  technically  t 
yolk,  (Er.  Sum  or  Surge).  In  the  line  Saxe- 
electoral  wools  of  Germany,  the  proportion 
amounts  to  80  per  cent.,  and  in  common  wools 
is  seldom  less  than  20  pr.  cent.  The  average 
is  from  40  to  50  per  cent.  This  greasy  matter, 
which  closely  adheres  to  the  fibres,  oonsista 
chiefly  of  potassa  soap,  acetate  of  potassa, 
traces  of  carbonate  of  potassa,  and  of  chloride 
of  potassium,  a  little  lime  salt,  a  fatty  acid, 
and  peculiar  odorant  matter.  Immersion  in 
water  separates  most  of  the  yolk,  and  that 
which  still  adheres  may  be  removed  by  rinsing 
in  fresh  water,  containing  25  per  cent,  of  stale 
urine.  Subsequent  rinsing  in  clean  water 
completes  the  operation.  Dirty  wools,  hereto- 
fore useless,  or  nearly  so,  because  of  the  diffi- 
culty of  separating  the  burs  and  other  foreign 
particles  intermixed  with  the  fibres,  are  now 
rendered  equal  in  value  to  clean  wool,  and  at 
a  very  slight  expense,  by  means  of  Parkhurst's 
patent  "burring  machine,"  shown  by  fig.  97. 


Fig.  97. 


It  consists  of  two  cylinders,  revolving  in 
opposite  directions,  and  of  which,  the  upper 
one,  A,  is  the  guard,  and  the  lower  one,  B, 
the  picker.  This  apparatus  may  be  attached 
to  any  carding  machine,  and  rests,  in  front, 
upon  the  same  bed,  to  which  it  is  affixed  by 
sockets  E  and  F.  The  pulleys,  C  and  D,  serve 
to  communicate  motion  with  the  aid  of  a  belt. 
As  the  wool  reaches  the  picker  from  the  feed- 
ing rollers  placed  in  front,  it  is  combed  as  it 
were  by  the  teeth  of  the  picker,  and  carried  by 
the  revolving  cylinder  over  to  the  cards,  while 
the  passage  of  the  burs  and  dirt  is  intercepted 
by  the  channelled  guard,  which  throws  them 
back  into  a  wooden  hopper,  conveniently  placed 
for  their  reception. 

WOORARI.  Syn.  Wooraly,  Ourari,  Urari. 
The  aqueous  extract  of  the  Strychnos  toxifera, 
a  powerful  poison,  used  in  Guiana  for  enve- 
noming the  points  of  arrows. 

WORMWOOD,  OIL  OF.  Pungent  odor  and 
bitter  taste.  Sp.  grav.  -973  at  70°.  Sp.  grav. 
of  vapor  5-300.  Polarizes  to  the  left  like  cam- 
phor, but  less,  and  is  isomeric  with  it,  giving 
the  same  oil,  by  distillation  with  dry  phospho- 
ric acid.     See  Absinthin. 

WORT.     See  Beer. 

WORTHITE.  Mm.  Foliated.  H.  =  7-25. 
G.  above  3.  White,  otherwise  similar  to  kya- 
nite.  Yields  water  in  a  tube,  otherwise  be- 
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haves  like  kyanite.  Form.  5  (A1203,  Si03)  -4- 
A1203,  3  HO.  From  the  vicinity  of  St.  Peters- 
burg. 


X. 


XANTHIC  ACID.  The  bisulphocarbonate 
of  oxide  of  Ethyl.  Form.  2  CS2  -f-  AeO. 
(Zrisc). 

XANTHIC  OXIDE.     See  Urinary  Calculi. 

XANTHITE.     See  Idocrase. 

XANTHOKON.  Min.  Reniform,  enclosing 
minute  crystals.  H.  =  2.  G.  =4-112— 4-159: 
Dull  red,  clove-brown,  crystals  yellow  on  edges ; 
powder  yellow.  Fuses  in  a  closed  tube  before 
ignition,  becoming  lead-gray,  and  giving  a 
slight  sublimate  of  sulphuret  of  arsenic  ;  in  au 
open  tube  gives  arsenious  and  sulphurous  acids; 
on  charcoal,  it  gives  sulphurous  and  arsenical 
fumes,  and  leaves  a  globule  of  silver.  Form. 
3  AgS,  AsS5-L-  2  (3  AgS,  AsS3).  From  Him- 
melsfiirst  mine,  near  Freiberg. 

XANTHOPENIC  ACID.     See  Narcotin. 

XANT HOPHYLL.  Syn.  Yellow  of  leaves. 
The  coloring  matter  of  the  seared  leaves  of 
autumn. 

XANTHOPHYLLITE.     See  Clintonite. 
XANTHOPICRIN.      Chcm.     Exists    in    the 
bark  of  the  Xanthoxylum  Clava  Herculvs.     Bit- 


XANTHOPROTEIC  ACID. 

ter,  astringent,  greenish  yellow,  crystals  of 
neutral  reaction.     Soluble  in  alcohol. 

XANTHOPROTEIC  ACID.     See  Protein. 

XANTHOREA.  Syn.  Botany  bay  resin. 
The  resin  of  the  Xanthorea  hastilis.  In  brittle 
yellow  masses  of  balsamic  odor.  Soluble  in 
ether  and  alcohol.  Yields  cinnamic  and  ben- 
zoic acids  by  action  of  caustic  alkalies. 
(C/icm.  Gaz.  iii.  520). 

XENOLITE.     See  Bucholzite. 

XENOTIME.  Min.  Phosphate  of  Tttria, 
Ytterspath.  Cryst.  Quadratic,  with  perfect 
lateral  cleavage.  H.=4-25 —  5.  G.  =4-558. 
Yellowish  brown ;  resinous  ;  opake ;  fracture 
uneven,  splintery.  Lafusible  ;  dissolves  slowly 
in  the  fluxes ;  with  boracic  acid  and  iron  it 
gives  phosphoric  iron ;  insoluble  in  acids. 
Form.  3  YO,  P06.     From  Lindesnses,  Norway. 

XYLITIC  ACID  i  Chem.  A  volatile  liquid. 
C12H;j05.  Existing  in  pyroxylic  spirit.  By 
the  action  of  potassa,  hydrated  oxide  of  methyl 
is  separated,  and  a  crystalline  potassa  salt, 
KO,  C1SH]507,  formed.  An  excess  of  potassa 
generates  xylitic  naphtha,  C12H1203;  xylitic  oil, 
C,2H90,  and  xylitic  resin  CsH60.   (Schweitzer). 

XYLOIDIN.     See  Gun  Cotton. 

XYLORETIN.  C40H33O4.  A  fossil  resin 
found  in  the  debris  of  pine  trees,  in  the  peat 
of  Denmark.  Fusible  and  crystallizable,  but 
decomposed  by  heat.     See  Turf. 


Y. 


YANOLITE.     See  Axinite. 

YEAST.     See  Bread  and  Fermentation. 

YELLOW  COPPERAS.     See  Coquimbite. 

YELLOW  COPPER  ORE.  See  Copper  Py- 
rites. 

YELLOW  LEAD  ORE.    See  Molybdic  Lead. 

YELLOW  TELLURIUM.  See  White  Tel- 
lurium. 

YENITE.     See  Lievrite. 

YPADU.  Coca.  The  leaves  of  the  Ery- 
throxylon  Coca,  an  herb  of  great  esteem  among 
the  Indians  of  Peru.     (Chern.  Gaz.  i.  209.) 

YTTRIUM.  Chem.  Yttria  was  discovered 
in  1794,  by  Gadolin,  but  6  other  bodies  were 
subsequently  obtained  from  his  yttria.  Wohler 
first  obtained  the  metal  from  it.  It  exists  in 
very  small  quantity  in  a  few  rare  minerals, 
gadolinite,  orthite,  yttrocerite,  &c.  1.  Yttrium. 
The  metal  is  obtained  by  interstratifying  the 
dry  chloride  of  yttrium  with  flat  pieces  of  po- 
tassium, in  a  platinum  crucible,  binding  on  the 
cover  with  wire,  heating  over  a  spirit-lamp, 
and  when  cold  dissolving  out  chloride  of  potas- 
sium by  water.  Iron-black  scales,  with  me- 
tallic lustre,  not  oxidable  at  common  tempera- 
tures in  the  air  or  water,  but  brilliantly  burn- 
ing to  yttria,  when  ignited  in  the  air,  and 
readily  dissolving  in  dilute  acids.  Sym.  Y. 
Eq    formerly  about  32,  but  now  uncertain. 

2  Yttria  YO.  Impure  yttria  is  obtained 
from  gadolinite  by  solution  in  nitromuriatic 
acid,  evaporation  to  remove  silica,  re-solution 
in  acid  and  water,  precipitation  by  oxalate  of 
ammonia,  which  throws  down  oxalates  of  yttria, 
cerium,  lanthanum,  manganese,  lime,  &c.  Ihe 
oxalates  are  destroyed  by  heat,  the  oxides  dis- 
solved in  a  little  muriatic  acid,  cerium  and 
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lanthanum  precipitated  as  double  sulphates 
by  putting  in  crystals  of  sulphate  of  potassa, 
to  form  a  saturated  solution,  the  filtered  liquid 
precipitated  by  oxalate  of  potassa,  the  oxalate 
of  yttria,  &c.  decomposed  by  heat,  dissolved  in 
nitric  acid,  fused  to  decompose  the  manganese 
salt,  extracted  by  water,  and  the  solution  pre- 
cipitated by  pure  ammonia,  which  throws  down 
yttria  free  from  lime.  But  Mosander  has  ren- 
dered it  probable  that  there  are  two  other  me- 
tallic oxides  in  it,  whose  metals  he  terms 
erbium  and  terbium.  The  behavior  of  their 
corresponding  compounds  is  so  similar,  that 
they  have  not  yet  been  separated  quantitatively, 
and  their  separate  properties  are  not  accurately 
known. 

Yttria  is  a  strong  base ;  attracts  carbonic 
acid  from  the  air ;  is  insoluble  in  potassa,  solu- 
ble in  carbonate  of  ammonia  and  of  soda.  The 
distinguishing  characters  of  the  three  earths 
are  the  following: — Yttria  (proper)  is  color- 
less, soluble  in  strong  acids ;  its  sulphate  is 
colorless,  crystallizable ;  its  nitrate  gives  a 
syrup  by  evaporation,  in  which  crystals  form ; 
its  chloride  is  not  volatile,  but  is  deliquescent. 
Salts  of  terbia  resemble  those  of  yttria,  but 
have  a  light,  amethystine  tint ;  its  sulphate 
gives  larger  crystals ;  its  nitrate  has  a  light, 
rose-red  tint,  crystallizes.  Erbia  is  yellow, 
but  its  salts  are  colorless. 

YTTROCERITE.  Min.  Massive,  with  an 
apparent  rhombic  cleavage.  H.  =  4 — 5.  G. 
=  3-447.  Violet-blue,  inclining  to  gray  and 
white,  also  reddish  brown ;  vitreous,  pearly, 
glistening;  opake;  fracture  uneven.  It  yields 
water  in  a  tube ;  infusible  alone ;  fuses  with 
gypsum  to  a  cloudy  bead ;  behaves  to  the 
fluxes  like  fluor  spar,  but  the  glass  is  yellow 
in  the  outer  flame ;  soluble  in  muriatic  acid ; 
with  sulphuric  it  gives  off  fluoric  acid  more 
readily  than  fluor  spar.  Its  form,  is  CeF  -f- 
CeF  -f-  YF,  but  these  fluorides  are  mixed  to- 
gether in  different  proportions.  From  Finbo 
aud  Broddbo,  Sweden ;  and  from  Bolton,  (?) 
Massachusetts. 

YTTROTANTALITE.  Min.  Crystalline, 
lamellar,  and  granular.  II.  =  4-5 — 5-5.  G. 
—  5-395 — 5-882.  Black,  brownish  black,  yel- 
lowish brown,  greenish ;  opake ;  vitreous,  re- 
sinous, the  black  submetallic  ;  streak  white  or 
gray.  By  a  slight  heat  the  black  becomes  yel- 
low ;  by  a  high  heat  all  becomes  white,  and 
are  infusible;  in  mic.  salt  there  is  formed  a 
skeleton  of  columbic  acid,  which  slowly  dis- 
solves ;  the  black  gives  in  the  inner  flame  a 
reddish,  the  yellow  a  greenish  glass.  Form. 
3  YO,  Ta203 ;  in  the  black  a  portion  of  Ta203 
is  replaced  by  U203,  and  in  the  black  by  W03 ; 
in  the  brown  a  portion  of  YO  is  replaced  by 
CaO,  and  in  the  black  by  CaO,  FeO.  Herr- 
man's  yttroilmenite  is  probably  the  same  as 
uranoniobite.  From  Ytterby,  Finbo,  &c, 
Sweden. 

YTTROTITANITE.     See  Keilhauite. 


z. 


ZAFFRE.     See  Cobalt,  p.  462. 
ZEA.     See  Maize. 

ZEAGONITE.     Min.     G. =2-18—2-265.    In 
character  and  behavior  like  lime-harmotome, 
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ZEILANITE. 
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but  when  heated  to  212°  it  loses  its  water,  and 
becomes  Form.  2  CaO,  SiO.  4- 2  (Ala08, 

SiOs)  +  9  110.     It  occurs  with  Pbillipsite,  on 

Vesuvius. 

ZEILANITE.     See  SriNELL. 

ZEOLITE.  Mm.  A  name  formerly  given  to 
certain  needle-shaped,  bydrated  silicates,  and 
now  employed  rather  as  a  generic  term,  in- 
cluding many  species,  such  as  rcdelforsite, 
analcime,  apophyllite,  brewsterite,  chabazite, 
epistilbite,  harmotome,  heulandite,  laumonite, 
leucite,  mesotype,  prehnite,  scolezite,  stilbite, 
thomsonite,  &c. 

ZERO.  The  term  applied  to  that  degree  on 
the  scale  of  a  Thermometer  which  indicates 
the  melting  point  of  ice. 

ZEUXITE.  Min.  Small  prisms.  H.=4-25. 
G.  =  3-051.  Brown;  vitreous,  glistening; 
opake.  Imperfectly  fusible.  It  appears  to  be  a 
silicate  of  lime,  protoxide  of  iron  and  alumina, 
with  water.     From  Huel  Unity  mine,  Cornwall. 

ZINC.  Chem.  Tech.  Syn.  Spelter,  Spiauter, 
Tutenag.  Oxidized  zinc  was  known  to  the  an- 
cients under  the  name  of  cadmia  (Gcr.  Galmei), 
which  they  employed  in  the  making  of  brass. 
Paracelsus  first  obtained  it  among  Europeans 
in  the  16th  century,  but  it  was  earlier  known 
to  the  Chinese.  Its  most  abundant  ore  is  the 
sulphuret  or  blende,  but  the  metal  is  chiefly 
obtained  from  calamine,  both  a  carbonate  and 
silicate.  It  accompanies  ores  of  lead  and  cop- 
per in  greater  or  less  quantities,  and  is  an  in- 
convenience in  working  the  former. 

Metallurgic  Treatment  of  Zinc-ores. 

Silesian  Process.  The  ores  are  roasted  in  a 
reverberatory,  similar  to  those  for  roasting 
copper  ores.  They  lose  carbonic  acid  water, 
and  become  more  porous  and  brittle.  The  ore 
is  mixed  with  an  equal  volume  of  coal  cinder 
or  culm  (|  of  the  weight),  and  introduced  into 
red-hot  muffles,  J  cwt.  of  roasted  ore  being  a 
charge  for  each  muff'el.  The  muffels  are  care- 
fully made  of  fire-clay  and  ground  muffels, 
air-dried  for  a  long  time,  slowly  fired  in  a 
separate  furnace,  and  introduced  hot  into  the 
reducing  furnace.  The  muffels  are  closed  by 
an  earthen  plate  in  front,  with  two  openings, 
through  the  upper  one  of  which  the  neck  of  the 
muffel  passes,  and  by  the  lower  one,  which  is 
closed  by  a  plate  during  the  reduction,  the 
muffel  is  cleaned,  and  also  receives  its  charge. 
The  neck  terminates  in  a  cone,  which  slopes 
downward,  to  allow  the  condensed  zinc  to  flow 
down  into  the  receiving  basin.  The  cone  has 
an  opening  opposite  the  neck,  by  which  a  second 
charge  is  introduced  into  the  muffel,  upon  the 
first,  when  the  latter  has  been  exhausted.  A 
single  square  furnace  contains  10  muffels,  5  on 
a  side,  heated  by  a  single  fire.  The  ores  gene- 
rally lose  about  35  pr.  ct.  by  calcination,  and 
the  roasted  ore  yields,  on  an  average,  40  pr.  ct. 
metal.  From  11  to  12  tons  of  coals  are  con- 
sumed to  produce  1  ton  of  metal,  and  33  muffels 
destroyed  for  every  50  tons  of  metal.  Silesia 
produces  some  7 — 8000  tons  zinc  annually. 

Liege  Process.  The  roasted  ore  is  mixed  with 
£  to  §  its  bulk  of  fine  coke,  and  introduced  into 
earthen  tubes.  The  earthen  tubes  are  about 
3  ft.  long,  4 — 5  inches  wide,  and  hold  some 
40  lbs.  as  a  charge.  They  rest  on  fire-brick 
only  at  the  back  and  front,  the  rest  being  ex- 
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posed  to  the  fire.  One  stack  contains  22  such 
tabes,  laid  horizontally  in  rows,  1  in  each  of 
the  6  rows,  and  two  in  the  uppermost.  The 
heat  from  a  single  fire  plays  freelj  among  the 
tubes.  To  the  front  of  each  earthen-ware  tube, 
a  cast-iron  tube  is  attached,  contracting  from 
1J  to  1  inch  diameter,  in  which  the  metal  con- 
denses, and  is  drawn  out  every  two  hours. 

English  Process.  Covered  crucibles  are  in- 
troduced into  a  circular  furnace,  like  a  glass 
furnace,  arched  above,  and  heated  by  a  single 
fire-place  through  the  diameter.  They  have 
openings  in  the  bottom,  in  which  is  a  conical 
tube  of  sheet-iron;  and  when  the  process  is 
going  forward,  a  long  sheet-iron  tube  is  at- 
tached to  the  latter.  A  wooden  plug  is  fitted 
into  the  opening  in  the  bottom  of  the  crucible, 
the  charge  of  roasted  ore  and  coal  introduced 
through  an  opening  in  the  cover,  and  when  a 
blue  flame  appears,  the  latter  opening  is  closed. 
As  the  heat  rises  the  plug  is  charred,  and  the 
vapors  passing  through  condense  in  drops  in 
the  iron  tube,  and  fall  into  a  vessel  of  water 
below.  When  the  tubes  become  choked,  they 
are  cleared  by  a  red-hot  iron  rod.  The  con- 
sumption of  coal  is  about  12  tons  coal  to  1  ton 
of  metal. 

The  theory  of  these  processes  is  simple.  The 
oxide  of  zinc  is  reduced  to  metal  by  the  coal 
with  which  it  is  mixed,  and  the  metal  being 
volatile,  passes  over  as  vapor,  and  condenses 
in  the  liquid,  and  then  in  the  solid  form. 

Where  the  sulphuret  of  zinc  is  employed,  it 
is  first  well  roasted  to  oxide.  It  is  then  mixed 
with  an  equal  quantity  of  roasted  calamine,  a 
volume  of  coal  equal  to  both,  and  sometimes 
with  a  portion  of  lime.  This  shliech  is  treated 
in  the  same  way  as  the  roasted  calamine  alone. 

From  a  desire  to  obtain  oxide  of  zinc  as  a 
pigment  as  well  as  the  metal,  patents  have 
been  latterly  taken  out  for  the  treatment  of 
zinc-ores  in  furnaces,  without  muffel,  tube,  or 
crucible,  the  products  of  combustion  being  con- 
densed in  chambers  adjoining  the  furnaces. 
They  are  yet  to  be  tried,  and  their  success  for 
some  time  may  be  doubted.  It  is,  however, 
very  desirable  that  this  metal  should  be  ob- 
tained in  a  larger  and  less  expensive  manner. 

Zinc,  and  its  non-saline  compounds. 
1.  Zinc.  The  commercial  metal  is  far  from 
being  pure,  as  it  contains  from  1  to  5  pr.  ct. 
foreign  ingredients,  carbon,  lead,  cadmium, 
arsenic,  &c,  and  it  is  impossible  to  purify  it 
by  distillation,  or  by  any  other  process  in  the 
metallic  state.  The  best  method  is  to  dissolve 
it  in  pure  dilute  acid,  to  purify  it  in  solution, 
then  to  precipitate  the  pure  oxide  or  carbonate, 
and  to  distil  this  with  purified  lamp-black.  To 
remove  the  carbon  it  may  still  contain,  redis- 
tillation is  resorted  to.  It  is  a  bluish  white, 
brilliant  metal,  crystalline  with  large  lamin*, 
and  may  be  obtained  in  6-sidcd  prisms.  It  is 
moderately  hard,  and  much  tougher  than  its 
crystalline  structure  would  indicate;  it  may 
be  rolled  into  thin  sheets,  and  drawn  into  wire, 
but  with  some  difficulty,  and  is  best  rolled  and 
drawn  between  200°  and  300°;  at  400°  it  is 
quite  brittle,  and  may  be  powdered  in  a  mor- 
tar; spec.  grav.  of  the  cast  metal  6-80,  and 
when  pure  6-9,  of  the  common  rolled  metal 
7-19.     It  fuses  at  about  770°,  and  volatilizes 
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at  a  white  heat ;  remains  unaltered  in  dry  air 
becomes  dull  in  moist  air ;  when  ignited  in  the 
air,  it  burns  with  a  brilliant,  bluish  white  light, 
giving  oft  dense  white  fumes,  which  condense 
in  woolly  flakes  in  the  air,  (philosopher's  wool). 
it  does  not  decompose  pure  water  at  common 
temperatures,  or  even  at  212°,  but  it  decom- 
poses steam  when  ignited,  and  at  common 
temperatures  rapidly  decomposes  water  con- 
taining acid,  slowly  alkaline  water.  Sym.  Zn. 
Eq.  32-5  (32-527  H  =  l.  406-59  0=100.  Erd- 
mann) . 

_  %  Oxide  of  Zinc.  ZnO.  Prepared  by  heat- 
ing the  metal  in  a  crucible,  and  separating  the 
lighter  oxide  by  washing  over ;  or  by  igniting 
the  hydrate.  The  hydrate  is  made  by  precipi- 
tating nitrate  of  zinc  by  less  potassa  than  is 
sufficient  to  throw  it  all  down,  and  washing 
thoroughly.  The  hydrate,  ZnO,  HO,  loses  its 
water  readily  by  heat,  becoming  the  dry  oxide  ; 
and  this  by  further  heat  becomes  yellow,  and 
again  white  on  cooling.  The  native  crystalline 
oxide  is  red ;  see  Red  Zinc  ore. 

Salts.  The  oxide  is  a  strong  base ;  its  salts 
are  colorless,  generally  soluble  in  water,  with 
a  disagreeable,  styptic  taste,  and  acting  as  an 
emetic.  The  caustic  alkalies  produce  precipi- 
tates, soluble  in  their  excess  ;  carbonated  alka- 
lies also  give  a  precipitate,  but  that  by  am- 
monia only  is  soluble  in  its  excess ;  when  the 
solution  contains  salammoniac,  the  precipita- 
tion does  not  take  place  without  boiling  for 
some  time ;  the  carbonated  alkaline  earths  do 
not  give  precipitation  in  the  cold,  but  readily 
by  boiling;  phosphate  of  soda  gives  a  white 
precipitate,  soluble  in  caustic  alkali;  yellow 
and  red  prussiate  of  potash  give  precipitates 
soluble  in  muriatic  acid ;  sulphuretted  hydro- 
gen throws  down  all  the  zinc  as  sulphuret  from 
its  solution,  with  a  feeble  acid,  like  the  acetic ; 
a  small  amount  from  a  neutral  sulphate,  muri- 
ate, or  nitrate,  and  none  from  an  acidulated 
solution  of  these  three  acids ;  sulphuretted 
alkalies  throw  down  the  sulphuret  wholly,  and 
it  is  insoluble  in  the  precipitant,  in  carbo- 
nated or  caustic  alkali,  readily  soluble  in 
strong  acids,  slightly  in  acetic.  All  the  above 
precipitates  are  white,  except  the  yellowish  red 
ferridcyamde.  Those  salts  insoluble  in  water, 
are  soluble  in  muriatic  acid,  and  in  hot  salam- 
moniac. 

3.  Sulphuret  of  Z.  ZnS.  Occurs  as  the 
mineral  Blende.  Obtained  by  igniting  the 
dry  oxide  or  sulphate  with  sulphur,  or  the 
sulphate  with  charcoal,  is  white  or  yellowish, 
fusible  at  a  very  high  heat,  oxidized  by  roast- 
ing in  the  air,  by  the  action  of  hot  nitric, 
muriatic,  and  sulphuric  acids.  The  hydrate 
thrown  down  by  an  alkaline  sulphuret  is  white, 
more  readily  soluble  in  the  acids,  slightly  in 
acetic,  and  while  moist,  in  sulphurous  acid; 
form.  ZnS,  HO.  When  hydrogen  is  passed 
over  ignited,  dry  sulphate  of  zinc,  a  portion  is 
volatilized,  and  there  remains^  a  yellow  powder, 
consisting  nearly  of  ZnO,  ZnS. 

4.  Phosphuret  of  Z.  Obtained  by  throwing 
pieces  of  phosphorus  on  fused  zinc,  is  a  lead- 
colored  metallic  mass,  somewhat  malleable. 
Carburet  exists  in  commercial  zinc,  and  may 
be  obtained  by  distilling  cyanide  of  zinc.  Nitro- 
boride  of  zinc  is  obtained  by  keeping  1  pt.  fused 
boracic  acid,  and  2 J  pts.  cyanide  of  zinc  at  a 
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white  heat  for  some  time ;  a  white  powder, 
insoluble  in  acids,  in  aqua  regia,  in  caustic 
lye,  may  be  heated  to  redness  without  change 
in  hydrogen,  chlorine,  vapor  of  potassium,  or 
chloride  of  mercury,  heated  with  chloride  of 
lead  or  silver,  it  forms  chloride  of  zinc,  and  a 
nitroboride  of  the  other  metal. 

5.  Alloys.  Zinc  alloys  readily  with  potas- 
sium and  sodium,  and  then  resembles  the 
alloys  of  these  metals  with  antimony  and  bis- 
muth. It  has  no  affinity  for  bismuth,  and 
combines  with  some  difficulty  with  arsenic  and 
antimony.  It  unites  readily  with  lead  and  tin, 
hardening  them.  It  alloys  with  copper,  see 
Brass.  It  alloys  in  small  quantity  with  iron, 
as  when  a  piece  of  the  latter  is  plunged  into 
melted  zinc.  A  coating  of  zinc  or  iron  is 
termed  galvanized  iron.  Zinc  certainly  pro- 
tects iron,  but  is  itself  much  more  subject  to 
corrosion,  for  De  la  Rive  has  shown  that  when 
it  contains  iron,  it  dissolves  in  acids  far  more 
rapidly  than  when  pure,  and  Runge  has  proved, 
that  under  caustic  potassa  in  contact  with  iron, 
it  dissolves  12  times  as  fast  as  when  in  contact 
with  platinum. 

Haloid  Salts. 

1.  Chlorine.  Chloride  of  Z.  ZnCl.  Obtained 
by  dissolving  the  metal  in  muriatic  acid,  evapo- 
rating to  dryness,  and  distilling  off  volatile 
chloride,  the  remainder  being  oxychloride ;  it 
is  also  obtained  by  distilling  1  pt.  zinc  filings 
with  2  pts.  chloride  of  mercury,  or  1  pt.  oxide 
of  zinc  with  2  pts.  salammoniac,  or  dry  white 
vitriol  with  common  salt.  It  is  a  whitish, 
waxy  mass,  fusible  above  212°,  sublimable  at 
a  red  heat,  very  soluble  in  water  and  deliques- 
cent; soluble  in  0-35  pts.  absolute  alcohol, 
from  which  a  combination  with  alcohol  crystal- 
lizes. The  syrupy  solution,  with  some  excess 
of  acid,  yields  crystals  of  ZnCl  +  HO.  There 
are  several  basic  chlorides.  When  zinc  is 
boiled  with  its  chloride  as  long  as  hydrogen  is 
evolved,  or  when  the  chloride  is  imperfectly 
precipitated  by  ammonia,  a  white  powder  sepa- 
rates, which  is  ZnCl  -f-  3  ZnO  -f  4  HO.  When 
the  chloride  is  precipitated  by  ammonia  so  that 
a  small  quantity  redissolves,  or  by  the  action 
of  water  on  ammonia-chloride  of  zinc,  the  salt 
is  ZnCl  +  6  ZnO  -f  10  HO.  When  the  chloride 
is  evaporated  as  long  as  it  is  clear,  then  con- 
gealed by  cooling,  and  water  poured  over  it, 
the  residue  is  ZnCl  -f-  9  ZnO  +  x  HO. 

The  chloride  forms  double  salts  with  chlo- 
rides of  ammonium  and  potassium,  each  crys- 
tallizing with  1  HO.  The  ammonium  double 
chloride  is  a  convenient  agent  for  tinning  or 
leading  iron.  When  rubbed  on  the  heated  sur- 
face of  iron,  copper,  &c,  any  oxide  present 
forms  a  double  chloride  with  that  of  zinc,  while 
ammonia  is  set  free ;  the  melted  tin  or  lead  is 
then  poured  on,  and  rubbed  over  by  a  wisp. 
Chloride  of  zinc  unites  in  several  proportions 
with  ammonia. 

2.  Bromine.  Bromide  of  Z.  ZnBr.  Ob- 
tained by  solution  of  the  oxide  in  bromohydric 
acid,  is  very  soluble  in  water,  alcohol,  and 
ether,  difficult  to  crystallize,  fusible  at  a  red 
heat,  and  sublimable  in  needles,  apart  from 
the  air  ;  heated  in  the  air,  it  forms  oxybro- 
mide.  It  forms  a  crystallizable  salt  with  am- 
monia. 
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3.  TmJinr.  Iodide  of  Z.  Znl.  Obtained  by 
digesting  an  <  sine  with,  iodine  in  water, 

crystallizes  with  difficulty,  is  very  soluble  in 
water,  and  by  heating  in  the  air,  becomes 
oxide  of  zinc,  losing  iodine.  By  precipitating 
its  solution  in  water  by  potassa,  a  basic  iodide 
falls  ;  Znl  +  3  ZnO  -j-  2  IIO.  Digested  with 
iodine,  it  forms  a  brown  solution  of  biniodide 
of  zinc.  The  dry  iodide,  saturated  with  am- 
monia-gas, forms  Znl  -\-  3  NH8  ;  a  solution  of 
the  iodide  in  caustic  ammonia  yields  crystals 
of  Znl  +  2  NH3.  Iodide  of  zinc  forms  double 
salts  with  other  iodides.  A  peculiar  double 
salt  is  formed  by  mixing  solutions  of  nitrate 
of  zinc  and  iodide  of  potassium,  consisting  of 
iodide  of  zinc  and  nitrate  of  potassa,  soluble  in 
water,  and  crystallizable,  insoluble  in  alcohol. 

4.  Fluorine.  Fluoride  of  Z.  ZnF.  Is  crys- 
tallizable, difficultly  soluble  in  water,  unless  it 
contain  excess  of  fluohydric  acid.  Fluoride  of 
zinc  and  potassium,  KF  +  ZnF,  is  a  soluble, 
crystalline,  double  salt.  Aluminofluoride,  ZnF 
-}-  A12F3,  is  slowly  but  perfectly  soluble.  Boro- 
fluoride,  ZnF  -\-  BF3,  is  a  deliquescent  saline 
mass.  The  silicofluoride  is  very  soluble,  crys- 
tallizing from  a  strong  solution  with  the  for- 
mula 3  ZuF  +  2  SiF3  +  21  HO. 

OXYSAI.TS. 

1.  Sulphur.  Sulphate  of  Z.  The  neutral  salt 
is  obtained  by  calcining  native  sulphuret,  or 
more  frequently  by  dissolving  the  metal  in  di- 
lute sulphuric  acid  and  crystallizing.  In  order 
to  obtain  it  purer,  the  solution  of  sulphate 
should  first  be  boiled  with  metallic  zinc  to  se- 
parate copper,  &c,  then  saturated  with  chlo- 
rine, or  boiled  with  a  little  nitric  acid  to  per- 
oxidize  iron,  and  gently  digested  with  carbonate 
of  zinc  to  throw  down  peroxide  of  iron.  Like 
its  isomorph,  sulphate  of  magnesia,  it  crystal- 
lizes in  different  forms  and  with  different  quan- 
tities of  water.  The  common  salt  obtained  in 
the  cold  is  ZnO,  S03  -|-  1  HO,  that  obtained 
from  a  hot  solution  has  G  HO.  By  treating  the 
former  with  absolute  alcohol,  or  adding  an  ex- 
cess of  acid  to  the  crystallizing  solution,  2  HO 
remains  with  the  salt.  By  boiling  it  with  alco- 
hol of  0-8G,  the  salt  retains  5  IIO.  100  pts. 
of  water  at  32°  dissolve  43-02  pts.  of  the  salt, 
(calculated  anhydrous),  and  at  212°  96-03.  It 
is  insoluble  in  alcohol  of  greater  strength  than 
0-88.  The  dry  salt  bears  a  high  heat  without 
decomposition,  but  at  a  sufficiently  high  and 
long  continued  all  the  acid  may  be  expelled. 
It  forms  basic  salts,  consisting  of  1  eq.  ZnO, 
S03,  with  1,  2,  3,  5  and  7  eqs.  ZnO.  The  first 
is  obtained  in  solution  by  digesting  the  neutral 
salt  with  oxide  of  zinc,  and  the  fifth  by  drop- 
ping this  into  pure  water ;  the  two  following 
by  precipitation  with  potassa;  the  fourth  by 
the  addition  of  water  to  ZnO,  S03  -f-  NII3.  It 
combines  with  various  proportions  of  ammo- 
nia. 

Sulphite  of  Z.  is  obtained  in  crystals  from  a 
solution  of  the  oxide  in  sulphurous  acid,  with 
the  formula  ZnO,  S02  -f-  2  IIO ;  soluble  in  sul- 
phurous acid,  precipitable  by  alcohol. 

Dithionale  of  Z.  Obtained  from  sulphate  of 
zinc  and  dithionate  of  baryta,  is  very  soluble 
and  difficult  to  crystallize;  form.  ZnO,  S206  + 
6  HO;  its  solution  in  ammonia  yields  salt,  ZnO, 
S205  +  2  NHS. 
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Ditkionitt  of  Z.  is  obtained  by  putting  metal- 
lic zinc  into  liquid  Bulphurous  acid,  when  it 
forms  sulphite  and  hyposulphi  oxide, 

Z„2  +  3  S02  =  ZnO,  BgOg  +  ZnO,  SO,.     The 

sulphite  may  be  thrown  down  by  alcohol,  or  by 

ng  the  solution  gently  in  a  • 
with  sulphur  it  may  be  whollj  converted  into 
dithionite.  By  evaporating  the  solution  to  a 
syrupy  liquid  and  letting  it  stand  for  some  time 
in  an  open  bottle,  sulphuret  of  zinc  is  precipi- 
tated, and  the  solution  contains  trithionate  of 
zinc 

2.  Nitrate  of  Z.  Crystallizes  from  a  syrupy 
solution  in  prisms  which  are  deliquescent,  so- 
luble in  alcohol,  and  composed  of  ZnO,  N06 + 
G  IIO;  3  HO  may  be  expelled  by  heat.  By 
heating  it  further,  both  water  and  acid  pass  off, 
and  basic  salts  remain. 

3.  Phosphate.  2  ZnO,  r05.  Obtained  by 
double  decomposition  from  the  sulphate,  is  a 
white  insoluble  powder,  which  dissolves  in  phos- 
phoric acid  to  an  acid  salt.  The  basic  salt, 
3  ZnO,  r05  4-  2  HO,  obtained  by  adding  basic- 
phosphate  of  ammonia  or  soda  to  sulphate  of 
zinc,  is  gelatinous,  and  becomes  granular.  Both 
phosphates  are  fusible  to  a  clear  glass.  c  Phos- 
phate of  zinc  and  ammonia  is  obtained  by  ad- 
ding c  phosphate  of  soda,  containing  ammonia, 
to  chloride  of  zinc  ;  form.  3  ZnO,  P05  4"  NH3 
4-  3  IIO.  The  'double  phosphate  is  obtained 
by  adding  b  phosphate  of  soda  to  chloride  of 
zinc  and  ammonia,  containing  ammonia ;  form. 
(2  ZnO,  r05)  4-  2  NH3  4-  3  HO. 

Phosphite,  2  ZnO,  P03  4-  G  HO,  is  white  and 
somewhat  soluble.  IL/pophosphite  is  very  solu- 
ble and  difficult  to  crystallize. 

4.  Perch/orate,  ZnO,  C107,  is  obtained  from 
perchlorate  of  potassa  and  silicofluoride  of  zinc  ; 
it  is  deliquescent,  but  crystallizable.  Chlorate 
is  similarly  obtained  from  chlorate  of  potassa, 
or  by  solution  of  carbonate  of  zinc  in  the  acid. 
It  is  very  soluble  in  water,  soluble  in  alcohol, 
and  may  be  crystallized  with  the  form.  ZnO, 
C10B  4-  G  HO.  The  hypochlorite,  ZnO,  CIO,  is 
obtained  only  in  solution  direct  from  the  acid, 
and  the  carbonate  or  hydrate  of  zinc. 

r  5.  Bromatc,  obtained  like  the  chlorate,  crys- 
tallizes similarly,  with  the  formula  ZnO,  Br05 
4-  G  IIO.  Amnionia-bromate  is  obtained  by  dis- 
solving bromate  in  ammonia,  and  crystallizing 
over  caustic  potassa;  form.  ZnO,  BrO.  4"  NH3 
4-  3  HO;  it  is  decomposed  by  water  and  alco- 
hol, leaving  oxide  of  zinc. 

6.  lodaie  is  best  obtained  by  mixing  equal 
equivalents  of  sulphate  of  zinc  and  iodate  of 
soda  in  solution,  evaporating  to  dryness,  and 
extracting  by  cold  water;  form.  ZnO,  I06  4" 
2  110  ;  soluble  in  114  pts.  cold,  7G  boiling  water. 
Ammonia-iodate  crystallizes  from  a  solution  of 
iodate  in  ammonia;  form.  3  (ZnO,  I05)  +  4 
XII3  ;  decomposed  by  water,  which  leaves  oxide 
of  zinc. 

7.  Carbonate.  It  is  found  native  as  CALA- 
MINE. "When  sulphate  of  zinc  is  precipitated 
by  carbonated  alkali,  a  mixed  hydrate  and  car- 
bonate of  varying  composition  is  formed  :  ZnO, 
C024-  ZnO  4-  3  HO  and  2  (ZnO,  C02)  +  3  ZnO, 
4-  3  HO,  and  probably  otnei  ling  to 
Wohler,  it  is  obtained  crystallized,  wheB 
lution  of  oxide  of  zinc   in  caustic   pota 

soda  is  exposed  to  the  air.     According  to 
a  saturated  solution  of  the  oxide  in 
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tassa  thus  exposed  yields  a  double  salt,  KO,  CO, 
+  ZnO,  C02.  A  double  carbonate  Avith  soda 
is  obtained  by  boiling  metallic  zinc  for  some 
hours  with  carbonate  of  soda,  and  letting  it 
stand  for  some  days.  An  ammonia  salt  is  ob- 
tained by  adding  carbonate  of  ammonia  to  a 
solution  of  chloride  of  zinc  in  ammonia,  and 
letting  it  evaporate. 

8.  Borate,  ZnO,  2  B03,  is  insoluble  in  water, 
more  soluble  in  excess  of  the  acid,  and  fusible 
to  a  yellow  glass. 

9.  Silicate  occurs  in  the  mineral  kingdom  as 
Siliceous  Zinc. 

ZINC  BLENDE.     See  Blende. 

ZINC  BLOOM.  Mm.  Earthy  incrustations. 
H.  =  2—2-5.  G-.  =  3-58— 3-6.  Grayish,  yel- 
lowish, white,  dull,  and  opake.  It  contains 
water  and  otherwise  behaves  like  calamine 
Form.  (ZnO,  C02-f  HO)  -f  2  (ZnO,  HO).  From 
Bleiberg. 

ZINCPHYLLITE.     See  Hopeite. 

ZINKENITE.  Min.  Cryst.  Hexagonal  or 
Right  rhombic  ;  also  fibrous,  massive.  H.  =  3 
—-3-5.  G.  =  5-303.  Steel-gray,  metallic,  opake, 
with  uneven  fracture.  It  decrepitates  on  coal, 
fuses,  gives  off  fumes  of  antimony,  and  may  be 
almost  wholly  volatilized ;  in  an  open  tube  it 
gives  fumes  which  are  partly  volatile  (antimo- 
nious  acid),  partly  fixed  (antimonite  of  lead)  ; 
decomposed  by  muriatic  acid  with  the  separa- 
tion of  chloride  of  lead.  Form.  PbS,  SbS3. 
From  the  antimony  mine  of  Wolfsberg  on  the 
Hartz. 

ZIRCON.  Min.  Zirconite,  Hyacinth,  Jar- 
gon. Cryst.  Quadratic,  usually  the  8-hedron 
and  its  four-sided  prism,  but  sometimes  show- 
ing several  dioctahedra  ;  also  granular.  II.  = 
7-5.  G.  =  4-45 — 4-75.  Brown,  almost  black, 
red,  yellow,  gray,  white ;  adamantine  ;  trans- 
parent, subtranslucent.  All  are  infusible  by 
heat,  the  colored  become  lighter  ;  difficulty  so- 
luble in  borax,  scarcely  in  mic.  salt ;  not  at- 
tacked by  any  acids,  except  by  oil  of  vitriol, 
probably  best  by  bisulphate  of  potassa.  Form. 
Zr203,  Si03.  Hyacinth  is  applied  to  the  brighter 
and  more  transparent  varieties ;  Jargon  to  the 
colorless  and  smoky  variety  from  Ceylon,  and 
Zirconite  to  the  darker,  rougher,  and  more 
opake  varieties.  It  occurs  in  the  Zirconsienite 
of  Norway,  and  in  many  other  places  in  Europe. 
Among  American  localities,  Buncombe  county, 
North  Carolina,  affords  well-defined  crystals  of 
a  half  inch  breadth.  An  impure  kind  of  brown- 
ish red  color  has  been  found  on  the  Schuylkill 
river,  near  Philadelphia,  Perm. 

ZIRCONIUM.  Chcm.  Klaproth  discovered 
zirconia  in  1789,  and  Berzelius  prepared  the 
metal  in  1 824.  It  exists  in  very  small  quantity 
in  zircon  and  a  few  other  minerals. 

1.  Zirconium.  The  metal  is  obtained  by  in- 
terstratifying  potassium  with  the  double  fluoride 
of  zirconium  and  potassium  in  a  short  iron  tube, 
placing  it  in  a  platinum  crucible,  heating  it  at 
first  gently,  stirring  it  with  a  wire,  then  to  igni- 
tion, washing  with  cold  water,  digesting  it  at 
100° 1120°,  with  a  mixture  of  equal  parts  mu- 
riatic acid  and  water,  filtering,washing  with  sal- 
ammoniac  water,  and  then  with  alcohol.  It  is  a 
black,  metallic  powder,  taking  fire  in  the  air 
below  a  red  heat,  dissolving  only  in  heated  and 
stronf  sulphuric,  muriatic,  and  nitromuriatic 
acids,  readily  in  fluoric  in  the  cold  and  violently 
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innitrofluoric  acid.  Sym.  Zr.  Eq.  33-58  (839-45G 
0  =  100  Ben.) 

2.  Zirconia.  Zr203.  It  is  obtained  from  zir- 
con by  reducing  it  to  the  finest  possible  powder, 
mixing  it  with  three  times  its  weight  of  carbo- 
nate of  soda,  heating  it  to  redness,  making  a  hole 
in  the  centre  of  the  mass  into  which  a  piece  of 
caustic  potassa  is'  put,  and  igniting  by  the  heat 
of  a  wind  furnace  for  f  of  an  hour.  The  fused 
mass  is  dissolved  in  water,  filtered,  evaporated 
nearly  to  dryness,  diluted  with  water,  filtered 
from  silica,  and  precipitated  by  ammonia,  which 
throws  down  the  hydrate  of  zirconia.  When 
the  mineral  contains  oxide  of  iron,  it  will  be 
found  with  the  zirconia  and  must  be  separated 
from  it.  For  this  purpose  the  hydrate  is  dis- 
solved in  tartaric  arid,  an  excess  of  ammonia 
added,  and  then  sulphide  of  ammonium,  and  in 
a  corked  flask  set  in  a  warm  place  to  deposit 
sulphurct  of  iron.  The  clear  solution  is  filtered 
and  not  washed,  evaporated  to  dryness,  and  ig 
nited  in  an  open  crucible  until  the  zirconia  ap- 
pears white.  Berthier's  method  is  to  precipi- 
tate the  solution  of  iron  and  zirconium  by  a 
mixture  of  ammonia  and  sulphide  of  ammonium 
in  excess,  to  let  it  become  clear  in  a  flask,  to 
draw  off  the  solution,  to  pour  a  solution  of  sul- 
phurous acid  into  the  flask,  whereby  sulphuret 
of  iron  is  instantly  dissolved  with  a  little  zirco- 
nia, and  the  remaining  zirconia  is  free  from 
iron.  The  zirconia  in  the  solution  is  precipi- 
tated pure  by  boiling. 

It  is  a  white,  infusible  powder,  insoluble  in 
acids  except  strong  sulphuric.  The  hydrate  is 
white,  voluminous,  quite  soluble  in  acids  while 
moist,  but  difficultly  so  after  drying  or  wash- 
ing with  boiling  water ;  when  heated  to  a  cer- 
tain point  it  phosphoresces  and  has  then  become 
an  insoluble  modification.  The  hydrate  is  in- 
soluble in  caustic  alkali,  soluble  in  carbonated, 
and  more  so  in  bicarbonated ;  it  is  obtained 
from  these  solutions  by  adding  sal  ammoniac 
and  boiling.  Zirconia  tends  to  form  basic  salts, 
some  of  which  are  soluble  ;  they  are  astringent 
but  not  sweet  to  the  taste,  and  are  precipitated 
by  sulphate  of  potassa.  Sulphuret  of  zirconium, 
made  by  heating  the  two  elements,  forms  a 
brown  powder,  insoluble  in  acids,  except  the 
fluoric. 

3.  Haloid  Salts.  By  igniting  a  mixture  of 
zircon  or  zirconia  and  charcoal  in  chlorine,  chlo- 
ride of  zircon  is  formed,  volatile  (  Wohler),  not 
volatile  (Berzelius).  A  solution  of  the  earth 
in  muriatic  acid  yields  hydrated  crystals  of 
chloride,  or,  according  to  Hermann,  of  oxy- 
chloride,  2  (Zr2Cl3)  +  Zr203  -f-  24  HO.  When 
the  oxychloride  is  gently  heated  it  becomes  inso- 
luble and  has  the  composition  Zr2Cl3  -f-  2  Zr203. 
The  bromide,  Zr215r3,  is  very  soluble  and  forms 
granular  crystals.  The  fluoride,  Zr2F3,  is  very 
soluble,  ami  by  gentle  evaporation  yields  crys- 
tals, which  by  solution  separates  into  an  inso- 
luble basic  salt,  and  a  soluble  acid  salt.  When 
fluoride  of  zirconium  is  dropped  in  fluoride  of 
potassium,  a  double  salt  is  precipitated,  2  KF 
-4-  Zr2F3,  and  when  fluoride  of  potassium  is 
dropped  into  fluoride  of  zirconium,  the  preci- 
pitated salt  is  3  KF  +  2  Zr2F3.  Silicofluoride 
is  soluble  and  crystallizable.  Most  of  the  above 
solutions  partially  decompose  by  boiling. 

4.  Oxysalts.  Neutral  sulphate.  Zr203,  3  S03, 
is  obtained  by  digesting  zirconia  with  oil  of 
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vitriol,  diluted  with  £  to  J  its  weight  of  water, 
and  heating  gently  to  expel  the  excess  of  acid. 
It  is  slowly  soluble  in  cold,  rapidly  in  hot  water, 
and  crystallizes  out  of  an  excess  of  sulphuric 
Mid.  A  |  sulphate,  2  Zr203,  3  S03=Zr2O3,  3  S03 
+  Zr203,  is  obtained  by  dissolving  hydrate  of  zir- 
conia in  a  solution  of  the  neutral  salt  to  satu- 
ration. When  this  solution  is  evaporated  to 
dryness,  and  much  water  added,  a  bibasic  (£ 
neutral)  salt  is  precipitated,  and  the  neutral  is 
formed  in  the  solution.  Fused  bisulphate  of 
potassa  dissolves  zirconia,  and  when  a  large 
amount  of  the  salt  is  used,  the  whole  double 
sulphate  dissolves  entirely  in  water ;  when  less 
salt  a  basic  sulphate  of  zirconia  remains  on 
adding  water.  The  same  basic  salt  is  formed 
when  sulphate  of  potassa  is  put  into  a  neutral 
solution  of  zirconia,  bisulphate  of  potassa  be- 
ing formed,  and  the  basic  salt  of  zirconia ;  and 
if  the  free  acid  be  neutralized  by  potassa,  all 
the  zirconia  may  be  thrown  down.  The  basic 
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salt  is  insoluble  in  water  and  in  acids,  soluble 
in  carbonate  of  ammonia,  and  contains  the  in- 
soluble modification  of  zirconia.  It  mav  l>c 
rendered  soluble  by  fusion  or  ebullition  with 
alkali.  A  basic  sulphite  is  obtained  asa  precipi- 
tate by  mixing  solution  of  chloride  of  zirco- 
nium and  sulphite  of  ammonia ;  it  is  soluble  in 
sulphite  of  ammonia,  but  by  boiling  the  hy- 
drated  earth  precipitates.  The  nitrate  is  solu- 
ble and  forms  basic  salts.  Borate  andphosphatc 
are  insoluble.  Zirconia  also  forms  an  acid  and 
a  basic  carbonate.  For  silicate,  see  Zircon  and 
Eudialite. 

ZOMIDIN.  One  of  the  constituents  of  the 
extract  of  flesh,  not  precipitable  by  tannin  or 
by  bichloride  of  mercury,  but  by  neutral  and 
basic  acetates  of  lead.  Berzelius  considers 
that  the  savour  of  boiled  and  roasted  meat  de- 
pends upon  this  component.     (Simon,  p.  39.) 

ZURLITE.  Is  probably  a  mixture  of  several 
Vesuvian  minerals. 
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TABLE  I. 


Dilatation  of  Gases  for  each  degree  Cent.,  from  1°  to  29°  (=  32°  to  84-2°  F.),  the  total  expan- 
sion from  32°  to  212°  being  from  1-000  to  1-365. 


Temperature 

in  Centigrade 

Degrees. 

Volume  of 
Gas. 

Logarithms 
of  Gaseous 
Volumes. 

1 

ft 

Temperature 

in  Centigrade 

Degrees. 

Volume  of 
Gas. 

Logarithms 
of  Gaseous 
Volumes. 

Difference. 

0° 

1-00000 

0-00000 

15° 

1-05475 

0-02315 

151 

1 

1-00365 

0-00158 

158 

16 

1-05840 

0-02465 

150 

2 

1-00730 

0-00316 

158 

17 

1-06205 

0-02615 

150 

3 

1-01095 

0-00473 

157 

18 

1-06570 

0-02764 

149 

4 

1-01460 

0-00629 

156 

19 

1-06935 

0-02912 

148 

5 

1-01825 

0-00785 

156 

20 

1-07300 

0-03060 

148 

6 

1-02190 

0-00941 

156 

21 

1-07665 

0-03207 

147 

7 

1-02555 

001096 

155 

22 

1-08030 

0-03354 

147 

8 

1-02920 

0-01250 

154 

23 

1-08395 

003501 

147 

9 

1-03285 

001404 

154 

24 

1-08760 

0-03647 

146 

10 

1-03650 

0-01557 

153 

25 

1-09125 

0-03792 

145 

11 

1-04015 

0-01710 

153 

26 

1-09490 

0-03937 

145 

12 

1-04380 

0-01862 

152 

27 

1-09855 

0-04082 

145 

13 

1-04745 

0-02013 

151 

28 

1-10220 

0-04226 

144 

14 

1-05110 

002164 

151 

29 

1-10585 

004370 

144 

TABLE  II. 

Tension  of  Aqueous  Vapor,  expressed  in  Millimetres,  for  each  degree  Cent.,  from  —11°  to 
H  r  4-30°  (+  12-2°  to  86°  F.). 


Temperature 

in  Centigrade 

Degrees. 


—  11 

—  10 

—  9 

—  8 

—  7 

—  6 

—  5 
_  4 

—  3 
_  2 

—  1 
0 


Tension 

in 

Millimetres. 


2-46 
2-63 
2-81 
3-01 
3-21 
3-43 
3-66 
3-91 
4-17 
4-45 
4-75 
5-06 
5-39 
5-75 


Temperature 

in  Centigrade 

Degrees. 


+ 

4- 
+ 

+ 

+ 

+ 
+ 


+  io 

+  ii 

+  12 

+  13 

+  I* 
4-15 

+  16 


Millimetres. 


6-12 

6-52 

6-95 

7-40 

7-87 

8-38 

8-91 

9-48 

1007 

10-71 

11-38 

12-09 

12-84 

13-63 


Temperature 

in  Centigrade 

Degrees. 


+  17 

+  18 

+  19 

-f  20 

+  21 

+  22 

+  23 

4-  24 

4-  25 

4-  26 

4-  27 

4-  28 

4-  29 

4-  30 


Tension 


122 


14-47 
15-35 
16-29 
17-31 
18-32 
19-42 
20-58 
21-81 
23-09 
24-45 
25-88 
27-39 
29-05 
30-64 
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APPENDIX. 

TABLE  IV. 

Barometer  Scale  in  Millimetres  and  Inches. 


Mm. 

In. 

Mm. 

In. 

Mm. 

In. 

700 

27-560 

730 



28-741 

760 



29-922 

701 

=: 

27-590 

731 

= 

28-780 

761 

= 

29-961 

702 

=: 

27-638 

732 

= 

28-819 

762 

= 

30-000 

703 

= 

27-678 

733 

= 

28-859 

763 

= 

30  040 

704 

= 

27-717 

734 

= 

28-898 

764 

= 

30-079 

705 

= 

27-756 

735 

= 

28-938 

765 

— 

30-119 

706 

= 

27-795 

736 

= 

28-977 

766 

= 

30-158 

707 

= 

27-835 

737 

= 

29-016 

767 

= 

30-197 

708 

= 

27-876 

738 

= 

29-056 

768 

= 

30-237 

709 

= 

27-914 

739 

= 

29-095 

769 

= 

30-276 

710 

= 

27-953 

740 

— 

29-134 

770 



30-315 

711 

= 

27-992 

741 

= 

29-174 

771 

= 

30-355 

712 

= 

28-032 

742 

= 

29-213 

772 

— 

30-384 

713 

= 

28-071 

743 

== 

29-252 

773 

s— 

30-434 

714 

= 

28-111 

744 

i= 

29-292 

774 

= 

30-473 

715 

= 

28-150 

745 

= 

29-331 

775 

= 

30-512 

716 

= 

28-189 

746 

= 

29-371 

776 

— 

30-552 

717 

= 

28-229 

747 

= 

29-410 

777 

= 

30-591 

718 

= 

28-268 

748 

= 

29-449 

778 



30-631 

719 

= 

28-308 

749 

= 

29-489 

779 

= 

30-670 

720 

= 

28-347 

750 

;= 

29-528 

780 



30-709 

721 

= 

28-386 

751 

= 

29-567 

781 

= 

30-749 

722 

= 

28-426 

752 

= 

29-607 

782 

— : 

30-788 

723 

= 

28-465 

753 

= 

29-646 

783 

= 

30-827 

724 

= 

28-504 

754 

= 

29-685 

784 

—a 

30-867 

725 

= 

28-543 

755 

= 

29-725 

785 

= 

30-906 

726 

= 

28-583 

756 

= 

29-764 

786 

_ 

30-945 

727 

= 

28-622 

757 

== 

29-804 

787 

=: 

30-985 

728 

= 

28-661 

758 

= 

29-843 

788 



31-024 

729 

= 

28-701 

759 

= 

29-882 

789 

= 

31-063 

28  inches  =  711-187  millimetres. 

29  "        =  735-587         " 

30  "        =  761-986         « 

31  "         =  787-386         « 


1  millimetre  ==  0-03937  inch. 
•1  "  =  0-00394     " 

•01  "  =  0-00039     " 


1 

inch 

= 

25-39954  millimetres 

•1 

it 

= 

2-53995 

« 

•01 

a 

= 

0-25400 

tt 

•001 

" 

= 

0  02540 

it 
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BOOKS 

PUBLISHED  BY  HENftY  C.   EAIRD, 

(SUCCESSOR  TO  E.  L.  CAREY,) 

S.  E.  CORNER  OF  MARKET  AND  FIFTH  STS., 

PHILADELPHIA. 


ACHIEVEMENTS  OF  THE  KNIGHTS  OF  MALTA. 

By  Alexander  Sutherland,  Author  of  "Tales  of  a  Pilgrim."     In  one 
vol.  16mo.,  cloth,     .  .  .  .  .  ,  .        1  00 

ADVENTURES  OF  CAPTAIN  SIMON  SUGGS, 

late  of  the  Talapoosa  Volunteers,  and  other  Sketches.     By  Johnson  J. 
Hoofer.     With  Illustrations  by  Darley.     12mo.,  cloth,    .  .  62 

ATALANTIS: 

A  Poem.     By  William  Gilmore  Simms.     12mo.,  boards,  .  37 

AUNT  PATTY'S  SCRAP  BAG. 

By  Mrs.  Caroline  Lee  Hentz.     With  Illustrations  by  Darley.     12mo., 
cloth,  ........  62 

BACK    (CAPTAIN).— NARRATIVE    OF    THE    ARCTIC 

LAND  EXPEDITION,  8vo.,  boards,         .  .  .  1  50 

BIG   BEAR    OF   ARKANSAS,    AND    OTHER   WESTERN 

SKETCHES.     Edited  by  Wm.  T.  Porter.     1  vol.,  cloth,  .  62 

BOLINGBROKE.— THE    COMPLETE   WORKS    OF   LORD 

BOLINGBROKE.    With  a  Life,  prepared  expressly  for  this  Edition,  con- 
taining additional  information  relative  to  his  personal  and  public  charac- 
ter, selected  from  the  best  authorities.    In  four  volumes,  octavo,  bound  in 
cloth,  .  .  .  .  .  .  .  0  00 

Do.  do.  sheep,        7  50 

BROUGHAM.— LIVES  OF  MEN  OF  LETTERS  AND  SCI- 
ENCE.    By  Henry  Lord  Brougham.    2  vols.  12mo.,  cloth,        .        1  50 
Do.  do.  paper,         1  00 

BYRON.— THE  LIFE,    LETTERS,  AND  JOURNALS   OF 

LORD  BYRON.     By  Thomas  Moore.     2  vols.,  cloth,       .  2  00 

BYRON.— THE  POETICAL  WORKS  OF  LORD  BYRON. 

A  new  and  beautiful  edition  in  4  vols.  12mo.,  plates,  cloth  gilt,  .         4  00 
Do.  do.  half  morocco,  or  half  calf,        5  00 

BYRON.— TALES  AND  POEMS. 

By  Lord  Byron.     Illustrated  by  Henry  Warren.     10  plates,  8vo.,  scarlet 
cloth,  extra  gilt  edges,         .  .  .  .  .  5  00 

Do.  do.  morocco  backs,  top  edge  gilt,        6  00 

Do.  •  do.  morocco  and  calf,  gilt  edges,        7  00 

Do.  do.  morocco,  super  extra,        8  00 

"It  is  illustrated  by  several  elegant  engravings,  from  original  designs  by  Warren, 
and  is  a  most  splendid  work  for  the  parlor  or  study." — Boston  Evening  Gazette. 

CADET  DE  COLOBRIERES. 

A  Tale  of  the  Old  Convents  of  Paris.     Translated  from  the  French  of 
Madame  Charles  Reybaud.     8vo.,  paper  covers,  .  .  25 
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CAMPBELL.— SPECIMENS  OF  THE  BRITISH  POETS: 

With  Biographical  and  Critical  Notices.  By  Thomas  Campheli-.  Revised, 
with  considerable  improvements,  by  an  American  Editor.  In  one  volume, 
octavo,  with  illustrations.     (In  press.) 

CABEY  (HENRY  C.)— THE  PAST,  THE  PRESENT,  AND 

THE  FUTURE.     By  Henry  C.  Carey.    One  volume  8vo.,  cloth,        2  00 

"  The  style  of  Mr.  Carey  is  a  happy  one  for  the  subject  upon  which  he  writes — 
clear,  perspicuous,  and  energetic;  so  applying  assertion  as  to  carry  with  it  argument 
and  conclusion.  It  is  characterized  by  terseness  of  expression,  and  soundness  and 
originality  of  thought;  and  whatever  may  be  the  diversity  of  opinion  as  to  the  views 
held  and  advanced  by  the  author,  one  must  rise  from  the  perusal  of  the  book  with 
respect  for  the  mass  of  general  information  contained  in  its  pages." — Bait.  Patriot. 

"  He  writes  with  vigor,  earnestness,  and  a  thoroughly  prepared  intelligence." — 
Boston  Transcript. 

"  Truly,  here  is  a  new  and  refreshing  work — novel  and  forcible  in  its  delineation 
of  the  pregnant  sources  of  our  political  and  social  ills,  and  bold  in  its  prescription 
of  the  remedy." — New  York  Tribune. 

"  We  commend  this  book  as  alike  interesting,  attractive,  and  important.  It  is 
written  in  a  very  attractive  style,  and  will  be  read  with  pleasure  and  profit." — Cou- 
rier and  Inquirer. 

"A  work  of  a  highly  original  and  powerful  character,  calculated  to  attract  attention 
and  to  produce  an  impression  on  all  readers,  even  on  public  men,  to  whose  consider- 
ation we  may  commend  it.     It  is,  altogether,  a  curious  and   bold  book.      * 
Written  in  an  animated  style,  and  full  of  popular  illustrations  and  striking  sketches." 
i — North  American. 

"A  volume  such  as  we  rarely  meet  with,  and  can  proudly  point  to  as  the  produc- 
tion of  an  American  mind.  *  *  *  The  style  of  the  author  is  one  of  its  greatest 
charms.  He  presents  no  dry  statement  of  facts,  through  which  the  reader  must  wade 
to  his  own  conclusions.  His  opinions  are  asserted  boldly  and  fearlessly,  and  facts 
are  quoted  only  to  support  them." — Evening  Bulletin. 

"Mr.  Carey  is  a  laborious  investigator,  an  independent  thinker,  and  a  reasoner  of 
strong  common  sense  logic.  *  *  *  By  recognizing  the  concentration  of  social 
interests,  as  opposed  to  individualism  on  one  side,  and  centralization  on  the  other, 
he  has  gone  a  great  way  towards  the  discovery  of  a  new  world.  *  *  *  One  of 
the  most  powerful  demonstrations  of  the  commercial  advantages  of  association  that 
has  been  written." — Harbinger. 

"  Let  the  inquirer  who  would  have  the  bandage  of  error  and  prejudice  torn  from 
his  eyes,  to  the  end  that  he  may  look  through  this  great  problem  of  political  economy, 
as  with  the  light  of  the  noon-day  sun,  read  the  work." — Baltimore  American. 

"  It  is  the  most  clearly  written,  and  ablest  argued  work  on  political  economy  that 
has  yet  been  published,  either  in  this  country  or  England.  *  *  The  style  is  free 
and  flowing,  well  suited  to  the  subject,  and  better  adapted  to  popular  tastes  than  that 
of  the  great  majority  of  politico-economical  writers." — Holden's  Magazine. 

"  Embraces  a  large  fund  of  information  valuable  to  the  social  and  political  econo- 
mist."— Troy  Whig. 

"The  author  is  a  philanthropist,  and  it  may  be  added,  in  the  true  sense  of  the 
word,  a  philosopher.  Arguing  from  the  known  to  the  unknown,  from  the  past  and 
present  to  the  future,  he  clearly  demonstrates  that  peace  with  all  the  world  is  the 
only  policy  that  can  preserve  to  us  our  institutions  or  our  prosperity." — National 
Intelligencer. 

"Mr.  Carey's  work  on  wages  and  rent,  and  especially  his  last  work,  '  The  Past, 
the  Present,  and  the  Future,'  contain  a  revelation  respecting  the  certain  growing  of 
riches  in  proportion  to  the  density  of  population  as  important  in  political  science  as 
Newton's  theory  of  gravitation  is  in  physical  science." — Paris  Correspondent  of  Pub- 
lic Ledger. 

"  It  is  the  most  original  work  upon  any  subject  of  political  economy  that  has  ap- 
peared for  many  years,  and  contains  about  the  only  tariff  argument,  of  any  length 
and  completeness,  we  have  ever  seen  thai  would  stand  fire." — Buffalo  Com.  Adv. 

"  It  sheds  a  flood  of  light  upon  some  of  the  most  difficult,  most  perplexing  theo- 
rems of  the  economical  science,  establishes,  as  we  conceive,  some  general  principles 
of  the  highest  value,  and  withal  invests  the  subject  with  an  interest  and  attraction 
scarcely  to  be  imagined  by  those  who  have  studied  only  the  hard  elaborations  of 
Ricardo,  Mill,  McCulloch,  and  other  eminent  economists." — N.  Y.  Com.  Adv. 

CAREY  (HENRY  C.)— PRINCIPLES  OF  POLITICAL  ECONO- 
MY.    By  Henry  C.  Carey.     In  three  volumes,  8vo.,  cloth,         .        6  00 
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CHILDE  HAROLD. 

By  Lord  Byron.     Illustrated  by  Warren  and  others,  with  12  plates.     In 

1  vol.  8vo.,  scarlet  cloth,  gilt  edges,  .  .  .  5  00 

Do.  do.         morocco  backs,  top  edge  gilt,  .  6  00 

Do.  do.  morocco  and  calf,  gilt  edges,  .  .         7  00 

Bo.  do.         morocco  super  extra,  .  .  8  00 

CHILDREN  IN  THE  WOOD. 

Illustrated  by  Designs  by  Harvey,  12mo.,  ...  25 

CHRONICLES  OF  PINEVILLE. 

By  the  Author  of  "Major  Jones's  Courtship."     AVith  Illustrations  by 
Darley.     12mo.,  cloth,         ......  62 

Do.  do.  paper  covers,  .  .  50 

COMIC  BLACKSTONE. 

Complete  in  1  vol.  12mo.,  cloth,     .....  75 

COWPER'S  TASK,  AND  OTHER  POEMS. 

With  10  steel  engravings  by  Cheney,  Cushman,  &c,  from  designs  by  John 

Gilbert.     1  vol.  12mo.,  extra  cloth,  gilt  edges,       .  .  2  00 

Do.  do.  calf  or  morocco  extra,       .  .  3  00 

CRANCH  (C.  P.)— POEMS. 

In  1  vol.  12mo.,  boards,      ......  37 

COKE.— A  SYSTEMATIC  ARRANGEMENT  OF  LORD  COKE'S 
FIRST  INSTITUTE  OF  THE  LAWS  OF  ENGLAND.  By  J.  H.  Tho- 
mas.    3  vols.  8vo.,  law  sheep,         .  .  .  .  .       12  00 

DISRAELI.— THE  WORKS  OF  THE  AUTHOR  OF  "VIVIAN 
GREY."     In  2  vols.  8vo.,  cloth, 2  00 

DUFIEF.— NATURE  DISPLAYED 

in  her  mode  of  Teaching  French.  By  N.  G.  Dcfief.  In  2  vols.  8vo., 
boards,         .  .  .  .  .  .  .  5  00 

DUFIEF.— NATURE  DISPLAYED 

in  her  mode  of  Teaching  Spanish.  By  N.  G.  Dufief.  In  2  vols.  8vo., 
boards,         .  .  .  .  .  .  .  7  00 

DUFIEF.— FRENCH  AND  ENGLISH  DICTIONARY. 

By  N.  G.  Dufief.     1  vol.  8vo.,  sheep,        .  .  .  5  00 

ELEMENTS  OF  AGRICULTURE: 

for  the  use  of  Primary  and  Secondary  Schools.  By  L.  Bents  and  A.  J. 
Chretien  de  Roville.  Translated  and  adapted  to  the  use  of  the  Schools 
of  the  U.  States,  by  F.  G.  Skinner.     24mo.,  boards,         .  .  25 

ENCYCLOPEDIA  OF  CHEMISTRY, 

Practical  and  Theoretical.  Embracing  its  application  to  the  Arts,  Metal- 
lurgy Mineralogy,  Geology,  Medicine,  and  Pharmacy.  By  James  C. 
Booth,  A.  M.,  M.  A.  P.  S.,  Melter  and  Refiner  in  the  U.  S.  Mint,  Prof,  of 
Applied  Chemistry  in  the  Franklin  Institute:  assisted  by  Campbell  Mor- 
fit,  Author  of  "Applied  Chemistry,"  and  "Chemical  Manipulations." 
Complete  in  1  vol.  8vo.,  nearly  1000  pages,  bound  in  sheep,  .  5  00 
Extract  of  a  Letter  from  Robert  Hare,  Esq.,  late  Professor  of  Chemistry  in  the  Uni- 
versity of  Pennsylvania. 

Gentlemen: 

*  ********** 

I  avail  myself  of  this  opportunity  to  applaud  another  work,  for  the  publication  of 
which,  the  Anglo-American  world   are  indebted  to  the  enterprise  of  Messrs.  Carey 
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&  Hart.  I  allude  to  the  Encyclopedia  of  Chemistry  by  James  Booth  and  Martin  Boye, 
both  eminent  for  their  skill,  science,  and  accuracy  as  chemists.  So  much  has  a  work 
of  this  kind  been  wanted,  that  1  suggested  to  some  of  my  scientific  friends,  to  re- 
arrange the  new  Chemistry  by  Liebig,  edited  by  Gregory,  for  republication  in  the 
Dictionary  form.  This  mode  of  presenting  science,  always  advantageous  in  some 
respects,  has  become  of  late  more  necessary  on  account  of  the  multiplicity  of  new 
compounds,  respecting  which  a  knowledge  has  been  obtained  within  the  last  ten 
years.  The  experimental  results,  and  the  physiological  deductions  recently  advanced 
by  the  school  of  Giessen  render  it  necessary  still  more  than  heretofore  that  physi- 
cians should  give  attention  to  Chemistry.  It  should  be  the  object  with  lecturers  to 
throw  a  general  light  over  the  facts  with  which  the  science  teems:  to  teach  the 
medical  student  how  to  generalize  and  classify,  and  to  make  him  acquainted  with 
the  most  accredited  Theories.  But  any  attempt  to  burthen  memory  with  details 
must  be  unavailing.  The  most  that  can  be  done,  as  respects  these,  is  to  teach  the 
practitioner  where  to  find  them,  and  to  prepare  him  to  understand  them  when  found. 

Of  all  arrangements,  the  alphabetical  is  the  most  easy  for  those  who  are  imper- 
fectly acquainted  with  science  to  understand  and  to  benefit  by.  If,  in  accordance 
with  these  views,  the  work  should  realize  the  expectations  which  the  well  known 
ability  of  its  authors  creates,  I  shall  recommend  it  to  all  my  pupils,  who  can  afford 
the  purchase,  to  procure  a  copy  of  the  "Encyclopedia  of  Chemistry." 
I  am,  Gentlemen,  yours  truly, 

To  Messrs.  Lea  &  Blanchard.  ROBERT  HARE. 

Extract  from  a  Review  by  B.  Silliman,  Jr.,  Esq.,  taken  from  the  "New  Haven  Courier." 
"  Chemistry  may  be  said  to  be  the  great  mother  of  all  practical  arts,  and  no  arti- 
san should  be  without  the  present  admirable  and  cheap  publication.  He  will  be  sure 
to  find,  if  he  consults  it,  some  valuable  information  or  useful  hint,  bearing  directly 
on  the  every-dny  business  of  his  shop.  While  to  the  professional  student  it  is  an 
invaluable  hand-book  for  instant  reference,  for  accurate,  full,  and  recent  informa- 
tion on  every  subject  within  its  scope. 

"  We  have  no  hesitation  in  giving  this  work  the  most  unqualified  recommenda- 
tion, and  in  affirming  that  it  will  surpass  every  thing  in  our  language,  of  its  kind,  in- 
asmuch as  it  draws  largely  on  the  resources  of  Continental  Europe,  which,  unfortu- 
nately, have  been  too  much  overlooked  by  the  English  authors." 

FAMILY  ENCYCLOPEDIA  (The) 

Of  Useful  Knowledge  and  General  Literature:  containing  about  four  thou- 
sand articles  upon  scientific  and  popular  subjects,  designed  for  instruction 
and  amusement.  With  colored  engravings.  By  Rev.  John  L.  Blake,  D.D„ 
Author  of  a  General  Biographical  Dictionary,  and  other  works  on  educa- 
tion and  general  literature.  In  1  vol.  8vo.,  bound  in  imitation  morocco, 
gilt,  with  marbled  edges,    .  .  .  .  .  5  00 

FEMALE  POETS  OF  AMERICA. 

By  Rufcs  W.  Griswold.     In  1  vol.  8vo.,  with  illustrations.   Bound  in  mus- 
lin, .......  .  2  50 

Do.  do.  do.  muslin,  gilt  edges,  .        3  00 

Do.  do.  do.  morocco  backs,  top  edge  gilt,    4  00 

Do.  do.  do.  Turkey  morocco,  .        4  50 

"No  literary  man  in  America  is  so  well  qualified  to  undertake  the  difficult  task  of 
bringing  together  the  productions  of  our  native  writers,  in  such  a  shape  and  in  as 
satisfactory  a  manner  as  Dr.  Griswold." — Boston  Atlas. 

"The  volume  is  as  beautiful  as  valuable,  and  no  man  of  taste  will  acknowledge 
his  library  complete  without  it." — Dollar  Newspaper. 

"  It  is  full  ofcurious  and  entertaining  information,  and  genial  and  elegant  criticism, 
and  among  its  contents  are  nearly  one  hundred  new  poems  by  our  most  distinguished 
female  writers." — North  American. 

"  We  have  risen  from  the  perusal  of  this  elegant  volume  with  feelings  of  unre- 
strained surprise.  We  had  no  conception  that  the  female  genius  of  the  country  had 
furnished  materials  for  so  splendid  a  monument  of  intellectual  ability  as  the  zeal  and 
taste  of  Mr.  Griswold  have  here  constructed." — Home  Journal. 

"  Will  become  a  standard  work." — Neal's  Gazette. 

"Anything  from  Mr.  Griswold  is  welcome  as  coming  from  an  old  and  tried  friend 
of  the  public." — Newark  Daily  Advertiser. 

"A  work  of  elaborate  research." — N.  0.  Picayune. 
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"  From  the  hands  of  the  best  compiler  in  the  country— one  too  whose  taste  in 
literary  matters  is  as  unquestionable  as  his  industry." — Southern  Literary  Gazette. 

"  We  think  it  may  well  be  a  source  of  just  national  pride  that  such  a  volume  of 
American  poetry  can  be  published. 

"No  man  is  better  fitted  than  Mr.  Griswold  for  the  task  he  has  assumed.  A  labo- 
rious student,  a  fine  scholar,  and  a  keen  critic,  he  has  entered  upon  it  with  the  en- 
thusiasm which  marks  all  his  literary  undertakings,  and  has  carried  it  through  with 
the  success  which  always  crowns  them." — Providence  Journal. 

FISHER.— PHOTOGENIC  MANIPULATION. 

Containing  the  Theory  and  Plain  Instructions  in  the  Art  of  Photography, 
or  the  production  of  Pictures  through  the  agency  of  Light:  including 
Calotype,  Chrysotype,  Cyanotype,  Chromatype,  Energiatype,  Anthotype, 
Amphitype,  Daguerreotype,  Thermography,  Electrical,  and  Galvanic  Im- 
pressions. By  George  Thomas  Fisher,  Jun.,  Assistant  in  the  Laboratory 
of  the  London  Institution.     In  1  vol.,  cloth,     .     .  .  .  62 

FLORAL  OFFERING:  A  TOKEN  OF  FRIENDSHIP. 

Edited  by  Frances  S.  Osgood.     Illustrated  by  ten  beautiful  bouquets  of 

flowers.     In  1  vol.  4to.,  muslin,  gilt  edges,  .  .  3  50 

Do.  do.  Turkey  morocco,  super  extra,    .  5  50 

FROISSART  BALLADS,  AND  OTHER  POEMS. 

By  Philip  Pendleton  Cooke.     1  vol.  18mo.,  boards,        .  .  50 

GEMS  OF  THE  BRITISH  POETS. 

By  S.  C.  Hall.     12mo.,  cloth,        .  .  .  1  00 

Do.  do.  do.  cloth  gilt,  .  1  25 

GETTY.— ELEMENTS  OF  ORATORY. 

By  John  A.  Getty.     A  new  edition,  in  one  vol.  12mo.,  cloth,    .         1  00 

GHOST  STORIES: 

Collected  with  a  particular  view  to  counteract  the  vulgar  belief  in  Ghosts 
and  Apparitions.    With  illustrations  by  Darley.  12mo.,  paper  covers,     50 

GOUCH.  — AN  ACCOUNT  OF  SOME  OF  THE  MOST  IM- 
PORTANT DISEASES  OF  WOMEN.  By  Robert  Gouch,  M.D.  With 
illustrations.     1  vol.  8vo.,  sheep,    .  .  .  .  1  50 

GRAY.— THE  COMPLETE  POETICAL  WORKS  OF  THOMAS 
GRAY.     Illustrated.     (In  press.) 

GILBERT  GURNEY. 

By  Theodore  Hook.    With  illustrations.    8vo.,  paper,     .  .  50 

GREGORY.— MATHEMATICS  FOR  PRACTICAL  MEN: 

Being  a  Common-place  Book  of  Principles,  Theorems,  Rules,  and  Tables, 
in  various  departments  of  Pure  and  Mixed  Mathematics;  with  their 
application,  especially  to  the  pursuits  of  Surveyors,  Architects,  Mecha- 
nics, and  Civil  Engineers.  With  numerous  engravings.  By  Olintus 
Gregory.     A  new  edition,  8vo.,  with  plates,         .  .  1  50 

HALSTED.— THE  LIFE  OF  RICHARD  THE  THIRD. 

By  Miss  Halsted.    In  1  vol.  8vo.,  cloth,  .  .  .  1  00 

HAZLITT.— THE  LIFE  OF  NAPOLEON. 

By  William  Hazlitt.     In  3  vols.  12mo.,  cloth,    .  .  3  00 

HAZLITT.— THE  xMISCELLANEOUS  WORKS  OF  WILLIAM 

HAZLITT:  including  Table  Talk;  Opinions  on  Books,  Men,  and  Things; 
Lectures  on  Dramatic  Literature  of  the  age  of  Elizabeth ;  Lectures  on 

1* 
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the  English  Comic  Writers;  The  Spirit  of  the  Age,  or  Contemporary 
Portraits.     In  5  vols.  12mo.,  cloth,  .  .  .  .        5  00 

HOWITT.— VISITS  TO  REMARKABLE  PLACES: 

Old  Halls,  Battle  Fields,  and  scenes  illustrative  of  striking  passages  in 
English  History,  and  Poetry.    By  Wm.  Howitt.    2  vols.  8vo.,  cloth,  3  50 

HOWITT.— BOOK  OF  THE  SEASONS: 

Or,  The  Calendar  of  Nature.    By  Wm.  Howitt.    1  vol.  12mo.,  cloth,  1  00 
Do.  do.  do.  calf  extra,  gilt  edges,        2  00 

HOWITT'S  TRAVELS  IN  GERMANY,  EYRES'  NARRATIVE, 

BURNES'  CABOOL,  &c.     In  1  vol.  8vo.,  cloth,  .  .         1  25 

INCOGNITO  (The).— A  Novel,  paper,  ...  25 

KOHL.— TRAVELS  IN  RUSSIA,  AUSTRIA,  SCOTLAND,  ENG- 
LAND, AND  WALES.    By  J.  G.  Kohl.     1  vol.  8vo.,  cloth  gilt,        1  25 

LADY  OF  THE  LAKE: 

A  Poem.     By  Sir  Walter  Scott.     Illustrated  with  ten  plates  by  E.  Cor- 

bould  and  Kenny  Meadows.    In  1  vol.  8vo.,  scarlet  cloth,  gilt  edges,  5  00 

Do.  do.  morocco  backs,  top  edge  gilt,  .        6  00 

Do.  do.  calf  or  morocco,         .  .  .        7  00 

Do.  do.  morocco  super,  .  .  8  00 

LAING.— NOTES  OF  A  TRAVELLER, 

On  the  Social  and  Political  State  of  France,  Prussia,  Switzerland,  Italy, 
and  other  parts  of  Europe,  during  the  present  Century.  By  Samuel 
Laing,  Author  of  "A  Journal  of  a  Residence  in  Norway,"  &c.  1  vol. 
8vo.,  cloth, 1  00 

LALLA  ROOKH: 

An  Oriental  Romance.    By  Thomas  Moore.    Illustrated  by  13  plates  from 

designs  by  E.  Corbould,  Kenny  Meadows,  and  T.  P.  Stephanoff.  In  1  vol. 

8vo.,  scarlet  cloth,  gilt  edges,          .             .             .            .  5  00 

Do.            do.          morocco  backs,  top  edge  gilt,               .  6  00 

Do.            do.          calf  or  morocco,           .            .             .  7  00 

Do.             do.          morocco  super,              .             .             .  '8  00 

LANMAN.— A  TOUR  TO  THE  RIVER  SAGUENAY, 

in  Lower  Canada.     By  Charles  Lanman.     lGmo.,  cloth,  .  G2 

LESLIE.— COMPLETE  SYSTEM  OF  COOKERY. 

By  Miss  Leslie.    Thirty-sixth  edition.    In  1  vol.  12mo.,  sheep,    .         1  00 

LESLIE.— TWO  HUNDRED  RECEIPTS  IN  FRENCH  COOK- 
ERY.   Ry  Miss  Leslie.     Paper  covers,    ....  25 

LONGFELLOW.— THE  POETICAL  WORKS  OF  HENRY  W. 

LONGFELLOW.     Illustrated  by  ten  plates,  from  designs  by  D.  Hunting- 
ton, N.  A.,   together  with  a  portrait.      1  vol.  8vo.,    scarlet  cloth,  gilt 

5  00 

morocco  backs,  top  edge  gilt,         6  00 
calf  or  morocco,  .  7  00 

morocco  super,  .  8  00 

MARRYAT.— THE  WORKS  OF  CAPTAIN  MARRYAT. 

1  vol.  8vo.,  cloth,     .  .  .  .  .  .  3  00 

Do.  do  do.  sheep,        3  50 

MARRYAT.— THE  NOVELS  OF  CAPTAIN  MARRYAT. 

In  paper  covers,  each,        ......  25 
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McCULLOCH— A  TREATISE  UPON  ELECTRICITY. 

By  Professor  R.  S.  McCulloch,  of  Princeton  College.     (In  press.) 

M'CULLOCH.  — A  DICTIONARY,  PRACTICAL,  THEORETI- 
CAL, AND  HISTORICAL,  of  Commerce  and  Commercial  Navigation. 
By  J.  R.  M'Culloch,  Esq.  Edited  by  Henry  Vethake,  LL.  D.,  Professor 
in  the  University  of  Pennsylvania,  etc.  etc.    2  vols.  8vo.,  cloth,  7  50 

Do.  do.  library  sheep,         8  00 

MEMOIRS,  LETTERS,  AND  COMIC  MISCELLANIES, 

in  Prose  and  Verse,  of  the  late  James  Smith,  one  of  the  authors  of  "The 
Rejected  Addresses."  Edited  by  his  brother,  Horace  Smith.  2  vols. 
12mo.,  cloth,  .  .  .  .  .  .  1  50 

MEMOIRS  OF  THE  GENERALS,  COMMODORES, 

and  other  Commanders,  who  distinguished  themselves  in  the  American 
Army  and  Navy,  during  the  War  of  the  Revolution,  the  War  with  France, 
that  with  Tripoli,  and  the  War  of  1812,  and  who  were  presented  with 
Medals  by  Congress  for  their  gallant  services.  By  Thomas  Wyatt,  A.  M., 
Author  of  "History  of  the  Kings  of  France."  Illustrated  with  eighty- 
two  engravings  from  the  Medals.     8vo.,  cloth  gilt,  .  .        2  00 

MODERN  CHIVALRY:  OR,  THE  ADVENTURES  OF  CAP- 
TAIN FARRAGO  AND  TEAGUE  O'REGAN.  By  H.  H.  Bracken- 
ridge.  Second  edition  since  the  author's  death.  With  a  Biographical  no- 
tice, a  Critical  Disquisition  on  the  Work,  and  Explanatory  Notes.  With 
illustrations  from  original  designs  by  Darley.     2  vols.,  paper  covers,  1  00 

MONTHOLON.— HISTORY  OF  THE  CAPTIVITY  OF  NAPO- 
LEON AT  ST.  HELENA.  By  General  Count  Montholon,  the  empe- 
peror's  companion  in  exile,  and  testamentary  executor.    1  vol.  8vo.,  cloth, 

2  50 
Do.  do.  half  morocco,  .  .  3  00 

MRS.  CAUDLE'S  CURTAIN  LECTURES,  .  .  12 

MY  SHOOTING  BOX. 

By  Frank  Forrester  (Henry  Wm.  Herbert,  Esq.),  Author  of  "Warwick 
Woodlands,"  &c.  With  illustrations  by  Darley.  1  vol.  12mo.,  cloth,  62 
Do.  do.  paper  covers,  ...  50 

MYSTERIES  OF  THE  BACKWOODS : 

or,  Sketches  of  the  Southwest — including  Character,  Scenery,  and  Rural 
Sports.  By  T.  B.  Thorpe,  Author  of  "  Tom  Owen,  the  Bee-Hunter,"  &c. 
Illustrated  by  Darley.     12mo.,  cloth,         ....  62 

Do.  do.  paper,  ....  50 

NAPIER.— HISTORY  OF  THE  WAR  IN   THE  PENINSULA. 

By  W.  P.  F.  Napier.     4  vols.,  sheep,       .  .  .  8  50 

D0>  do.  half  morocco,       .  .  .       10  00 

NARRATIVE  OF  THE  LATE  EXPEDITION  TO  THE  DEAD 

SEA.  From  a  Diary  by  one  of  the  party.  Edited  by  Edward  P.  Monta- 
gue. '  12mo.,  cloth, 1  00 

NOCTES  AMBROSIAN^E  OF  "BLACKWOOD." 

By  Professor  Wilson.  Complete  in  four  volumes,  12mo.,  cloth,  4  00 
Do.  do.  sheep,  .  •  .  .        5  00 

D0-  do.  half  morocco,  .  .  5  50 

NORTH.— SPECIMENS  OF  THE  BRITISH  CRITICS. 

By  Christopher  North  (Professor  Wilson).     12mo.,  cloth,       .  75 
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NORMAN.— RAMBLES  IN  YUCATAN; 

or,  Notes  of  Travel  through  the  Peninsula:  including  a  Visit  to  the  re- 
markable Ruins  of  Chi-chen,  Kabah,  Zayi,  and  Uxmal.  With  numerous 
Illustrations.  By  B.  M.  Norman.  Seventh  edition,  in  one  volume,  octavo, 
cloth 2  00 

OUR  ARMY  AT  MONTEREY. 

By  T.  B.  Thorpe.     16mo.,  cloth,   .....  62 

Do.  do.  paper  covers,  ....  50 

OUR  ARMY  ON  THE  RIO  GRANDE. 

.  By  T.  B.  Thorpe.     16mo.,  cloth,    .....  62 

Do.  do.  paper  covers,  ....  50 

OVERMAN.  — THE  MANUFACTURE  OF  IRON,  IN  ALL 
ITS  VARIOUS  BRANCHES— including  a  description  of  wood-cutting, 
coal-digging,  and  the  burning  of  charcoal  and  coke ;  the  digging  and 
roasting  of  iron  ore ;  the  building  and  management  of  blast  furnaces ; 
working  by  charcoal,  coke,  or  anthracite ;  the  refining  of  iron,  and  the 
conversion  of  the  crude  into  wrought  iron  by  charcoal  forges  and  pud- 
dling furnaces.  Also,  a  description  of  forge  hammers,  rolling  mills, 
blast  machines,  hot  blast,  &c.  &c.  To  which  is  added  an  Essay  on  the 
Manufacture  of  Steel.  By  Frederick  Overman,  Mining  Engineer.  With 
one  hundred  and  fifty  wood  engravings.  In  one  vol.  8vo.,  cloth,  5  00 
Do.  do.  sheep,        5  50 

CONTENTS. 

CHAPTER  I.  Iron  Ore. — Native  Iron,  Oxide  of  Iron,  Carburets  of  Iron,  Sulphu- 
rets  of  Iron,  Phosphurets  of  Iron,  Arseniurets  of  Iron,  Chlorides  of  Iron,  Sulphu- 
rets  of  Iron,  Phosphate  of  Iron,  Carbonate  of  Iron,  Franklinite,  General  Remarks, 
Roasting  of  Iron  Ore,  Cleaning  of  Roasted  Ore,  Theory  of  Roasting  Ore,  Mixing 
of  Ore,  Practical  Remarks,  Mining  of  Iron  Ore,  Fluxes,  Assay  of  Iron  Ore. 

CHAPTER  II.  Fuel.— Wood,  Turf  or  Peat,  Fossil  Coal,  Distillation  of  Fuel, 
Charring  of  Wood,  Charring  of  Turf,  Charring  of  Brown  Coal,  Charring  of  Bitu- 
minous Coal,  General  Remarks  on  Coking,  Heat  liberated  by  Fuel,  Analysis  of 
Fuel. 

CHAPTER  III.  Reviving  of  Iron. — Reviving  of  Iron  in  a  Crucible,  Reviving  of 
Iron  in  a  Stuck  or  Wolf's  oven,  Reviving  of  Iron  in  a  Blue  or  Cast  oven,  Reviving 
of  Iron  in  Various  Blast  Furnaces,  Modern  Charcoal  Blast  Furnaces,  Coke  Fur- 
naces, Coke  Furnaces  in  Hyanges,  France,  Anthracite  Furnaces,  Management  of 
Blast  Furnaces,  Theory  of  the  Blast  Furnace. 

CHAPTER  IV.  Manufacture  of  Wrought  Iron. — Oriental  mode  of  making 
Iron,  Catalan  Forge,  German  Forge,  Finery  Fire,  Puddling  Furnaces,  General  Re- 
marks on  Charcoal  Forges,  General  Remarks  on  Puddling,  General  Remarks  on 
Refining,  Theory  of  Refining  and  Puddling. 

CHAPTER  V.  Forging  and  Rolling. — Forge  Hammers,  Squeezers,  Roughing 
Rollers,  Merchant  Mill,  Heavy  Bar  and  Railroad  Iron  Rollers,  Sheet  Iron,  Re- 
heating Furnaces,  Heating  Ovens,  Shears  and  Turning  Machines,  Tools,  General 
Remarks. 

CHAPTER  VI.  Blast  Machines. — Wooden  Bellows  of  the  Common  Form,  Mod- 
ern Cylinder  Bellows,  Iron  Cylinder  Blast  Machines,  Various  Forms  of  Blast  Ma- 
chines, Fan  Blast  Machines,  Receivers  or  Regulators  of  Blast,  Blast  Pipes, 
Tuyeres,  Valves,  Manometer,  General  Remarks  on  Blast  Machines. 

CHAPTER  VII.  Hot  Blast.— Hot  Air  Apparatus,  Theory  of  Hot  Blast,  General 
Remarks  on  Hot  Blast. 

CHAPTER  VIII.     Waste  Heat  and  Gas.— Waste  Heat,  Gas. 

CHAPTER  IX.  Fire  Brick  and  Refractory  Stones.— Native  Refractory  Stones, 
Artificial  Refractory  Stones,  Conductors  of  Heat. 

CHAPTER  X.     Motive  Power. 

CHAPTER  XI.  Manufacture  of  Steel. — Damascus  Steel,  German  Steel,  Iron 
lor  Blistering  Steel,  Blistering  Steel,  Cast  Steel,  General  Remarks  on  Steel. 
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APPENDIX.  Tables. — Composition  of  Crude  Cast  Iron,  of  Gray  Cast  Iron,  of 
Steel  Metal,  of  Forge  Crude  Iron,  of  Wrought  Iron  ;  Decomposition  and  Recom- 
position  of  Materials  in  the  Blast  Furnace  ;  Specific  Gravity  of  Matter;  Degrees 
of  Heat  generated  by  perfect  combustion  ;  Degrees  of  Heat  at  which  Substances 
melt;  Capacity  of  Matter  for  Latent  Heat ;  Expansion  of  Air  by  Heat ;  Weight  of 
Substances  ;  Weight  of  a  Superficial  foot  of  Sheet  Iron  ;  Weight  of  Rod  Iron  one 
foot  in  length. 
Convention  of  Iron  Masters,  assembled  at  Philadelphia,  Dec.  20th,   1849.    On 

motion  of  Samuel  J.  Reeve,  Esq.,  it  was 
Resolved,  That  this  meeting-  recommend  to  the  favorable  consideration  of  those 
interested  in  the  manufacture  of  iron,  Mr.  Frederick  Overman's  new  work  on 
Iron,  just  published  by  Mr.  Baird  of  this  city,  as  a  valuable  contribution  to  this 
department  of  science,  and  a  useful  compendium  and  guide  to  the  iron  master  in 
the  practical  operations  and  theory  of  making  iron. 

"  And  we  add  our  approbation  of  the  publication  upon  the  manufacture  of  iron,  by 
F.  Overman,  of  Philadelphia,  and  commend  it  to  the  support  of  the  friends  of  that 
interest." — Resolution  Iron  Masters'1  Convention,  Albany,  Dec.  13,  1849. 
"  The  whole  subject  is  discussed  in  all  its  details." — Inquirer. 
':  This  great  and  complete  work  very  fitly  issues  from  Philadelphia." — N.  York 
Nation. 

"  An  elaborate  work." — N.  Y.  Journal  of  Commerce. 

"  This  is  a  most  valuable  treatise.     The  author  has  all  that  practical  and  scientific 
knowledge  necessary  for  such  a  work." — Baltimore  Patriot. 
"A  complete  and  admirable  manual." — Bulletin. 

"  The  work  is  obviously  one  of  such  a  character  and  value  that  it  cannot  fail  to 
attract  the  favorable  attention  of  those  engaged  in  the  great  iron  interest,  and  of  sci- 
entific men." — North  American. 

"  The  work  is  one  of  the  most  comprehensive  character." — Ledger. 
"  The  general  contents  such  as  must  be  approved  by  every  iron  manufacturer." — 
Pennsylvania!! . 

"  It  is  plain  that  the  author  understands  the  manufacturing  of  iron  in  general,  as 
well  as  in-the  most  minute  details,  and  is  conversant  with  the  sciences  which  have  a 
bearing  upon  the  business.  His  descriptions  of  apparatus  and  manipulations,  as  well 
as  his  reasoning,  are  clear,  comprehensive,  and  to  the  point ;  and  it  is  easily  to  be 
perceived,  from  the  tenor  of  the  book,  that  the  writer  is  master  of  the  subject." — 
Pa.  Inquirer. 

PAINTER,    GILDER,  AND  VARNISHER'S  GUIDE. 

The  Practical  Painter,  Gilder,  and  Varnisher's  Guide.  In  one  volume, 
octavo.     (In  press.) 

PAULDING.— AMERICAN  COMEDIES. 

By  James  K.  Paulding  and  Wm.  Irving  Paulding.     16mo.,  boards,      50 

PERFUMERY : 

Its  Manufacture  and  Use,  with  instructions  in  every  branch  of  the  art, 
and  recipes  for  all  the  fashionable  preparations — the  whole  forming  a 
valuable  aid  to  the  perfumer,  druggist,  and  soap  manufacturer.  Illus- 
trated by  numerous  wood-cuts.  From  the  French  of  Celnart  and  other 
late  authorities,  with  additions  and  improvements,  by  Campbell  Morfit, 
Practical  and  Analytical  Chemist.     12mo.,  cloth,  .  .         1  00 

PICKINGS  FROxM  THE  "PORTFOLIO  OF  THE  REPORTER 

OF  THE  NEW  ORLEANS  PICAYUNE."  Comprising  sketches  of  the 
Eastern  Yankee,  the  'Western  Hoosier,  and  such  others  as  make  up  so- 
ciety in  the  great  metropolis  of  the   South.     With  designs  by  Darley. 

18mo.,  paper,  .  . j>0 

Do.  do.  cloth,  .  .  .  .  oZ 

POETS  AND  POETRY  OF  ENGLAND  IN  THE  NINE- 
TEENTII  CENTURY.  By  Rufus  W.  Griswold.  With  seven  illustra- 
tions. In  one  volume,  royal  octavo,  a  new  edition,  cloth,  .  3  00 
Do.  do.  cloth  extra,  gilt  edges,  .  .  .  3  50 
Do]  do.  morocco  back,  top  edge  gilt,  .  4  00 
Do.                       do.        morocco,  extra,     .            .            •            .        5  00 
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This  volume  contains  biographical  and  critical  notices  of  more  than  sixty  writers 
who  have  written  in  the  present  century;  and,  besides  liberal  selections  from  Byron, 
Scott,  Wordsworth,  Shelley,  Keats,  Coleridge,  Campbell,  and  others  well  known  in 
America,  contains  the  most  admirable  productions  of  Wilson,  Landor,  Barry  Corn- 
wall, Tennyson,  Milnes,  Hood,  and  the  younger  poets  now  attracting  attention  in 
England,  and  as  yet  unpublished  in  this  country. 

POETS  AND   POETRY  OF  THE  ANCIENTS. 

Specimens  of  the  Poets  and  Poetry  of  Greece  and  Rome.  By  various 
translators.  Edited  by  William  Peter,  A.  M.,  of  Christ  Church,  Oxford. 
In  one  volume,  royal  8vo.,  with  two  plates,  cloth,  .  3  00 

Do.  do.        cloth  extra,  gilt  edges,     .  .  .        3  50 

Do.  do.        morocco  backs,  top  edge  gilt,      .  4  00 

Do.  do.        morocco  extra,     .  .  •  5  00 

"  This  is  a  beautiful  and  valuable  volume.  The  plan  of  it  is  good,  the  conception 
fortunate,  the  execution  highly  satisfactory.  *  *  *  * 

"It  is  without  fear  that  we  say  that  no  such  excellent  or  complete  collection  has 
ever  been  made.     It  is  made  with  skill,  taste,  and  judgment.  *  * 

"We  repeat  our  commendations.     This  ample  and  beautiful  volume  supplies  a 
desideratum,  and  does  honor  to  the  compiler  and  the   publishers."  - 
Patriot. 

PRIOR.— THE  LIFE  OF  OLIVER  GOLDSMITH. 

By  James  Prior.     8vo.,  boards,     . 

PUNCH'S  COMIC  BLACKSTONE. 

Complete,  paper,     ..... 


■  Charleston 


2  00 


50 


Do.  COURTSHIP, 25 

Do.  LABORS  OF  HERCULES,       ....  25 

Do.  LETTER  WRITER 25 

Do.  MEDICAL  STUDENT,  2  parts,  complete,        .  .  50 

Do.  MYTHOLOGY, 25 

Do.  PEEP  INTO  LONDON  SOCIETY,      ...  25 

Do.  WORKS,  2  vols.  12mo.,  each      ....  50 

RANDALL.— SHEEP  HUSBANDRY  IN  THE  SOUTH. 

Comprising  a  Treatise  on  the  Acclimation  of  .Sheep  in  the  Southern 
States,  and  an  account  of  the  different  Breeds.  Also,  a  complete  manual 
of  breeding,  summer  and  winter  management,  and  of  the  treatment  of 
diseases.  With  portraits  and  other  illustrations.  In  a  series  of  letters 
from  Henry  S.  Randall,  Esq.,  of  Cortland  Village,  N.  Y.,  to  R.  P.  W. 
Allston,  Esq.,  of  S.  C.     In  one  volume,  8vo.,  cloth,  .  1  25 

ROBINSON  CRUSOE. 

A  complete  edition,  with  six  illustrations.  1  vol.  8vo.,  paper  covers,  1  00 
Do.  do.  cloth,  gilt  edges,  .  .  1  25 

ROSCOE.— THE  LIFE  OF  LORENZO  DE  MEDICI. 

By  William  Roscoe.     2  vols.  8vo.,  cloth,  .  .  3  00 

ROWTON.— THE  FEMALE  POETS  OF  GREAT  BRITAIN. 

Chronologically  arranged — with  copious  Selections  and  Critical  Remarks. 
By  Frederick  Rowton.     With  additions  by  an  American  editor,  and  ele- 
gantly engraved  illustrations  by  celebrated  artists.    In  one  volume,  octavo, 
scarlet  cloth,  gilt  edges,      ......         5  00 

Do.  do.        morocco  backs,  top  edge  gilt,      .  6  00 

Do.  do,        calf  or  morocco,  .  .  .  7  00 

Do.  do.        morocco,  super  extra,      .  .  8  00 

RUNDLE'S  (MRS.)  COMPLETE  COOKERY. 

12mo.,  sheep,  .......  50 
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SANDERSON.— THE   AMERICAN   IN  PARIS. 

By  John  Sanderson.     A  new  edition,  in  2  vols.  12mo.,  cloth,     .         1  00 
"This  is  the  most  animated,  graceful,  and  intelligent  sketch  of  French  manners, 
or  any  other,  that  we  have  had  for  these  twenty  years." — Lo>ido?i  Montlily  Maga- 
sine. 

SCENES   IN   THE   ROCKY   MOUNTAINS, 

and  in  Oregon,  California,  New  Mexico,  Texas,  and  the  Grand  Prairies; 
or,  Notes  by  the  Way.    By  Rufus  B.  Sage.    Second  edition,  1  vol.  12mo., 
paper  covers,  .  .  .  .  .  .  50 

Do.  do.         with  a  map,  bound  in  cloth,         .  .  75 

SCOTT.— THE  MISCELLANEOUS  ESSAYS  OF  SIR  WALTER 

SCOTT.     In  three  volumes,  12mo.,  cloth,  .  .  2  50 

Do.  do.  half  morocco,  .  3  50 

SERMON  ON  THE  MOUNT. 

Illuminated.     Boards,         .  .  .  .  .  1  50 

Do.  do.  silk, 2  00 

Do.  do.  morocco  super,  .  .  3  00 

SOLLY.— SYLLABUS  OF  A  COMPLETE  COURSE  OF  LEC- 
TURES ON  CHEMISTRY— including  its  Application  to  the  Arts,  Agri- 
culture, and  Mining.  Prepared  for  the  use  of  the  Gentlemen  Cadets  at 
the  Hon.  E.  I.  Company's  Military  Seminary,  Addiscombe.  By  Professor 
E.  Solly,  Lecturer  on  Chemistry  in  the  II.  E.  I.  C.  Mil.  Seminary.  In 
one  volume,  octavo,  cloth,  (just  published,)  .  .  1  25 

SULLIVAN.— THE  PUBLIC  MEN  OF  THE  REVOLUTION. 

Including  events  from  the  Peace  of  1783  to  the  Peace  of  1815.  In  a 
series  of  ^Letters.  By  the  late  Hon.  Wm.  Sullivan,  LL.D.  With  a  bio- 
graphical sketch  of  the  author  by  his  son,  John  T.  S.  Sullivan.  With  a 
portrait.     In  one  vol.  8vo.,  cloth,  .  •  .  .  .  2  00 

SMITH.— THE  MISCELLANEOUS    ESSAYS    OF  THE  REV. 

SYDNEY  SMITH.     In  three  volumes,  12mo.,  cloth,       .  2  50 

Do.  do.  do.  half  morocco,  3  50 

SMITH.— SERMONS  BY  THE  REV.  SYDNEY  SMITH. 

1  vol.  12mo.,  cloth,  .  .  .  .  .  75 

STEAM  FOR  THE  MILLION. 

8vo.,  paper  covers,  .......  37 

STEPHEN.— THE  MISCELLANEOUS  ESSAYS  OF  SIR  JAMES 
STEPHEN.     1  vol.  12mo.,  cloth,  .  .  .  .  .        1  25 

THIERRY.— THE  HISTORICAL  ESSAYS, 

Published  under  the  title  of  "  Dix  Ans  D'Etudes  Historique,"  and  Nar- 
ratives of  the  Merovingian  Era;  or,  Scenes  of  the  Sixth  Century.  With 
an  Autobiographical  Preface.  By  Augustin  Thierry,  Author  of  the 
"  History  of  the  Conquest  of  England  by  the  Normans."  8vo.,  paper,  75 
Do.  <lo.  cloth,  .  .  .  1  00 

THREE  HOURS:   OR,  THE  VIGIL  OF  LOVE. 

A  volume  of  poems.     By  Mrs.  Hale.     18mo.,  boards,     .  .  75 

TREDGOLD.— ELEMENTARY    PRINCIPLES    OF   -CARPEN- 

TERY.  A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing ; 
the  Resistance  of  Timber;  and  the  Construction  of  Floors,  Roofs,  Centres, 
Bridges  &c  with  Practical  Rules  and  Examples.  To  which  is  added,  an 
Essav  on  the  Nature  and  Properties  of  Timber.     With  twenty-two  engrav- 
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ings.  By  Thomas  Tredgold,  Civil  Engineer.  In  one  volume,  quarto, 
boards,         ........'-  50 

TORLOGH  O'BRIEN: 

A  Tale  of  the  Wars  of  King  James.     8vo.,  paper  covers,  .  12 

Do.  do.  illustrated,    ....  37 

TUPPER.— AN  AUTHOR'S  MIND. 

Edited  by  M.  F.  Tupper.     1  vol.  lGmo.,  cloth,  02 

Do.  do.  paper  covers,  50 

TURNER.— HISTORY  OF  THE  ANGLO-SAXONS. 

By  Sharon  Turner.     2  vols.  8vo.,  cloth,  .  .  4  50 

WALKER.— ELECTROTYPE  MANIPULATIONS  : 

Being  the  Theory  and  Plain  Instructions  in  the  Art  of  Working  in  Metals, 
by  Precipitating  them  from  their  Solutions  through  the  agency  of  Gal- 
vanic or  Voltaic  Electricity.  By  Charles  V.  Walker,  Hon.  Sec.  London 
Elec.  Soc.     With  wood-cuts.     24mo.,  cloth,  ...  62 

WALTER  AND  SMITH'S  GUIDE  TO  WORKERS  IN  METAL 
AND  STONE.     Four  parts,  quarto,  plates,  .  .  .       10  00 

WALTER  AND    SMITH'S    TWO    HUNDRED  DESIGNS  FOR 

COTTAGES  AND  VILLAS.     Four  parts,  quarto,  plates,  .       10  00 

WARD.— AN    ELEMENTARY    COURSE    OF    INSTRUCTION 

ON  ORDNANCE  GUNNERY— together  with  a  Concise  Treatise  on  Steam. 
By  Jas.  II.  Ward,  Lieut.  U.  S.  N.     8vo.,  boards,  .  2  50 

WILLIS.— THE  POETICAL  WORKS 

Of  N.  P.  Willis.  Illustrated  by  E.  Leutze.  In  one  volume,  octavo, 
muslin,  gilt  edges,  .  .  .  .  ■  .  .  5  00 

Do.  do.  morocco  backs,  top  edge  gilt,  .         6  00 

Do.  do.  calf  or  Turkey  morocco,       .  7  00 

Do.  do.  morocco  super,  .  .  8  00 

WILLIS.— THE  PROSE  WORKS  OF  N.  P.  WILLIS. 

In  one  volume,  8vo.,  800  pp.,  cloth,  gilt,    .  .  .  .        3  00 


Do.  do.  cloth  extra,  gilt  edges, 

Do. .  do.  library  sheep, 

Do.  do.  Turkey  mor.  backs, 

Do.  do.  "          "       extra, 


3  50 
3  50 

3  75 
5  50 

WILSON.— THE  MISCELLANEOUS  ESSAYS  OF  PROFESSOR 
WILSON.     3  vols.  12mo.,  cloth, 3  50 

WORD  TO  WOMAN. 

By  Caroline  Fry.     12mo.,  cloth,  .....  00 

WYATT'S  HISTORY  OF  THE  KINGS  OF  FRANCE. 

Illustrated  by  72  portraits.     1  vol.  16mo.,  cloth,  .  .         1  00 

Do,  do.  cloth,  extra  gilt,  1  25 
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